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E = mc2
<latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit><latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit><latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit>
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Pair Production

� e�
e+

<latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit><latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit><latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit>

time

energy → matter + antimatter

E = mc2
<latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit><latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit><latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit>
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Pair Annihilation
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<latexit sha1_base64="ROPzaCfXe2QzCmNbEN7VFcaFY44="></latexit><latexit sha1_base64="ROPzaCfXe2QzCmNbEN7VFcaFY44="></latexit><latexit sha1_base64="ROPzaCfXe2QzCmNbEN7VFcaFY44="></latexit>

time

matter + antimatter → energy

Pair Production

� e�
e+

<latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit><latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit><latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit>

time

energy → matter + antimatter

E = mc2
<latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit><latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit><latexit sha1_base64="Ix3YdrdUcMi66fYblYkI45GlusU=">AAAB/3icdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EogguKzhtoa0lk2ba2CQzJBmhlG78Arf6Ba7ErZ/iB/gfpg/Bih64cDjnXu69J4g50wahD2dhcWl5ZTW1ll7f2NzazuzsVnWUKEJ9EvFI1QOsKWeS+oYZTuuxolgEnNaC/sXYr91TpVkkb8wgpi2Bu5KFjGBjperlmSC3+XYmi9wiyqOCB5Hrlbzj0umU5IsnMOeiCbJghko789nsRCQRVBrCsdaNHIpNa4iVYYTTUbqZaBpj0sdd2rBUYkF1azi5dgQPrdKBYaRsSQMn6s+JIRZaD0RgOwU2Pf3bG4t/eY3EhMXWkMk4MVSS6aIw4dBEcPw67DBFieEDSzBRzN4KSQ8rTIwNaG5LSAdSxCOby/fz8H/i592Si64L2fL5LKAU2AcH4AjkgAfK4ApUgA8IuAOP4Ak8Ow/Oi/PqvE1bF5zZzB6Yg/P+BXZqlz0=</latexit>
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<latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit><latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit><latexit sha1_base64="rR+jkG6mCzr8iJOI/Wj4YXx/Ks4="></latexit>

time

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫̄
<latexit sha1_base64="bgP5sEGAXr67ZF/d5g719T16FgY=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoSu/wK1+gStx65/4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UscLsPRE2i9XkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0O6XP71BTNKICk04VqpXRYn2cyw1I5xOSl6qaILJGA9pz1CBI6r8fHbuBJ4YZQDDWJoSGs7UnxM5jpTKosB0RliP1G9vKv7l9VIdNvyciSTVVJD5ojDlUMdw+jscMEmJ5pkhmEhmboVkhCUm2iS0tCWkmYiSicnl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8AGFaYNQ==</latexit><latexit sha1_base64="bgP5sEGAXr67ZF/d5g719T16FgY=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoSu/wK1+gStx65/4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UscLsPRE2i9XkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0O6XP71BTNKICk04VqpXRYn2cyw1I5xOSl6qaILJGA9pz1CBI6r8fHbuBJ4YZQDDWJoSGs7UnxM5jpTKosB0RliP1G9vKv7l9VIdNvyciSTVVJD5ojDlUMdw+jscMEmJ5pkhmEhmboVkhCUm2iS0tCWkmYiSicnl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8AGFaYNQ==</latexit><latexit sha1_base64="bgP5sEGAXr67ZF/d5g719T16FgY=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoSu/wK1+gStx65/4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UscLsPRE2i9XkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0O6XP71BTNKICk04VqpXRYn2cyw1I5xOSl6qaILJGA9pz1CBI6r8fHbuBJ4YZQDDWJoSGs7UnxM5jpTKosB0RliP1G9vKv7l9VIdNvyciSTVVJD5ojDlUMdw+jscMEmJ5pkhmEhmboVkhCUm2iS0tCWkmYiSicnl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8AGFaYNQ==</latexit>

?(matter)
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⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>
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Image: NASA

Astrophysics & 
Cosmology
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⌫
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The Physics of Neutrinos: Progress and Puzzles 
The 87th Compton Lecture Series

Goals

• What neutrinos are and how they fit into our model of 
physical interactions 

• Major experimental efforts ongoing in neutrino physics 
• Open questions in neutrinos and particle physics 
• Neutrinos as objects of study in their own right, and 

neutrinos as messengers of other interesting physics

I hope you leave this series with an understanding of...
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March 31 Little, Neutral, Mysterious: An Introduction to Neutrino Physics 
April 7 Neutrinos from the Sun
April 14 Neutrinos from Space 
April 21 Neutrinos from Reactors
April 28 Neutrino Cosmology
May 5 How Many Neutrinos Are There, Anyway?: Sterile Neutrino Searches
May 12 Why Are We Here?: Long-Baseline Neutrino Physics and CP 

ViolationMay 19 How Little Is Little?: Neutrino Mass
May 26 No lecture
June 2 Where We Are, Where We’re Going
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The Physics of Neutrinos: Progress and Puzzles 
The 87th Compton Lecture Series

Agenda
(subject to change)



I. Discovery
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Nuclear Decays 
When Things Fall Apart

Alpha Decay Nucleus emits an "alpha" (two protons, two neutrons)

! +

Beta Decay Nucleus emits an electron ("beta")

! +

Gamma Decay Nucleus emits a photon ("gamma")

! +
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Trouble with Beta Decays

James Chadwick

Ellis Drummond 14
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Trouble with Beta Decays

James Chadwick

Ellis Drummond 14

Measurement of beta decay spectrum
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Option 1: Energy just disappears. 
Energy isn't conserved in the universe, physics 
goes back to the drawing board.
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Trouble with Beta Decays
Beta Decay Nucleus emits an electron ("beta")
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Dear Radioactive Ladies 
and Gentlemen....

 

Wolfgang Pauli 
December 1930
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Dear Radioactive Ladies 
and Gentlemen....

 

Wolfgang Pauli 
December 1930

16English translation: Kurt Riesselmann 
http://microboone-docdb.fnal.gov/cgi-bin/ShowDocument?docid=953

Dear Radioactive Ladies and Gentlemen,

I have hit upon a desperate remedy ... there could exist 
electrically-neutral particles [emitted in beta decay] ...

The continuous beta spectrum would then make sense ... in 
addition to the electron, a neutron is emitted such that the 
sum of the energies of neutron and electron is constant.

I do not dare to publish anything

Unfortunately, I cannot personally appear ... since I am 
indispensable here in Zürich because of a ball
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— Wolfgang Pauli, 1930

"I have done a terrible thing today by 
proposing a particle that cannot be 
detected; it is something no theorist 

should ever do."



Option 1: Energy just disappears. 
Energy isn't conserved in the universe, physics 
goes back to the drawing board.

Option 2: Some invisible participant 
is carrying some energy away. 
We invent an new decay product which shares 
the energy and somehow evades detection.

18

Trouble with Beta Decays
Beta Decay Nucleus emits an electron ("beta")

Neutrinos!
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Enrico Fermi works out a theory 
of beta decay, with a neutral 
particle carrying away energy.

1934: Fermi's Theory
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Enrico Fermi works out a theory 
of beta decay, with a neutral 
particle carrying away energy.

1934: Fermi's Theory
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! + +
n ! p+ e� + ⌫̄e

<latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit><latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit><latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit>

p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

n
<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit>

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

M ⇠ GF (ūp�
µun)(ūe�µu⌫)

<latexit sha1_base64="5lyYZ8FAzsplCrnqgZKufNjfKsU=">AAACNnicdZBLSxxBEMd7NA8feWz06KVxEfQy9G7U3SUXUUhyEQxko7CzGWp6a9bG7p6hH4Fl2Q/jx/ATeNVjTjmJVz9CendWiCEpaPjXr6qorn9WSmEdYz+jhcVnz1+8XFpeWX31+s3b2ru1b7bwhmOXF7IwZxlYlEJj1wkn8aw0CCqTeJpdHE3rpz/QWFHor25UYl/BUItccHABpbUPx4kVin5KP24nGRjq0zIZglLwPVE+ZH rnkWPF04on2u+ktTqL26zJdluUxa1O631nvxLN9h5txGwWdTKPk7R2lwwK7hVqxyVY22uw0vXHYJzgEicribdYAr+AIfaC1KDQ9sezIyd0K5ABzQsTnnZ0Rv+cGIOydqSy0KnAndu/a1P4r1rPu7zdHwtdeoeaV4tyL6kr6NQxOhAGuZOjIIAbEf5K+TkY4C74+mRLjiOtyknw5fF4+n/RbcadmH3ZrR8czg1aIhtkk2yTBmmRA/KZnJAu4eSSXJMbchtdRb+iu+i+al2I5jPr5ElED78BY36sqQ==</latexit><latexit sha1_base64="5lyYZ8FAzsplCrnqgZKufNjfKsU=">AAACNnicdZBLSxxBEMd7NA8feWz06KVxEfQy9G7U3SUXUUhyEQxko7CzGWp6a9bG7p6hH4Fl2Q/jx/ATeNVjTjmJVz9CendWiCEpaPjXr6qorn9WSmEdYz+jhcVnz1+8XFpeWX31+s3b2ru1b7bwhmOXF7IwZxlYlEJj1wkn8aw0CCqTeJpdHE3rpz/QWFHor25UYl/BUItccHABpbUPx4kVin5KP24nGRjq0zIZglLwPVE+ZH rnkWPF04on2u+ktTqL26zJdluUxa1O631nvxLN9h5txGwWdTKPk7R2lwwK7hVqxyVY22uw0vXHYJzgEicribdYAr+AIfaC1KDQ9sezIyd0K5ABzQsTnnZ0Rv+cGIOydqSy0KnAndu/a1P4r1rPu7zdHwtdeoeaV4tyL6kr6NQxOhAGuZOjIIAbEf5K+TkY4C74+mRLjiOtyknw5fF4+n/RbcadmH3ZrR8czg1aIhtkk2yTBmmRA/KZnJAu4eSSXJMbchtdRb+iu+i+al2I5jPr5ElED78BY36sqQ==</latexit><latexit sha1_base64="5lyYZ8FAzsplCrnqgZKufNjfKsU=">AAACNnicdZBLSxxBEMd7NA8feWz06KVxEfQy9G7U3SUXUUhyEQxko7CzGWp6a9bG7p6hH4Fl2Q/jx/ATeNVjTjmJVz9CendWiCEpaPjXr6qorn9WSmEdYz+jhcVnz1+8XFpeWX31+s3b2ru1b7bwhmOXF7IwZxlYlEJj1wkn8aw0CCqTeJpdHE3rpz/QWFHor25UYl/BUItccHABpbUPx4kVin5KP24nGRjq0zIZglLwPVE+ZH rnkWPF04on2u+ktTqL26zJdluUxa1O631nvxLN9h5txGwWdTKPk7R2lwwK7hVqxyVY22uw0vXHYJzgEicribdYAr+AIfaC1KDQ9sezIyd0K5ABzQsTnnZ0Rv+cGIOydqSy0KnAndu/a1P4r1rPu7zdHwtdeoeaV4tyL6kr6NQxOhAGuZOjIIAbEf5K+TkY4C74+mRLjiOtyknw5fF4+n/RbcadmH3ZrR8czg1aIhtkk2yTBmmRA/KZnJAu4eSSXJMbchtdRb+iu+i+al2I5jPr5ElED78BY36sqQ==</latexit>

�i!f =
2⇡

~ |M |2 ⇢
<latexit sha1_base64="SydyIJVzDLDKCXmTEb3eXr8wYSI="></latexit><latexit sha1_base64="SydyIJVzDLDKCXmTEb3eXr8wYSI="></latexit><latexit sha1_base64="SydyIJVzDLDKCXmTEb3eXr8wYSI="></latexit>



Enrico Fermi works out a theory 
of beta decay, with a neutral 
particle carrying away energy.

1934: Fermi's Theory

19

! + +
n ! p+ e� + ⌫̄e

<latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit><latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit><latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit>

p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

n
<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit>

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

M ⇠ GF (ūp�
µun)(ūe�µu⌫)

<latexit sha1_base64="5lyYZ8FAzsplCrnqgZKufNjfKsU=">AAACNnicdZBLSxxBEMd7NA8feWz06KVxEfQy9G7U3SUXUUhyEQxko7CzGWp6a9bG7p6hH4Fl2Q/jx/ATeNVjTjmJVz9CendWiCEpaPjXr6qorn9WSmEdYz+jhcVnz1+8XFpeWX31+s3b2ru1b7bwhmOXF7IwZxlYlEJj1wkn8aw0CCqTeJpdHE3rpz/QWFHor25UYl/BUItccHABpbUPx4kVin5KP24nGRjq0zIZglLwPVE+ZH rnkWPF04on2u+ktTqL26zJdluUxa1O631nvxLN9h5txGwWdTKPk7R2lwwK7hVqxyVY22uw0vXHYJzgEicribdYAr+AIfaC1KDQ9sezIyd0K5ABzQsTnnZ0Rv+cGIOydqSy0KnAndu/a1P4r1rPu7zdHwtdeoeaV4tyL6kr6NQxOhAGuZOjIIAbEf5K+TkY4C74+mRLjiOtyknw5fF4+n/RbcadmH3ZrR8czg1aIhtkk2yTBmmRA/KZnJAu4eSSXJMbchtdRb+iu+i+al2I5jPr5ElED78BY36sqQ==</latexit><latexit sha1_base64="5lyYZ8FAzsplCrnqgZKufNjfKsU=">AAACNnicdZBLSxxBEMd7NA8feWz06KVxEfQy9G7U3SUXUUhyEQxko7CzGWp6a9bG7p6hH4Fl2Q/jx/ATeNVjTjmJVz9CendWiCEpaPjXr6qorn9WSmEdYz+jhcVnz1+8XFpeWX31+s3b2ru1b7bwhmOXF7IwZxlYlEJj1wkn8aw0CCqTeJpdHE3rpz/QWFHor25UYl/BUItccHABpbUPx4kVin5KP24nGRjq0zIZglLwPVE+ZH rnkWPF04on2u+ktTqL26zJdluUxa1O631nvxLN9h5txGwWdTKPk7R2lwwK7hVqxyVY22uw0vXHYJzgEicribdYAr+AIfaC1KDQ9sezIyd0K5ABzQsTnnZ0Rv+cGIOydqSy0KnAndu/a1P4r1rPu7zdHwtdeoeaV4tyL6kr6NQxOhAGuZOjIIAbEf5K+TkY4C74+mRLjiOtyknw5fF4+n/RbcadmH3ZrR8czg1aIhtkk2yTBmmRA/KZnJAu4eSSXJMbchtdRb+iu+i+al2I5jPr5ElED78BY36sqQ==</latexit><latexit sha1_base64="5lyYZ8FAzsplCrnqgZKufNjfKsU=">AAACNnicdZBLSxxBEMd7NA8feWz06KVxEfQy9G7U3SUXUUhyEQxko7CzGWp6a9bG7p6hH4Fl2Q/jx/ATeNVjTjmJVz9CendWiCEpaPjXr6qorn9WSmEdYz+jhcVnz1+8XFpeWX31+s3b2ru1b7bwhmOXF7IwZxlYlEJj1wkn8aw0CCqTeJpdHE3rpz/QWFHor25UYl/BUItccHABpbUPx4kVin5KP24nGRjq0zIZglLwPVE+ZH rnkWPF04on2u+ktTqL26zJdluUxa1O631nvxLN9h5txGwWdTKPk7R2lwwK7hVqxyVY22uw0vXHYJzgEicribdYAr+AIfaC1KDQ9sezIyd0K5ABzQsTnnZ0Rv+cGIOydqSy0KnAndu/a1P4r1rPu7zdHwtdeoeaV4tyL6kr6NQxOhAGuZOjIIAbEf5K+TkY4C74+mRLjiOtyknw5fF4+n/RbcadmH3ZrR8czg1aIhtkk2yTBmmRA/KZnJAu4eSSXJMbchtdRb+iu+i+al2I5jPr5ElED78BY36sqQ==</latexit>

�i!f =
2⇡

~ |M |2 ⇢
<latexit sha1_base64="SydyIJVzDLDKCXmTEb3eXr8wYSI="></latexit><latexit sha1_base64="SydyIJVzDLDKCXmTEb3eXr8wYSI="></latexit><latexit sha1_base64="SydyIJVzDLDKCXmTEb3eXr8wYSI="></latexit>



Hans Bethe & Rudolf Peierls 
calculate the neutrino cross section1934: Fermi's Theory

20

Beta Decay ! + +
n

<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit> p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>



Hans Bethe & Rudolf Peierls 
calculate the neutrino cross section1934: Fermi's Theory
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n

<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit> p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

Inverse Beta Decay !+ +
e+

<latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit>

n
<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit>

p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>
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Beta Decay ! + +
n

<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit> p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

Inverse Beta Decay !+ +
e+

<latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit>

n
<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit>

p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>
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Beta Decay ! + +
n

<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit> p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

Inverse Beta Decay !+ +
e+

<latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit>

n
<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit>

p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>
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Beta Decay ! + +
n

<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit> p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

Inverse Beta Decay !+ +
e+

<latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit>

n
<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit>

p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

event rate     number of neutrinos     probability of interaction⇠ ⇥

R [1/s] = Ntargets ⇥ � [cm�2/s]⇥ � [cm2] ⇥ ✏

But...

Claim: A neutrino will go through 1000 
light years of matter!

© 1934 Nature Publishing Group
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⌫
<latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit>



21

Neutrino Department

Scintillator 
Produces light when charged particles go 

through

uni-mainz.de

Elementary 
Particle Detector

⌫
<latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit>



21

Neutrino Department

Photomultiplier Tube 
An ultra-sensitive light detector

Scintillator 
Produces light when charged particles go 

through

uni-mainz.de

Elementary 
Particle Detector

⌫
<latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit>
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⌫
<latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit>
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⌫
<latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit><latexit sha1_base64="EVRfb+ok25VRQpiZlmZNfSIRHqM=">AAAB/HicdVDLSsNAFJ34rPVVdelmsAiuwqS2tN0V3bisaGyhDWUynbRDJ5MwMxFCKH6BW/0CV+LWf/ED/A8nbQUreuDC4Zx7ufceP+ZMaYQ+rJXVtfWNzcJWcXtnd2+/dHB4p6JEEuqSiEey62NFORPU1Uxz2o0lxaHPacefXOZ+555KxSJxq9OYeiEeCRYwgrWRbvoiGZTKyK5VUAPVILIRqtYbjiGVZv3cqUHHKDnKYIH2oPTZH0YkCanQhGOleg6KtZdhqRnhdFrsJ4rGmEzwiPYMFTikystmp07hqVGGMIikKaHhTP05keFQqTT0TWeI9Vj99nLxL6+X6KDhZUzEiaaCzBcFCYc6gvnfcMgkJZqnhmAimbkVkjGWmGiTztKWgKYijKcml+/n4f/ErdhNG11Xy62LRUAFcAxOwBlwQB20wBVoAxcQMAKP4Ak8Ww/Wi/Vqvc1bV6zFzBFYgvX+Bc90lls=</latexit>
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SNO+ Experiment 
Sudbury, Ontario, Canada

Image: SNO+ Collaboration
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Deep Underground 
Neutrino Experiment, 
Prototype Detector 
CERN, Switzerland

Image: CERN
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CUORE Experiment 
LNGS, Italy

Image: CUORE Collaboration
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"Herr Auge" 
Los Alamos, NM, 1953

Image: Los Alamos National Laboratory
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Hunting the Neutrino
Plan A: Project Poltergeist

In 1951, when Fred Reines first contemplated 
an experiment to detect the neutrino, this 
particle was still a poltergeist, a fleeting yet

haunting ghost in the world of physical reality. 
All its properties had been deduced but only 
theoretically. Its role was to carry away the missing
energy and angular momentum in nuclear beta
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Detecting the Poltergeist
The Reines-Cowan Experiments

decay, the most familiar and widespread 
manifestation of what is now called the weak
force. The neutrino surely had to exist. But some-
one had to demonstrate its reality. The relentless
quest that led to the detection of the neutrino 
started with an energy crisis in the very young
field of nuclear physics.

Savannah Team 1955

The Hanford Team: (on facing page, left to right, back row) F. Newton Hayes, Captain W. A. Walker, T. J. White, Fred Reines, 
E. C. Anderson, Clyde Cowan, Jr., and Robert Schuch (inset); not all team members are pictured.
The Savannah River Team: (clockwise, from lower left foreground) Clyde Cowan, Jr., F. B. Harrison, Austin McGuire, Fred Reines, 
and Martin Warren; (left to right, front row) Richard Jones, Forrest Rice, and Herald Kruse. 

1953-1956

Hanford Team 1953

Los Alamos Science 25 (1997)
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Boatloads of 
neutrinos here
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Nope.
An "interesting" idea, but.... 

there's a better way.

Boatloads of 
neutrinos here



Lise Meitner & Otto Hahn

Enrico Fermi Nuclear Plant

A Bit of UChicago History!
Nuclear Reactors

CP1 and the UChicago team
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NRC image

Laboratory R&D, c. 1938

Proof of Concept, 1942

Commercial Use, 1958 - presentCP1 Cake, UChicago EFI, 2017

neutron

fission

more neutrons

more fission

yup

you get it

wikipedia.org

Maria Goeppert-Mayer
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Savannah River Site, SC 
US Department of Energy 
July 1956
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Neutrino 
detector

Dept. of Physics, UC Irvine
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Neutrino Signature 
1. Flash of light from positron 
2. Neutron bounces around 
3. Nucleus captures neutron 
4. Capturing nucleus emits 

gamma rays — second flash!

e+ n

⌫̄ + p ! e+ + n

neutrinos!
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Neutrino Signature 
1. Flash of light from positron 
2. Neutron bounces around 
3. Nucleus captures neutron 
4. Capturing nucleus emits 

gamma rays — second flash!

e+ n

⌫̄ + p ! e+ + n

neutrinos!

SUCCESS!

⌫̄ + p ! n+ e+

After 26 years, the "undetectable" 
neutrino is found!

The Reines-Cowan Experiments
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target area that a proton presents to a
neutrino. The larger the area, the more
likely it is that the process will occur.)

The measured rate, or the number of
events per second, depends on (1) the
rate at which neutrinos are entering 
the target area (the neutrino flux was 
approximately 1,013 neutrinos per
square centimeter per second), (2) the
number of target protons in the water
tank (approximately 1,028 target 
protons), (3) the cross section for the 
reaction, and (4) the efficiency of 
the detectors in picking up positron and
neutron signals from the reaction.

According to Fermi’s theory, the
cross section for inverse beta decay
varies with energy. Given the energy
spectrum of the reactor-produced 
antineutrinos (the average energy was 
3 MeV), the theoretically predicted
cross section for inverse beta decay on
protons is 6.3 × 10–44, with an uncer-
tainty of about 25 percent arising from
the uncertainty of the energy spectrum
for the reactor neutrinos. The violation
of parity conservation (namely, the
symmetry between left-handedness and
right-handedness) by the weak force
had not yet been discovered, and so this
theoretical value was based on the 
parity-conserving formulation of
Fermi’s theory of beta decay in which
the neutrino, like the electron, has four
independent degrees of freedom.

In July 1956, a brief article in 
Science by Reines, Cowan, Harrison,
McGuire, and Kruse announced that the
Savannah River experiment had 
confirmed the tentative findings of the
Hanford experiment. The authors also
stated that their results were in 
agreement within 5 percent of the 
theoretically predicted value for the 
inverse-beta-decay cross section. Such
results were fortuitous given the 
uncertainties in the neutrino flux and 
in the detector efficiency. 

A more detailed paper on this experi-
ment published in Physical Review in
1960 reported a cross section twice as
large as that reported in 1956. Accord-
ing to Reines (1979), the increase in the
value occurred because “our initial

analysis grossly overestimated the 
detection efficiency with the result that
the measured cross section was at first
thought to be in good agreement with
[the pre–parity violation] prediction.”

The theoretical cross section had
also doubled between 1956 and 1960
because of the discovery in 1957 of 
parity nonconservation in the weak 
interactions and the formulation of 
the two-component theory of the 
neutrino (see the box “Parity Noncon-
servation and the Massless Two-
Component Neutrino” on page 32). 
So, the measured cross section reported
in the literature remained in agreement
with the theoretical prediction. 

In addition, after the 1956 experi-
ment, Reines and Cowan did another
measurement with a new setup and, in a
1959 Physical Review paper, reported
results for the cross section that were 
in agreement with the two-component
neutrino, parity-nonconserving theory. 

Over the years, there has been some
skepticism about the differing published
values. These feelings may have been
responsible for the forty years that had
passed before the discovery of the neu-
trino was recognized with the Nobel
Prize. Nevertheless, the award is a 
clear recognition that the Savannah
River experiment was an extraordinary
accomplishment. Reines wished that
Cowan had been alive to share the 
prestigious award with him. The elusive
product of the weak force that can 
penetrate the earth and travel to the
ends of the universe was finally 
observed stopping in its tracks. The
neutrino became a tangible reality, 
and the experiment itself set a 
precedent for using the neutrino as 
an experimental tool.

Indeed, since the Reines-Cowan 
experiments, neutrino detection has pro-
duced some dramatic results. One was
the 1963 experiment of Lederman,
Schwartz, and Steinberger proving that a
second (muon) neutrino was paired with
the muon in the way the known (elec-
tron) neutrino was paired with the 
electron. That result not only earned the
discoverers the Nobel Prize, but also 

established the first hint of the second
family of elementary particles (all three
families are introduced in the primer, 
“The Oscillating Neutrino,” on page 28). 

Another was the detection of a 
burst of neutrinos from supernova
1987A (SN1987A)—twenty hits within
12 seconds in two enormous detectors
located on opposite sides of the planet,
both buried deep underground where
one expects to see only one neutrino
event per day. It was the unmistakable 
signature of an exploding star, and it 
provided extraordinary confirmation 
of the exotic notion that neutrinos, 
the most standoffish members of the 
pantheon of elementary particles, could
drive the largest explosion ever 
witnessed by human beings. 

And at present, neutrino data are 
accumulating from even more-modern
neutrino detectors, some buried deep
underground, some poised at accelera-
tors, some awaiting completion, all 
dedicated to seeing whether the neutri-
nos, long purported to be massless 
particles, not only carry mass but also
oscillate from one identity to another 
as they fly freely through space.

The world of physics owes much 
to Fred Reines for these developments.
His single-minded dedication to the
neutrino set an example, not only in 
the 1950s but throughout his career.
And his courage to “think big” 
continued well after his tenure at 
Los Alamos. Reines was one of the 
critical cospokespersons for the 
construction of the huge IMB detector,
a water-filled, 8,000-ton Cerenkov 
detector located in the Morton salt 
mine near Cleveland, Ohio. It was 
there that half of the events from
SN1987A were detected and many 
of the data on the oscillation of 
atmospheric neutrinos were gathered.

Through this volume, Los Alamos
National Laboratory takes pride in the 
accomplishments of Fred Reines, 
Clyde Cowan, Jr., and the teams of
Laboratory workers who performed to
the best of their ability in demonstrating
the existence of the neutrino. 
And Fred Reines, in his gracious way,

Announcement of Results

On June 14, 1956, after all the 
ests had been completed, Reines and

Cowan sent a telegram to Pauli at
ürich University:

“We are happy to inform you that
we have definitely detected neutrinos
rom fission fragments by observing 
nverse beta decay of protons. 

Observed cross section agrees well 

with expected six times ten to minus
forty-four square centimeters.”

In his 1979 article in Science about
the early days of experimental neutrino
physics, Reines describes Pauli’s reac-
tion to the news:

“The message was forwarded to him
[Pauli] at CERN, where he interrupted
the meeting he was attending to read
the telegram to the conferees and then
made some impromptu remarks regard-

ing the discovery. We learned later that
Pauli and some friends consumed a
case of champagne in celebration.”

Although the intent of the Savannah
River experiment was to get a positive
signal of neutrino detection, the experi-
ment also yielded a measurement of the
rate, or more exactly the cross section,
for inverse beta decay. (The cross sec-
tion for the neutrino to be captured by a
proton can be thought of as the effective

Figure 5. Oscilloscope Traces from
the Savannah River Experiments
In these oscilloscope pictures, traces
from detectors I, II, and III are labeled I, II,
and III, respectively. The label under each
frame indicates whether the signals were
recorded by the scope for positron anni-
hilation or the scope for neutron capture.
Acceptable delayed-coincidence signals
are shown in (a) and (b), while rejected
signals are pictured in (c) through (f). 

(a) The delayed-coincidence signal in
these two frames has occurred in the top
triad of the detector because the pulses
appeared in detectors I and II. Positron
scope: The pulse energies in detectors I
and II were 0.30 MeV and 0.35 MeV, 
respectively. The pulses reached the
positron circuit in prompt coincidence
(less than 0.2 microsecond apart) and
were accepted as a signal of positron 
annihilation. Neutron scope: The pulse
energies in detectors I and II were 
5.8 MeV and 3.3 MeV, respectively. These
pulses arrived in prompt coincidence 
and were accepted as a signal of neutron
capture. The delay between the positron
and neutron signals was 2.5 microsec-
onds. (b) The delayed-coincidence signal
in these two frames has occurred in the
bottom triad because the pulses appeared
in detectors II and III. Positron scope: 
The pulse energies in detectors II and III
were 0.25 MeV and 0.30 MeV, respectively.

eutron scope: The pulse energies in detectors II and III were 2.0 MeV and 1.7 MeV, respectively. The delay between the positron and
eutron signals was 13.5 microseconds. (c) The pulses from the neutron circuit were the result of electrical noise. (d) These three
ulses from the neutron circuit were caused by a cosmic-ray event. (e) These three pulses from the positron circuit were caused by 
 cosmic-ray event. (f) These pulses may have been caused by a cosmic-ray event. They were rejected as a signal of neutron capture
ecause of the extra pulse from detector II. Frames like this one occurred more often than would be expected from chance 
oincidences. They were, however, not often enough to affect the results considerably. These data appeared in Reines, Cowan, Harrison, et al. 1960. 

Neutron scope

(c)       Neutron scope (d)        Neutron scope

(e)       Positron scope (f)        Neutron scope

(a)      Positron scope  

(b)      Positron scope  Neutron scope
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1995 Nobel Prize in Physics 
Frederick Reines, "for the detection of the neutrino" 
(Clyde Cowan passed away in 1974)
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¯
<latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit>

Beta Decay n ! p+ e� + ⌫
<latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit>



The Plot Thickens
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Putting the   in    : Antineutrinos⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

¯
<latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit>

Beta Decay n ! p+ e� + ⌫
<latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit>

⌫ + p ! n+ e+
<latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit><latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit><latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit>

Inverse Beta Decay
(Cowan & Reines, 1956)

e+
<latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit>

⌫
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Putting the   in    : Antineutrinos⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

¯
<latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit>

Beta Decay n ! p+ e� + ⌫
<latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit>

⌫ + n ! p+ e�
<latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit><latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit><latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit> ?

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫

⌫ + p ! n+ e+
<latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit><latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit><latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit>

Inverse Beta Decay
(Cowan & Reines, 1956)

e+
<latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit>

⌫
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Putting the   in    : Antineutrinos⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

¯
<latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit>

Beta Decay n ! p+ e� + ⌫
<latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit>

⌫ + n ! p+ e�
<latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit><latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit><latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit> ?

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫

⌫ + p ! n+ e+
<latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit><latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit><latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit>
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Attempt to Detect the Antineutrinos from a Nuclear Reactor
by the Cl" (v, e—)A" Reaction*

RAYMOND DAVIS) JR.
Department of Chemistry, Brookhaven Nateonal Laboratory, Upton, Long Island, New York

(Received September 21, 1954)

Tanks containing 200 and 3900 liters of carbon tetrachloride were irradiated outside of the shield of the
Brookhaven reactor in an attempt to induce the reaction CP'(v, e )A" with Gssion product antineutrinos.
The experiments serve to place an upper limit on the antineutrino capture cross section for the reaction of
2)(10 "cm per atom. Cosmic-ray-induced A' was observed and the production rate measured at 14 100
feet altitude and sea level. Measurements with the 3900-liter container shielded from cosmic rays with 19
feet of earth permit placing an upper limit on the neutrino Qux from the sun.

I. INTRODUCTION
l 'HERE have been a number of experiments

performed in the past to detect the neutrino by
scattering processes and nuclear interactions. ' The
most sensitive of these experiments serve to place a
limit on the scattering cross section for neutrinos on
electrons of less than 14X10 " cm'/electron and for
nuclear interaction of less than 10 " cm'/atom.
Recently Reines and Cowan of the Los Alamos Lab-
oratory performed an experiment with a large hydro-
carbon liquid scintillator having a high sensitivity
for detecting the interaction p(v, e+)rt within the liquid. '
Measurements were made with this scintillator located
adjacent to the Hanford reactor within a shield designed
to absorb other radiations from the reactor to which
the scintillator was sensitive. Under these conditions
they observed an increase in counting rate of the
scintillator of 0.41&0.20 delayed count per minute
when the reactor was operating over that observed
with the reactor oG. This increase in counting rate, if
ascribed to the process p(v, e+)tt, corresponds to a cross
section of (12&6)X10 44 cm'/atom.
In 1946 Pontecorvo' suggested a radiochemical

method of detecting the neutrino by employing the
reaction Cl"(v,e )A" The exp. eriment involved ir-
radiating a large volume of carbon tetrachloride near a
nuclear reactor, removing the A" by physical methods,
and counting the electron capture decay of this isotope.
Alvarez4 considered the use of this method of detecting
the neutrino in detail, and proposed an extended
experiment capable of detecting the theoretically
expected cross section for neutrinos of 2X10 " cm'/
atom.
The reaction Cp'(v, e )Ass is the inverse process

to the 34-day electron capture decay of A". In this
*Research carried out under the auspices of the U. S. Atomic

Energy Commission.' The experiments are reviewed by H. R. Crane, Revs. Modern
Phys. 20, 278 (1948); J. H. Barrett, Phys. Rev. 79. 907 (1950);
Cowan, Reines, and Harrison, Phys. Rev. 96, 1294 (1954).' F. Reines and C. L. Cowan, Jr., Phys. Rev. 92, 830 (1953).'3. Pontecorvo, Chalk River Laboratory Report PD-205,
1948 (unpublished).
L. %.Alvarez, University of California Radiation Laboratory

Report UCRL 328, 1949 (unpublished).

decay a neutrino (v) is emitted which may be formally
distinguished from an antineutrino (f) which accom-
panies negative beta emission. A nuclear reactor emits
antineutrinos which arise from the negative beta
decays of fission products. In our experiment an attempt
is made to observe an inverse electron capture process
which requires neutrinos, using a source emitting
antineutrinos. If neutrinos and antineutrinos are
identical in their interactions with nucleons one should
be able to observe the process upon carrying the experi-
ment to the required sensitivity. However, if neutrinos
and antineutrinos diGer in their interactions with
nucleons one would not expect to induce the reaction
Cl"(v, e )A". A positive experiment of this type would
show that these particles are not to be distinguished
in their nuclear reactions. A negative experiment
carried to the required sensitivity would indicate that
neutrinos and antineutrinos diGer in their nuclear
reactions, or that the present theory of beta decay is
incorrect. The present theory of beta decay and the
principle of detailed balancing lead to a reliable calcu-
lated cross section for the inverse process. The only
evidence concerning the nuclear interactions of neu-
trinos and antineutrinos comes at present solely from a
study of the half-life of the double beta-decay process.
These studies have indicated that neutrinos and anti-
neutrinos do diGer in their interactions with nucleons. '
An experiment has been performed in which a 200-

liter (55-gallon) drum of carbon tetrachloride was
irradiated outside the shield of the Brookhaven reactor.
The argon was removed by sweeping with helium gas
and counted. Further measurements were carried out
'with a 3900-liter (1000-gallon) tank of carbon tetra-
chloride. As a result of these measurements one can
place an upper limit on the cross section for the reaction
of 2X10 4' cm'/atom for fission product antineutrinos.
A background of A" activity was produced in the tank
by cosmic-ray interactions and in the present experi-
ment prevented observing lower values of the cross
section. The purpose of this paper is to give the results
of these measurements.
The present experiment was not sensitive enough to
~ Reviewed by E. J. Konopinski and L. M. Langer, Ann. Rev.

Nuc. Sci. 2, 261 (1953).
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Attempt to Detect the Antineutrinos from a Nuclear Reactor
by the Cl" (v, e—)A" Reaction*

RAYMOND DAVIS) JR.
Department of Chemistry, Brookhaven Nateonal Laboratory, Upton, Long Island, New York

(Received September 21, 1954)

Tanks containing 200 and 3900 liters of carbon tetrachloride were irradiated outside of the shield of the
Brookhaven reactor in an attempt to induce the reaction CP'(v, e )A" with Gssion product antineutrinos.
The experiments serve to place an upper limit on the antineutrino capture cross section for the reaction of
2)(10 "cm per atom. Cosmic-ray-induced A' was observed and the production rate measured at 14 100
feet altitude and sea level. Measurements with the 3900-liter container shielded from cosmic rays with 19
feet of earth permit placing an upper limit on the neutrino Qux from the sun.

I. INTRODUCTION
l 'HERE have been a number of experiments

performed in the past to detect the neutrino by
scattering processes and nuclear interactions. ' The
most sensitive of these experiments serve to place a
limit on the scattering cross section for neutrinos on
electrons of less than 14X10 " cm'/electron and for
nuclear interaction of less than 10 " cm'/atom.
Recently Reines and Cowan of the Los Alamos Lab-
oratory performed an experiment with a large hydro-
carbon liquid scintillator having a high sensitivity
for detecting the interaction p(v, e+)rt within the liquid. '
Measurements were made with this scintillator located
adjacent to the Hanford reactor within a shield designed
to absorb other radiations from the reactor to which
the scintillator was sensitive. Under these conditions
they observed an increase in counting rate of the
scintillator of 0.41&0.20 delayed count per minute
when the reactor was operating over that observed
with the reactor oG. This increase in counting rate, if
ascribed to the process p(v, e+)tt, corresponds to a cross
section of (12&6)X10 44 cm'/atom.
In 1946 Pontecorvo' suggested a radiochemical

method of detecting the neutrino by employing the
reaction Cl"(v,e )A" The exp. eriment involved ir-
radiating a large volume of carbon tetrachloride near a
nuclear reactor, removing the A" by physical methods,
and counting the electron capture decay of this isotope.
Alvarez4 considered the use of this method of detecting
the neutrino in detail, and proposed an extended
experiment capable of detecting the theoretically
expected cross section for neutrinos of 2X10 " cm'/
atom.
The reaction Cp'(v, e )Ass is the inverse process

to the 34-day electron capture decay of A". In this
*Research carried out under the auspices of the U. S. Atomic

Energy Commission.' The experiments are reviewed by H. R. Crane, Revs. Modern
Phys. 20, 278 (1948); J. H. Barrett, Phys. Rev. 79. 907 (1950);
Cowan, Reines, and Harrison, Phys. Rev. 96, 1294 (1954).' F. Reines and C. L. Cowan, Jr., Phys. Rev. 92, 830 (1953).'3. Pontecorvo, Chalk River Laboratory Report PD-205,
1948 (unpublished).
L. %.Alvarez, University of California Radiation Laboratory

Report UCRL 328, 1949 (unpublished).

decay a neutrino (v) is emitted which may be formally
distinguished from an antineutrino (f) which accom-
panies negative beta emission. A nuclear reactor emits
antineutrinos which arise from the negative beta
decays of fission products. In our experiment an attempt
is made to observe an inverse electron capture process
which requires neutrinos, using a source emitting
antineutrinos. If neutrinos and antineutrinos are
identical in their interactions with nucleons one should
be able to observe the process upon carrying the experi-
ment to the required sensitivity. However, if neutrinos
and antineutrinos diGer in their interactions with
nucleons one would not expect to induce the reaction
Cl"(v, e )A". A positive experiment of this type would
show that these particles are not to be distinguished
in their nuclear reactions. A negative experiment
carried to the required sensitivity would indicate that
neutrinos and antineutrinos diGer in their nuclear
reactions, or that the present theory of beta decay is
incorrect. The present theory of beta decay and the
principle of detailed balancing lead to a reliable calcu-
lated cross section for the inverse process. The only
evidence concerning the nuclear interactions of neu-
trinos and antineutrinos comes at present solely from a
study of the half-life of the double beta-decay process.
These studies have indicated that neutrinos and anti-
neutrinos do diGer in their interactions with nucleons. '
An experiment has been performed in which a 200-

liter (55-gallon) drum of carbon tetrachloride was
irradiated outside the shield of the Brookhaven reactor.
The argon was removed by sweeping with helium gas
and counted. Further measurements were carried out
'with a 3900-liter (1000-gallon) tank of carbon tetra-
chloride. As a result of these measurements one can
place an upper limit on the cross section for the reaction
of 2X10 4' cm'/atom for fission product antineutrinos.
A background of A" activity was produced in the tank
by cosmic-ray interactions and in the present experi-
ment prevented observing lower values of the cross
section. The purpose of this paper is to give the results
of these measurements.
The present experiment was not sensitive enough to
~ Reviewed by E. J. Konopinski and L. M. Langer, Ann. Rev.

Nuc. Sci. 2, 261 (1953).
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Attempt to Detect the Antineutrinos from a Nuclear Reactor
by the Cl" (v, e—)A" Reaction*

RAYMOND DAVIS) JR.
Department of Chemistry, Brookhaven Nateonal Laboratory, Upton, Long Island, New York

(Received September 21, 1954)

Tanks containing 200 and 3900 liters of carbon tetrachloride were irradiated outside of the shield of the
Brookhaven reactor in an attempt to induce the reaction CP'(v, e )A" with Gssion product antineutrinos.
The experiments serve to place an upper limit on the antineutrino capture cross section for the reaction of
2)(10 "cm per atom. Cosmic-ray-induced A' was observed and the production rate measured at 14 100
feet altitude and sea level. Measurements with the 3900-liter container shielded from cosmic rays with 19
feet of earth permit placing an upper limit on the neutrino Qux from the sun.

I. INTRODUCTION
l 'HERE have been a number of experiments

performed in the past to detect the neutrino by
scattering processes and nuclear interactions. ' The
most sensitive of these experiments serve to place a
limit on the scattering cross section for neutrinos on
electrons of less than 14X10 " cm'/electron and for
nuclear interaction of less than 10 " cm'/atom.
Recently Reines and Cowan of the Los Alamos Lab-
oratory performed an experiment with a large hydro-
carbon liquid scintillator having a high sensitivity
for detecting the interaction p(v, e+)rt within the liquid. '
Measurements were made with this scintillator located
adjacent to the Hanford reactor within a shield designed
to absorb other radiations from the reactor to which
the scintillator was sensitive. Under these conditions
they observed an increase in counting rate of the
scintillator of 0.41&0.20 delayed count per minute
when the reactor was operating over that observed
with the reactor oG. This increase in counting rate, if
ascribed to the process p(v, e+)tt, corresponds to a cross
section of (12&6)X10 44 cm'/atom.
In 1946 Pontecorvo' suggested a radiochemical

method of detecting the neutrino by employing the
reaction Cl"(v,e )A" The exp. eriment involved ir-
radiating a large volume of carbon tetrachloride near a
nuclear reactor, removing the A" by physical methods,
and counting the electron capture decay of this isotope.
Alvarez4 considered the use of this method of detecting
the neutrino in detail, and proposed an extended
experiment capable of detecting the theoretically
expected cross section for neutrinos of 2X10 " cm'/
atom.
The reaction Cp'(v, e )Ass is the inverse process

to the 34-day electron capture decay of A". In this
*Research carried out under the auspices of the U. S. Atomic

Energy Commission.' The experiments are reviewed by H. R. Crane, Revs. Modern
Phys. 20, 278 (1948); J. H. Barrett, Phys. Rev. 79. 907 (1950);
Cowan, Reines, and Harrison, Phys. Rev. 96, 1294 (1954).' F. Reines and C. L. Cowan, Jr., Phys. Rev. 92, 830 (1953).'3. Pontecorvo, Chalk River Laboratory Report PD-205,
1948 (unpublished).
L. %.Alvarez, University of California Radiation Laboratory

Report UCRL 328, 1949 (unpublished).

decay a neutrino (v) is emitted which may be formally
distinguished from an antineutrino (f) which accom-
panies negative beta emission. A nuclear reactor emits
antineutrinos which arise from the negative beta
decays of fission products. In our experiment an attempt
is made to observe an inverse electron capture process
which requires neutrinos, using a source emitting
antineutrinos. If neutrinos and antineutrinos are
identical in their interactions with nucleons one should
be able to observe the process upon carrying the experi-
ment to the required sensitivity. However, if neutrinos
and antineutrinos diGer in their interactions with
nucleons one would not expect to induce the reaction
Cl"(v, e )A". A positive experiment of this type would
show that these particles are not to be distinguished
in their nuclear reactions. A negative experiment
carried to the required sensitivity would indicate that
neutrinos and antineutrinos diGer in their nuclear
reactions, or that the present theory of beta decay is
incorrect. The present theory of beta decay and the
principle of detailed balancing lead to a reliable calcu-
lated cross section for the inverse process. The only
evidence concerning the nuclear interactions of neu-
trinos and antineutrinos comes at present solely from a
study of the half-life of the double beta-decay process.
These studies have indicated that neutrinos and anti-
neutrinos do diGer in their interactions with nucleons. '
An experiment has been performed in which a 200-

liter (55-gallon) drum of carbon tetrachloride was
irradiated outside the shield of the Brookhaven reactor.
The argon was removed by sweeping with helium gas
and counted. Further measurements were carried out
'with a 3900-liter (1000-gallon) tank of carbon tetra-
chloride. As a result of these measurements one can
place an upper limit on the cross section for the reaction
of 2X10 4' cm'/atom for fission product antineutrinos.
A background of A" activity was produced in the tank
by cosmic-ray interactions and in the present experi-
ment prevented observing lower values of the cross
section. The purpose of this paper is to give the results
of these measurements.
The present experiment was not sensitive enough to
~ Reviewed by E. J. Konopinski and L. M. Langer, Ann. Rev.

Nuc. Sci. 2, 261 (1953).
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Nuc. Sci. 2, 261 (1953).
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The Plot Thickens
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Putting the   in    : Antineutrinos⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

¯
<latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit><latexit sha1_base64="qn6dwVI2Dm4WmNKWQZPN6KDUwOs=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQXMqS1Ou2u6MZlBactdIaSSTNtbCYzJBlhKN34BW71C1yJWz/FD/A/TB+CFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbb6o4lYS6JOaxbAdYUc4EdTXTnLYTSXEUcNoKhlcTv3VPpWKxuNVZQv0I9wULGcHaSE0vwNI77RaKyK6iMqo4ENlOzTmrXcxIuXoOSzaaogjmaHQLn14vJmlEhSYcK9UpoUT7Iyw1I5yO816qaILJEPdpx1CBI6r80fTaMTw2Sg+GsTQlNJyqPydGOFIqiwLTGWE9UL+9ifiX10l1WPVHTCSppoLMFoUphzqGk9dhj0lKNM8MwUQycyskAywx0SaghS0hzUSUjE0u38/D/4lbtms2uqkU65fzgHLgEByBE1ACDqiDa9AALiDgDjyCJ/BsPVgv1qv1NmtdsuYzB2AB1vsXzqOXdA==</latexit>

Beta Decay n ! p+ e� + ⌫
<latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit><latexit sha1_base64="u9TbUmBgNpL9yVHN5cnOCiV+Ixk=">AAACDnicdVDLSgMxFM3U93u0SzfBIgjikNZH213RjUsFR4VOLZn0jg3NZIYkIwylH+EXuNUvcCVu/QU/wP8wfQgqeiDhcM693HtPmAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltluUODAJTvEuhps9+wcya7sl4tVIhRxUMfGq9ep+/WhMKrVDXPbICCU0wVnb/Qg6CctikIYJqnWzTFLT6lNlOBMwWAwyDSllPXoLTUsljUG3+qPlB3jbKh0cJco+afBI/d7Rp7HWeRzaypiarv7tDcW/vGZmolqrz2WaGZBsPCjKBLbnDpPAHa6AGZFbQpnidlfMulRRZmxeP6ZEkMs4Hdhcvo7H/xO/4tU9cn5QahxPAppHm2gL7aAyqqIGOkVnyEcM5egBPaIn5955dl6c13FpwZn0FNEPOG+fjEebcA==</latexit>

⌫ + n ! p+ e�
<latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit><latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit><latexit sha1_base64="XANu4pMgBYjhxm2BrSZ+2zCXCWA=">AAACDnicdVBLSgNBEO2J//9olm4agyCIQyd+kuyCblwqOCpkYujp1JgmPT1Dd48whBzCE7jVE7gSt17BA3gPOx9BRR8UPN6roqpemAquDSHvTmFqemZ2bn5hcWl5ZXXNXd+41EmmGPgsEYm6DqkGwSX4hhsB16kCGocCrsLeydC/ugOleSIvTJ5CK6a3kkecUWOltlsMZIZ3scSBSXBqGdzstd0S8WqkQg6qmHjVenW/fjQmldohLntkhBKa4KztfgSdhGUxSMME1bpZJqlp9akynAkYLAaZhpSyHr2FpqWSxqBb/dHxA7xtlQ6OEmVLGjxSv0/0aax1Hoe2M6amq397Q/Evr5mZqNbqc5lmBiQbL4oyge2jwyRwhytgRuSWUKa4vRWzLlWUGZvXjy0R5DJOBzaXr+fx/8SveHWPnB+UGseTgObRJtpCO6iMqqiBTtEZ8hFDOXpAj+jJuXeenRfnddxacCYzRfQDztsnjhWbcA==</latexit> ?

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫

⌫ + p ! n+ e+
<latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit><latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit><latexit sha1_base64="jWH+rhm0SLsUno9U10UESi9MkbE=">AAACDnicdVBLSgNBEO2J//gbdemmMQhCYOjEaJKd6MalgtFAJoaeTo026ekZunuEYcghPIFbPYErcesVPID3sPMRVPRBweO9KqrqBYng2hDy7hRmZufmFxaXissrq2vr7sbmpY5TxaDFYhGrdkA1CC6hZbgR0E4U0CgQcBUMTkb+1R0ozWN5YbIEuhG9kTzkjBor9dwtX6a4jBPsmxhLy+C63HNLxGuQKqnVMfHqzfp+83BCqo0DXPHIGCU0xVnP/fD7MUsjkIYJqnWnQhLTzakynAkYFv1UQ0LZgN5Ax1JJI9DdfHz8EO9apY/DWNmSBo/V7xM5jbTOosB2RtTc6t/eSPzL66QmbHRzLpPUgGSTRWEqsH10lATucwXMiMwSyhS3t2J2SxVlxub1Y0sImYySoc3l63n8P2lVvaZHzmulo+NpQItoG+2gPVRBdXSETtEZaiGGMvSAHtGTc+88Oy/O66S14ExnttAPOG+fivWbbg==</latexit>

Inverse Beta Decay
(Cowan & Reines, 1956)

e+
<latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit>
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Tanks containing 200 and 3900 liters of carbon tetrachloride were irradiated outside of the shield of the
Brookhaven reactor in an attempt to induce the reaction CP'(v, e )A" with Gssion product antineutrinos.
The experiments serve to place an upper limit on the antineutrino capture cross section for the reaction of
2)(10 "cm per atom. Cosmic-ray-induced A' was observed and the production rate measured at 14 100
feet altitude and sea level. Measurements with the 3900-liter container shielded from cosmic rays with 19
feet of earth permit placing an upper limit on the neutrino Qux from the sun.

I. INTRODUCTION
l 'HERE have been a number of experiments

performed in the past to detect the neutrino by
scattering processes and nuclear interactions. ' The
most sensitive of these experiments serve to place a
limit on the scattering cross section for neutrinos on
electrons of less than 14X10 " cm'/electron and for
nuclear interaction of less than 10 " cm'/atom.
Recently Reines and Cowan of the Los Alamos Lab-
oratory performed an experiment with a large hydro-
carbon liquid scintillator having a high sensitivity
for detecting the interaction p(v, e+)rt within the liquid. '
Measurements were made with this scintillator located
adjacent to the Hanford reactor within a shield designed
to absorb other radiations from the reactor to which
the scintillator was sensitive. Under these conditions
they observed an increase in counting rate of the
scintillator of 0.41&0.20 delayed count per minute
when the reactor was operating over that observed
with the reactor oG. This increase in counting rate, if
ascribed to the process p(v, e+)tt, corresponds to a cross
section of (12&6)X10 44 cm'/atom.
In 1946 Pontecorvo' suggested a radiochemical

method of detecting the neutrino by employing the
reaction Cl"(v,e )A" The exp. eriment involved ir-
radiating a large volume of carbon tetrachloride near a
nuclear reactor, removing the A" by physical methods,
and counting the electron capture decay of this isotope.
Alvarez4 considered the use of this method of detecting
the neutrino in detail, and proposed an extended
experiment capable of detecting the theoretically
expected cross section for neutrinos of 2X10 " cm'/
atom.
The reaction Cp'(v, e )Ass is the inverse process

to the 34-day electron capture decay of A". In this
*Research carried out under the auspices of the U. S. Atomic

Energy Commission.' The experiments are reviewed by H. R. Crane, Revs. Modern
Phys. 20, 278 (1948); J. H. Barrett, Phys. Rev. 79. 907 (1950);
Cowan, Reines, and Harrison, Phys. Rev. 96, 1294 (1954).' F. Reines and C. L. Cowan, Jr., Phys. Rev. 92, 830 (1953).'3. Pontecorvo, Chalk River Laboratory Report PD-205,
1948 (unpublished).
L. %.Alvarez, University of California Radiation Laboratory

Report UCRL 328, 1949 (unpublished).

decay a neutrino (v) is emitted which may be formally
distinguished from an antineutrino (f) which accom-
panies negative beta emission. A nuclear reactor emits
antineutrinos which arise from the negative beta
decays of fission products. In our experiment an attempt
is made to observe an inverse electron capture process
which requires neutrinos, using a source emitting
antineutrinos. If neutrinos and antineutrinos are
identical in their interactions with nucleons one should
be able to observe the process upon carrying the experi-
ment to the required sensitivity. However, if neutrinos
and antineutrinos diGer in their interactions with
nucleons one would not expect to induce the reaction
Cl"(v, e )A". A positive experiment of this type would
show that these particles are not to be distinguished
in their nuclear reactions. A negative experiment
carried to the required sensitivity would indicate that
neutrinos and antineutrinos diGer in their nuclear
reactions, or that the present theory of beta decay is
incorrect. The present theory of beta decay and the
principle of detailed balancing lead to a reliable calcu-
lated cross section for the inverse process. The only
evidence concerning the nuclear interactions of neu-
trinos and antineutrinos comes at present solely from a
study of the half-life of the double beta-decay process.
These studies have indicated that neutrinos and anti-
neutrinos do diGer in their interactions with nucleons. '
An experiment has been performed in which a 200-

liter (55-gallon) drum of carbon tetrachloride was
irradiated outside the shield of the Brookhaven reactor.
The argon was removed by sweeping with helium gas
and counted. Further measurements were carried out
'with a 3900-liter (1000-gallon) tank of carbon tetra-
chloride. As a result of these measurements one can
place an upper limit on the cross section for the reaction
of 2X10 4' cm'/atom for fission product antineutrinos.
A background of A" activity was produced in the tank
by cosmic-ray interactions and in the present experi-
ment prevented observing lower values of the cross
section. The purpose of this paper is to give the results
of these measurements.
The present experiment was not sensitive enough to
~ Reviewed by E. J. Konopinski and L. M. Langer, Ann. Rev.

Nuc. Sci. 2, 261 (1953).
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Attempt to Detect the Antineutrinos from a Nuclear Reactor
by the Cl" (v, e—)A" Reaction*

RAYMOND DAVIS) JR.
Department of Chemistry, Brookhaven Nateonal Laboratory, Upton, Long Island, New York

(Received September 21, 1954)

Tanks containing 200 and 3900 liters of carbon tetrachloride were irradiated outside of the shield of the
Brookhaven reactor in an attempt to induce the reaction CP'(v, e )A" with Gssion product antineutrinos.
The experiments serve to place an upper limit on the antineutrino capture cross section for the reaction of
2)(10 "cm per atom. Cosmic-ray-induced A' was observed and the production rate measured at 14 100
feet altitude and sea level. Measurements with the 3900-liter container shielded from cosmic rays with 19
feet of earth permit placing an upper limit on the neutrino Qux from the sun.

I. INTRODUCTION
l 'HERE have been a number of experiments

performed in the past to detect the neutrino by
scattering processes and nuclear interactions. ' The
most sensitive of these experiments serve to place a
limit on the scattering cross section for neutrinos on
electrons of less than 14X10 " cm'/electron and for
nuclear interaction of less than 10 " cm'/atom.
Recently Reines and Cowan of the Los Alamos Lab-
oratory performed an experiment with a large hydro-
carbon liquid scintillator having a high sensitivity
for detecting the interaction p(v, e+)rt within the liquid. '
Measurements were made with this scintillator located
adjacent to the Hanford reactor within a shield designed
to absorb other radiations from the reactor to which
the scintillator was sensitive. Under these conditions
they observed an increase in counting rate of the
scintillator of 0.41&0.20 delayed count per minute
when the reactor was operating over that observed
with the reactor oG. This increase in counting rate, if
ascribed to the process p(v, e+)tt, corresponds to a cross
section of (12&6)X10 44 cm'/atom.
In 1946 Pontecorvo' suggested a radiochemical

method of detecting the neutrino by employing the
reaction Cl"(v,e )A" The exp. eriment involved ir-
radiating a large volume of carbon tetrachloride near a
nuclear reactor, removing the A" by physical methods,
and counting the electron capture decay of this isotope.
Alvarez4 considered the use of this method of detecting
the neutrino in detail, and proposed an extended
experiment capable of detecting the theoretically
expected cross section for neutrinos of 2X10 " cm'/
atom.
The reaction Cp'(v, e )Ass is the inverse process

to the 34-day electron capture decay of A". In this
*Research carried out under the auspices of the U. S. Atomic

Energy Commission.' The experiments are reviewed by H. R. Crane, Revs. Modern
Phys. 20, 278 (1948); J. H. Barrett, Phys. Rev. 79. 907 (1950);
Cowan, Reines, and Harrison, Phys. Rev. 96, 1294 (1954).' F. Reines and C. L. Cowan, Jr., Phys. Rev. 92, 830 (1953).'3. Pontecorvo, Chalk River Laboratory Report PD-205,
1948 (unpublished).
L. %.Alvarez, University of California Radiation Laboratory

Report UCRL 328, 1949 (unpublished).

decay a neutrino (v) is emitted which may be formally
distinguished from an antineutrino (f) which accom-
panies negative beta emission. A nuclear reactor emits
antineutrinos which arise from the negative beta
decays of fission products. In our experiment an attempt
is made to observe an inverse electron capture process
which requires neutrinos, using a source emitting
antineutrinos. If neutrinos and antineutrinos are
identical in their interactions with nucleons one should
be able to observe the process upon carrying the experi-
ment to the required sensitivity. However, if neutrinos
and antineutrinos diGer in their interactions with
nucleons one would not expect to induce the reaction
Cl"(v, e )A". A positive experiment of this type would
show that these particles are not to be distinguished
in their nuclear reactions. A negative experiment
carried to the required sensitivity would indicate that
neutrinos and antineutrinos diGer in their nuclear
reactions, or that the present theory of beta decay is
incorrect. The present theory of beta decay and the
principle of detailed balancing lead to a reliable calcu-
lated cross section for the inverse process. The only
evidence concerning the nuclear interactions of neu-
trinos and antineutrinos comes at present solely from a
study of the half-life of the double beta-decay process.
These studies have indicated that neutrinos and anti-
neutrinos do diGer in their interactions with nucleons. '
An experiment has been performed in which a 200-

liter (55-gallon) drum of carbon tetrachloride was
irradiated outside the shield of the Brookhaven reactor.
The argon was removed by sweeping with helium gas
and counted. Further measurements were carried out
'with a 3900-liter (1000-gallon) tank of carbon tetra-
chloride. As a result of these measurements one can
place an upper limit on the cross section for the reaction
of 2X10 4' cm'/atom for fission product antineutrinos.
A background of A" activity was produced in the tank
by cosmic-ray interactions and in the present experi-
ment prevented observing lower values of the cross
section. The purpose of this paper is to give the results
of these measurements.
The present experiment was not sensitive enough to
~ Reviewed by E. J. Konopinski and L. M. Langer, Ann. Rev.

Nuc. Sci. 2, 261 (1953).
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No detection!
Evidence that we have "antineutrinos" that do this:

And "neutrinos" that do this:

A distinct particle and antiparticle
⌫ + n ! p+ e�
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So far, we've discussed interactions 
involving electrons.

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="eivBx1mxSyiOHHz3lx/Id27qF8g=">AAAB63icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkowwDH0Btz6BK/GRfADfw/RnYVsPBA7nJNybL84FN9b3v73azu7e/kH9sHHUbByfnLaaLyYrNMOQZSLT/ZgaFFxhaLkV2M81UhkL7MXTh3nfe0VteKaebZljJOlY8ZQzal3UHbXafsdfiGybYGXasNKo9TNMMlZIVJYJaswg8HMbVVRbzgTOGsPCYE7ZlI5x4KyiEk1ULdackUuXJCTNtDvKkkX690VFpTGljN1NSe3EbHbz8L9uUNj0Nqq4yguLii0HpYUgNiPzP5OEa2RWlM5QprnblbAJ1ZRZR2ZtSoqlkvnMYQk2IWyb8Lpz1/GffKjDOVzAFQRwA/fwCF0IgUECb/DuVd6H97mkV/NWGM9gTd7XL71Rkmc=</latexit><latexit sha1_base64="pop2GdUpOiOIWmsmczLmpDlX21E=">AAAB8XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3Lio4ttEPJpHfa0CQzJBmhDMUncKtP4Ep8IB/A9zD9WdjWA4HDOQn35oszwY31/W+vtLG5tb1T3q3sVfcPDmtH1SeT5pphyFKR6nZMDQquMLTcCmxnGqmMBbbi0e20bz2jNjxVj3acYSTpQPGEM2pd9NBVea9W9xv+TGTdBAtTh4WavdpPt5+yXKKyTFBjOoGf2aig2nImcFLp5gYzykZ0gB1nFZVoomK26oScuaRPklS7oyyZpX9fFFQaM5axuympHZrVbhr+13Vym1xFBVdZblGx+aAkF8SmZPpv0ucamRVjZyjT3O1K2JBqyqyjszQlwbGS2cRxCVYprJvwonHd8O99KMMJnMI5BHAJN3AHTQiBwQBe4Q3evRfvw/ucAyx5C5LHsCTv6xfySZSx</latexit><latexit sha1_base64="LDHRCKAIaTA0T8s9Pr/9pAVbcb8=">AAAB8XicdVDLSgNBEOyNrxijRq9eBkXwtEziY5Ob4MVjRNcEkiXMTmaTIbOzy8yssITgF3jVL/AkfpAf4H84eQhGtKChqOqmuytMBdcG4w+nsLK6tr5R3Cxtlbd3dit75XudZIoynyYiUe2QaCa4ZL7hRrB2qhiJQ8Fa4ehq6rcemNI8kXcmT1kQk4HkEafEWOm2K7Ne5Qi7dVzDZx7CrtfwThsXc1Krn6Oqi2c4ggWavcpnt5/QLGbSUEG07lRxaoIxUYZTwSalbqZZSuiIDFjHUklipoPx7NQJOrZKH0WJsiUNmqk/J8Yk1jqPQ9sZEzPUv72p+JfXyUxUD8Zcpplhks4XRZlAJkHTv1GfK0aNyC0hVHF7K6JDogg1Np2lLRHLZZxObC7fz6P/iV9zGy6+wVCEAziEE6iCB5dwDU3wgcIAnuAZXpxH59V5mwdYcBZJ7sMSnPcvhUCVFQ==</latexit><latexit sha1_base64="WZcbIQvc5hYhi2KCHPsODNcjzto=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GtL6mHZXdOOyomML7VAyaaYNTTJDkhGGUvwCt/oFrsSt/+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPJ7e0vLK6ll8vbGxube8Ud/fudJwqQn0S81i1QqwpZ5L6hhlOW4miWIScNsPh5cRv3lOlWSxvTZbQQOC+ZBEj2FjppiPTbrGE3CqqoFMPItereSe18xmpVM9g2UVTlMAcjW7xs9OLSSqoNIRjrdtllJhghJVhhNNxoZNqmmAyxH3atlRiQXUwmp46hkdW6cEoVrakgVP158QIC60zEdpOgc1A//Ym4l9eOzVRNRgxmaSGSjJbFKUcmhhO/oY9pigxPLMEE8XsrZAMsMLE2HQWtkQ0kyIZ21y+n4f/E7/i1lx0jUr1i3lAeXAADsExKAMP1MEVaAAfENAHj+AJPDsPzovz6rzNWnPOfGYfLMB5/wIAE5Z4</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>
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So far, we've discussed interactions 
involving electrons.

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="eivBx1mxSyiOHHz3lx/Id27qF8g=">AAAB63icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkowwDH0Btz6BK/GRfADfw/RnYVsPBA7nJNybL84FN9b3v73azu7e/kH9sHHUbByfnLaaLyYrNMOQZSLT/ZgaFFxhaLkV2M81UhkL7MXTh3nfe0VteKaebZljJOlY8ZQzal3UHbXafsdfiGybYGXasNKo9TNMMlZIVJYJaswg8HMbVVRbzgTOGsPCYE7ZlI5x4KyiEk1ULdackUuXJCTNtDvKkkX690VFpTGljN1NSe3EbHbz8L9uUNj0Nqq4yguLii0HpYUgNiPzP5OEa2RWlM5QprnblbAJ1ZRZR2ZtSoqlkvnMYQk2IWyb8Lpz1/GffKjDOVzAFQRwA/fwCF0IgUECb/DuVd6H97mkV/NWGM9gTd7XL71Rkmc=</latexit><latexit sha1_base64="pop2GdUpOiOIWmsmczLmpDlX21E=">AAAB8XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3Lio4ttEPJpHfa0CQzJBmhDMUncKtP4Ep8IB/A9zD9WdjWA4HDOQn35oszwY31/W+vtLG5tb1T3q3sVfcPDmtH1SeT5pphyFKR6nZMDQquMLTcCmxnGqmMBbbi0e20bz2jNjxVj3acYSTpQPGEM2pd9NBVea9W9xv+TGTdBAtTh4WavdpPt5+yXKKyTFBjOoGf2aig2nImcFLp5gYzykZ0gB1nFZVoomK26oScuaRPklS7oyyZpX9fFFQaM5axuympHZrVbhr+13Vym1xFBVdZblGx+aAkF8SmZPpv0ucamRVjZyjT3O1K2JBqyqyjszQlwbGS2cRxCVYprJvwonHd8O99KMMJnMI5BHAJN3AHTQiBwQBe4Q3evRfvw/ucAyx5C5LHsCTv6xfySZSx</latexit><latexit sha1_base64="LDHRCKAIaTA0T8s9Pr/9pAVbcb8=">AAAB8XicdVDLSgNBEOyNrxijRq9eBkXwtEziY5Ob4MVjRNcEkiXMTmaTIbOzy8yssITgF3jVL/AkfpAf4H84eQhGtKChqOqmuytMBdcG4w+nsLK6tr5R3Cxtlbd3dit75XudZIoynyYiUe2QaCa4ZL7hRrB2qhiJQ8Fa4ehq6rcemNI8kXcmT1kQk4HkEafEWOm2K7Ne5Qi7dVzDZx7CrtfwThsXc1Krn6Oqi2c4ggWavcpnt5/QLGbSUEG07lRxaoIxUYZTwSalbqZZSuiIDFjHUklipoPx7NQJOrZKH0WJsiUNmqk/J8Yk1jqPQ9sZEzPUv72p+JfXyUxUD8Zcpplhks4XRZlAJkHTv1GfK0aNyC0hVHF7K6JDogg1Np2lLRHLZZxObC7fz6P/iV9zGy6+wVCEAziEE6iCB5dwDU3wgcIAnuAZXpxH59V5mwdYcBZJ7sMSnPcvhUCVFQ==</latexit><latexit sha1_base64="WZcbIQvc5hYhi2KCHPsODNcjzto=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GtL6mHZXdOOyomML7VAyaaYNTTJDkhGGUvwCt/oFrsSt/+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPJ7e0vLK6ll8vbGxube8Ud/fudJwqQn0S81i1QqwpZ5L6hhlOW4miWIScNsPh5cRv3lOlWSxvTZbQQOC+ZBEj2FjppiPTbrGE3CqqoFMPItereSe18xmpVM9g2UVTlMAcjW7xs9OLSSqoNIRjrdtllJhghJVhhNNxoZNqmmAyxH3atlRiQXUwmp46hkdW6cEoVrakgVP158QIC60zEdpOgc1A//Ym4l9eOzVRNRgxmaSGSjJbFKUcmhhO/oY9pigxPLMEE8XsrZAMsMLE2HQWtkQ0kyIZ21y+n4f/E7/i1lx0jUr1i3lAeXAADsExKAMP1MEVaAAfENAHj+AJPDsPzovz6rzNWnPOfGYfLMB5/wIAE5Z4</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>
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So far, we've discussed interactions 
involving electrons.

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="eivBx1mxSyiOHHz3lx/Id27qF8g=">AAAB63icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkowwDH0Btz6BK/GRfADfw/RnYVsPBA7nJNybL84FN9b3v73azu7e/kH9sHHUbByfnLaaLyYrNMOQZSLT/ZgaFFxhaLkV2M81UhkL7MXTh3nfe0VteKaebZljJOlY8ZQzal3UHbXafsdfiGybYGXasNKo9TNMMlZIVJYJaswg8HMbVVRbzgTOGsPCYE7ZlI5x4KyiEk1ULdackUuXJCTNtDvKkkX690VFpTGljN1NSe3EbHbz8L9uUNj0Nqq4yguLii0HpYUgNiPzP5OEa2RWlM5QprnblbAJ1ZRZR2ZtSoqlkvnMYQk2IWyb8Lpz1/GffKjDOVzAFQRwA/fwCF0IgUECb/DuVd6H97mkV/NWGM9gTd7XL71Rkmc=</latexit><latexit sha1_base64="pop2GdUpOiOIWmsmczLmpDlX21E=">AAAB8XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3Lio4ttEPJpHfa0CQzJBmhDMUncKtP4Ep8IB/A9zD9WdjWA4HDOQn35oszwY31/W+vtLG5tb1T3q3sVfcPDmtH1SeT5pphyFKR6nZMDQquMLTcCmxnGqmMBbbi0e20bz2jNjxVj3acYSTpQPGEM2pd9NBVea9W9xv+TGTdBAtTh4WavdpPt5+yXKKyTFBjOoGf2aig2nImcFLp5gYzykZ0gB1nFZVoomK26oScuaRPklS7oyyZpX9fFFQaM5axuympHZrVbhr+13Vym1xFBVdZblGx+aAkF8SmZPpv0ucamRVjZyjT3O1K2JBqyqyjszQlwbGS2cRxCVYprJvwonHd8O99KMMJnMI5BHAJN3AHTQiBwQBe4Q3evRfvw/ucAyx5C5LHsCTv6xfySZSx</latexit><latexit sha1_base64="LDHRCKAIaTA0T8s9Pr/9pAVbcb8=">AAAB8XicdVDLSgNBEOyNrxijRq9eBkXwtEziY5Ob4MVjRNcEkiXMTmaTIbOzy8yssITgF3jVL/AkfpAf4H84eQhGtKChqOqmuytMBdcG4w+nsLK6tr5R3Cxtlbd3dit75XudZIoynyYiUe2QaCa4ZL7hRrB2qhiJQ8Fa4ehq6rcemNI8kXcmT1kQk4HkEafEWOm2K7Ne5Qi7dVzDZx7CrtfwThsXc1Krn6Oqi2c4ggWavcpnt5/QLGbSUEG07lRxaoIxUYZTwSalbqZZSuiIDFjHUklipoPx7NQJOrZKH0WJsiUNmqk/J8Yk1jqPQ9sZEzPUv72p+JfXyUxUD8Zcpplhks4XRZlAJkHTv1GfK0aNyC0hVHF7K6JDogg1Np2lLRHLZZxObC7fz6P/iV9zGy6+wVCEAziEE6iCB5dwDU3wgcIAnuAZXpxH59V5mwdYcBZJ7sMSnPcvhUCVFQ==</latexit><latexit sha1_base64="WZcbIQvc5hYhi2KCHPsODNcjzto=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GtL6mHZXdOOyomML7VAyaaYNTTJDkhGGUvwCt/oFrsSt/+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPJ7e0vLK6ll8vbGxube8Ud/fudJwqQn0S81i1QqwpZ5L6hhlOW4miWIScNsPh5cRv3lOlWSxvTZbQQOC+ZBEj2FjppiPTbrGE3CqqoFMPItereSe18xmpVM9g2UVTlMAcjW7xs9OLSSqoNIRjrdtllJhghJVhhNNxoZNqmmAyxH3atlRiQXUwmp46hkdW6cEoVrakgVP158QIC60zEdpOgc1A//Ym4l9eOzVRNRgxmaSGSjJbFKUcmhhO/oY9pigxPLMEE8XsrZAMsMLE2HQWtkQ0kyIZ21y+n4f/E7/i1lx0jUr1i3lAeXAADsExKAMP1MEVaAAfENAHj+AJPDsPzovz6rzNWnPOfGYfLMB5/wIAE5Z4</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

Primary 
Cosmic Ray
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So far, we've discussed interactions 
involving electrons.

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="eivBx1mxSyiOHHz3lx/Id27qF8g=">AAAB63icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkowwDH0Btz6BK/GRfADfw/RnYVsPBA7nJNybL84FN9b3v73azu7e/kH9sHHUbByfnLaaLyYrNMOQZSLT/ZgaFFxhaLkV2M81UhkL7MXTh3nfe0VteKaebZljJOlY8ZQzal3UHbXafsdfiGybYGXasNKo9TNMMlZIVJYJaswg8HMbVVRbzgTOGsPCYE7ZlI5x4KyiEk1ULdackUuXJCTNtDvKkkX690VFpTGljN1NSe3EbHbz8L9uUNj0Nqq4yguLii0HpYUgNiPzP5OEa2RWlM5QprnblbAJ1ZRZR2ZtSoqlkvnMYQk2IWyb8Lpz1/GffKjDOVzAFQRwA/fwCF0IgUECb/DuVd6H97mkV/NWGM9gTd7XL71Rkmc=</latexit><latexit sha1_base64="pop2GdUpOiOIWmsmczLmpDlX21E=">AAAB8XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3Lio4ttEPJpHfa0CQzJBmhDMUncKtP4Ep8IB/A9zD9WdjWA4HDOQn35oszwY31/W+vtLG5tb1T3q3sVfcPDmtH1SeT5pphyFKR6nZMDQquMLTcCmxnGqmMBbbi0e20bz2jNjxVj3acYSTpQPGEM2pd9NBVea9W9xv+TGTdBAtTh4WavdpPt5+yXKKyTFBjOoGf2aig2nImcFLp5gYzykZ0gB1nFZVoomK26oScuaRPklS7oyyZpX9fFFQaM5axuympHZrVbhr+13Vym1xFBVdZblGx+aAkF8SmZPpv0ucamRVjZyjT3O1K2JBqyqyjszQlwbGS2cRxCVYprJvwonHd8O99KMMJnMI5BHAJN3AHTQiBwQBe4Q3evRfvw/ucAyx5C5LHsCTv6xfySZSx</latexit><latexit sha1_base64="LDHRCKAIaTA0T8s9Pr/9pAVbcb8=">AAAB8XicdVDLSgNBEOyNrxijRq9eBkXwtEziY5Ob4MVjRNcEkiXMTmaTIbOzy8yssITgF3jVL/AkfpAf4H84eQhGtKChqOqmuytMBdcG4w+nsLK6tr5R3Cxtlbd3dit75XudZIoynyYiUe2QaCa4ZL7hRrB2qhiJQ8Fa4ehq6rcemNI8kXcmT1kQk4HkEafEWOm2K7Ne5Qi7dVzDZx7CrtfwThsXc1Krn6Oqi2c4ggWavcpnt5/QLGbSUEG07lRxaoIxUYZTwSalbqZZSuiIDFjHUklipoPx7NQJOrZKH0WJsiUNmqk/J8Yk1jqPQ9sZEzPUv72p+JfXyUxUD8Zcpplhks4XRZlAJkHTv1GfK0aNyC0hVHF7K6JDogg1Np2lLRHLZZxObC7fz6P/iV9zGy6+wVCEAziEE6iCB5dwDU3wgcIAnuAZXpxH59V5mwdYcBZJ7sMSnPcvhUCVFQ==</latexit><latexit sha1_base64="WZcbIQvc5hYhi2KCHPsODNcjzto=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GtL6mHZXdOOyomML7VAyaaYNTTJDkhGGUvwCt/oFrsSt/+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPJ7e0vLK6ll8vbGxube8Ud/fudJwqQn0S81i1QqwpZ5L6hhlOW4miWIScNsPh5cRv3lOlWSxvTZbQQOC+ZBEj2FjppiPTbrGE3CqqoFMPItereSe18xmpVM9g2UVTlMAcjW7xs9OLSSqoNIRjrdtllJhghJVhhNNxoZNqmmAyxH3atlRiQXUwmp46hkdW6cEoVrakgVP158QIC60zEdpOgc1A//Ym4l9eOzVRNRgxmaSGSjJbFKUcmhhO/oY9pigxPLMEE8XsrZAMsMLE2HQWtkQ0kyIZ21y+n4f/E7/i1lx0jUr1i3lAeXAADsExKAMP1MEVaAAfENAHj+AJPDsPzovz6rzNWnPOfGYfLMB5/wIAE5Z4</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

Cloud Chamber

Carl Anderson

In 1937, the muon is discovered. 
Like a heavy electron, but it decays:

! + +
µ� ! e� + ?

<latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit><latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit><latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit>

Primary 
Cosmic Ray
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So far, we've discussed interactions 
involving electrons.

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

In 1947, the pion is discovered. 
Decays into a muon:

! +
⇡� ! µ� + ?

<latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit><latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit><latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="eivBx1mxSyiOHHz3lx/Id27qF8g=">AAAB63icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkowwDH0Btz6BK/GRfADfw/RnYVsPBA7nJNybL84FN9b3v73azu7e/kH9sHHUbByfnLaaLyYrNMOQZSLT/ZgaFFxhaLkV2M81UhkL7MXTh3nfe0VteKaebZljJOlY8ZQzal3UHbXafsdfiGybYGXasNKo9TNMMlZIVJYJaswg8HMbVVRbzgTOGsPCYE7ZlI5x4KyiEk1ULdackUuXJCTNtDvKkkX690VFpTGljN1NSe3EbHbz8L9uUNj0Nqq4yguLii0HpYUgNiPzP5OEa2RWlM5QprnblbAJ1ZRZR2ZtSoqlkvnMYQk2IWyb8Lpz1/GffKjDOVzAFQRwA/fwCF0IgUECb/DuVd6H97mkV/NWGM9gTd7XL71Rkmc=</latexit><latexit sha1_base64="pop2GdUpOiOIWmsmczLmpDlX21E=">AAAB8XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3Lio4ttEPJpHfa0CQzJBmhDMUncKtP4Ep8IB/A9zD9WdjWA4HDOQn35oszwY31/W+vtLG5tb1T3q3sVfcPDmtH1SeT5pphyFKR6nZMDQquMLTcCmxnGqmMBbbi0e20bz2jNjxVj3acYSTpQPGEM2pd9NBVea9W9xv+TGTdBAtTh4WavdpPt5+yXKKyTFBjOoGf2aig2nImcFLp5gYzykZ0gB1nFZVoomK26oScuaRPklS7oyyZpX9fFFQaM5axuympHZrVbhr+13Vym1xFBVdZblGx+aAkF8SmZPpv0ucamRVjZyjT3O1K2JBqyqyjszQlwbGS2cRxCVYprJvwonHd8O99KMMJnMI5BHAJN3AHTQiBwQBe4Q3evRfvw/ucAyx5C5LHsCTv6xfySZSx</latexit><latexit sha1_base64="LDHRCKAIaTA0T8s9Pr/9pAVbcb8=">AAAB8XicdVDLSgNBEOyNrxijRq9eBkXwtEziY5Ob4MVjRNcEkiXMTmaTIbOzy8yssITgF3jVL/AkfpAf4H84eQhGtKChqOqmuytMBdcG4w+nsLK6tr5R3Cxtlbd3dit75XudZIoynyYiUe2QaCa4ZL7hRrB2qhiJQ8Fa4ehq6rcemNI8kXcmT1kQk4HkEafEWOm2K7Ne5Qi7dVzDZx7CrtfwThsXc1Krn6Oqi2c4ggWavcpnt5/QLGbSUEG07lRxaoIxUYZTwSalbqZZSuiIDFjHUklipoPx7NQJOrZKH0WJsiUNmqk/J8Yk1jqPQ9sZEzPUv72p+JfXyUxUD8Zcpplhks4XRZlAJkHTv1GfK0aNyC0hVHF7K6JDogg1Np2lLRHLZZxObC7fz6P/iV9zGy6+wVCEAziEE6iCB5dwDU3wgcIAnuAZXpxH59V5mwdYcBZJ7sMSnPcvhUCVFQ==</latexit><latexit sha1_base64="WZcbIQvc5hYhi2KCHPsODNcjzto=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GtL6mHZXdOOyomML7VAyaaYNTTJDkhGGUvwCt/oFrsSt/+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPJ7e0vLK6ll8vbGxube8Ud/fudJwqQn0S81i1QqwpZ5L6hhlOW4miWIScNsPh5cRv3lOlWSxvTZbQQOC+ZBEj2FjppiPTbrGE3CqqoFMPItereSe18xmpVM9g2UVTlMAcjW7xs9OLSSqoNIRjrdtllJhghJVhhNNxoZNqmmAyxH3atlRiQXUwmp46hkdW6cEoVrakgVP158QIC60zEdpOgc1A//Ym4l9eOzVRNRgxmaSGSjJbFKUcmhhO/oY9pigxPLMEE8XsrZAMsMLE2HQWtkQ0kyIZ21y+n4f/E7/i1lx0jUr1i3lAeXAADsExKAMP1MEVaAAfENAHj+AJPDsPzovz6rzNWnPOfGYfLMB5/wIAE5Z4</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

Cloud Chamber

Carl Anderson

In 1937, the muon is discovered. 
Like a heavy electron, but it decays:

! + +
µ� ! e� + ?

<latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit><latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit><latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit>

Primary 
Cosmic Ray
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So far, we've discussed interactions 
involving electrons.

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

In 1947, the pion is discovered. 
Decays into a muon:

! +
⇡� ! µ� + ?

<latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit><latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit><latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit>

µ�
<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="eivBx1mxSyiOHHz3lx/Id27qF8g=">AAAB63icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkowwDH0Btz6BK/GRfADfw/RnYVsPBA7nJNybL84FN9b3v73azu7e/kH9sHHUbByfnLaaLyYrNMOQZSLT/ZgaFFxhaLkV2M81UhkL7MXTh3nfe0VteKaebZljJOlY8ZQzal3UHbXafsdfiGybYGXasNKo9TNMMlZIVJYJaswg8HMbVVRbzgTOGsPCYE7ZlI5x4KyiEk1ULdackUuXJCTNtDvKkkX690VFpTGljN1NSe3EbHbz8L9uUNj0Nqq4yguLii0HpYUgNiPzP5OEa2RWlM5QprnblbAJ1ZRZR2ZtSoqlkvnMYQk2IWyb8Lpz1/GffKjDOVzAFQRwA/fwCF0IgUECb/DuVd6H97mkV/NWGM9gTd7XL71Rkmc=</latexit><latexit sha1_base64="pop2GdUpOiOIWmsmczLmpDlX21E=">AAAB8XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3Lio4ttEPJpHfa0CQzJBmhDMUncKtP4Ep8IB/A9zD9WdjWA4HDOQn35oszwY31/W+vtLG5tb1T3q3sVfcPDmtH1SeT5pphyFKR6nZMDQquMLTcCmxnGqmMBbbi0e20bz2jNjxVj3acYSTpQPGEM2pd9NBVea9W9xv+TGTdBAtTh4WavdpPt5+yXKKyTFBjOoGf2aig2nImcFLp5gYzykZ0gB1nFZVoomK26oScuaRPklS7oyyZpX9fFFQaM5axuympHZrVbhr+13Vym1xFBVdZblGx+aAkF8SmZPpv0ucamRVjZyjT3O1K2JBqyqyjszQlwbGS2cRxCVYprJvwonHd8O99KMMJnMI5BHAJN3AHTQiBwQBe4Q3evRfvw/ucAyx5C5LHsCTv6xfySZSx</latexit><latexit sha1_base64="LDHRCKAIaTA0T8s9Pr/9pAVbcb8=">AAAB8XicdVDLSgNBEOyNrxijRq9eBkXwtEziY5Ob4MVjRNcEkiXMTmaTIbOzy8yssITgF3jVL/AkfpAf4H84eQhGtKChqOqmuytMBdcG4w+nsLK6tr5R3Cxtlbd3dit75XudZIoynyYiUe2QaCa4ZL7hRrB2qhiJQ8Fa4ehq6rcemNI8kXcmT1kQk4HkEafEWOm2K7Ne5Qi7dVzDZx7CrtfwThsXc1Krn6Oqi2c4ggWavcpnt5/QLGbSUEG07lRxaoIxUYZTwSalbqZZSuiIDFjHUklipoPx7NQJOrZKH0WJsiUNmqk/J8Yk1jqPQ9sZEzPUv72p+JfXyUxUD8Zcpplhks4XRZlAJkHTv1GfK0aNyC0hVHF7K6JDogg1Np2lLRHLZZxObC7fz6P/iV9zGy6+wVCEAziEE6iCB5dwDU3wgcIAnuAZXpxH59V5mwdYcBZJ7sMSnPcvhUCVFQ==</latexit><latexit sha1_base64="WZcbIQvc5hYhi2KCHPsODNcjzto=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GtL6mHZXdOOyomML7VAyaaYNTTJDkhGGUvwCt/oFrsSt/+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPJ7e0vLK6ll8vbGxube8Ud/fudJwqQn0S81i1QqwpZ5L6hhlOW4miWIScNsPh5cRv3lOlWSxvTZbQQOC+ZBEj2FjppiPTbrGE3CqqoFMPItereSe18xmpVM9g2UVTlMAcjW7xs9OLSSqoNIRjrdtllJhghJVhhNNxoZNqmmAyxH3atlRiQXUwmp46hkdW6cEoVrakgVP158QIC60zEdpOgc1A//Ym4l9eOzVRNRgxmaSGSjJbFKUcmhhO/oY9pigxPLMEE8XsrZAMsMLE2HQWtkQ0kyIZ21y+n4f/E7/i1lx0jUr1i3lAeXAADsExKAMP1MEVaAAfENAHj+AJPDsPzovz6rzNWnPOfGYfLMB5/wIAE5Z4</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="eivBx1mxSyiOHHz3lx/Id27qF8g=">AAAB63icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkowwDH0Btz6BK/GRfADfw/RnYVsPBA7nJNybL84FN9b3v73azu7e/kH9sHHUbByfnLaaLyYrNMOQZSLT/ZgaFFxhaLkV2M81UhkL7MXTh3nfe0VteKaebZljJOlY8ZQzal3UHbXafsdfiGybYGXasNKo9TNMMlZIVJYJaswg8HMbVVRbzgTOGsPCYE7ZlI5x4KyiEk1ULdackUuXJCTNtDvKkkX690VFpTGljN1NSe3EbHbz8L9uUNj0Nqq4yguLii0HpYUgNiPzP5OEa2RWlM5QprnblbAJ1ZRZR2ZtSoqlkvnMYQk2IWyb8Lpz1/GffKjDOVzAFQRwA/fwCF0IgUECb/DuVd6H97mkV/NWGM9gTd7XL71Rkmc=</latexit><latexit sha1_base64="pop2GdUpOiOIWmsmczLmpDlX21E=">AAAB8XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3Lio4ttEPJpHfa0CQzJBmhDMUncKtP4Ep8IB/A9zD9WdjWA4HDOQn35oszwY31/W+vtLG5tb1T3q3sVfcPDmtH1SeT5pphyFKR6nZMDQquMLTcCmxnGqmMBbbi0e20bz2jNjxVj3acYSTpQPGEM2pd9NBVea9W9xv+TGTdBAtTh4WavdpPt5+yXKKyTFBjOoGf2aig2nImcFLp5gYzykZ0gB1nFZVoomK26oScuaRPklS7oyyZpX9fFFQaM5axuympHZrVbhr+13Vym1xFBVdZblGx+aAkF8SmZPpv0ucamRVjZyjT3O1K2JBqyqyjszQlwbGS2cRxCVYprJvwonHd8O99KMMJnMI5BHAJN3AHTQiBwQBe4Q3evRfvw/ucAyx5C5LHsCTv6xfySZSx</latexit><latexit sha1_base64="LDHRCKAIaTA0T8s9Pr/9pAVbcb8=">AAAB8XicdVDLSgNBEOyNrxijRq9eBkXwtEziY5Ob4MVjRNcEkiXMTmaTIbOzy8yssITgF3jVL/AkfpAf4H84eQhGtKChqOqmuytMBdcG4w+nsLK6tr5R3Cxtlbd3dit75XudZIoynyYiUe2QaCa4ZL7hRrB2qhiJQ8Fa4ehq6rcemNI8kXcmT1kQk4HkEafEWOm2K7Ne5Qi7dVzDZx7CrtfwThsXc1Krn6Oqi2c4ggWavcpnt5/QLGbSUEG07lRxaoIxUYZTwSalbqZZSuiIDFjHUklipoPx7NQJOrZKH0WJsiUNmqk/J8Yk1jqPQ9sZEzPUv72p+JfXyUxUD8Zcpplhks4XRZlAJkHTv1GfK0aNyC0hVHF7K6JDogg1Np2lLRHLZZxObC7fz6P/iV9zGy6+wVCEAziEE6iCB5dwDU3wgcIAnuAZXpxH59V5mwdYcBZJ7sMSnPcvhUCVFQ==</latexit><latexit sha1_base64="WZcbIQvc5hYhi2KCHPsODNcjzto=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GtL6mHZXdOOyomML7VAyaaYNTTJDkhGGUvwCt/oFrsSt/+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPJ7e0vLK6ll8vbGxube8Ud/fudJwqQn0S81i1QqwpZ5L6hhlOW4miWIScNsPh5cRv3lOlWSxvTZbQQOC+ZBEj2FjppiPTbrGE3CqqoFMPItereSe18xmpVM9g2UVTlMAcjW7xs9OLSSqoNIRjrdtllJhghJVhhNNxoZNqmmAyxH3atlRiQXUwmp46hkdW6cEoVrakgVP158QIC60zEdpOgc1A//Ym4l9eOzVRNRgxmaSGSjJbFKUcmhhO/oY9pigxPLMEE8XsrZAMsMLE2HQWtkQ0kyIZ21y+n4f/E7/i1lx0jUr1i3lAeXAADsExKAMP1MEVaAAfENAHj+AJPDsPzovz6rzNWnPOfGYfLMB5/wIAE5Z4</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

Cloud Chamber

Carl Anderson

In 1937, the muon is discovered. 
Like a heavy electron, but it decays:

! + +
µ� ! e� + ?

<latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit><latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit><latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit>

Primary 
Cosmic Ray
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So far, we've discussed interactions 
involving electrons.

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

In 1947, the pion is discovered. 
Decays into a muon:

! +
⇡� ! µ� + ?

<latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit><latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit><latexit sha1_base64="sEwmWrATfl8fqG57t6Z4a4whBDk=">AAACDnicdVDLSgMxFM3UV62vapdugkUQxCGt1bYri25cVrBW6NSSSTNtaJIZkowwlPoPfoFb/QJX4tZf8AP8D9OHoKIHLhzOuZd77/EjzrRB6N1Jzc0vLC6llzMrq2vrG9nNrSsdxorQBgl5qK59rClnkjYMM5xeR4pi4XPa9AdnY795S5Vmobw0SUTbAvckCxjBxkqdbM6L2M0B9EwIPRFbtn930snmkVtBRVQqQ+SWq+XD6vGUFCtHsOCiCfJghnon++F1QxILKg3hWOtWAUWmPcTKMMLpKOPFmkaYDHCPtiyVWFDdHk6OH8Fdq3RhECpb0sCJ+n1iiIXWifBtp8Cmr397Y/EvrxWboNIeMhnFhkoyXRTEHNpXx0nALlOUGJ5Ygoli9lZI+lhhYmxeP7YENJEiGtlcvp6H/5NG0a266KKUr53OAkqDbbAD9kABlEENnIM6aAACEvAAHsGTc+88Oy/O67Q15cxmcuAHnLdPqFGcHg==</latexit>

µ�
<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

Cloud Chamber

Carl Anderson

In 1937, the muon is discovered. 
Like a heavy electron, but it decays:

! + +
µ� ! e� + ?

<latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit><latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit><latexit sha1_base64="pv43mJ9uUE4hVZiQ5efH0Z9p14w=">AAACDHicdVDLSgMxFM34rO9Wl26CRRDEIa3VtiuLblwqWCu0tWTSOxpMMkOSUUqpv+AXuNUvcCVu/Qc/wP8wfQhW9EDI4Zx7ufeeIBbcWEI+vInJqemZ2dTc/MLi0vJKOrN6bqJEM6iySET6IqAGBFdQtdwKuIg1UBkIqAU3R32/dgva8Eid2U4MTUmvFA85o9ZJrXSmIZPLHdywEQb3b98ftNJZ4pdInhSKmPjFcnG3vD8k+dIezvlkgCwa4aSV/my0I5ZIUJYJakw9R2Lb7FJtORPQm28kBmLKbugV1B1VVIJpdger9/CmU9o4jLR7yuKB+rOjS6UxHRm4Sknttfnt9cW/vHpiw1Kzy1WcWFBsOChMBHaH9nPAba6BWdFxhDLN3a6YXVNNmXVpjU0JoaNk3HO5fB+P/yfVvF/2yWkhWzkcBZRC62gDbaEcKqIKOkYnqIoYukOP6Ak9ew/ei/fqvQ1LJ7xRzxoag/f+BQe4mzo=</latexit>

Primary 
Cosmic Ray

⌫µ
<latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit>



Where do we get a lot of these 
muon neutrinos?

Make some "cosmic rays!"

Primary 
Cosmic Ray

Atmosphere 
Stuff

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +



Where do we get a lot of these 
muon neutrinos?

Make some "cosmic rays!"

Primary 
Cosmic Ray

Atmosphere 
Stuff

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +
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Where do we get a lot of these 
muon neutrinos?

Make some "cosmic rays!"

Proton 
Beam

Atmosphere 
Stuff

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +
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Where do we get a lot of these 
muon neutrinos?

Make some "cosmic rays!"

Proton 
Beam

Target

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +
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⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +
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muon neutrinos?

Make some "cosmic rays!"
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⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

Absorber

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +
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Where do we get a lot of these 
muon neutrinos?

Make some "cosmic rays!"

Proton 
Beam

Target

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

Absorber

Magnet

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +
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Where do we get a lot of these 
muon neutrinos?

Make some "cosmic rays!"

Proton 
Beam

Target

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

Absorber

Magnet

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +
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Neutrino 
Detector

Where do we get a lot of these 
muon neutrinos?

Make some "cosmic rays!"

Proton 
Beam

Target

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

⌫
<latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit><latexit sha1_base64="5+yOgz2zacIAkQi4yc2G8hUx9i0=">AAAB/HicdVDLSgMxFM34rPVVdekmWARXQ1qr0+6KblxWtLbQDiWTZtrQJDMkGWEYil/gVr/Albj1X/wA/8P0IVjRAxcO59zLvfcEMWfaIPThLC2vrK6t5zbym1vbO7uFvf07HSWK0CaJeKTaAdaUM0mbhhlO27GiWASctoLR5cRv3VOlWSRvTRpTX+CBZCEj2FjppiuTXqGI3Coqo4oHkevVvNPa+YyUq2ew5KIpimCORq/w2e1HJBFUGsKx1p0Sio2fYWUY4XSc7yaaxpiM8IB2LJVYUO1n01PH8NgqfRhGypY0cKr+nMiw0DoVge0U2Az1b28i/uV1EhNW/YzJODFUktmiMOHQRHDyN+wzRYnhqSWYKGZvhWSIFSbGprOwJaSpFPHY5vL9PPyfNMtuzUXXlWL9Yh5QDhyCI3ACSsADdXAFGqAJCBiAR/AEnp0H58V5dd5mrUvOfOYALMB5/wIBU5Z8</latexit>

Absorber

Magnet

⇡+ ! µ+ + ⌫
<latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit><latexit sha1_base64="BJgspovfyR/FJWJTa9RVkXosPNQ=">AAACEHicdVDLSgMxFM34rPU1Kq7cBIsgCENaq213RTcuK1hb6NSSSTNtaJIZkoxQhn6FX+BWv8CVuPUP/AD/w/QhWNEDFw7n3Mu99wQxZ9og9OEsLC4tr6xm1rLrG5tb2+7O7q2OEkVonUQ8Us0Aa8qZpHXDDKfNWFEsAk4bweBy7DfuqdIskjdmGNO2wD3JQkawsVLH3fdjdncCfRNBXySWWS6TjptDXhkVULEEkVeqlE4r51NSKJ/BvIcmyIEZah330+9GJBFUGsKx1q08ik07xcowwuko6yeaxpgMcI+2LJVYUN1OJ+eP4JFVujCMlC1p4ET9OZFiofVQBLZTYNPXv72x+JfXSkxYbqdMxomhkkwXhQmH9tlxFrDLFCWGDy3BRDF7KyR9rDAxNrG5LSEdShGPbC7fz8P/Sb3gVTx0XcxVL2YBZcABOATHIA9KoAquQA3UAQEpeARP4Nl5cF6cV+dt2rrgzGb2wByc9y/46pzQ</latexit>

! +
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µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>



Neutrino 
Detector

Where do we get a lot of these 
muon neutrinos?

Make some "cosmic rays!"

Proton 
Beam

Target

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

⇡+
<latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit><latexit sha1_base64="BE0y/MhxwCAkJfsMlWiChHxEl8Y=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaCYzJBlhGLrwC9zqF7gSt/6KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zdu1VRIgl1ScQj2faxopwJ6mqmOW3HkuLQ57Tljy4nfuueSsUicaPTmHohHggWMIK1kdxuzO5OesUSsmuogqoORLZTd07r5zNSqZ3Bso2mKIE5mr3iZ7cfkSSkQhOOleqUUay9DEvNCKfjQjdRNMZkhAe0Y6jAIVVeNj12DI+M0odBJE0JDafqz4kMh0qloW86Q6yH6rc3Ef/yOokOal7GRJxoKshsUZBwqCM4+Rz2maRE89QQTCQzt0IyxBITbfJZ2BLQVITx2OTy/Tz8n7gVu26j62qpcTEPKA8OwCE4BmXggAa4Ak3gAgIYeARP4Nl6sF6sV+tt1pqz5jP7YAHW+xcXjJcP</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌫
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The latter events can be observed only indirectly
because neither the K,' nor the neutron is seen.
Figure 2(c) shows the "missing mass" spectrum
for events which have a K,' as the only visible
collision product. The events in the KN region
of phase space must be corrected for contamina-
tion from K,'K, 'n, &'K'A', ~'K'Z final states.
This was easily done at 1.89 BeV/c since all these
reactions have been studied in a previous experi-
ment at that momentum. The result shows there
were (17+8) K,'K, 'n events and (15+7) K K'p
events, which compares favorabl. y with the equal
number called for by the one-pion-exchange model.
Provided the one-pion-exchange model is valid,

one may place rather strict limits on the angular
momentum of the KK system. Since the G parity
of the wv system is even, we have" G =(-1)
=+1, where I is the angular momentum of the
KK system and I is the isotopic spin. The data
in Fig. 2(a) then suggest the low-energy cross
section for vm KK is -2 mb for I=0, I =0 K
pairs and -0.6 mb for I=1, 1.=1 K pairs. Both
cross sections drop to low values for energies of
100 MeV or more above threshold for the KK sys-
tem.
Eight examples of K+K production [reaction

(3) j observed in this experiment were not included
in the foregoing analysis. The signature of these
events is a charged K+ decay, which is sensitive
to the K momentum spectrum. Additional bias
may result from the difficulty in distinguishing
some of these events from Z+ decays. In our

sample of eight events the K+K masses occur
in the lower half of phase space in a manner sim-
ilar to reaction (1), but the recoil nucleon tends
to go forward. This latter observation may indi-
cate that not all K pairs are produced in periph-
eral collisions.
We would like to thank Dr. R. G. Sachs, Dr. C.

Goebel, and Dr. Mare Ross for helpful discus-
sions concerning this data. We are grateful to
J. Boyd and S. S. Lee for their help with calcu-
lations and preparation of the data.
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OBSERVATION OF HIGH-ENERGY NEUTRINO REACTIONS AND THE EXISTENCE
OF TWO KINDS OF NEUTRINOS

G. Danby, J-M. Gaillard, K Goulianos, L. M. Lederman, N. Mistry,
M. Schwartz, 't and Z. Steinbergert

Columbia University, New York, New York and Brookhaven National Laboratory, Upton, New York
(Received June 15, 1962)

In the course of an experiment at the Brook-
haven AGS, we have observed the interaction
of high -energy neutrinos with matter. These
neutrinos were produced primarily as the result
of the decay of the pion:

m+ p~ + (v/v).
It is the purpose of this Letter to report some of
the results of this experiment including (1) dem-
onstration that the neutrinos we have used pro-

duce p. mesons but do not produce electrons, and
hence are very likely different from the neutrinos
involved in P decay and (2) approximate cross
sections.
Behavior of cross section as a function of en-

ergy. The Fermi theory of weak interactions
which works well at lom energies implies a cross
section for weak interactions which increases as
phase space. Calculation indicates that weak in-
teracting cross sections should be in the neigh-

There exist distinct muon-type and electron-type 
neutrinos (and antineutrinos)
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2000: Two flavors of neutrinos
Three!

In 1975, the tau lepton is 
discovered by Perl et al. 
It's like a REALLY heavy 
electron.

...
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⌫µ
<latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit>

⌫⌧
<latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

µ�
<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

⌧�
<latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit>

Located at 
Fermilab!

Martin Perl

?
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2000: Two flavors of neutrinos
Three!

In 1975, the tau lepton is 
discovered by Perl et al. 
It's like a REALLY heavy 
electron.

...

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

⌫µ
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Abstract

The DONUT experiment has analyzed 203 neutrino interactions recorded in nuclear emulsion targets. A decay search has
found evidence of four tau neutrino interactions with an estimated background of 0.34 events. This number is consistent with
the Standard Model expectation.  2001 Published by Elsevier Science B.V.
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Fig. 3. The four ντ CC interaction events. (Top left) 3024-30175, (top right) 3039-01910, (bottom left) 3263-25102, (bottom right) 3333-17665.
The neutrinos are incident from the left. The scale is given by the perpendicular lines with the vertical line representing 0.1mm and the horizontal
1.0 mm. The target material is shown by the bar at the bottom of each part of the figure representing steel (shaded), emulsion (cross-hatched)
and plastic (no shading).

check. Two plates upstream of the kink were exam-
ined using a microscope stage to see if there were any
tracks that were not found by the Track Selector. A de-
scription of each τ event follows, and the events are
shown in Fig. 3.
Event 3024-30175 τ → e + ντ + νe: A track from

the primary vertex has a kink with an angle of 93
mrad in the 200 µm plastic base of an emulsion plate,
4.5 mm from the primary vertex. The daughter track
was identified as an electron from accompanying elec-
tron pair tracks in emulsion data. A shower devel-
ops from this track as measured in the SFT confirm-
ing the identification. No other tracks were identified

as an electron or a muon. The energy was estimated
by measuring the multiple scattering of the daughter
particle and by the shower development in the SFT.
The first method gives 2.9+1.5

−0.8 GeV/c, and is consid-
ered a lower limit due to energy loss of the electron in
the target material. The latter method gives the value
of 6.5 ± 2.5 GeV. Since the energy radiated by each
bremsstrahlung photon in the first stage of shower de-
velopment can be a significant fraction of the elec-
tron’s energy, these two values are consistent. There-
fore, the pT is ! 0.27+0.14

−0.07 GeV/c.
Event 3039-01910 τ → h + ντ + X: One track has

a 90 mrad kink, 0.28 mm from the primary vertex.
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The Standard Model
Pulling it all together

So far, we've got:
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<latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit>

⌫⌧
<latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

µ�
<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

⌧�
<latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit>

⌫̄e
<latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit><latexit sha1_base64="V5Hw15x0ILjhy339Z427/5oLUwo=">AAACAnicdVDLTgIxFO34RHyhLt00EhNXk4IosCO6cYmJCAYI6ZQ70NB2Jm3HhBCWfoFb/QJXxq0/4gf4H5aHiRg9yU1Ozrk3994TxIIbS8iHt7S8srq2ntpIb25t7+xm9vZvTZRoBjUWiUg3AmpAcAU1y62ARqyBykBAPRhcTvz6PWjDI3VjhzG0Je0pHnJGrZPuWgHVLZV0oJPJEr9E8qRQxMQvloun5fMZyZfOcM4nU2TRHNVO5rPVjVgiQVkmqDHNHIlte0S15UzAON1KDMSUDWgPmo4qKsG0R9ODx/jYKV0cRtqVsniq/pwYUWnMUAauU1LbN7+9ifiX10xsWGqPuIoTC4rNFoWJwDbCk+9xl2tgVgwdoUxzdytmfaopsy6jhS0hDJWMxy6X7+fx/6SW98s+uS5kKxfzgFLoEB2hE5RDRVRBV6iKaoghiR7RE3r2HrwX79V7m7UuefOZA7QA7/0Ln0KZDQ==</latexit>

⌫̄µ
<latexit sha1_base64="SKBHjc3zutF7OQovpA1tx/Jsd68=">AAACBHicdVDLSgMxFM3UV62vqks3wSK4GtJanXZXdOOygmMLM6Vk0kwbmmSGJCOU0rVf4Fa/wJW49T/8AP/D9CFY0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v7BnU4yRahPEp6odoQ15UxS3zDDaTtVFIuI01Y0vJr6rXuqNEvkrRmltCNwX7KYEWysFIQRVqHMuqHIusUScmuogqoeRK5X987qF3NSqZ3DsotmKIEFmt3iZ9hLSCaoNIRjrYMySk1njJVhhNNJIcw0TTEZ4j4NLJVYUN0Zz06ewBOr9GCcKFvSwJn6c2KMhdYjEdlOgc1A//am4l9ekJm41hkzmWaGSjJfFGccmgRO/4c9pigxfGQJJorZWyEZYIWJsSktbYnpSIp0YnP5fh7+T/yKW3fRTbXUuFwElAdH4BicgjLwQANcgybwAQEJeARP4Nl5cF6cV+dt3ppzFjOHYAnO+xdJF5n6</latexit><latexit sha1_base64="SKBHjc3zutF7OQovpA1tx/Jsd68=">AAACBHicdVDLSgMxFM3UV62vqks3wSK4GtJanXZXdOOygmMLM6Vk0kwbmmSGJCOU0rVf4Fa/wJW49T/8AP/D9CFY0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v7BnU4yRahPEp6odoQ15UxS3zDDaTtVFIuI01Y0vJr6rXuqNEvkrRmltCNwX7KYEWysFIQRVqHMuqHIusUScmuogqoeRK5X987qF3NSqZ3DsotmKIEFmt3iZ9hLSCaoNIRjrYMySk1njJVhhNNJIcw0TTEZ4j4NLJVYUN0Zz06ewBOr9GCcKFvSwJn6c2KMhdYjEdlOgc1A//am4l9ekJm41hkzmWaGSjJfFGccmgRO/4c9pigxfGQJJorZWyEZYIWJsSktbYnpSIp0YnP5fh7+T/yKW3fRTbXUuFwElAdH4BicgjLwQANcgybwAQEJeARP4Nl5cF6cV+dt3ppzFjOHYAnO+xdJF5n6</latexit><latexit sha1_base64="SKBHjc3zutF7OQovpA1tx/Jsd68=">AAACBHicdVDLSgMxFM3UV62vqks3wSK4GtJanXZXdOOygmMLM6Vk0kwbmmSGJCOU0rVf4Fa/wJW49T/8AP/D9CFY0QMXDufcy733RCln2iD04eRWVtfWN/Kbha3tnd294v7BnU4yRahPEp6odoQ15UxS3zDDaTtVFIuI01Y0vJr6rXuqNEvkrRmltCNwX7KYEWysFIQRVqHMuqHIusUScmuogqoeRK5X987qF3NSqZ3DsotmKIEFmt3iZ9hLSCaoNIRjrYMySk1njJVhhNNJIcw0TTEZ4j4NLJVYUN0Zz06ewBOr9GCcKFvSwJn6c2KMhdYjEdlOgc1A//am4l9ekJm41hkzmWaGSjJfFGccmgRO/4c9pigxfGQJJorZWyEZYIWJsSktbYnpSIp0YnP5fh7+T/yKW3fRTbXUuFwElAdH4BicgjLwQANcgybwAQEJeARP4Nl5cF6cV+dt3ppzFjOHYAnO+xdJF5n6</latexit>

⌫̄⌧
<latexit sha1_base64="MH+OICCqEWrWyuX+Z+7sPC+6J1U=">AAACBXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoXu/wK1+gStx63f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2kucFWHoi7Xsap/1yBdkNVEN1ByLbaTpnzYs5qTXOYdVGM1TAAu1++dMbxCSNqNCEY6V6VZRoP8dSM8LppOSliiaYjPGQ9gwVOKLKz2c3T+CJUQYwjKUpoeFM/TmR40ipLApMZ4T1SP32puJfXi/VYcPPmUhSTQWZLwpTDnUMpwHAAZOUaJ4Zgolk5lZIRlhiok1MS1tCmokomZhcvp+H/xO3ZjdtdFOvtC4XARXBETgGp6AKHNAC16ANXEBAAh7BE3i2HqwX69V6m7cWrMXMIViC9f4FF4eabA==</latexit><latexit sha1_base64="MH+OICCqEWrWyuX+Z+7sPC+6J1U=">AAACBXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoXu/wK1+gStx63f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2kucFWHoi7Xsap/1yBdkNVEN1ByLbaTpnzYs5qTXOYdVGM1TAAu1++dMbxCSNqNCEY6V6VZRoP8dSM8LppOSliiaYjPGQ9gwVOKLKz2c3T+CJUQYwjKUpoeFM/TmR40ipLApMZ4T1SP32puJfXi/VYcPPmUhSTQWZLwpTDnUMpwHAAZOUaJ4Zgolk5lZIRlhiok1MS1tCmokomZhcvp+H/xO3ZjdtdFOvtC4XARXBETgGp6AKHNAC16ANXEBAAh7BE3i2HqwX69V6m7cWrMXMIViC9f4FF4eabA==</latexit><latexit sha1_base64="MH+OICCqEWrWyuX+Z+7sPC+6J1U=">AAACBXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoXu/wK1+gStx63f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2kucFWHoi7Xsap/1yBdkNVEN1ByLbaTpnzYs5qTXOYdVGM1TAAu1++dMbxCSNqNCEY6V6VZRoP8dSM8LppOSliiaYjPGQ9gwVOKLKz2c3T+CJUQYwjKUpoeFM/TmR40ipLApMZ4T1SP32puJfXi/VYcPPmUhSTQWZLwpTDnUMpwHAAZOUaJ4Zgolk5lZIRlhiok1MS1tCmokomZhcvp+H/xO3ZjdtdFOvtC4XARXBETgGp6AKHNAC16ANXEBAAh7BE3i2HqwX69V6m7cWrMXMIViC9f4FF4eabA==</latexit>

e+
<latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit><latexit sha1_base64="QISgurQ1/FIHf2+wozUPZW9zjwo=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoMgCMskRje5Bb14jGiMkMQwO+lNhszOLjOzQgjBL/CqX+BJvPovfoD/4eQhGNGChqKqm+4uPxZcG0I+nNTC4tLySno1s7a+sbmV3d650VGiGNRYJCJ161MNgkuoGW4E3MYKaOgLqPv987FfvweleSSvzSCGVki7kgecUWOlK7g7amdzxC2RAil6mLhe2Tsun05JoXSC8y6ZIIdmqLazn81OxJIQpGGCat3Ik9i0hlQZzgSMMs1EQ0xZn3ahYamkIejWcHLqCB9YpYODSNmSBk/UnxNDGmo9CH3bGVLT07+9sfiX10hMUGoNuYwTA5JNFwWJwCbC479xhytgRgwsoUxxeytmPaooMzaduS0BDGQYj2wu38/j/0mt4JZdclnMVc5mAaXRHtpHhyiPPFRBF6iKaoihLnpET+jZeXBenFfnbdqacmYzu2gOzvsXgNCWKw==</latexit>

µ+
<latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit><latexit sha1_base64="RTuoblTVfvO+Bl6urcueA4fJxw4=">AAAB/nicdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFRxbaMeSSTNtaJIZkoxQShd+gVv9Alfi1l/xA/wP04dgRQ9cOJxzL/feEyacaYPQh5NZWl5ZXcuu5zY2t7Z38rt7tzpOFaE+iXmsmiHWlDNJfcMMp81EUSxCThvh4HLiN+6p0iyWN2aY0EDgnmQRI9hYyW+L9O6kky8gt4JKqOxB5HpV77R6PiOlyhksumiKApij3sl/trsxSQWVhnCsdauIEhOMsDKMcDrOtVNNE0wGuEdblkosqA5G02PH8MgqXRjFypY0cKr+nBhhofVQhLZTYNPXv72J+JfXSk1UCUZMJqmhkswWRSmHJoaTz2GXKUoMH1qCiWL2Vkj6WGFibD4LWyI6lCIZ21y+n4f/E7/kVl10XS7ULuYBZcEBOATHoAg8UANXoA58QAADj+AJPDsPzovz6rzNWjPOfGYfLMB5/wIl4ZcY</latexit>

⌧+
<latexit sha1_base64="A7Qb3/6qpXDLj+sXVRGoyDd+Dww=">AAAB/3icdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFZy20I4lk2ba2ExmSDLCULrxC9zqF7gSt36KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzM0vLK6lp2PbexubW9k9/da6gokYS6JOKRbPlYUc4EdTXTnLZiSXHoc9r0h5cTv3lPpWKRuNFpTL0Q9wULGMHaSI2OxsntSTdfQHYFlVDZgch2qs5p9XxGSpUzWLTRFAUwR72b/+z0IpKEVGjCsVLtIoq1N8JSM8LpONdJFI0xGeI+bRsqcEiVN5peO4ZHRunBIJKmhIZT9efECIdKpaFvOkOsB+q3NxH/8tqJDireiIk40VSQ2aIg4VBHcPI67DFJieapIZhIZm6FZIAlJtoEtLAloKkI47HJ5ft5+D9xS3bVRtflQu1iHlAWHIBDcAyKwAE1cAXqwAUE3IFH8ASerQfrxXq13matGWs+sw8WYL1/AfHXl4o=</latexit><latexit sha1_base64="A7Qb3/6qpXDLj+sXVRGoyDd+Dww=">AAAB/3icdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFZy20I4lk2ba2ExmSDLCULrxC9zqF7gSt36KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzM0vLK6lp2PbexubW9k9/da6gokYS6JOKRbPlYUc4EdTXTnLZiSXHoc9r0h5cTv3lPpWKRuNFpTL0Q9wULGMHaSI2OxsntSTdfQHYFlVDZgch2qs5p9XxGSpUzWLTRFAUwR72b/+z0IpKEVGjCsVLtIoq1N8JSM8LpONdJFI0xGeI+bRsqcEiVN5peO4ZHRunBIJKmhIZT9efECIdKpaFvOkOsB+q3NxH/8tqJDireiIk40VSQ2aIg4VBHcPI67DFJieapIZhIZm6FZIAlJtoEtLAloKkI47HJ5ft5+D9xS3bVRtflQu1iHlAWHIBDcAyKwAE1cAXqwAUE3IFH8ASerQfrxXq13matGWs+sw8WYL1/AfHXl4o=</latexit><latexit sha1_base64="A7Qb3/6qpXDLj+sXVRGoyDd+Dww=">AAAB/3icdVDLSgMxFM3UV62vqks3wSIIwpDW6rS7ohuXFZy20I4lk2ba2ExmSDLCULrxC9zqF7gSt36KH+B/mD4EK3rgwuGce7n3Hj/mTGmEPqzM0vLK6lp2PbexubW9k9/da6gokYS6JOKRbPlYUc4EdTXTnLZiSXHoc9r0h5cTv3lPpWKRuNFpTL0Q9wULGMHaSI2OxsntSTdfQHYFlVDZgch2qs5p9XxGSpUzWLTRFAUwR72b/+z0IpKEVGjCsVLtIoq1N8JSM8LpONdJFI0xGeI+bRsqcEiVN5peO4ZHRunBIJKmhIZT9efECIdKpaFvOkOsB+q3NxH/8tqJDireiIk40VSQ2aIg4VBHcPI67DFJieapIZhIZm6FZIAlJtoEtLAloKkI47HJ5ft5+D9xS3bVRtflQu1iHlAWHIBDcAyKwAE1cAXqwAUE3IFH8ASerQfrxXq13matGWs+sw8WYL1/AfHXl4o=</latexit>

That do this:

All massless and neutral

Plus all the normal matter:

neutron proton

and antimatter counterparts

And other stuff we've found:

etc.

quarks

And a whole bunch of rules!

⌫e, ⌫µ, ⌫⌧

⌫̄e, ⌫̄µ, ⌫̄⌧
<latexit sha1_base64="cEZ4ex/9Rz/EeTGzuGMqAvuh+Pk="></latexit><latexit sha1_base64="cEZ4ex/9Rz/EeTGzuGMqAvuh+Pk="></latexit><latexit sha1_base64="cEZ4ex/9Rz/EeTGzuGMqAvuh+Pk="></latexit>

⇡+ = ud̄
<latexit sha1_base64="DJXz84oqX0EZRKNi/02goVosZLU="></latexit><latexit sha1_base64="DJXz84oqX0EZRKNi/02goVosZLU="></latexit><latexit sha1_base64="DJXz84oqX0EZRKNi/02goVosZLU="></latexit>

⇡� = ūd
<latexit sha1_base64="B3CkKBxOJZIG3+1UgYsLDPCc5/E="></latexit><latexit sha1_base64="B3CkKBxOJZIG3+1UgYsLDPCc5/E="></latexit><latexit sha1_base64="B3CkKBxOJZIG3+1UgYsLDPCc5/E="></latexit>

K+ = us̄
<latexit sha1_base64="dprCe7xvfzpckS9GnzC//HI4IBQ=">AAACB3icdVDLSsNAFJ3UV62vqks3g0UQhDCt1bQLoehGcFPBaKFNy2Q6aYdOJmFmIoTQH/AL3OoXuBK3foYf4H+YtBWs6IELh3Pu5d573JAzpRH6MHILi0vLK/nVwtr6xuZWcXvnVgWRJNQmAQ9ky8WKciaorZnmtBVKin2X0zt3dJH5d/dUKhaIGx2H1PHxQDCPEaxTqXvVPYJnMOq4WCZq3CuWkFlDFVS1IDKtunVcP52SSu0Elk00QQnM0OwVPzv9gEQ+FZpwrFS7jELtJFhqRjgdFzqRoiEmIzyg7ZQK7FPlJJOrx/AgVfrQC2RaQsOJ+nMiwb5Sse+mnT7WQ/Xby8S/vHakvZqTMBFGmgoyXeRFHOoAZhHAPpOUaB6nBBPJ0lshGWKJiU6Dmtvi0Vj4YZbL9/Pwf2JXzLqJrqulxvksoDzYA/vgEJSBBRrgEjSBDQiQ4BE8gWfjwXgxXo23aWvOmM3sgjkY719DgZpt</latexit><latexit sha1_base64="dprCe7xvfzpckS9GnzC//HI4IBQ=">AAACB3icdVDLSsNAFJ3UV62vqks3g0UQhDCt1bQLoehGcFPBaKFNy2Q6aYdOJmFmIoTQH/AL3OoXuBK3foYf4H+YtBWs6IELh3Pu5d573JAzpRH6MHILi0vLK/nVwtr6xuZWcXvnVgWRJNQmAQ9ky8WKciaorZnmtBVKin2X0zt3dJH5d/dUKhaIGx2H1PHxQDCPEaxTqXvVPYJnMOq4WCZq3CuWkFlDFVS1IDKtunVcP52SSu0Elk00QQnM0OwVPzv9gEQ+FZpwrFS7jELtJFhqRjgdFzqRoiEmIzyg7ZQK7FPlJJOrx/AgVfrQC2RaQsOJ+nMiwb5Sse+mnT7WQ/Xby8S/vHakvZqTMBFGmgoyXeRFHOoAZhHAPpOUaB6nBBPJ0lshGWKJiU6Dmtvi0Vj4YZbL9/Pwf2JXzLqJrqulxvksoDzYA/vgEJSBBRrgEjSBDQiQ4BE8gWfjwXgxXo23aWvOmM3sgjkY719DgZpt</latexit><latexit sha1_base64="dprCe7xvfzpckS9GnzC//HI4IBQ=">AAACB3icdVDLSsNAFJ3UV62vqks3g0UQhDCt1bQLoehGcFPBaKFNy2Q6aYdOJmFmIoTQH/AL3OoXuBK3foYf4H+YtBWs6IELh3Pu5d573JAzpRH6MHILi0vLK/nVwtr6xuZWcXvnVgWRJNQmAQ9ky8WKciaorZnmtBVKin2X0zt3dJH5d/dUKhaIGx2H1PHxQDCPEaxTqXvVPYJnMOq4WCZq3CuWkFlDFVS1IDKtunVcP52SSu0Elk00QQnM0OwVPzv9gEQ+FZpwrFS7jELtJFhqRjgdFzqRoiEmIzyg7ZQK7FPlJJOrx/AgVfrQC2RaQsOJ+nMiwb5Sse+mnT7WQ/Xby8S/vHakvZqTMBFGmgoyXeRFHOoAZhHAPpOUaB6nBBPJ0lshGWKJiU6Dmtvi0Vj4YZbL9/Pwf2JXzLqJrqulxvksoDzYA/vgEJSBBRrgEjSBDQiQ4BE8gWfjwXgxXo23aWvOmM3sgjkY719DgZpt</latexit>

�++ = uuu
<latexit sha1_base64="GbRutYdogUN34e95xTfEmcdfVYA=">AAACDHicdVBLSgNBEO3xb/xFXbppDIIgDJ0YTbIQRF24VDAqJDH0dGpMk56eoT9KGHIGT+BWT+BK3HoHD+A97HwEI/qg4PFeFVX1gkRwbQj58CYmp6ZnZufmMwuLS8sr2dW1Sx1bxaDKYhGr64BqEFxC1XAj4DpRQKNAwFXQOe77V3egNI/lhekm0IjoreQhZ9Q4qZldrZ+AMPQm3dnp4QNsrW1mc8QvkwIpljDxS5XSbmV/SArlPZz3yQA5NMJZM/tZb8XMRiANE1TrWp4kppFSZTgT0MvUrYaEsg69hZqjkkagG+ng9B7eckoLh7FyJQ0eqD8nUhpp3Y0C1xlR09a/vb74l1ezJiw3Ui4Ta0Cy4aLQCmxi3M8Bt7gCZkTXEcoUd7di1qaKMuPSGtsSQldGSc/l8v08/p9UC37FJ+fF3OHRKKA5tIE20TbKoxI6RKfoDFURQ/foET2hZ+/Be/Fevbdh64Q3mllHY/DevwDrH5vI</latexit><latexit sha1_base64="GbRutYdogUN34e95xTfEmcdfVYA=">AAACDHicdVBLSgNBEO3xb/xFXbppDIIgDJ0YTbIQRF24VDAqJDH0dGpMk56eoT9KGHIGT+BWT+BK3HoHD+A97HwEI/qg4PFeFVX1gkRwbQj58CYmp6ZnZufmMwuLS8sr2dW1Sx1bxaDKYhGr64BqEFxC1XAj4DpRQKNAwFXQOe77V3egNI/lhekm0IjoreQhZ9Q4qZldrZ+AMPQm3dnp4QNsrW1mc8QvkwIpljDxS5XSbmV/SArlPZz3yQA5NMJZM/tZb8XMRiANE1TrWp4kppFSZTgT0MvUrYaEsg69hZqjkkagG+ng9B7eckoLh7FyJQ0eqD8nUhpp3Y0C1xlR09a/vb74l1ezJiw3Ui4Ta0Cy4aLQCmxi3M8Bt7gCZkTXEcoUd7di1qaKMuPSGtsSQldGSc/l8v08/p9UC37FJ+fF3OHRKKA5tIE20TbKoxI6RKfoDFURQ/foET2hZ+/Be/Fevbdh64Q3mllHY/DevwDrH5vI</latexit><latexit sha1_base64="GbRutYdogUN34e95xTfEmcdfVYA=">AAACDHicdVBLSgNBEO3xb/xFXbppDIIgDJ0YTbIQRF24VDAqJDH0dGpMk56eoT9KGHIGT+BWT+BK3HoHD+A97HwEI/qg4PFeFVX1gkRwbQj58CYmp6ZnZufmMwuLS8sr2dW1Sx1bxaDKYhGr64BqEFxC1XAj4DpRQKNAwFXQOe77V3egNI/lhekm0IjoreQhZ9Q4qZldrZ+AMPQm3dnp4QNsrW1mc8QvkwIpljDxS5XSbmV/SArlPZz3yQA5NMJZM/tZb8XMRiANE1TrWp4kppFSZTgT0MvUrYaEsg69hZqjkkagG+ng9B7eckoLh7FyJQ0eqD8nUhpp3Y0C1xlR09a/vb74l1ezJiw3Ui4Ta0Cy4aLQCmxi3M8Bt7gCZkTXEcoUd7di1qaKMuPSGtsSQldGSc/l8v08/p9UC37FJ+fF3OHRKKA5tIE20TbKoxI6RKfoDFURQ/foET2hZ+/Be/Fevbdh64Q3mllHY/DevwDrH5vI</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

nz}|{
udd

<latexit sha1_base64="pB5u+UWgT4/lRzqzrudpQJF7DmI=">AAACDnicdVBLSgNBEO2J/380SzeNQXA1dGI0yU504zKCUSEZQ09PjTbp6Rm6e4RhmEN4Ard6Alfi1it4AO9h5yOo6IOCx3tVVNXzE8G1IeTdKc3Mzs0vLC4tr6yurW+UN7cudJwqBl0Wi1hd+VSD4BK6hhsBV4kCGvkCLv3hyci/vAOleSzPTZaAF9EbyUPOqLHSoFzpx9b2FWWQp0FQXOeyGJSrxG2ROmk0MXGb7eZ++3BC6q0DXHPJGFU0RWdQ/ugHMUsjkIYJqnWvRhLj5VQZzgQUy/1UQ0LZkN5Az1JJI9BePj6+wLtWCXAYK1vS4LH6fSKnkdZZ5NvOiJpb/dsbiX95vdSELS/nMkkNSDZZFKYCmxiPksABV8CMyCyhTHF7K2a31CZhbF4/toSQySgZ5fL1PP6fdOtu2yVnjerR8TSgRbSNdtAeqqEmOkKnqIO6iKEMPaBH9OTcO8/Oi/M6aS0505kK+gHn7RPfOJ4c</latexit><latexit sha1_base64="pB5u+UWgT4/lRzqzrudpQJF7DmI=">AAACDnicdVBLSgNBEO2J/380SzeNQXA1dGI0yU504zKCUSEZQ09PjTbp6Rm6e4RhmEN4Ard6Alfi1it4AO9h5yOo6IOCx3tVVNXzE8G1IeTdKc3Mzs0vLC4tr6yurW+UN7cudJwqBl0Wi1hd+VSD4BK6hhsBV4kCGvkCLv3hyci/vAOleSzPTZaAF9EbyUPOqLHSoFzpx9b2FWWQp0FQXOeyGJSrxG2ROmk0MXGb7eZ++3BC6q0DXHPJGFU0RWdQ/ugHMUsjkIYJqnWvRhLj5VQZzgQUy/1UQ0LZkN5Az1JJI9BePj6+wLtWCXAYK1vS4LH6fSKnkdZZ5NvOiJpb/dsbiX95vdSELS/nMkkNSDZZFKYCmxiPksABV8CMyCyhTHF7K2a31CZhbF4/toSQySgZ5fL1PP6fdOtu2yVnjerR8TSgRbSNdtAeqqEmOkKnqIO6iKEMPaBH9OTcO8/Oi/M6aS0505kK+gHn7RPfOJ4c</latexit><latexit sha1_base64="pB5u+UWgT4/lRzqzrudpQJF7DmI=">AAACDnicdVBLSgNBEO2J/380SzeNQXA1dGI0yU504zKCUSEZQ09PjTbp6Rm6e4RhmEN4Ard6Alfi1it4AO9h5yOo6IOCx3tVVNXzE8G1IeTdKc3Mzs0vLC4tr6yurW+UN7cudJwqBl0Wi1hd+VSD4BK6hhsBV4kCGvkCLv3hyci/vAOleSzPTZaAF9EbyUPOqLHSoFzpx9b2FWWQp0FQXOeyGJSrxG2ROmk0MXGb7eZ++3BC6q0DXHPJGFU0RWdQ/ugHMUsjkIYJqnWvRhLj5VQZzgQUy/1UQ0LZkN5Az1JJI9BePj6+wLtWCXAYK1vS4LH6fSKnkdZZ5NvOiJpb/dsbiX95vdSELS/nMkkNSDZZFKYCmxiPksABV8CMyCyhTHF7K2a31CZhbF4/toSQySgZ5fL1PP6fdOtu2yVnjerR8TSgRbSNdtAeqqEmOkKnqIO6iKEMPaBH9OTcO8/Oi/M6aS0505kK+gHn7RPfOJ4c</latexit>

pz}|{
udu

<latexit sha1_base64="FJnZkjfAOpPiWybuAhFgmB1ZPQs=">AAACDnicdVBLSgNBEO3x/3c0SzeNQXA1dGI0yU504zKCo4FkDD2dGm3s6Rm6e4RhyCE8gVs9gStx6xU8gPew8xGM6IOCx3tVVNULU8G1IeTDmZmdm19YXFpeWV1b39h0t7YvdZIpBj5LRKLaIdUguATfcCOgnSqgcSjgKrw7HfpX96A0T+SFyVMIYnojecQZNVbquaVuYu1QUQZF1s8G10U66Lll4jVIldTqmHj1Zv2geTQm1cYhrnhkhDKaoNVzP7v9hGUxSMME1bpTIakJCqoMZwIGK91MQ0rZHb2BjqWSxqCDYnT8AO9ZpY+jRNmSBo/UnxMFjbXO49B2xtTc6t/eUPzL62QmagQFl2lmQLLxoigT2CR4mATucwXMiNwSyhS3t2J2S20SxuY1tSWCXMajXL6fx/8Tv+o1PXJeKx+fTAJaQjtoF+2jCqqjY3SGWshHDOXoET2hZ+fBeXFenbdx64wzmSmhKTjvX/2xni8=</latexit><latexit sha1_base64="FJnZkjfAOpPiWybuAhFgmB1ZPQs=">AAACDnicdVBLSgNBEO3x/3c0SzeNQXA1dGI0yU504zKCo4FkDD2dGm3s6Rm6e4RhyCE8gVs9gStx6xU8gPew8xGM6IOCx3tVVNULU8G1IeTDmZmdm19YXFpeWV1b39h0t7YvdZIpBj5LRKLaIdUguATfcCOgnSqgcSjgKrw7HfpX96A0T+SFyVMIYnojecQZNVbquaVuYu1QUQZF1s8G10U66Lll4jVIldTqmHj1Zv2geTQm1cYhrnhkhDKaoNVzP7v9hGUxSMME1bpTIakJCqoMZwIGK91MQ0rZHb2BjqWSxqCDYnT8AO9ZpY+jRNmSBo/UnxMFjbXO49B2xtTc6t/eUPzL62QmagQFl2lmQLLxoigT2CR4mATucwXMiNwSyhS3t2J2S20SxuY1tSWCXMajXL6fx/8Tv+o1PXJeKx+fTAJaQjtoF+2jCqqjY3SGWshHDOXoET2hZ+fBeXFenbdx64wzmSmhKTjvX/2xni8=</latexit><latexit sha1_base64="FJnZkjfAOpPiWybuAhFgmB1ZPQs=">AAACDnicdVBLSgNBEO3x/3c0SzeNQXA1dGI0yU504zKCo4FkDD2dGm3s6Rm6e4RhyCE8gVs9gStx6xU8gPew8xGM6IOCx3tVVNULU8G1IeTDmZmdm19YXFpeWV1b39h0t7YvdZIpBj5LRKLaIdUguATfcCOgnSqgcSjgKrw7HfpX96A0T+SFyVMIYnojecQZNVbquaVuYu1QUQZF1s8G10U66Lll4jVIldTqmHj1Zv2geTQm1cYhrnhkhDKaoNVzP7v9hGUxSMME1bpTIakJCqoMZwIGK91MQ0rZHb2BjqWSxqCDYnT8AO9ZpY+jRNmSBo/UnxMFjbXO49B2xtTc6t/eUPzL62QmagQFl2lmQLLxoigT2CR4mATucwXMiNwSyhS3t2J2S20SxuY1tSWCXMajXL6fx/8Tv+o1PXJeKx+fTAJaQjtoF+2jCqqjY3SGWshHDOXoET2hZ+fBeXFenbdx64wzmSmhKTjvX/2xni8=</latexit>
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P. Meyers, Princeton 
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1617

c. 1869

CC BY-SA 3.0 MissMJ, Wikimedia Commons 
CC0 1.0 Offnfopt, Wikimedia Commons 

Robert Fludd

1970s
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The Standard Model

http://nuclear.ucdavis.edu/~tgutierr/files/stmL1.html

A Mathematical Model
The Standard Model 
collects all the known 

matter particles 
and encodes their 

interactions

Mathematically, it's a 

relativistic 
quantum 

field theory 
that's all about 

groups and symmetry



38CC BY-SA 3.0 Max Ronnersjö, Wikimedia Commons 



39CC BY-SA 3.0 Charles Schmitt, Wikimedia Commons 



40Wikimedia Commons 
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The Standard Model
Fundamental Symmetries

Emmy Noether 
(1882-1935)

Noether's Theorem (1918) relates 
symmetries to conserved quantities

Time invariance ↔ Energy conservation
i.e. physics is the same at all times

Translation invariance ↔ Momentum conservation
i.e. physics is the same at all positions

Rotation invariance ↔ Angular momentum conservation
i.e. physics is the same at all angles

CP invariance ↔ Matter + antimatter conservation
i.e. (Anti-)particles are the same but opposite charge, parity

These symmetries underpin the Standard Model, 
our most fundamental understanding of nature
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The Standard Model
Particle Menagerie

Q
U

A
RK

S u 
up

0.003 GeV/c2

+2/3

d 
down

0.006 GeV/c2

-1/3

c 
charm
1.3 GeV/c2

+2/3

s 
strange
0.1 GeV/c2

-1/3

t 
top

175 GeV/c2

+2/3

b 
bottom
4.3 GeV/c2

-1/3

LE
PT

O
N

S

<10-8 GeV/c2

0

electron 
neutrino

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

511 keV/c2

-1

electron
e�

<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

<10-4 GeV/c2

0

muon 
neutrino

⌫µ
<latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit>

0.106 GeV/c2

-1

muon
µ�

<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

<0.02 GeV/c2

0

tau 
neutrino

⌫⌧
<latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit>

1.78 GeV/c2

-1

tau
⌧�

<latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit>

I II III γ 
photon

0

0

g 
gluon

0

0

W± 
W boson
80.4 GeV/c2

±1

Z0 
Z boson
91.2 GeV/c2

0

H 
Higgs boson

125 GeV/c2

0
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Q
U

A
RK

S u 
up

0.003 GeV/c2

+2/3

d 
down

0.006 GeV/c2

-1/3

c 
charm
1.3 GeV/c2

+2/3

s 
strange
0.1 GeV/c2

-1/3

t 
top

175 GeV/c2

+2/3

b 
bottom
4.3 GeV/c2

-1/3

LE
PT

O
N

S

<10-8 GeV/c2

0

electron 
neutrino

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

511 keV/c2

-1

electron
e�

<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

<10-4 GeV/c2

0

muon 
neutrino

⌫µ
<latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit>

0.106 GeV/c2

-1

muon
µ�

<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

<0.02 GeV/c2

0

tau 
neutrino

⌫⌧
<latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit>

1.78 GeV/c2

-1

tau
⌧�

<latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit>

I II III γ 
photon

0

0

g 
gluon

0

0

W± 
W boson
80.4 GeV/c2

±1

Z0 
Z boson
91.2 GeV/c2

0

H 
Higgs boson

125 GeV/c2

0

}
Quarks organize into 

Hadrons

e.g.

Baryons
qqq

n = udd
<latexit sha1_base64="Yb3HsmBAj416A7xljpEIcX0YD94=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQiqAuh6MZlBWMLbSiTyaQdOjMJMxMhlC78Arf6Ba7Erb/iB/gfTtssbOuBC4dz7uXee8KUM21c99sprayurW+UNytb2zu7e9X9g0edZIpQnyQ8Ue0Qa8qZpL5hhtN2qigWIaetcHg78VtPVGmWyAeTpzQQuC9ZzAg2VvLldRZFvWrNrbtToGXiFaQGBZq96k83SkgmqDSEY607npuaYISVYYTTcaWbaZpiMsR92rFUYkF1MJoeO0YnVolQnChb0qCp+ndihIXWuQhtp8BmoBe9ifif18lMfBmMmEwzQyWZLYozjkyCJp+jiClKDM8twUQxeysiA6wwMTafuS0xzaVIxzYXbzGFZeKf1a/q7v15rXFTBFSGIziGU/DgAhpwB03wgQCDF3iFN+fZeXc+nM9Za8kpZg5hDs7XL8KyltU=</latexit><latexit sha1_base64="Yb3HsmBAj416A7xljpEIcX0YD94=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQiqAuh6MZlBWMLbSiTyaQdOjMJMxMhlC78Arf6Ba7Erb/iB/gfTtssbOuBC4dz7uXee8KUM21c99sprayurW+UNytb2zu7e9X9g0edZIpQnyQ8Ue0Qa8qZpL5hhtN2qigWIaetcHg78VtPVGmWyAeTpzQQuC9ZzAg2VvLldRZFvWrNrbtToGXiFaQGBZq96k83SkgmqDSEY607npuaYISVYYTTcaWbaZpiMsR92rFUYkF1MJoeO0YnVolQnChb0qCp+ndihIXWuQhtp8BmoBe9ifif18lMfBmMmEwzQyWZLYozjkyCJp+jiClKDM8twUQxeysiA6wwMTafuS0xzaVIxzYXbzGFZeKf1a/q7v15rXFTBFSGIziGU/DgAhpwB03wgQCDF3iFN+fZeXc+nM9Za8kpZg5hDs7XL8KyltU=</latexit><latexit sha1_base64="Yb3HsmBAj416A7xljpEIcX0YD94=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQiqAuh6MZlBWMLbSiTyaQdOjMJMxMhlC78Arf6Ba7Erb/iB/gfTtssbOuBC4dz7uXee8KUM21c99sprayurW+UNytb2zu7e9X9g0edZIpQnyQ8Ue0Qa8qZpL5hhtN2qigWIaetcHg78VtPVGmWyAeTpzQQuC9ZzAg2VvLldRZFvWrNrbtToGXiFaQGBZq96k83SkgmqDSEY607npuaYISVYYTTcaWbaZpiMsR92rFUYkF1MJoeO0YnVolQnChb0qCp+ndihIXWuQhtp8BmoBe9ifif18lMfBmMmEwzQyWZLYozjkyCJp+jiClKDM8twUQxeysiA6wwMTafuS0xzaVIxzYXbzGFZeKf1a/q7v15rXFTBFSGIziGU/DgAhpwB03wgQCDF3iFN+fZeXc+nM9Za8kpZg5hDs7XL8KyltU=</latexit>

p = udu
<latexit sha1_base64="TS30efqkYMypQ9vuyDqIjdFfFWE=">AAAB/nicbVDLSgMxFM3UV62vqks3wSK4KjMiqAuh6MZlBccW2qFkMpk2NMmEPIShdOEXuNUvcCVu/RU/wP8wbWdhWw9cOJxzL/feE0tGtfH9b6+0srq2vlHerGxt7+zuVfcPHnVmFSYhzlim2jHShFFBQkMNI22pCOIxI614eDvxW09EaZqJB5NLEnHUFzSlGBknhfLaJrZXrfl1fwq4TIKC1ECBZq/6000ybDkRBjOkdSfwpYlGSBmKGRlXulYTifAQ9UnHUYE40dFoeuwYnjglgWmmXAkDp+rfiRHiWuc8dp0cmYFe9Cbif17HmvQyGlEhrSECzxallkGTwcnnMKGKYMNyRxBW1N0K8QAphI3LZ25LSnLB5djlEiymsEzCs/pV3b8/rzVuioDK4Agcg1MQgAvQAHegCUKAAQUv4BW8ec/eu/fhfc5aS14xcwjm4H39AuDclug=</latexit><latexit sha1_base64="TS30efqkYMypQ9vuyDqIjdFfFWE=">AAAB/nicbVDLSgMxFM3UV62vqks3wSK4KjMiqAuh6MZlBccW2qFkMpk2NMmEPIShdOEXuNUvcCVu/RU/wP8wbWdhWw9cOJxzL/feE0tGtfH9b6+0srq2vlHerGxt7+zuVfcPHnVmFSYhzlim2jHShFFBQkMNI22pCOIxI614eDvxW09EaZqJB5NLEnHUFzSlGBknhfLaJrZXrfl1fwq4TIKC1ECBZq/6000ybDkRBjOkdSfwpYlGSBmKGRlXulYTifAQ9UnHUYE40dFoeuwYnjglgWmmXAkDp+rfiRHiWuc8dp0cmYFe9Cbif17HmvQyGlEhrSECzxallkGTwcnnMKGKYMNyRxBW1N0K8QAphI3LZ25LSnLB5djlEiymsEzCs/pV3b8/rzVuioDK4Agcg1MQgAvQAHegCUKAAQUv4BW8ec/eu/fhfc5aS14xcwjm4H39AuDclug=</latexit><latexit sha1_base64="TS30efqkYMypQ9vuyDqIjdFfFWE=">AAAB/nicbVDLSgMxFM3UV62vqks3wSK4KjMiqAuh6MZlBccW2qFkMpk2NMmEPIShdOEXuNUvcCVu/RU/wP8wbWdhWw9cOJxzL/feE0tGtfH9b6+0srq2vlHerGxt7+zuVfcPHnVmFSYhzlim2jHShFFBQkMNI22pCOIxI614eDvxW09EaZqJB5NLEnHUFzSlGBknhfLaJrZXrfl1fwq4TIKC1ECBZq/6000ybDkRBjOkdSfwpYlGSBmKGRlXulYTifAQ9UnHUYE40dFoeuwYnjglgWmmXAkDp+rfiRHiWuc8dp0cmYFe9Cbif17HmvQyGlEhrSECzxallkGTwcnnMKGKYMNyRxBW1N0K8QAphI3LZ25LSnLB5djlEiymsEzCs/pV3b8/rzVuioDK4Agcg1MQgAvQAHegCUKAAQUv4BW8ec/eu/fhfc5aS14xcwjm4H39AuDclug=</latexit>

�++ = uuu
<latexit sha1_base64="i+eEJnDF1gAzdnzP3tLc0BqHK4o=">AAACCnicbVBLSgNBFOzxG+Mnoy7dDAZBCISJCOpCCOrCZQRjAskYejpvkibdPUN/hGHIETyBWz2BK3HrJTyA97DzWZjEggdF1XvUo8KEUaV9/9tZWl5ZXVvPbeQ3t7Z3Cu7u3oOKjSRQJzGLZTPEChgVUNdUM2gmEjAPGTTCwfXIbzyBVDQW9zpNIOC4J2hECdZW6riF9g0wjR+zUml4aYzpuEW/7I/hLZLKlBTRFLWO+9PuxsRwEJowrFSr4ic6yLDUlDAY5ttGQYLJAPegZanAHFSQjR8fekdW6XpRLO0I7Y3VvxcZ5kqlPLSbHOu+mvdG4n9ey+joPMioSIwGQSZBkWGejr1RC16XSiCapZZgIqn91SN9LDHRtquZlAhSwZOh7aUy38IiqZ+UL8r+3WmxejUtKIcO0CE6RhV0hqroFtVQHRFk0At6RW/Os/PufDifk9UlZ3qzj2bgfP0CmtebEA==</latexit><latexit sha1_base64="i+eEJnDF1gAzdnzP3tLc0BqHK4o=">AAACCnicbVBLSgNBFOzxG+Mnoy7dDAZBCISJCOpCCOrCZQRjAskYejpvkibdPUN/hGHIETyBWz2BK3HrJTyA97DzWZjEggdF1XvUo8KEUaV9/9tZWl5ZXVvPbeQ3t7Z3Cu7u3oOKjSRQJzGLZTPEChgVUNdUM2gmEjAPGTTCwfXIbzyBVDQW9zpNIOC4J2hECdZW6riF9g0wjR+zUml4aYzpuEW/7I/hLZLKlBTRFLWO+9PuxsRwEJowrFSr4ic6yLDUlDAY5ttGQYLJAPegZanAHFSQjR8fekdW6XpRLO0I7Y3VvxcZ5kqlPLSbHOu+mvdG4n9ey+joPMioSIwGQSZBkWGejr1RC16XSiCapZZgIqn91SN9LDHRtquZlAhSwZOh7aUy38IiqZ+UL8r+3WmxejUtKIcO0CE6RhV0hqroFtVQHRFk0At6RW/Os/PufDifk9UlZ3qzj2bgfP0CmtebEA==</latexit><latexit sha1_base64="i+eEJnDF1gAzdnzP3tLc0BqHK4o=">AAACCnicbVBLSgNBFOzxG+Mnoy7dDAZBCISJCOpCCOrCZQRjAskYejpvkibdPUN/hGHIETyBWz2BK3HrJTyA97DzWZjEggdF1XvUo8KEUaV9/9tZWl5ZXVvPbeQ3t7Z3Cu7u3oOKjSRQJzGLZTPEChgVUNdUM2gmEjAPGTTCwfXIbzyBVDQW9zpNIOC4J2hECdZW6riF9g0wjR+zUml4aYzpuEW/7I/hLZLKlBTRFLWO+9PuxsRwEJowrFSr4ic6yLDUlDAY5ttGQYLJAPegZanAHFSQjR8fekdW6XpRLO0I7Y3VvxcZ5kqlPLSbHOu+mvdG4n9ey+joPMioSIwGQSZBkWGejr1RC16XSiCapZZgIqn91SN9LDHRtquZlAhSwZOh7aUy38IiqZ+UL8r+3WmxejUtKIcO0CE6RhV0hqroFtVQHRFk0At6RW/Os/PufDifk9UlZ3qzj2bgfP0CmtebEA==</latexit>

Mesons
qq̄

e.g.

⇡+ = ud̄
<latexit sha1_base64="VCZeOWrjAlE+DYFwTVVriQbVNWw=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiCUBIR1IVQdOOygrGFJi2TyaQdOjMZZiZCCP0Bv8CtfoErcetn+AH+h0mbhW09cOFwzr2cywkko9rY9re1tLyyurZe2ahubm3v7Nb29h91nChMXByzWHUCpAmjgriGGkY6UhHEA0bawei28NtPRGkaiweTSuJzNBA0ohiZXOp5kvZOrxMvQCoLx/1a3W7YE8BF4pSkDkq0+rUfL4xxwokwmCGtu44tjZ8hZShmZFz1Ek0kwiM0IN2cCsSJ9rPJ12N4nCshjGKVjzBwov69yBDXOuVBvsmRGep5rxD/87qJiS79jAqZGCLwNChKGDQxLCqAIVUEG5bmBGFF818hHiKFsMmLmkmJSCq4LHpx5ltYJO5Z46ph35/XmzdlQRVwCI7ACXDABWiCO9ACLsBAgRfwCt6sZ+vd+rA+p6tLVnlzAGZgff0CqSGapA==</latexit><latexit sha1_base64="VCZeOWrjAlE+DYFwTVVriQbVNWw=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiCUBIR1IVQdOOygrGFJi2TyaQdOjMZZiZCCP0Bv8CtfoErcetn+AH+h0mbhW09cOFwzr2cywkko9rY9re1tLyyurZe2ahubm3v7Nb29h91nChMXByzWHUCpAmjgriGGkY6UhHEA0bawei28NtPRGkaiweTSuJzNBA0ohiZXOp5kvZOrxMvQCoLx/1a3W7YE8BF4pSkDkq0+rUfL4xxwokwmCGtu44tjZ8hZShmZFz1Ek0kwiM0IN2cCsSJ9rPJ12N4nCshjGKVjzBwov69yBDXOuVBvsmRGep5rxD/87qJiS79jAqZGCLwNChKGDQxLCqAIVUEG5bmBGFF818hHiKFsMmLmkmJSCq4LHpx5ltYJO5Z46ph35/XmzdlQRVwCI7ACXDABWiCO9ACLsBAgRfwCt6sZ+vd+rA+p6tLVnlzAGZgff0CqSGapA==</latexit><latexit sha1_base64="VCZeOWrjAlE+DYFwTVVriQbVNWw=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiCUBIR1IVQdOOygrGFJi2TyaQdOjMZZiZCCP0Bv8CtfoErcetn+AH+h0mbhW09cOFwzr2cywkko9rY9re1tLyyurZe2ahubm3v7Nb29h91nChMXByzWHUCpAmjgriGGkY6UhHEA0bawei28NtPRGkaiweTSuJzNBA0ohiZXOp5kvZOrxMvQCoLx/1a3W7YE8BF4pSkDkq0+rUfL4xxwokwmCGtu44tjZ8hZShmZFz1Ek0kwiM0IN2cCsSJ9rPJ12N4nCshjGKVjzBwov69yBDXOuVBvsmRGep5rxD/87qJiS79jAqZGCLwNChKGDQxLCqAIVUEG5bmBGFF818hHiKFsMmLmkmJSCq4LHpx5ltYJO5Z46ph35/XmzdlQRVwCI7ACXDABWiCO9ACLsBAgRfwCt6sZ+vd+rA+p6tLVnlzAGZgff0CqSGapA==</latexit>

⇡� = ūd
<latexit sha1_base64="FgCy90krlu6a6TrsPeJG0KDi6VE=">AAACB3icbVDLSsNAFJ34rPVVdelmsAhuLIkI6kIounFZwdhCk5bJZNIOnZmEmYkQQn7AL3CrX+BK3PoZfoD/4bTNwrYeuHA4517O5QQJo0rb9re1tLyyurZe2ahubm3v7Nb29h9VnEpMXByzWHYCpAijgriaakY6iSSIB4y0g9Ht2G8/EaloLB50lhCfo4GgEcVIG6nnJbR3eu0FSOZpEfZrdbthTwAXiVOSOijR6td+vDDGKSdCY4aU6jp2ov0cSU0xI0XVSxVJEB6hAekaKhAnys8nXxfw2CghjGJpRmg4Uf9e5IgrlfHAbHKkh2reG4v/ed1UR5d+TkWSaiLwNChKGdQxHFcAQyoJ1iwzBGFJza8QD5FEWJuiZlIikgmeFKYXZ76FReKeNa4a9v15vXlTFlQBh+AInAAHXIAmuAMt4AIMJHgBr+DNerberQ/rc7q6ZJU3B2AG1tcvrDuapg==</latexit><latexit sha1_base64="FgCy90krlu6a6TrsPeJG0KDi6VE=">AAACB3icbVDLSsNAFJ34rPVVdelmsAhuLIkI6kIounFZwdhCk5bJZNIOnZmEmYkQQn7AL3CrX+BK3PoZfoD/4bTNwrYeuHA4517O5QQJo0rb9re1tLyyurZe2ahubm3v7Nb29h9VnEpMXByzWHYCpAijgriaakY6iSSIB4y0g9Ht2G8/EaloLB50lhCfo4GgEcVIG6nnJbR3eu0FSOZpEfZrdbthTwAXiVOSOijR6td+vDDGKSdCY4aU6jp2ov0cSU0xI0XVSxVJEB6hAekaKhAnys8nXxfw2CghjGJpRmg4Uf9e5IgrlfHAbHKkh2reG4v/ed1UR5d+TkWSaiLwNChKGdQxHFcAQyoJ1iwzBGFJza8QD5FEWJuiZlIikgmeFKYXZ76FReKeNa4a9v15vXlTFlQBh+AInAAHXIAmuAMt4AIMJHgBr+DNerberQ/rc7q6ZJU3B2AG1tcvrDuapg==</latexit><latexit sha1_base64="FgCy90krlu6a6TrsPeJG0KDi6VE=">AAACB3icbVDLSsNAFJ34rPVVdelmsAhuLIkI6kIounFZwdhCk5bJZNIOnZmEmYkQQn7AL3CrX+BK3PoZfoD/4bTNwrYeuHA4517O5QQJo0rb9re1tLyyurZe2ahubm3v7Nb29h9VnEpMXByzWHYCpAijgriaakY6iSSIB4y0g9Ht2G8/EaloLB50lhCfo4GgEcVIG6nnJbR3eu0FSOZpEfZrdbthTwAXiVOSOijR6td+vDDGKSdCY4aU6jp2ov0cSU0xI0XVSxVJEB6hAekaKhAnys8nXxfw2CghjGJpRmg4Uf9e5IgrlfHAbHKkh2reG4v/ed1UR5d+TkWSaiLwNChKGdQxHFcAQyoJ1iwzBGFJza8QD5FEWJuiZlIikgmeFKYXZ76FReKeNa4a9v15vXlTFlQBh+AInAAHXIAmuAMt4AIMJHgBr+DNerberQ/rc7q6ZJU3B2AG1tcvrDuapg==</latexit>

K+ = us̄
<latexit sha1_base64="KGndF3zu5xx3zmLjM3fs2s8wLio=">AAACBXicbVDLSgMxFM34rPVVdekmWARBKFMR1IVQdCO4qeDYQmcsmTTThiaZkGSEYejeL3CrX+BK3PodfoD/YaadhW09cOFwzr2cywklo9q47rezsLi0vLJaWiuvb2xubVd2dh90nChMPByzWLVDpAmjgniGGkbaUhHEQ0Za4fA691tPRGkai3uTShJw1Bc0ohgZK/m3j8eXiR8ilelRt1J1a+4YcJ7UC1IFBZrdyo/fi3HCiTCYIa07dVeaIEPKUMzIqOwnmkiEh6hPOpYKxIkOsvHPI3holR6MYmVHGDhW/15kiGud8tBucmQGetbLxf+8TmKi8yCjQiaGCDwJihIGTQzzAmCPKoINSy1BWFH7K8QDpBA2tqaplIikgsu8l/psC/PEO6ld1Ny702rjqiioBPbBATgCdXAGGuAGNIEHMJDgBbyCN+fZeXc+nM/J6oJT3OyBKThfv/hwmbU=</latexit><latexit sha1_base64="KGndF3zu5xx3zmLjM3fs2s8wLio=">AAACBXicbVDLSgMxFM34rPVVdekmWARBKFMR1IVQdCO4qeDYQmcsmTTThiaZkGSEYejeL3CrX+BK3PodfoD/YaadhW09cOFwzr2cywklo9q47rezsLi0vLJaWiuvb2xubVd2dh90nChMPByzWLVDpAmjgniGGkbaUhHEQ0Za4fA691tPRGkai3uTShJw1Bc0ohgZK/m3j8eXiR8ilelRt1J1a+4YcJ7UC1IFBZrdyo/fi3HCiTCYIa07dVeaIEPKUMzIqOwnmkiEh6hPOpYKxIkOsvHPI3holR6MYmVHGDhW/15kiGud8tBucmQGetbLxf+8TmKi8yCjQiaGCDwJihIGTQzzAmCPKoINSy1BWFH7K8QDpBA2tqaplIikgsu8l/psC/PEO6ld1Ny702rjqiioBPbBATgCdXAGGuAGNIEHMJDgBbyCN+fZeXc+nM/J6oJT3OyBKThfv/hwmbU=</latexit><latexit sha1_base64="KGndF3zu5xx3zmLjM3fs2s8wLio=">AAACBXicbVDLSgMxFM34rPVVdekmWARBKFMR1IVQdCO4qeDYQmcsmTTThiaZkGSEYejeL3CrX+BK3PodfoD/YaadhW09cOFwzr2cywklo9q47rezsLi0vLJaWiuvb2xubVd2dh90nChMPByzWLVDpAmjgniGGkbaUhHEQ0Za4fA691tPRGkai3uTShJw1Bc0ohgZK/m3j8eXiR8ilelRt1J1a+4YcJ7UC1IFBZrdyo/fi3HCiTCYIa07dVeaIEPKUMzIqOwnmkiEh6hPOpYKxIkOsvHPI3holR6MYmVHGDhW/15kiGud8tBucmQGetbLxf+8TmKi8yCjQiaGCDwJihIGTQzzAmCPKoINSy1BWFH7K8QDpBA2tqaplIikgsu8l/psC/PEO6ld1Ny702rjqiioBPbBATgCdXAGGuAGNIEHMJDgBbyCN+fZeXc+nM/J6oJT3OyBKThfv/hwmbU=</latexit>

p
u

u d
=
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The Standard Model
Particle Menagerie

Q
U

A
RK

S u 
up

0.003 GeV/c2

+2/3

d 
down

0.006 GeV/c2

-1/3

c 
charm
1.3 GeV/c2

+2/3

s 
strange
0.1 GeV/c2

-1/3

t 
top

175 GeV/c2

+2/3

b 
bottom
4.3 GeV/c2

-1/3

LE
PT

O
N

S

<10-8 GeV/c2

0

electron 
neutrino

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

511 keV/c2

-1

electron
e�

<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

<10-4 GeV/c2

0

muon 
neutrino

⌫µ
<latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit>

0.106 GeV/c2

-1

muon
µ�

<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

<0.02 GeV/c2

0

tau 
neutrino

⌫⌧
<latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit>

1.78 GeV/c2

-1

tau
⌧�

<latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit>

I II III γ 
photon

0

0

g 
gluon

0

0

W± 
W boson
80.4 GeV/c2

±1

Z0 
Z boson
91.2 GeV/c2

0

H 
Higgs boson

125 GeV/c2

0
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The Standard Model
Particle Menagerie

Q
U

A
RK

S u 
up

0.003 GeV/c2

+2/3

d 
down

0.006 GeV/c2

-1/3

c 
charm
1.3 GeV/c2

+2/3

s 
strange
0.1 GeV/c2

-1/3

t 
top

175 GeV/c2

+2/3

b 
bottom
4.3 GeV/c2

-1/3

LE
PT

O
N

S

<10-8 GeV/c2

0

electron 
neutrino

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

511 keV/c2

-1

electron
e�

<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

<10-4 GeV/c2

0

muon 
neutrino

⌫µ
<latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit>

0.106 GeV/c2

-1

muon
µ�

<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

<0.02 GeV/c2

0

tau 
neutrino

⌫⌧
<latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit>

1.78 GeV/c2

-1

tau
⌧�

<latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit>

I II III γ 
photon

0

0

g 
gluon

0

0

W± 
W boson
80.4 GeV/c2

±1

Z0 
Z boson
91.2 GeV/c2

0

H 
Higgs boson

125 GeV/c2

0

Forces & Interactions
Matter particles (quarks & leptons) 

interact by exchanging 
messenger particles called 

bosons

Example: Electromagnetic interactions 
involve exchange of a photon

time

e�

e� e�

�

e�

<latexit sha1_base64="F+nr8mcYgzqHN/qx0BODKkXIFfc="></latexit><latexit sha1_base64="F+nr8mcYgzqHN/qx0BODKkXIFfc="></latexit><latexit sha1_base64="F+nr8mcYgzqHN/qx0BODKkXIFfc="></latexit>

interaction
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The Standard Model
Particle Menagerie

Q
U

A
RK

S u 
up

0.003 GeV/c2

+2/3

d 
down

0.006 GeV/c2

-1/3

c 
charm
1.3 GeV/c2

+2/3

s 
strange
0.1 GeV/c2

-1/3

t 
top

175 GeV/c2

+2/3

b 
bottom
4.3 GeV/c2

-1/3

LE
PT

O
N

S

<10-8 GeV/c2

0

electron 
neutrino

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

511 keV/c2

-1

electron
e�

<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

<10-4 GeV/c2

0

muon 
neutrino

⌫µ
<latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit><latexit sha1_base64="vX6/ZGYAIwkZUpuHWfy9j6E543U=">AAACAHicdVDLSgMxFM3UV62vqks3wSK4GtJabbsrunFZwdpCO5RMmmlDk8yQh1CGrvwCt/oFrsStf+IH+B+mD8GKHrhwOOde7r0nTDjTBqEPL7Oyura+kd3MbW3v7O7l9w/udGwVoU0S81i1Q6wpZ5I2DTOcthNFsQg5bYWjq6nfuqdKs1jemnFCA4EHkkWMYOOkVlfaXlfYXr6A/CoqoXIFIr9Sq5zVLuakVD2HRR/NUAALNHr5z24/JlZQaQjHWneKKDFBipVhhNNJrms1TTAZ4QHtOCqxoDpIZ+dO4IlT+jCKlStp4Ez9OZFiofVYhK5TYDPUv72p+JfXsSaqBimTiTVUkvmiyHJoYjj9HfaZosTwsSOYKOZuhWSIFSbGJbS0JaJjKZKJy+X7efg/aZb8mo9uyoX65SKgLDgCx+AUFEEF1ME1aIAmIGAEHsETePYevBfv1Xubt2a8xcwhWIL3/gUrsJhB</latexit>

0.106 GeV/c2

-1

muon
µ�

<latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit><latexit sha1_base64="9zDVLCEV+CvlxwXni7s4XeSriDI=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4cUhrddpd0Y3LCo4ttGPJpJk2NMkMSUYopQu/wK1+gStx66/4Af6H6UOwogcuHM65l3vvCRPOtEHow8ksLa+srmXXcxubW9s7+d29Wx2nilCfxDxWzRBrypmkvmGG02aiKBYhp41wcDnxG/dUaRbLGzNMaCBwT7KIEWys5LdFenfSyReQW0ElVPYgcr2qd1o9n5FS5QwWXTRFAcxR7+Q/292YpIJKQzjWulVEiQlGWBlGOB3n2qmmCSYD3KMtSyUWVAej6bFjeGSVLoxiZUsaOFV/Toyw0HooQtspsOnr395E/MtrpSaqBCMmk9RQSWaLopRDE8PJ57DLFCWGDy3BRDF7KyR9rDAxNp+FLREdSpGMbS7fz8P/iV9yqy66LhdqF/OAsuAAHIJjUAQeqIErUAc+IICBR/AEnp0H58V5dd5mrRlnPrMPFuC8fwEpDZca</latexit>

<0.02 GeV/c2

0

tau 
neutrino

⌫⌧
<latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit><latexit sha1_base64="xFvTrr1f37Skin306xyDzylQN6U=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFJpTJdNIOnUzCzEQIoTu/wK1+gStx65f4Af6H04dgRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHdypOJaEuiXksuwFWlDNBXc00p91EUhwFnHaC8dXU79xTqVgsbnWWUD/CQ8FCRrA2UtcTad/TOO2XK8huoBqqOxDZTtM5a17MSa1xDqs2mqECFmj3y5/eICZpRIUmHCvVq6JE+zmWmhFOJyUvVTTBZIyHtGeowBFVfj67dwJPjDKAYSxNCQ1n6s+JHEdKZVFgOiOsR+q3NxX/8nqpDht+zkSSairIfFGYcqhjOH0eDpikRPPMEEwkM7dCMsISE20iWtoS0kxEycTk8v08/J+4Nbtpo5t6pXW5CKgIjsAxOAVV4IAWuAZt4AICOHgET+DZerBerFfrbd5asBYzh2AJ1vsX+HiYsw==</latexit>

1.78 GeV/c2

-1

tau
⌧�

<latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit><latexit sha1_base64="LkU82DZSzv0FohNkmBe6LcniZ7E=">AAAB/3icdVDLTgIxFO3gC/GFunTTSEzcOCmIDuyIblxi4gAJjKRTOlDpdCZtx2RC2PgFbvULXBm3foof4H9YHiZi9CQ3OTnn3tx7jx9zpjRCH1ZmaXlldS27ntvY3Nreye/uNVSUSEJdEvFItnysKGeCupppTluxpDj0OW36w8uJ37ynUrFI3Og0pl6I+4IFjGBtpEZH4+T2pJsvILuCSqjsQGQ7Vee0ej4jpcoZLNpoigKYo97Nf3Z6EUlCKjThWKl2EcXaG2GpGeF0nOskisaYDHGftg0VOKTKG02vHcMjo/RgEElTQsOp+nNihEOl0tA3nSHWA/Xbm4h/ee1EBxVvxEScaCrIbFGQcKgjOHkd9pikRPPUEEwkM7dCMsASE20CWtgS0FSE8djk8v08/J+4Jbtqo+tyoXYxDygLDsAhOAZF4IAauAJ14AIC7sAjeALP1oP1Yr1ab7PWjDWf2QcLsN6/APUDl4w=</latexit>

I II III γ 
photon

0

0

g 
gluon

0

0

W± 
W boson
80.4 GeV/c2

±1

Z0 
Z boson
91.2 GeV/c2

0

H 
Higgs boson

125 GeV/c2

0

Weak 
nuclear 
force

Strong nuclear force

}

Electromagnetic force

Particle masses

e�

e� e�

�

e�
<latexit sha1_base64="sHetYZ2ojNz2uR7Z1/DEzhBn5oA="></latexit><latexit sha1_base64="sHetYZ2ojNz2uR7Z1/DEzhBn5oA="></latexit><latexit sha1_base64="sHetYZ2ojNz2uR7Z1/DEzhBn5oA="></latexit>

q (g)

q (b) q (g)

g (gb̄)

q (b)
<latexit sha1_base64="evo+d+uZyTrHMnsAuVMHdXW0GAI="></latexit><latexit sha1_base64="evo+d+uZyTrHMnsAuVMHdXW0GAI="></latexit><latexit sha1_base64="evo+d+uZyTrHMnsAuVMHdXW0GAI="></latexit>

e�

⌫e

W

e�

⌫e

<latexit sha1_base64="l5vTWQWQyWWT0rKfkTKPyHzAjb8="></latexit><latexit sha1_base64="l5vTWQWQyWWT0rKfkTKPyHzAjb8="></latexit><latexit sha1_base64="l5vTWQWQyWWT0rKfkTKPyHzAjb8="></latexit>

f f

H

<latexit sha1_base64="foxWc0wfkwMW7KwFogDhy6IJmQA="></latexit><latexit sha1_base64="foxWc0wfkwMW7KwFogDhy6IJmQA="></latexit><latexit sha1_base64="foxWc0wfkwMW7KwFogDhy6IJmQA="></latexit>

EM, strong, weak, Higgs 

EM, weak, Higgs 
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The Standard Model
Beta Decay, 1930s

n ! p+ e� + ⌫̄e
<latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit><latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit><latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit>

!

!

!

!

p
<latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit><latexit sha1_base64="BalpSH0UnQy+AiP2UbmNkcLDn8M=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkrNaJAvELdKSqRcwcSt1CoXtasFKVUvcdElcxTQEo1B/rM3DFkcgDRMUK27RRKZfkqV4UzANNeLNUSUTegIupZKGoDup/NDp/jMKkPsh8qWNHiu/pxIaaB1Eni2M6BmrH97M/Evrxsbv9pPuYxiA5ItFvmxwCbEs6/xkCtgRiSWUKa4vRWzMVWUGZvNyhYfEhlEU5vL9/P4f9IquTWXNMuF+vUyoCw6QafoHBVRBdXRLWqgFmII0CN6Qs/O1HlxXp23RWvGWc4coxU4719t15WZ</latexit>

n
<latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit><latexit sha1_base64="NFOs5/Q2+FcPpCaydVGi9ZhWoiU=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNOcgXiFslJVKuYOJWapWL2tWClKqXuOiSOQpoicYg/9kbhiwOQBomqNbdIolMP6XKcCZgmuvFGiLKJnQEXUslDUD30/mhU3xmlSH2Q2VLGjxXf06kNNA6CTzbGVAz1r+9mfiX142NX+2nXEaxAckWi/xYYBPi2dd4yBUwIxJLKFPc3orZmCrKjM1mZYsPiQyiqc3l+3n8P2mV3JpLmuVC/XoZUBadoFN0joqoguroFjVQCzEE6BE9oWdn6rw4r87bojXjLGeO0Qqc9y9qq5WX</latexit>

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

e�
<latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit><latexit sha1_base64="NNI1PTXk5c75QoPu+JoU67utrhE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHx4mZAdOFG9OIRo4gJIJkdemHC7OxmZtaEEOIXeNUv8GS8+i9+gP/h8DARo5V0UqnqTneXHwuuDSEfTmphcWl5Jb2aWVvf2NzKbu/c6ChRDGosEpG69akGwSXUDDcCbmMFNPQF1P3++div34PSPJLXZhBDK6RdyQPOqLHSFdwdtbM54pZIgRQ9TFyv7B2XT6ekUDrBeZdMkEMzVNvZz2YnYkkI0jBBtW7kSWxaQ6oMZwJGmWaiIaasT7vQsFTSEHRrODl1hA+s0sFBpGxJgyfqz4khDbUehL7tDKnp6d/eWPzLayQmKLWGXMaJAcmmi4JEYBPh8d+4wxUwIwaWUKa4vRWzHlWUGZvO3JYABjKMRzaX7+fx/6RWcMsuuSzmKmezgNJoD+2jQ5RHHqqgC1RFNcRQFz2iJ/TsPDgvzqvzNm1NObOZXTQH5/0Lg/yWLQ==</latexit>

Enrico Fermi
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The Standard Model
Beta Decay, Standard Model

n ! p+ e� + ⌫̄e
<latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit><latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit><latexit sha1_base64="HrE5/q/6AI60Ur+62C3zOi7k04s=">AAACD3icdVBLSgNBEO3xG//xs3PTGARBHDrxk2QXdONSwTGBTAw9nRrT2NMzdPcIccglPIFbPYErcesRPID3sPMRVPRBweO9KqrqBYng2hDy7kxMTk3PzObm5hcWl5ZX8qtrlzpOFQOPxSJWjYBqEFyCZ7gR0EgU0CgQUA9uTgZ+/RaU5rG8ML0EWhG9ljzkjBortfMb0jcxTnbham/XD6jyZdqGdr5A3AopkYMyJm65Wt6vHo1IqXKIiy4ZooDGOGvnP/xOzNIIpGGCat0sksS0MqoMZwL6836qIaHshl5D01JJI9CtbHh9H29bpYPDWNmSBg/V7xMZjbTuRYHtjKjp6t/eQPzLa6YmrLQyLpPUgGSjRWEqsH14EAXucAXMiJ4llClub8WsSxVlxgb2Y0sIPRklfZvL1/P4f+KV3KpLzg8KteNxQDm0ibbQDiqiMqqhU3SGPMTQHXpAj+jJuXeenRfnddQ64Yxn1tEPOG+fdyqdLw==</latexit>

W

n{ } p

⌫̄e

e�

<latexit sha1_base64="MF8ZZTBgjAxIgPvm79VRvws5Fuc="></latexit><latexit sha1_base64="MF8ZZTBgjAxIgPvm79VRvws5Fuc="></latexit><latexit sha1_base64="MF8ZZTBgjAxIgPvm79VRvws5Fuc="></latexit>

d 
d 
u

u 
d 
u

! !

!

!
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Timeline

++!!

1913: 
Beta Decay Troubles

Chadwick

1990s - 2000s 
The End of the Beginning

Pauli Fermi

1930s: 
Proposal & Theory

1956: 
Discovery

In 1951, when Fred Reines first contemplated 
an experiment to detect the neutrino, this 
particle was still a poltergeist, a fleeting yet

haunting ghost in the world of physical reality. 
All its properties had been deduced but only 
theoretically. Its role was to carry away the missing
energy and angular momentum in nuclear beta

Number 25  1997  Los Alamos Science  Los Alamos Science Number 25  1997

Detecting the Poltergeist
The Reines-Cowan Experiments

decay, the most familiar and widespread 
manifestation of what is now called the weak
force. The neutrino surely had to exist. But some-
one had to demonstrate its reality. The relentless
quest that led to the detection of the neutrino 
started with an energy crisis in the very young
field of nuclear physics.

Savannah Team 1955

The Hanford Team: (on facing page, left to right, back row) F. Newton Hayes, Captain W. A. Walker, T. J. White, Fred Reines, 
E. C. Anderson, Clyde Cowan, Jr., and Robert Schuch (inset); not all team members are pictured.
The Savannah River Team: (clockwise, from lower left foreground) Clyde Cowan, Jr., F. B. Harrison, Austin McGuire, Fred Reines, 
and Martin Warren; (left to right, front row) Richard Jones, Forrest Rice, and Herald Kruse. 
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target area that a proton presents to a
neutrino. The larger the area, the more
likely it is that the process will occur.)

The measured rate, or the number of
events per second, depends on (1) the
rate at which neutrinos are entering 
the target area (the neutrino flux was 
approximately 1,013 neutrinos per
square centimeter per second), (2) the
number of target protons in the water
tank (approximately 1,028 target 
protons), (3) the cross section for the 
reaction, and (4) the efficiency of 
the detectors in picking up positron and
neutron signals from the reaction.

According to Fermi’s theory, the
cross section for inverse beta decay
varies with energy. Given the energy
spectrum of the reactor-produced 
antineutrinos (the average energy was 
3 MeV), the theoretically predicted
cross section for inverse beta decay on
protons is 6.3 × 10–44, with an uncer-
tainty of about 25 percent arising from
the uncertainty of the energy spectrum
for the reactor neutrinos. The violation
of parity conservation (namely, the
symmetry between left-handedness and
right-handedness) by the weak force
had not yet been discovered, and so this
theoretical value was based on the 
parity-conserving formulation of
Fermi’s theory of beta decay in which
the neutrino, like the electron, has four
independent degrees of freedom.

In July 1956, a brief article in 
Science by Reines, Cowan, Harrison,
McGuire, and Kruse announced that the
Savannah River experiment had 
confirmed the tentative findings of the
Hanford experiment. The authors also
stated that their results were in 
agreement within 5 percent of the 
theoretically predicted value for the 
inverse-beta-decay cross section. Such
results were fortuitous given the 
uncertainties in the neutrino flux and 
in the detector efficiency. 

A more detailed paper on this experi-
ment published in Physical Review in
1960 reported a cross section twice as
large as that reported in 1956. Accord-
ing to Reines (1979), the increase in the
value occurred because “our initial

analysis grossly overestimated the 
detection efficiency with the result that
the measured cross section was at first
thought to be in good agreement with
[the pre–parity violation] prediction.”

The theoretical cross section had
also doubled between 1956 and 1960
because of the discovery in 1957 of 
parity nonconservation in the weak 
interactions and the formulation of 
the two-component theory of the 
neutrino (see the box “Parity Noncon-
servation and the Massless Two-
Component Neutrino” on page 32). 
So, the measured cross section reported
in the literature remained in agreement
with the theoretical prediction. 

In addition, after the 1956 experi-
ment, Reines and Cowan did another
measurement with a new setup and, in a
1959 Physical Review paper, reported
results for the cross section that were 
in agreement with the two-component
neutrino, parity-nonconserving theory. 

Over the years, there has been some
skepticism about the differing published
values. These feelings may have been
responsible for the forty years that had
passed before the discovery of the neu-
trino was recognized with the Nobel
Prize. Nevertheless, the award is a 
clear recognition that the Savannah
River experiment was an extraordinary
accomplishment. Reines wished that
Cowan had been alive to share the 
prestigious award with him. The elusive
product of the weak force that can 
penetrate the earth and travel to the
ends of the universe was finally 
observed stopping in its tracks. The
neutrino became a tangible reality, 
and the experiment itself set a 
precedent for using the neutrino as 
an experimental tool.

Indeed, since the Reines-Cowan 
experiments, neutrino detection has pro-
duced some dramatic results. One was
the 1963 experiment of Lederman,
Schwartz, and Steinberger proving that a
second (muon) neutrino was paired with
the muon in the way the known (elec-
tron) neutrino was paired with the 
electron. That result not only earned the
discoverers the Nobel Prize, but also 

established the first hint of the second
family of elementary particles (all three
families are introduced in the primer, 
“The Oscillating Neutrino,” on page 28). 

Another was the detection of a 
burst of neutrinos from supernova
1987A (SN1987A)—twenty hits within
12 seconds in two enormous detectors
located on opposite sides of the planet,
both buried deep underground where
one expects to see only one neutrino
event per day. It was the unmistakable 
signature of an exploding star, and it 
provided extraordinary confirmation 
of the exotic notion that neutrinos, 
the most standoffish members of the 
pantheon of elementary particles, could
drive the largest explosion ever 
witnessed by human beings. 

And at present, neutrino data are 
accumulating from even more-modern
neutrino detectors, some buried deep
underground, some poised at accelera-
tors, some awaiting completion, all 
dedicated to seeing whether the neutri-
nos, long purported to be massless 
particles, not only carry mass but also
oscillate from one identity to another 
as they fly freely through space.

The world of physics owes much 
to Fred Reines for these developments.
His single-minded dedication to the
neutrino set an example, not only in 
the 1950s but throughout his career.
And his courage to “think big” 
continued well after his tenure at 
Los Alamos. Reines was one of the 
critical cospokespersons for the 
construction of the huge IMB detector,
a water-filled, 8,000-ton Cerenkov 
detector located in the Morton salt 
mine near Cleveland, Ohio. It was 
there that half of the events from
SN1987A were detected and many 
of the data on the oscillation of 
atmospheric neutrinos were gathered.

Through this volume, Los Alamos
National Laboratory takes pride in the 
accomplishments of Fred Reines, 
Clyde Cowan, Jr., and the teams of
Laboratory workers who performed to
the best of their ability in demonstrating
the existence of the neutrino. 
And Fred Reines, in his gracious way,

Announcement of Results

On June 14, 1956, after all the 
ests had been completed, Reines and

Cowan sent a telegram to Pauli at
ürich University:

“We are happy to inform you that
we have definitely detected neutrinos
rom fission fragments by observing 
nverse beta decay of protons. 

Observed cross section agrees well 

with expected six times ten to minus
forty-four square centimeters.”

In his 1979 article in Science about
the early days of experimental neutrino
physics, Reines describes Pauli’s reac-
tion to the news:

“The message was forwarded to him
[Pauli] at CERN, where he interrupted
the meeting he was attending to read
the telegram to the conferees and then
made some impromptu remarks regard-

ing the discovery. We learned later that
Pauli and some friends consumed a
case of champagne in celebration.”

Although the intent of the Savannah
River experiment was to get a positive
signal of neutrino detection, the experi-
ment also yielded a measurement of the
rate, or more exactly the cross section,
for inverse beta decay. (The cross sec-
tion for the neutrino to be captured by a
proton can be thought of as the effective

Figure 5. Oscilloscope Traces from
the Savannah River Experiments
In these oscilloscope pictures, traces
from detectors I, II, and III are labeled I, II,
and III, respectively. The label under each
frame indicates whether the signals were
recorded by the scope for positron anni-
hilation or the scope for neutron capture.
Acceptable delayed-coincidence signals
are shown in (a) and (b), while rejected
signals are pictured in (c) through (f). 

(a) The delayed-coincidence signal in
these two frames has occurred in the top
triad of the detector because the pulses
appeared in detectors I and II. Positron
scope: The pulse energies in detectors I
and II were 0.30 MeV and 0.35 MeV, 
respectively. The pulses reached the
positron circuit in prompt coincidence
(less than 0.2 microsecond apart) and
were accepted as a signal of positron 
annihilation. Neutron scope: The pulse
energies in detectors I and II were 
5.8 MeV and 3.3 MeV, respectively. These
pulses arrived in prompt coincidence 
and were accepted as a signal of neutron
capture. The delay between the positron
and neutron signals was 2.5 microsec-
onds. (b) The delayed-coincidence signal
in these two frames has occurred in the
bottom triad because the pulses appeared
in detectors II and III. Positron scope: 
The pulse energies in detectors II and III
were 0.25 MeV and 0.30 MeV, respectively.

eutron scope: The pulse energies in detectors II and III were 2.0 MeV and 1.7 MeV, respectively. The delay between the positron and
eutron signals was 13.5 microseconds. (c) The pulses from the neutron circuit were the result of electrical noise. (d) These three
ulses from the neutron circuit were caused by a cosmic-ray event. (e) These three pulses from the positron circuit were caused by 
 cosmic-ray event. (f) These pulses may have been caused by a cosmic-ray event. They were rejected as a signal of neutron capture
ecause of the extra pulse from detector II. Frames like this one occurred more often than would be expected from chance 
oincidences. They were, however, not often enough to affect the results considerably. These data appeared in Reines, Cowan, Harrison, et al. 1960. 

Neutron scope

(c)       Neutron scope (d)        Neutron scope

(e)       Positron scope (f)        Neutron scope

(a)      Positron scope  

(b)      Positron scope  Neutron scope
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The Solar Neutrino Problem
1960s: The first neutrino anomaly
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3.2 Solar Neutrino Oscillations

Figure 3.2: Solar neutrino spectrum. This figure shows the energy spectrum of neutrinos
predicted by the standard solar model (Bahcall and Pinsonneault 2004). The neutrino fluxes
from continuum sources (like pp and 8B) are given in the units of number per cm2 per second
per MeV at one AU. The line fluxes (pep and 7Be) are given in number per cm2 per second. The
spectra from the pp chain are drawn with solid lines; the neutrino energy spectra from reactions
with carbon, nitrogen, and oxygen (CNO) isotopes are drawn with dotted lines. Figure from
Reference [33].
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Astrophys. J. 621(1):L85-L88, 2005.

John 
Bahcall

Bahcall Photo: CC BY-SA 3.0 Dan Bahcall, Wikimedia Commons 

Image: NASA
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The Solar Neutrino Problem
1960s: The first neutrino anomaly
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Theoretical Prediction

Observed Data

Astrophys. J. 496:505526, 1998.
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