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Neutrino Oscillations

Oscillation length, set by mass differences, Δm2 

Amplitude, 
set by θ

Distance from Reactor (km)0 m 500 m 1.5 km
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Neutrino Oscillations
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Neutrino Oscillations
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e
<latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit>

⌧
<latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit>
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⌫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
<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>
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⌫
A full accounting of mass for 
Standard Model particles

A hint of "new physics" 
beyond the Standard Model??

Why are the neutrino masses so weirdly tiny?

Standard Physics?
Neutrinos work just like 
anything else, but the 
masses happen to be 

really small
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A full accounting of mass for 
Standard Model particles

A hint of "new physics" 
beyond the Standard Model??

Why are the neutrino masses so weirdly tiny?

⌫
<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>

N
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New Physics?
Ex. Seesaw Mechanism

Standard Physics?
Neutrinos work just like 
anything else, but the 
masses happen to be 

really small



Neutrino Mass
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⌫
A full accounting of mass for 
Standard Model particles

A hint of "new physics" 
beyond the Standard Model??

Why are the neutrino masses so weirdly tiny?
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A full accounting of mass for 
Standard Model particles
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beyond the Standard Model??

How can we study it?

Beta Decay
Neutrinoless Double 

Beta DecayCosmology



8

Cosmology
"Weighing the neutrino, using the universe as a scale"

⌫

Marco Raveri, Lecture #4



Image: Agarwal and Feldman

with neutrinos without neutrinos

Marco Raveri, Lecture #4

Cosmology
Neutrinos impact the formation of structures in the universe

9



Constraints on the neutrino mass from cosmology

⌃⌫mµ < 0.2� 0.6 eV

Image: Planck Satellite

Cosmology

Marco Raveri, Lecture #4 10

An upper bound on 
the sum of all three 
neutrino masses

(c) ESA (Image by AOES Medialab)

Planck Satellite
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Beta Decay
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Beta Decay
! +! + +
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James Chadwick

expected
measured

Wolfgang Pauli Enrico Fermi

(Q� Ee)
2 ) (Q� Ee)

p
(Q� Ee)2 �m2

⌫c
4

<latexit sha1_base64="h6wTf7l2O6Q365cJt6IDuHBJNSU="></latexit><latexit sha1_base64="h6wTf7l2O6Q365cJt6IDuHBJNSU="></latexit><latexit sha1_base64="h6wTf7l2O6Q365cJt6IDuHBJNSU="></latexit>

This distribution of electron energies depends on the neutrino mass

which apparently is really small
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Electron energy - maximum possible energy
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Kurie 
Plot

zooming in 
on the endpoint

electron neutrino mass = 0
neutrino mass = electron mass

neutrino mass = 1% of electron mass
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Image: Karlsruhe Tritium Neutrino Experiment

KATRIN,  
Karlsruhe, Germany
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Image: Karlsruhe Tritium Neutrino Experiment

KATRIN 
Karlsruhe Tritium Neutrino Experiment

! + +
3H ! 3He + e� + ⌫̄e
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Start with a very light nucleus 

Tritium, 3H

Superconducting Magnets

Pre-Spectrometer 
Choose only electrons 

near the maximum energy

MAC-E Filter 
Ultra-sensitive electron energy 

measurement device

Magnetic Adiabatic Collimation 

combined with an Electrostatic filter
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Images: Karlsruhe Tritium Neutrino Experiment

KATRIN 
Karlsruhe Tritium Neutrino Experiment
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Images: Karlsruhe Tritium Neutrino Experiment

KATRIN 
Karlsruhe Tritium Neutrino Experiment

Commissioning now!

Current Measurements
m(⌫e) < 2 eV
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0.000004% of electron mass

KATRIN Expectation

0.0000004% of electron mass

m(⌫e) < 0.2 eV
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Neutrino Mass
The Experimental Scale
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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>
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Neutrino Mass
The Experimental Scale
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<latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit>

e
<latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit>

⌧
<latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit>

top

up
down

charm

strange

bottom
W ZChicago

Logarithmic
Scale Co.

Beta Decay
m(⌫e)

<latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit><latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit><latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit>

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

⌫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>
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Neutrino Mass
The Experimental Scale
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<latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit>

e
<latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit>

⌧
<latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit>

top

up
down

charm

strange

bottom
W ZChicago

Logarithmic
Scale Co.

Beta Decay
m(⌫e)

<latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit><latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit><latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit>

Cosmology

P
mi

<latexit sha1_base64="Owa6xDQfNhfxI0xq/xntqKWg9Ow=">AAACAXicdVDLSgMxFM3UV62vqks3wSK4GjId6WNXdOOygmML7VAyaaYNTTJDkhFK6c4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57opQzbRD6cHJr6xubW/ntws7u3v5B8fDoTieZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsaXc381j1VmiXy1oxTGgo8kCxmBBsrtbs6E1D0WK9YQm69UvZ8BJFbqaGy71uC/ItK1Yeei+YogSWaveJnt5+QTFBpCMdadzyUmnCClWGE02mhm2maYjLCA9qxVGJBdTiZ3zuFZ1bpwzhRtqSBc/XnxAQLrccisp0Cm6H+7c3Ev7xOZuJaOGEyzQyVZLEozjg0CZw9D/tMUWL42BJMFLO3QjLEChNjI1rZEtOxFOnU5vL9PPyfBGW37qIbr9S4XAaUByfgFJwDD1RBA1yDJggAARw8gifw7Dw4L86r87ZozTnLmWOwAuf9C2HEmFA=</latexit><latexit sha1_base64="Owa6xDQfNhfxI0xq/xntqKWg9Ow=">AAACAXicdVDLSgMxFM3UV62vqks3wSK4GjId6WNXdOOygmML7VAyaaYNTTJDkhFK6c4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57opQzbRD6cHJr6xubW/ntws7u3v5B8fDoTieZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsaXc381j1VmiXy1oxTGgo8kCxmBBsrtbs6E1D0WK9YQm69UvZ8BJFbqaGy71uC/ItK1Yeei+YogSWaveJnt5+QTFBpCMdadzyUmnCClWGE02mhm2maYjLCA9qxVGJBdTiZ3zuFZ1bpwzhRtqSBc/XnxAQLrccisp0Cm6H+7c3Ev7xOZuJaOGEyzQyVZLEozjg0CZw9D/tMUWL42BJMFLO3QjLEChNjI1rZEtOxFOnU5vL9PPyfBGW37qIbr9S4XAaUByfgFJwDD1RBA1yDJggAARw8gifw7Dw4L86r87ZozTnLmWOwAuf9C2HEmFA=</latexit><latexit sha1_base64="Owa6xDQfNhfxI0xq/xntqKWg9Ow=">AAACAXicdVDLSgMxFM3UV62vqks3wSK4GjId6WNXdOOygmML7VAyaaYNTTJDkhFK6c4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57opQzbRD6cHJr6xubW/ntws7u3v5B8fDoTieZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsaXc381j1VmiXy1oxTGgo8kCxmBBsrtbs6E1D0WK9YQm69UvZ8BJFbqaGy71uC/ItK1Yeei+YogSWaveJnt5+QTFBpCMdadzyUmnCClWGE02mhm2maYjLCA9qxVGJBdTiZ3zuFZ1bpwzhRtqSBc/XnxAQLrccisp0Cm6H+7c3Ev7xOZuJaOGEyzQyVZLEozjg0CZw9D/tMUWL42BJMFLO3QjLEChNjI1rZEtOxFOnU5vL9PPyfBGW37qIbr9S4XAaUByfgFJwDD1RBA1yDJggAARw8gifw7Dw4L86r87ZozTnLmWOwAuf9C2HEmFA=</latexit>

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

⌫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>
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Neutrino Mass
The Experimental Scale
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<latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit>

e
<latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit>

⌧
<latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit>
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<latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit><latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit><latexit sha1_base64="qiSnBxer+gKlSjEgglxiYYrQbIc=">AAACAXicdVDLTgIxFO34RHyhLt00EhPcTGYQEHZENy4xESEBQjrlDjS0nUnbMSGEnV/gVr/AlXHrl/gB/oflYSJGT9Pk5Jx7c+89QcyZNp734aysrq1vbKa20ts7u3v7mYPDOx0likKdRjxSzYBo4ExC3TDDoRkrICLg0AiGV1O/cQ9Ks0jemlEMHUH6koWMEmOlpsi1ZdKFs24m67mVcrHolbDn5islv1ScksK5fdh3vRmyaIFaN/PZ7kU0ESAN5UTrlu/FpjMmyjDKYZJuJxpiQoekDy1LJRGgO+PZvhN8apUeDiNlvzR4pv7sGBOh9UgEtlIQM9C/van4l9dKTFjujJmMEwOSzgeFCccmwtPjcY8poIaPLCFUMbsrpgOiCDU2oqUpIYykiCc2l+/j8f+knncrrndTyFYvFwGl0DE6QTnkowtURdeohuqIIo4e0RN6dh6cF+fVeZuXrjiLniO0BOf9Cw0umB4=</latexit>
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<latexit sha1_base64="Owa6xDQfNhfxI0xq/xntqKWg9Ow=">AAACAXicdVDLSgMxFM3UV62vqks3wSK4GjId6WNXdOOygmML7VAyaaYNTTJDkhFK6c4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57opQzbRD6cHJr6xubW/ntws7u3v5B8fDoTieZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsaXc381j1VmiXy1oxTGgo8kCxmBBsrtbs6E1D0WK9YQm69UvZ8BJFbqaGy71uC/ItK1Yeei+YogSWaveJnt5+QTFBpCMdadzyUmnCClWGE02mhm2maYjLCA9qxVGJBdTiZ3zuFZ1bpwzhRtqSBc/XnxAQLrccisp0Cm6H+7c3Ev7xOZuJaOGEyzQyVZLEozjg0CZw9D/tMUWL42BJMFLO3QjLEChNjI1rZEtOxFOnU5vL9PPyfBGW37qIbr9S4XAaUByfgFJwDD1RBA1yDJggAARw8gifw7Dw4L86r87ZozTnLmWOwAuf9C2HEmFA=</latexit><latexit sha1_base64="Owa6xDQfNhfxI0xq/xntqKWg9Ow=">AAACAXicdVDLSgMxFM3UV62vqks3wSK4GjId6WNXdOOygmML7VAyaaYNTTJDkhFK6c4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57opQzbRD6cHJr6xubW/ntws7u3v5B8fDoTieZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsaXc381j1VmiXy1oxTGgo8kCxmBBsrtbs6E1D0WK9YQm69UvZ8BJFbqaGy71uC/ItK1Yeei+YogSWaveJnt5+QTFBpCMdadzyUmnCClWGE02mhm2maYjLCA9qxVGJBdTiZ3zuFZ1bpwzhRtqSBc/XnxAQLrccisp0Cm6H+7c3Ev7xOZuJaOGEyzQyVZLEozjg0CZw9D/tMUWL42BJMFLO3QjLEChNjI1rZEtOxFOnU5vL9PPyfBGW37qIbr9S4XAaUByfgFJwDD1RBA1yDJggAARw8gifw7Dw4L86r87ZozTnLmWOwAuf9C2HEmFA=</latexit><latexit sha1_base64="Owa6xDQfNhfxI0xq/xntqKWg9Ow=">AAACAXicdVDLSgMxFM3UV62vqks3wSK4GjId6WNXdOOygmML7VAyaaYNTTJDkhFK6c4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57opQzbRD6cHJr6xubW/ntws7u3v5B8fDoTieZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsaXc381j1VmiXy1oxTGgo8kCxmBBsrtbs6E1D0WK9YQm69UvZ8BJFbqaGy71uC/ItK1Yeei+YogSWaveJnt5+QTFBpCMdadzyUmnCClWGE02mhm2maYjLCA9qxVGJBdTiZ3zuFZ1bpwzhRtqSBc/XnxAQLrccisp0Cm6H+7c3Ev7xOZuJaOGEyzQyVZLEozjg0CZw9D/tMUWL42BJMFLO3QjLEChNjI1rZEtOxFOnU5vL9PPyfBGW37qIbr9S4XAaUByfgFJwDD1RBA1yDJggAARw8gifw7Dw4L86r87ZozTnLmWOwAuf9C2HEmFA=</latexit>

Neutrinoless 
Double Beta Decay*

P
U2
eimi

<latexit sha1_base64="68YWVdvSD77UeNJQQunN2TH3PLs=">AAACDHicdVBLSgNBEO3x/zfRpZvGILgaOjEf3QXduFRwVEji0NOpSRq7e4buHiUMOYMncKsncCVuvYMH8B52YgQVfVDweK+KqnpRKrixhLx5U9Mzs3PzC4tLyyura+uF4sa5STLNIGCJSPRlRA0IriCw3Aq4TDVQGQm4iK6PRv7FDWjDE3VmByl0JO0pHnNGrZPCQrFtMomDMAc+vKpgGfKwUCI+aTTqexVM/Dqp1mrEkVp1r1Gp47JPxiihCU7Cwnu7m7BMgrJMUGNaZZLaTk615UzAcKmdGUgpu6Y9aDmqqATTycenD/GOU7o4TrQrZfFY/T6RU2nMQEauU1LbN7+9kfiX18psvN/JuUozC4p9LoozgW2CRzngLtfArBg4Qpnm7lbM+lRTZl1aP7bEMFAyHbpcvp7H/5Og4h/45LRcah5OAlpAW2gb7aIyaqAmOkYnKEAM3aJ79IAevTvvyXv2Xj5bp7zJzCb6Ae/1A19ZnAs=</latexit><latexit sha1_base64="68YWVdvSD77UeNJQQunN2TH3PLs=">AAACDHicdVBLSgNBEO3x/zfRpZvGILgaOjEf3QXduFRwVEji0NOpSRq7e4buHiUMOYMncKsncCVuvYMH8B52YgQVfVDweK+KqnpRKrixhLx5U9Mzs3PzC4tLyyura+uF4sa5STLNIGCJSPRlRA0IriCw3Aq4TDVQGQm4iK6PRv7FDWjDE3VmByl0JO0pHnNGrZPCQrFtMomDMAc+vKpgGfKwUCI+aTTqexVM/Dqp1mrEkVp1r1Gp47JPxiihCU7Cwnu7m7BMgrJMUGNaZZLaTk615UzAcKmdGUgpu6Y9aDmqqATTycenD/GOU7o4TrQrZfFY/T6RU2nMQEauU1LbN7+9kfiX18psvN/JuUozC4p9LoozgW2CRzngLtfArBg4Qpnm7lbM+lRTZl1aP7bEMFAyHbpcvp7H/5Og4h/45LRcah5OAlpAW2gb7aIyaqAmOkYnKEAM3aJ79IAevTvvyXv2Xj5bp7zJzCb6Ae/1A19ZnAs=</latexit><latexit sha1_base64="68YWVdvSD77UeNJQQunN2TH3PLs=">AAACDHicdVBLSgNBEO3x/zfRpZvGILgaOjEf3QXduFRwVEji0NOpSRq7e4buHiUMOYMncKsncCVuvYMH8B52YgQVfVDweK+KqnpRKrixhLx5U9Mzs3PzC4tLyyura+uF4sa5STLNIGCJSPRlRA0IriCw3Aq4TDVQGQm4iK6PRv7FDWjDE3VmByl0JO0pHnNGrZPCQrFtMomDMAc+vKpgGfKwUCI+aTTqexVM/Dqp1mrEkVp1r1Gp47JPxiihCU7Cwnu7m7BMgrJMUGNaZZLaTk615UzAcKmdGUgpu6Y9aDmqqATTycenD/GOU7o4TrQrZfFY/T6RU2nMQEauU1LbN7+9kfiX18psvN/JuUozC4p9LoozgW2CRzngLtfArBg4Qpnm7lbM+lRTZl1aP7bEMFAyHbpcvp7H/5Og4h/45LRcah5OAlpAW2gb7aIyaqAmOkYnKEAM3aJ79IAevTvvyXv2Xj5bp7zJzCb6Ae/1A19ZnAs=</latexit>

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>
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<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>
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Spin & Helicity
For whatever reason, the weak interaction only talks to 

left-handed neutrinos and right-handed antineutrinosL<latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit>

⌫
<latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit>

R
<latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit>̄

⌫
<latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit>
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Spin & Helicity

left-handed neutrino

For whatever reason, the weak interaction only talks to 

left-handed neutrinos and right-handed antineutrinosL<latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit>

⌫
<latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit>

R
<latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit>̄

⌫
<latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit>
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Spin & Helicity

left-handed neutrino

For whatever reason, the weak interaction only talks to 

left-handed neutrinos and right-handed antineutrinosL<latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit>

⌫
<latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit>

R
<latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit>̄

⌫
<latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit>

right-handed neutrino
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Spin & Helicity

left-handed neutrino

right-handed antineutrino left-handed antineutrino

For whatever reason, the weak interaction only talks to 

left-handed neutrinos and right-handed antineutrinosL<latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit>

⌫
<latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit>

R
<latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit>̄

⌫
<latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit>

right-handed neutrino
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left-handed neutrino

right-handed antineutrino left-handed antineutrino

For whatever reason, the weak interaction only talks to 

left-handed neutrinos and right-handed antineutrinosL<latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit>

⌫
<latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit>

R
<latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit>̄

⌫
<latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit>

What's the 
difference?

Do they interact 
differently?

right-handed neutrino
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left-handed neutrino

right-handed antineutrino left-handed antineutrino

For whatever reason, the weak interaction only talks to 

left-handed neutrinos and right-handed antineutrinosL<latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit><latexit sha1_base64="wW9lmzi/sh5nbiSNbM+In7cZer4=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtNlFQLgRvXjwAIkICRAyO/TChNnZzcysCSH7BV71CzwZr/6MH+B/OAuYiNFKOqlUdae7y4s4U9pxPqzM2vrG5lZ2O7ezu7d/kD88uldhLCm0aMhD2fGIAs4EtDTTHDqRBBJ4HNre5Dr12w8gFQvFnZ5G0A/ISDCfUaKN1Lwd5AuOXbmo1kpl7NiOU3ZLbkrcYrlSxK5RUhTQEo1B/rM3DGkcgNCUE6W6rhPp/oxIzSiHJNeLFUSETsgIuoYKEoDqz+aHJvjMKEPsh9KU0Hiu/pyYkUCpaeCZzoDosfrtpeJfXjfWfrU/YyKKNQi6WOTHHOsQp1/jIZNANZ8aQqhk5lZMx0QSqk02K1t8mIogSkwu38/j/0mraNdsp+kW6lfLgLLoBJ2ic+SiS1RHN6iBWogiQI/oCT1bifVivVpvi9aMtZw5Riuw3r8A+zqVTA==</latexit>

⌫
<latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit><latexit sha1_base64="yuXUUjhHG5Nqahq40iv9fyEG+XI=">AAAB/HicdVDLTgIxFO3gC/GFunTTSExcTWYQEHZENy4xipDAhHRKBxrazqTtmEwmxC9wq1/gyrj1X/wA/8MOYCJGT3KTk3Puzb33+BGjSjvOh5VbWV1b38hvFra2d3b3ivsHdyqMJSZtHLJQdn2kCKOCtDXVjHQjSRD3Gen4k8vM79wTqWgobnUSEY+jkaABxUgb6aYv4kGx5Ni1s3qjUoWO7ThVt+JmxC1Xa2XoGiVDCSzQGhQ/+8MQx5wIjRlSquc6kfZSJDXFjEwL/ViRCOEJGpGeoQJxorx0duoUnhhlCINQmhIaztSfEyniSiXcN50c6bH67WXiX14v1kHdS6mIYk0Eni8KYgZ1CLO/4ZBKgjVLDEFYUnMrxGMkEdYmnaUtAUkEj6Yml+/n4f+kXbYbtnPtlpoXi4Dy4Agcg1PggnPQBFegBdoAgxF4BE/g2XqwXqxX623emrMWM4dgCdb7F8fOllM=</latexit>

R
<latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit><latexit sha1_base64="nIXbU63kQRDNpwjDBdTf4GwztV0=">AAAB+nicdVDLSsNAFJ3UV62vqks3g0VwFRKrad0V3bhsxdhCG8pketMOnUzCzEQopV/gVr/Albj1Z/wA/8PpQ7CiBy4czrmXe+8JU86UdpwPK7eyura+kd8sbG3v7O4V9w/uVZJJCj5NeCJbIVHAmQBfM82hlUogccihGQ6vp37zAaRiibjToxSCmPQFixgl2kiN226x5NjOuedWPOzY5YpXdS8M8Srlqudi13ZmKKEF6t3iZ6eX0CwGoSknSrVdJ9XBmEjNKIdJoZMpSAkdkj60DRUkBhWMZ4dO8IlRejhKpCmh8Uz9OTEmsVKjODSdMdED9dubin957UxH1WDMRJppEHS+KMo41gmefo17TALVfGQIoZKZWzEdEEmoNtksbYlgJOJ0YnL5fh7/T/wz+9J2Gm6pdrUIKI+O0DE6RS6qoBq6QXXkI4oAPaIn9GxNrBfr1Xqbt+asxcwhWoL1/gUm3JVp</latexit>̄

⌫
<latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit><latexit sha1_base64="GoH5jeMSn3UaGxzJuuCFS49hZts=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFSY+krorunFZwdhCE8pkOmmHTiZhZiKE0pVf4Fa/wJW49U/8AP/D6UOwogcuHM65l3vviTLOlEbowyotLa+srpXXKxubW9s71d29O5XmklCfpDyV7Qgrypmgvmaa03YmKU4iTlvR8Grit+6pVCwVt7rIaJjgvmAxI1gbqRVEWAYi71ZryEZnruO5ENmnnlt3zg1xvdO660DHRlPUwBzNbvUz6KUkT6jQhGOlOg7KdDjCUjPC6bgS5IpmmAxxn3YMFTihKhxNzx3DI6P0YJxKU0LDqfpzYoQTpYokMp0J1gP125uIf3mdXMf1cMRElmsqyGxRnHOoUzj5HfaYpETzwhBMJDO3QjLAEhNtElrYEtNCJNnY5PL9PPyf+Cf2hY1unFrjch5QGRyAQ3AMHOCBBrgGTeADAobgETyBZ+vBerFerbdZa8maz+yDBVjvXwDvmCM=</latexit>

Is there really something different, besides the label?

What's the 
difference?

Do they interact 
differently?

right-handed neutrino
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Neutrino Masses
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A Dirac Fermion 
Distinct particle and 
antiparticle, each with left 
and right handed states

Paul Dirac

left-handed neutrino right-handed neutrino

right-handed antineutrino left-handed antineutrino

Neutrino Masses
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A Dirac Fermion 
Distinct particle and 
antiparticle, each with left 
and right handed states

Paul Dirac

left-handed neutrino right-handed neutrino

right-handed antineutrino left-handed antineutrino

A Majorana Fermion 
One particle with left and 
right handed states

Ettore Majorana

left-handed neutrino right-handed neutrino

Neutrino Masses
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(Anti)Neutrinos?
What's the difference between neutrinos and antineutrinos?
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(Anti)Neutrinos?
What's the difference between neutrinos and antineutrinos?

⌫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>

L = 1<latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit><latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit><latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit>

L = 1<latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit><latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit><latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</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>

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>

L = �1<latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit><latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit><latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit>

L = �1<latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit><latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit><latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit>

A Dirac Fermion 
Distinct particle and 
antiparticle, each with left 
and right handed states
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(Anti)Neutrinos?
What's the difference between neutrinos and antineutrinos?

⌫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>
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A Dirac Fermion 
Distinct particle and 
antiparticle, each with left 
and right handed states
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⌫eL
<latexit sha1_base64="YGy6BakkWP2WkAg//G1rFVuydn4=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6Kbly4qGBsoS1lMr1ph04mYWYihNCdX+BWv8CVuPVL/AD/w/QhWNEDFw7n3Mu993iR4NoQ8mEtLa+srq3nNvKbW9s7u4W9/TsdxoqBy0IRqpZHNQguwTXcCGhFCmjgCWh6o8uJ37wHpXkob00SQTegA8l9zqjJpFZHxr0Urse9QpHYVVImFQcT26k5p7XzGSlXz3DJJlMU0RyNXuGz0w9ZHIA0TFCt2yUSmW5KleFMwDjfiTVElI3oANoZlTQA3U2n947xcab0sR+qrKTBU/XnREoDrZPAyzoDaob6tzcR//LasfGr3ZTLKDYg2WyRHwtsQjx5Hve5AmZEkhHKFM9uxWxIFWUmi2hhiw+JDKJJLt/P4/+JW7ZrNrmpFOsX84By6BAdoRNUQg6qoyvUQC5iSKBH9ISerQfrxXq13matS9Z85gAtwHr/Av1kmLY=</latexit><latexit sha1_base64="YGy6BakkWP2WkAg//G1rFVuydn4=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6Kbly4qGBsoS1lMr1ph04mYWYihNCdX+BWv8CVuPVL/AD/w/QhWNEDFw7n3Mu993iR4NoQ8mEtLa+srq3nNvKbW9s7u4W9/TsdxoqBy0IRqpZHNQguwTXcCGhFCmjgCWh6o8uJ37wHpXkob00SQTegA8l9zqjJpFZHxr0Urse9QpHYVVImFQcT26k5p7XzGSlXz3DJJlMU0RyNXuGz0w9ZHIA0TFCt2yUSmW5KleFMwDjfiTVElI3oANoZlTQA3U2n947xcab0sR+qrKTBU/XnREoDrZPAyzoDaob6tzcR//LasfGr3ZTLKDYg2WyRHwtsQjx5Hve5AmZEkhHKFM9uxWxIFWUmi2hhiw+JDKJJLt/P4/+JW7ZrNrmpFOsX84By6BAdoRNUQg6qoyvUQC5iSKBH9ISerQfrxXq13matS9Z85gAtwHr/Av1kmLY=</latexit><latexit sha1_base64="YGy6BakkWP2WkAg//G1rFVuydn4=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6Kbly4qGBsoS1lMr1ph04mYWYihNCdX+BWv8CVuPVL/AD/w/QhWNEDFw7n3Mu993iR4NoQ8mEtLa+srq3nNvKbW9s7u4W9/TsdxoqBy0IRqpZHNQguwTXcCGhFCmjgCWh6o8uJ37wHpXkob00SQTegA8l9zqjJpFZHxr0Urse9QpHYVVImFQcT26k5p7XzGSlXz3DJJlMU0RyNXuGz0w9ZHIA0TFCt2yUSmW5KleFMwDjfiTVElI3oANoZlTQA3U2n947xcab0sR+qrKTBU/XnREoDrZPAyzoDaob6tzcR//LasfGr3ZTLKDYg2WyRHwtsQjx5Hve5AmZEkhHKFM9uxWxIFWUmi2hhiw+JDKJJLt/P4/+JW7ZrNrmpFOsX84By6BAdoRNUQg6qoyvUQC5iSKBH9ISerQfrxXq13matS9Z85gAtwHr/Av1kmLY=</latexit>

"neutrino"A Majorana Fermion 
One particle with left and 
right handed states

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>

⌫eR
<latexit sha1_base64="jY8/MbwEEUy6neseOwVhL4tmDxc=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6KblxWMbbQljKZ3rRDJ5MwMxFC6M4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57vEhwbQj5sJaWV1bX1nMb+c2t7Z3dwt7+nQ5jxcBloQhVy6MaBJfgGm4EtCIFNPAENL3R5cRv3oPSPJS3JomgG9CB5D5n1GRSqyPjXgo3416hSOwqKZOKg4nt1JzT2vmMlKtnuGSTKYpojkav8NnphywOQBomqNbtEolMN6XKcCZgnO/EGiLKRnQA7YxKGoDuptN7x/g4U/rYD1VW0uCp+nMipYHWSeBlnQE1Q/3bm4h/ee3Y+NVuymUUG5BstsiPBTYhnjyP+1wBMyLJCGWKZ7diNqSKMpNFtLDFh0QG0SSX7+fx/8Qt2zWbXFeK9Yt5QDl0iI7QCSohB9XRFWogFzEk0CN6Qs/Wg/VivVpvs9Ylaz5zgBZgvX8BBv2YvA==</latexit><latexit sha1_base64="jY8/MbwEEUy6neseOwVhL4tmDxc=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6KblxWMbbQljKZ3rRDJ5MwMxFC6M4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57vEhwbQj5sJaWV1bX1nMb+c2t7Z3dwt7+nQ5jxcBloQhVy6MaBJfgGm4EtCIFNPAENL3R5cRv3oPSPJS3JomgG9CB5D5n1GRSqyPjXgo3416hSOwqKZOKg4nt1JzT2vmMlKtnuGSTKYpojkav8NnphywOQBomqNbtEolMN6XKcCZgnO/EGiLKRnQA7YxKGoDuptN7x/g4U/rYD1VW0uCp+nMipYHWSeBlnQE1Q/3bm4h/ee3Y+NVuymUUG5BstsiPBTYhnjyP+1wBMyLJCGWKZ7diNqSKMpNFtLDFh0QG0SSX7+fx/8Qt2zWbXFeK9Yt5QDl0iI7QCSohB9XRFWogFzEk0CN6Qs/Wg/VivVpvs9Ylaz5zgBZgvX8BBv2YvA==</latexit><latexit sha1_base64="jY8/MbwEEUy6neseOwVhL4tmDxc=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6KblxWMbbQljKZ3rRDJ5MwMxFC6M4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57vEhwbQj5sJaWV1bX1nMb+c2t7Z3dwt7+nQ5jxcBloQhVy6MaBJfgGm4EtCIFNPAENL3R5cRv3oPSPJS3JomgG9CB5D5n1GRSqyPjXgo3416hSOwqKZOKg4nt1JzT2vmMlKtnuGSTKYpojkav8NnphywOQBomqNbtEolMN6XKcCZgnO/EGiLKRnQA7YxKGoDuptN7x/g4U/rYD1VW0uCp+nMipYHWSeBlnQE1Q/3bm4h/ee3Y+NVuymUUG5BstsiPBTYhnjyP+1wBMyLJCGWKZ7diNqSKMpNFtLDFh0QG0SSX7+fx/8Qt2zWbXFeK9Yt5QDl0iI7QCSohB9XRFWogFzEk0CN6Qs/Wg/VivVpvs9Ylaz5zgBZgvX8BBv2YvA==</latexit>

"antineutrino"
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(Anti)Neutrinos?
What's the difference between neutrinos and antineutrinos?

⌫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>

L = 1<latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit><latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit><latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit>

L = 1<latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit><latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</latexit><latexit sha1_base64="XKbONXWCQuxXXtfNlZTgy06mFxU=">AAAB/HicdVDLSgMxFM3UV62vqks3wSK4GjL1Me1CKLpx4aKiYwvtUDJppg3NZIYkI5Sh+AVu9QtciVv/xQ/wP0wfghU9cOFwzr3ce0+QcKY0Qh9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAYXY79xT6VisbjVw4T6Ee4JFjKCtZFurs6cTrGE7Aoqo2MXItutukfV0ykpV06gY6MJSmCGeqf42e7GJI2o0IRjpVoOSrSfYakZ4XRUaKeKJpgMcI+2DBU4osrPJqeO4IFRujCMpSmh4UT9OZHhSKlhFJjOCOu++u2Nxb+8VqrDip8xkaSaCjJdFKYc6hiO/4ZdJinRfGgIJpKZWyHpY4mJNunMbQnpUETJyOTy/Tz8n3hlu2qja6dUO58FlAd7YB8cAge4oAYuQR14gIAeeARP4Nl6sF6sV+tt2pqzZjO7YA7W+xctFZX0</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>

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>

L = �1<latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit><latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit><latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit>

L = �1<latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit><latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit><latexit sha1_base64="MvhmHSzkdgpmBbG2YfBu5Xjj5CE=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwY5jUR9qFUHTjwkUFYwttKJPppB06mYSZiRBCwS9wq1/gStz6LX6A/2HSVrCiBy4czrmXe+/xIs6URujDKCwsLi2vFFdLa+sbm1vl7Z07FcaSUIeEPJRtDyvKmaCOZprTdiQpDjxOW97oMvdb91QqFopbnUTUDfBAMJ8RrHPp+vzI6pUryKyhKjqxITLtun1cP5uSau0UWiaaoAJmaPbKn91+SOKACk04VqpjoUi7KZaaEU7HpW6saITJCA9oJ6MCB1S56eTWMTzIlD70Q5mV0HCi/pxIcaBUEnhZZ4D1UP32cvEvrxNrv+amTESxpoJMF/kxhzqE+eOwzyQlmicZwUSy7FZIhlhiorN45rb4NBFBNM5y+X4e/k+cqlk30Y1VaVzMAiqCPbAPDoEFbNAAV6AJHEDAEDyCJ/BsPBgvxqvxNm0tGLOZXTAH4/0LmiOWKw==</latexit>

A Dirac Fermion 
Distinct particle and 
antiparticle, each with left 
and right handed states

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>

⌫eL
<latexit sha1_base64="YGy6BakkWP2WkAg//G1rFVuydn4=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6Kbly4qGBsoS1lMr1ph04mYWYihNCdX+BWv8CVuPVL/AD/w/QhWNEDFw7n3Mu993iR4NoQ8mEtLa+srq3nNvKbW9s7u4W9/TsdxoqBy0IRqpZHNQguwTXcCGhFCmjgCWh6o8uJ37wHpXkob00SQTegA8l9zqjJpFZHxr0Urse9QpHYVVImFQcT26k5p7XzGSlXz3DJJlMU0RyNXuGz0w9ZHIA0TFCt2yUSmW5KleFMwDjfiTVElI3oANoZlTQA3U2n947xcab0sR+qrKTBU/XnREoDrZPAyzoDaob6tzcR//LasfGr3ZTLKDYg2WyRHwtsQjx5Hve5AmZEkhHKFM9uxWxIFWUmi2hhiw+JDKJJLt/P4/+JW7ZrNrmpFOsX84By6BAdoRNUQg6qoyvUQC5iSKBH9ISerQfrxXq13matS9Z85gAtwHr/Av1kmLY=</latexit><latexit sha1_base64="YGy6BakkWP2WkAg//G1rFVuydn4=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6Kbly4qGBsoS1lMr1ph04mYWYihNCdX+BWv8CVuPVL/AD/w/QhWNEDFw7n3Mu993iR4NoQ8mEtLa+srq3nNvKbW9s7u4W9/TsdxoqBy0IRqpZHNQguwTXcCGhFCmjgCWh6o8uJ37wHpXkob00SQTegA8l9zqjJpFZHxr0Urse9QpHYVVImFQcT26k5p7XzGSlXz3DJJlMU0RyNXuGz0w9ZHIA0TFCt2yUSmW5KleFMwDjfiTVElI3oANoZlTQA3U2n947xcab0sR+qrKTBU/XnREoDrZPAyzoDaob6tzcR//LasfGr3ZTLKDYg2WyRHwtsQjx5Hve5AmZEkhHKFM9uxWxIFWUmi2hhiw+JDKJJLt/P4/+JW7ZrNrmpFOsX84By6BAdoRNUQg6qoyvUQC5iSKBH9ISerQfrxXq13matS9Z85gAtwHr/Av1kmLY=</latexit><latexit sha1_base64="YGy6BakkWP2WkAg//G1rFVuydn4=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6Kbly4qGBsoS1lMr1ph04mYWYihNCdX+BWv8CVuPVL/AD/w/QhWNEDFw7n3Mu993iR4NoQ8mEtLa+srq3nNvKbW9s7u4W9/TsdxoqBy0IRqpZHNQguwTXcCGhFCmjgCWh6o8uJ37wHpXkob00SQTegA8l9zqjJpFZHxr0Urse9QpHYVVImFQcT26k5p7XzGSlXz3DJJlMU0RyNXuGz0w9ZHIA0TFCt2yUSmW5KleFMwDjfiTVElI3oANoZlTQA3U2n947xcab0sR+qrKTBU/XnREoDrZPAyzoDaob6tzcR//LasfGr3ZTLKDYg2WyRHwtsQjx5Hve5AmZEkhHKFM9uxWxIFWUmi2hhiw+JDKJJLt/P4/+JW7ZrNrmpFOsX84By6BAdoRNUQg6qoyvUQC5iSKBH9ISerQfrxXq13matS9Z85gAtwHr/Av1kmLY=</latexit>

"neutrino"A Majorana Fermion 
One particle with left and 
right handed states

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>

⌫eR
<latexit sha1_base64="jY8/MbwEEUy6neseOwVhL4tmDxc=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6KblxWMbbQljKZ3rRDJ5MwMxFC6M4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57vEhwbQj5sJaWV1bX1nMb+c2t7Z3dwt7+nQ5jxcBloQhVy6MaBJfgGm4EtCIFNPAENL3R5cRv3oPSPJS3JomgG9CB5D5n1GRSqyPjXgo3416hSOwqKZOKg4nt1JzT2vmMlKtnuGSTKYpojkav8NnphywOQBomqNbtEolMN6XKcCZgnO/EGiLKRnQA7YxKGoDuptN7x/g4U/rYD1VW0uCp+nMipYHWSeBlnQE1Q/3bm4h/ee3Y+NVuymUUG5BstsiPBTYhnjyP+1wBMyLJCGWKZ7diNqSKMpNFtLDFh0QG0SSX7+fx/8Qt2zWbXFeK9Yt5QDl0iI7QCSohB9XRFWogFzEk0CN6Qs/Wg/VivVpvs9Ylaz5zgBZgvX8BBv2YvA==</latexit><latexit sha1_base64="jY8/MbwEEUy6neseOwVhL4tmDxc=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6KblxWMbbQljKZ3rRDJ5MwMxFC6M4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57vEhwbQj5sJaWV1bX1nMb+c2t7Z3dwt7+nQ5jxcBloQhVy6MaBJfgGm4EtCIFNPAENL3R5cRv3oPSPJS3JomgG9CB5D5n1GRSqyPjXgo3416hSOwqKZOKg4nt1JzT2vmMlKtnuGSTKYpojkav8NnphywOQBomqNbtEolMN6XKcCZgnO/EGiLKRnQA7YxKGoDuptN7x/g4U/rYD1VW0uCp+nMipYHWSeBlnQE1Q/3bm4h/ee3Y+NVuymUUG5BstsiPBTYhnjyP+1wBMyLJCGWKZ7diNqSKMpNFtLDFh0QG0SSX7+fx/8Qt2zWbXFeK9Yt5QDl0iI7QCSohB9XRFWogFzEk0CN6Qs/Wg/VivVpvs9Ylaz5zgBZgvX8BBv2YvA==</latexit><latexit sha1_base64="jY8/MbwEEUy6neseOwVhL4tmDxc=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiuwrRW0+6KblxWMbbQljKZ3rRDJ5MwMxFC6M4vcKtf4Erc+iV+gP9h+hCs6IELh3Pu5d57vEhwbQj5sJaWV1bX1nMb+c2t7Z3dwt7+nQ5jxcBloQhVy6MaBJfgGm4EtCIFNPAENL3R5cRv3oPSPJS3JomgG9CB5D5n1GRSqyPjXgo3416hSOwqKZOKg4nt1JzT2vmMlKtnuGSTKYpojkav8NnphywOQBomqNbtEolMN6XKcCZgnO/EGiLKRnQA7YxKGoDuptN7x/g4U/rYD1VW0uCp+nMipYHWSeBlnQE1Q/3bm4h/ee3Y+NVuymUUG5BstsiPBTYhnjyP+1wBMyLJCGWKZ7diNqSKMpNFtLDFh0QG0SSX7+fx/8Qt2zWbXFeK9Yt5QDl0iI7QCSohB9XRFWogFzEk0CN6Qs/Wg/VivVpvs9Ylaz5zgBZgvX8BBv2YvA==</latexit>

"antineutrino"

Here, the neutrino is its own antiparticle, with L and R states
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Neutrinoless Double-Beta Decay
Beta Decay

! +! + +

(A,Z) ! (A,Z + 1) + � + ⌫̄e
<latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></latexit><latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></latexit><latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></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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Neutrinoless Double-Beta Decay
Beta Decay

! +! + +

(A,Z) ! (A,Z + 1) + � + ⌫̄e
<latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></latexit><latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></latexit><latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></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

! !

!

!

Double Beta Decay

Correlated, 
simultaneous 
beta decays

Normal Standard 
Model Process

n

n

p

e�

⌫̄e

e�
⌫̄e

p

W

W

<latexit sha1_base64="z+eK8rllc8HShnHi2uXa6bCnVQU="></latexit><latexit sha1_base64="z+eK8rllc8HShnHi2uXa6bCnVQU="></latexit><latexit sha1_base64="z+eK8rllc8HShnHi2uXa6bCnVQU="></latexit>
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Neutrinoless Double-Beta Decay
Beta Decay

! +! + +

(A,Z) ! (A,Z + 1) + � + ⌫̄e
<latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></latexit><latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></latexit><latexit sha1_base64="nLiWEhEYNrg8qbUYnLHji91sJR4="></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

! !

!

!

Double Beta Decay

Correlated, 
simultaneous 
beta decays

Normal Standard 
Model Process

n

n

p

e�

⌫̄e

e�
⌫̄e

p

W

W

<latexit sha1_base64="z+eK8rllc8HShnHi2uXa6bCnVQU="></latexit><latexit sha1_base64="z+eK8rllc8HShnHi2uXa6bCnVQU="></latexit><latexit sha1_base64="z+eK8rllc8HShnHi2uXa6bCnVQU="></latexit>

Neutrinoless 
Double Beta Decay

"Antineutrino" 
is internally 

absorbed as a 
"neutrino"

Only if neutrino is 
its own antiparticle

n

n

p

e�

e�

p

W

W

<latexit sha1_base64="tUBbABA6THUzt01IElmq3IDXUBc="></latexit><latexit sha1_base64="tUBbABA6THUzt01IElmq3IDXUBc="></latexit><latexit sha1_base64="tUBbABA6THUzt01IElmq3IDXUBc="></latexit>

⌫eL
<latexit sha1_base64="P+9VPIA7bIAodCj1bnwkTCMyGkI=">AAAB/3icdVDJSgNBEO2JW4xb1KOXxiB4GjpxmeQW9OLBQwSzQBJCT6cmadPTM3T3CCHk4hd41S/wJF79FD/A/7CzCEb0QcHjvSqq6vmx4NoQ8uGklpZXVtfS65mNza3tnezuXk1HiWJQZZGIVMOnGgSXUDXcCGjECmjoC6j7g8uJX78HpXkkb80whnZIe5IHnFFjpVpLJh247mRzxC2SAjn1MHG9kndSOp+RQvEM510yRQ7NUelkP1vdiCUhSMME1bqZJ7Fpj6gynAkYZ1qJhpiyAe1B01JJQ9Dt0fTaMT6yShcHkbIlDZ6qPydGNNR6GPq2M6Smr397E/Evr5mYoNgecRknBiSbLQoSgU2EJ6/jLlfAjBhaQpni9lbM+lRRZmxAC1sCGMowHttcvp/H/5NqwS255CafK1/MA0qjA3SIjlEeeaiMrlAFVRFDd+gRPaFn58F5cV6dt1lrypnP7KMFOO9fI7WXpw==</latexit><latexit sha1_base64="P+9VPIA7bIAodCj1bnwkTCMyGkI=">AAAB/3icdVDJSgNBEO2JW4xb1KOXxiB4GjpxmeQW9OLBQwSzQBJCT6cmadPTM3T3CCHk4hd41S/wJF79FD/A/7CzCEb0QcHjvSqq6vmx4NoQ8uGklpZXVtfS65mNza3tnezuXk1HiWJQZZGIVMOnGgSXUDXcCGjECmjoC6j7g8uJX78HpXkkb80whnZIe5IHnFFjpVpLJh247mRzxC2SAjn1MHG9kndSOp+RQvEM510yRQ7NUelkP1vdiCUhSMME1bqZJ7Fpj6gynAkYZ1qJhpiyAe1B01JJQ9Dt0fTaMT6yShcHkbIlDZ6qPydGNNR6GPq2M6Smr397E/Evr5mYoNgecRknBiSbLQoSgU2EJ6/jLlfAjBhaQpni9lbM+lRRZmxAC1sCGMowHttcvp/H/5NqwS255CafK1/MA0qjA3SIjlEeeaiMrlAFVRFDd+gRPaFn58F5cV6dt1lrypnP7KMFOO9fI7WXpw==</latexit><latexit sha1_base64="P+9VPIA7bIAodCj1bnwkTCMyGkI=">AAAB/3icdVDJSgNBEO2JW4xb1KOXxiB4GjpxmeQW9OLBQwSzQBJCT6cmadPTM3T3CCHk4hd41S/wJF79FD/A/7CzCEb0QcHjvSqq6vmx4NoQ8uGklpZXVtfS65mNza3tnezuXk1HiWJQZZGIVMOnGgSXUDXcCGjECmjoC6j7g8uJX78HpXkkb80whnZIe5IHnFFjpVpLJh247mRzxC2SAjn1MHG9kndSOp+RQvEM510yRQ7NUelkP1vdiCUhSMME1bqZJ7Fpj6gynAkYZ1qJhpiyAe1B01JJQ9Dt0fTaMT6yShcHkbIlDZ6qPydGNNR6GPq2M6Smr397E/Evr5mYoNgecRknBiSbLQoSgU2EJ6/jLlfAjBhaQpni9lbM+lRRZmxAC1sCGMowHttcvp/H/5NqwS255CafK1/MA0qjA3SIjlEeeaiMrlAFVRFDd+gRPaFn58F5cV6dt1lrypnP7KMFOO9fI7WXpw==</latexit>

⌫eR
<latexit sha1_base64="8PtNRQrSyO1xRDFJs2VD5mpZKBw=">AAAB/3icdVDJSgNBEO2JW4xb1KOXxiB4GjpxmeQW9OIxilkgCaGnU5O06ekZunuEEHLxC7zqF3gSr36KH+B/2FkEI/qg4PFeFVX1/FhwbQj5cFJLyyura+n1zMbm1vZOdnevpqNEMaiySESq4VMNgkuoGm4ENGIFNPQF1P3B5cSv34PSPJK3ZhhDO6Q9yQPOqLFSrSWTDtx0sjniFkmBnHqYuF7JOymdz0iheIbzLpkih+aodLKfrW7EkhCkYYJq3cyT2LRHVBnOBIwzrURDTNmA9qBpqaQh6PZoeu0YH1mli4NI2ZIGT9WfEyMaaj0MfdsZUtPXv72J+JfXTExQbI+4jBMDks0WBYnAJsKT13GXK2BGDC2hTHF7K2Z9qigzNqCFLQEMZRiPbS7fz+P/SbXgllxync+VL+YBpdEBOkTHKI88VEZXqIKqiKE79Iie0LPz4Lw4r87brDXlzGf20QKc9y8tOZet</latexit><latexit sha1_base64="8PtNRQrSyO1xRDFJs2VD5mpZKBw=">AAAB/3icdVDJSgNBEO2JW4xb1KOXxiB4GjpxmeQW9OIxilkgCaGnU5O06ekZunuEEHLxC7zqF3gSr36KH+B/2FkEI/qg4PFeFVX1/FhwbQj5cFJLyyura+n1zMbm1vZOdnevpqNEMaiySESq4VMNgkuoGm4ENGIFNPQF1P3B5cSv34PSPJK3ZhhDO6Q9yQPOqLFSrSWTDtx0sjniFkmBnHqYuF7JOymdz0iheIbzLpkih+aodLKfrW7EkhCkYYJq3cyT2LRHVBnOBIwzrURDTNmA9qBpqaQh6PZoeu0YH1mli4NI2ZIGT9WfEyMaaj0MfdsZUtPXv72J+JfXTExQbI+4jBMDks0WBYnAJsKT13GXK2BGDC2hTHF7K2Z9qigzNqCFLQEMZRiPbS7fz+P/SbXgllxync+VL+YBpdEBOkTHKI88VEZXqIKqiKE79Iie0LPz4Lw4r87brDXlzGf20QKc9y8tOZet</latexit><latexit sha1_base64="8PtNRQrSyO1xRDFJs2VD5mpZKBw=">AAAB/3icdVDJSgNBEO2JW4xb1KOXxiB4GjpxmeQW9OIxilkgCaGnU5O06ekZunuEEHLxC7zqF3gSr36KH+B/2FkEI/qg4PFeFVX1/FhwbQj5cFJLyyura+n1zMbm1vZOdnevpqNEMaiySESq4VMNgkuoGm4ENGIFNPQF1P3B5cSv34PSPJK3ZhhDO6Q9yQPOqLFSrSWTDtx0sjniFkmBnHqYuF7JOymdz0iheIbzLpkih+aodLKfrW7EkhCkYYJq3cyT2LRHVBnOBIwzrURDTNmA9qBpqaQh6PZoeu0YH1mli4NI2ZIGT9WfEyMaaj0MfdsZUtPXv72J+JfXTExQbI+4jBMDks0WBYnAJsKT13GXK2BGDC2hTHF7K2Z9qigzNqCFLQEMZRiPbS7fz+P/SbXgllxync+VL+YBpdEBOkTHKI88VEZXqIKqiKE79Iie0LPz4Lw4r87brDXlzGf20QKc9y8tOZet</latexit>! flip
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Big Implications

⌫ = ⌫̄
<latexit sha1_base64="PYALM++tuOAiPYYnsb8VeCU4uc0=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EohuXFRxbmBlKJs20oZnMkGSEoXTtF7jVL3Albv0PP8D/MH0IVvRAyOGce7n3njDlTGmEPqyl5ZXVtfXCRnFza3tnt7S3f6eSTBLqkoQnshNiRTkT1NVMc9pJJcVxyGk7HF5N/PY9lYol4lbnKQ1i3BcsYgRrI3m+yC78EEvzd0tlZNdRFdUciGyn4Zw2zmekWj+DFRtNUQZztLqlT7+XkCymQhOOlfIqKNXBCEvNCKfjop8pmmIyxH3qGSpwTFUwmq48hsdG6cEokeYJDafqz44RjpXK49BUxlgP1G9vIv7leZmO6sGIiTTTVJDZoCjjUCdwcj/sMUmJ5rkhmEhmdoVkgCUm2qS0MCWiuYjTscnl+3j4P3GrdsNGN7Vy83IeUAEcgiNwAirAAU1wDVrABQQk4BE8gWfrwXqxXq23WemSNe85AAuw3r8AFAiZ2Q==</latexit><latexit sha1_base64="PYALM++tuOAiPYYnsb8VeCU4uc0=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EohuXFRxbmBlKJs20oZnMkGSEoXTtF7jVL3Albv0PP8D/MH0IVvRAyOGce7n3njDlTGmEPqyl5ZXVtfXCRnFza3tnt7S3f6eSTBLqkoQnshNiRTkT1NVMc9pJJcVxyGk7HF5N/PY9lYol4lbnKQ1i3BcsYgRrI3m+yC78EEvzd0tlZNdRFdUciGyn4Zw2zmekWj+DFRtNUQZztLqlT7+XkCymQhOOlfIqKNXBCEvNCKfjop8pmmIyxH3qGSpwTFUwmq48hsdG6cEokeYJDafqz44RjpXK49BUxlgP1G9vIv7leZmO6sGIiTTTVJDZoCjjUCdwcj/sMUmJ5rkhmEhmdoVkgCUm2qS0MCWiuYjTscnl+3j4P3GrdsNGN7Vy83IeUAEcgiNwAirAAU1wDVrABQQk4BE8gWfrwXqxXq23WemSNe85AAuw3r8AFAiZ2Q==</latexit><latexit sha1_base64="PYALM++tuOAiPYYnsb8VeCU4uc0=">AAACBHicdVDLSgMxFM34rPVVdekmWARXQ1qr0y6EohuXFRxbmBlKJs20oZnMkGSEoXTtF7jVL3Albv0PP8D/MH0IVvRAyOGce7n3njDlTGmEPqyl5ZXVtfXCRnFza3tnt7S3f6eSTBLqkoQnshNiRTkT1NVMc9pJJcVxyGk7HF5N/PY9lYol4lbnKQ1i3BcsYgRrI3m+yC78EEvzd0tlZNdRFdUciGyn4Zw2zmekWj+DFRtNUQZztLqlT7+XkCymQhOOlfIqKNXBCEvNCKfjop8pmmIyxH3qGSpwTFUwmq48hsdG6cEokeYJDafqz44RjpXK49BUxlgP1G9vIv7leZmO6sGIiTTTVJDZoCjjUCdwcj/sMUmJ5rkhmEhmdoVkgCUm2qS0MCWiuYjTscnl+3j4P3GrdsNGN7Vy83IeUAEcgiNwAirAAU1wDVrABQQk4BE8gWfrwXqxXq23WemSNe85AAuw3r8AFAiZ2Q==</latexit>

Neutrinos are their own antiparticles
"Neutrinos" are the left-handed form, 
"antineutrinos" are the right-handed form

�L 6= 0
<latexit sha1_base64="pG8FZD/cR6Pvgu8X14pFyFXBrIw=">AAACCnicdVBLTgJBEO3BH+IH1KWbjsTE1aRBFNgRdeHCBSYiJEBIT1MDHXp6xu4eE0I4gidwqydwZdx6CQ/gPWw+JmL0JZW8vFeVqnpeJLg2hHw4iaXlldW15HpqY3NrO53Z2b3VYawY1FgoQtXwqAbBJdQMNwIakQIaeALq3uB84tfvQWkeyhszjKAd0J7kPmfUWKmTSbcuQBiKr3BLwh0mnUyWuCWSJ4UiJm6xXDwun85IvnSCcy6ZIovmqHYyn61uyOIApGGCat3Mkci0R1QZzgSMU61YQ0TZgPagaamkAej2aHr4GB9apYv9UNmSBk/VnxMjGmg9DDzbGVDT17+9ifiX14yNX2qPuIxiA5LNFvmxwCbEkxRwlytgRgwtoUxxeytmfaooMzarhS0+DGUQjW0u38/j/0kt75Zdcl3IVs7mASXRPjpARyiHiqiCLlEV1RBDMXpET+jZeXBenFfnbdaacOYze2gBzvsX682aqA==</latexit><latexit sha1_base64="pG8FZD/cR6Pvgu8X14pFyFXBrIw=">AAACCnicdVBLTgJBEO3BH+IH1KWbjsTE1aRBFNgRdeHCBSYiJEBIT1MDHXp6xu4eE0I4gidwqydwZdx6CQ/gPWw+JmL0JZW8vFeVqnpeJLg2hHw4iaXlldW15HpqY3NrO53Z2b3VYawY1FgoQtXwqAbBJdQMNwIakQIaeALq3uB84tfvQWkeyhszjKAd0J7kPmfUWKmTSbcuQBiKr3BLwh0mnUyWuCWSJ4UiJm6xXDwun85IvnSCcy6ZIovmqHYyn61uyOIApGGCat3Mkci0R1QZzgSMU61YQ0TZgPagaamkAej2aHr4GB9apYv9UNmSBk/VnxMjGmg9DDzbGVDT17+9ifiX14yNX2qPuIxiA5LNFvmxwCbEkxRwlytgRgwtoUxxeytmfaooMzarhS0+DGUQjW0u38/j/0kt75Zdcl3IVs7mASXRPjpARyiHiqiCLlEV1RBDMXpET+jZeXBenFfnbdaacOYze2gBzvsX682aqA==</latexit><latexit sha1_base64="pG8FZD/cR6Pvgu8X14pFyFXBrIw=">AAACCnicdVBLTgJBEO3BH+IH1KWbjsTE1aRBFNgRdeHCBSYiJEBIT1MDHXp6xu4eE0I4gidwqydwZdx6CQ/gPWw+JmL0JZW8vFeVqnpeJLg2hHw4iaXlldW15HpqY3NrO53Z2b3VYawY1FgoQtXwqAbBJdQMNwIakQIaeALq3uB84tfvQWkeyhszjKAd0J7kPmfUWKmTSbcuQBiKr3BLwh0mnUyWuCWSJ4UiJm6xXDwun85IvnSCcy6ZIovmqHYyn61uyOIApGGCat3Mkci0R1QZzgSMU61YQ0TZgPagaamkAej2aHr4GB9apYv9UNmSBk/VnxMjGmg9DDzbGVDT17+9ifiX14yNX2qPuIxiA5LNFvmxwCbEkxRwlytgRgwtoUxxeytmfaooMzarhS0+DGUQjW0u38/j/0kt75Zdcl3IVs7mASXRPjpARyiHiqiCLlEV1RBDMXpET+jZeXBenFfnbdaacOYze2gBzvsX682aqA==</latexit>

Conservation of Lepton Number is violated
Neutrinoless double beta decay creates leptons 
without any antileptons, breaking the balance. 
Ingredient for matter/antimatter asymmetry.

L5
<latexit sha1_base64="9VZrWV+oJ+SuOVGF5ySZAY14e6E=">AAACBnicdVDNTgIxGOz6i/iHevTSSEw8bQqCCzeiFw8eMHGFBDakW7rQ0O2ubdeEbHgAn8CrPoEn49XX8AF8D7uAiRidpMlk5vvyTcePOVMaoQ9raXlldW09t5Hf3Nre2S3s7d+qKJGEuiTikWz7WFHOBHU105y2Y0lx6HPa8kcXmd+6p1KxSNzocUy9EA8ECxjB2kheN8R6SDBPrya9aq9QRHYNlVHFgch26s5p/WxGyrUqLNloiiKYo9krfHb7EUlCKjThWKlOCcXaS7HUjHA6yXcTRWNMRnhAO4YKHFLlpdPQE3hslD4MImme0HCq/txIcajUOPTNZBZS/fYy8S+vk+ig5qVMxImmgswOBQmHOoJZA7DPJCWajw3BRDKTFZIhlpho09PClYCORRhPTC/fn4f/E7ds1210XSk2zucF5cAhOAInoAQc0ACXoAlcQMAdeARP4Nl6sF6sV+ttNrpkzXcOwAKs9y+cW5qv</latexit><latexit sha1_base64="9VZrWV+oJ+SuOVGF5ySZAY14e6E=">AAACBnicdVDNTgIxGOz6i/iHevTSSEw8bQqCCzeiFw8eMHGFBDakW7rQ0O2ubdeEbHgAn8CrPoEn49XX8AF8D7uAiRidpMlk5vvyTcePOVMaoQ9raXlldW09t5Hf3Nre2S3s7d+qKJGEuiTikWz7WFHOBHU105y2Y0lx6HPa8kcXmd+6p1KxSNzocUy9EA8ECxjB2kheN8R6SDBPrya9aq9QRHYNlVHFgch26s5p/WxGyrUqLNloiiKYo9krfHb7EUlCKjThWKlOCcXaS7HUjHA6yXcTRWNMRnhAO4YKHFLlpdPQE3hslD4MImme0HCq/txIcajUOPTNZBZS/fYy8S+vk+ig5qVMxImmgswOBQmHOoJZA7DPJCWajw3BRDKTFZIhlpho09PClYCORRhPTC/fn4f/E7ds1210XSk2zucF5cAhOAInoAQc0ACXoAlcQMAdeARP4Nl6sF6sV+ttNrpkzXcOwAKs9y+cW5qv</latexit><latexit sha1_base64="9VZrWV+oJ+SuOVGF5ySZAY14e6E=">AAACBnicdVDNTgIxGOz6i/iHevTSSEw8bQqCCzeiFw8eMHGFBDakW7rQ0O2ubdeEbHgAn8CrPoEn49XX8AF8D7uAiRidpMlk5vvyTcePOVMaoQ9raXlldW09t5Hf3Nre2S3s7d+qKJGEuiTikWz7WFHOBHU105y2Y0lx6HPa8kcXmd+6p1KxSNzocUy9EA8ECxjB2kheN8R6SDBPrya9aq9QRHYNlVHFgch26s5p/WxGyrUqLNloiiKYo9krfHb7EUlCKjThWKlOCcXaS7HUjHA6yXcTRWNMRnhAO4YKHFLlpdPQE3hslD4MImme0HCq/txIcajUOPTNZBZS/fYy8S+vk+ig5qVMxImmgswOBQmHOoJZA7DPJCWajw3BRDKTFZIhlpho09PClYCORRhPTC/fn4f/E7ds1210XSk2zucF5cAhOAInoAQc0ACXoAlcQMAdeARP4Nl6sF6sV+ttNrpkzXcOwAKs9y+cW5qv</latexit>

Physics Beyond the Standard Model
Evidence that the Standard Model is just a 
glimpse of a more complete theory.
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Two-neutrino double beta decay 
   Neutrinos carry away some energy 
     Broad distribution of electron energies

Combined energy of both electrons
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Neutrinoless double beta decay 
No neutrinos coming out 

Electrons get all the energy

The neutrinoless version would be extremely rare, 
so you need a whole lot of nuclei to see it

Experimental Searches
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MAJORANA Demonstrator 
SURF, South Dakota, USA

Image: CC BY-NC-ND 4.0 Matthew Kapust, Sanford Underground Research Facility
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CUORE 
LNGS, Italy

Image: CUORE Collaboration
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SNO+ Experiment 
Sudbury, Ontario, Canada

Image: SNO+ Collaboration



The SNO+ Experiment

28



Image: SNO+ Collaboration
29

6800 feet underground!

Electronics & Instrumentation

780 tonnes scintillator (LAB)
inside a 12 meter diameter acrylic sphere

7,000 tonnes water (shielding) 

10,000 Photomultiplier Tubes
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The Experiment

Big bucket of 
liquid scintillator

Flash of light when charged 
particles go through

Photomultiplier      
Tubes
Super sensitive 
light detectors
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Neutrino Mass
SNO+ Reach 

(Phase I)

⌫e
<latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit><latexit sha1_base64="74Tg5lyD92VCKex9GPwGh5aPrZs=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgaZnE6Ca3oBePEVwTSEKYnfQmQ2Znl5lZIYQc/AKv+gWexKu/4gf4H04eghEtaCiquunuChLBtSHkw8msrK6tb2Q3c1vbO7t7+f2DOx2nioHPYhGrZkA1CC7BN9wIaCYKaBQIaATDq6nfuAeleSxvzSiBTkT7koecUWMlvy3TLnTzBeJWSImUPUxcr+qdVS/mpFQ5x0WXzFBAC9S7+c 92L2ZpBNIwQbVuFUliOmOqDGcCJrl2qiGhbEj70LJU0gh0Zzw7doJPrNLDYaxsSYNn6s+JMY20HkWB7YyoGejf3lT8y2ulJqx0xlwmqQHJ5ovCVGAT4+nnuMcVMCNGllCmuL0VswFVlBmbz9KWEEYySiY2l+/n8f/EL7lVl9yUC7XLRUBZdISO0SkqIg/V0DWqIx8xxNEjekLPzoPz4rw6b/PWjLOYOURLcN6/AIUNl1Q=</latexit>

⌫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>
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<latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit>

e
<latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit><latexit sha1_base64="1z2tsA0a/dUjKnzKLikooSqbG6g=">AAAB+nicdVDLTgJBEJzFF+IL9ehlIjHxtBkQBW5ELx4hESEBQmaHXpgwO7uZmTXZbPgCr/oFnoxXf8YP8D8cHiZitJJOKlXd6e7yIsG1IeTDyaytb2xuZbdzO7t7+wf5w6N7HcaKQYuFIlQdj2oQXELLcCOgEymggSeg7U1uZn77AZTmobwzSQT9gI4k9zmjxkpNGOQLxK2SEilXMHErtcpF7WpBStVLXHTJHAW0RGOQ/+wNQxYHIA0TVOtukUSmn1JlOBMwzfViDRFlEzqCrqWSBqD76fzQKT6zyhD7obIlDZ6rPydSGmidBJ7tDKgZ69/eTPzL68bGr/ZTLqPYgGSLRX4ssAnx7Gs85AqYEYkllClub8VsTBVlxmazssWHRAbR1Oby/Tz+n7RKbs0lzXKhfr0MKItO0Ck6R0VUQXV0ixqohRgC9Iie0LMzdV6cV+dt0ZpxljPHaAXO+xdcZZWO</latexit>

⌧
<latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</latexit><latexit sha1_base64="I0Y2Lmnvn2f/idlFlMvKhD6+8t4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6hscD8oVZDdQDdUdiGyn6Zw1L+ak1jiHVRvNUAELtAflz/4wJLGg0hCOte5VUWS8FCvDCKfTUj/WNMJkgke0l1GJBdVeOrt1Ck8yZQiDUGUlDZypPydSLLROhJ91CmzG+reXi395vdgEDS9lMooNlWS+KIg5NCHMH4dDpigxPMkIJoplt0IyxgoTk8WztCWgiRTRNMvl+3n4P3FrdtNGN/VK63IRUBEcgWNwCqrAAS1wDdrABQSMwSN4As/Wg/VivVpv89aCtZg5BEuw3r8Ayt6W7Q==</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>
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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>
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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>

Muon Spallation

µ
<latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</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>

Muon Spallation

µ
<latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit>

flashes of light
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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>

µ
<latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit>

Muon Spallation
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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>

µ
<latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit><latexit sha1_base64="ZcTmkJOdZxM4sxN6EXeBxy8Rbfc=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFaa1mnZXdOOygrGFNpTJdNIOnZmEmYkQQsEvcKtf4Erc+i1+gP9h0lawogcuHM65l3vv8SPOtEHowyqsrK6tbxQ3S1vbO7t75f2DOx3GilCXhDxUXR9rypmkrmGG026kKBY+px1/cpX7nXuqNAvlrUki6gk8kixgBJtc6ou4NChXkN1ANVR3ILKdpnPWvJiTWuMcVm00QwUs0B6UP/vDkMSCSkM41rpXRZHxUqwMI5xOS/1Y0wiTCR7RXkYlFlR76ezWKTzJlCEMQpWVNHCm/pxIsdA6EX7WKbAZ699eLv7l9WITNLyUySg2VJL5oiDm0IQwfxwOmaLE8CQjmCiW3QrJGCtMTBbP0paAJlJE0yyX7+fh/8St2U0b3dQrrctFQEVwBI7BKagCB7TANWgDFxAwBo/gCTxbD9aL9Wq9zVsL1mLmECzBev8CNdCWjw==</latexit>
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Muon Spallation

1. Look at a narrow range of energies

Fiducial 
Volume

2. Fiducial volume: cut away the edges
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Muon Spallation

1. Look at a narrow range of energies

Fiducial 
Volume

2. Fiducial volume: cut away the edges
3. Muons: go deep underground
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Muon Spallation

1. Look at a narrow range of energies

Fiducial 
Volume

2. Fiducial volume: cut away the edges
3. Muons: go deep underground
4. Decays: use flash timing

often two nearby 
flashes superimposed

This can get very fancy. 
Machine learning, AI, etc.
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1. Look at a narrow range of energies

Fiducial 
Volume

2. Fiducial volume: cut away the edges
3. Muons: go deep underground
4. Decays: use flash timing
5. Solar neutrinos: use energy 

• And direction to Sun??
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5.4 Calibration

Figure 5.6: The SNO source manipulator system. Figure from Reference [77].

5.4.2 Sources

To understand the response of the detector to the interactions of interest, a variety of

radioactive and optical sources were deployed within the target volume. This is essential,

for example, to calibrate the absolute energy scale in MeV, rather than the number of

PMTs hit, to measure the uncertainty on that energy measurement, to understand the

spatial variations across the detector volume, to measure the optics of the media in situ,

and generally to validate the Monte Carlo detector model.

The deployment of sources was controlled by the manipulator system, a computer-

controlled positioning system. While the system could not access arbitrary positions, it

was able to sample the x− z and y − z planes (using two positioning ropes) and the z axis

(using a single rope) with a position uncertainty of about 2 cm. The concept for off-axis

source positioning is shown in Figure 5.6. Beyond the control ropes, sources were generally

connected to services in the deck clean room through an umbilical cable; this contained

low- and high-voltage cabling, gas supply and return, etc., depending on the requirements

of the particular source.

60

Deployment in Detector
Data
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5.4 Calibration

Figure 5.6: The SNO source manipulator system. Figure from Reference [77].

5.4.2 Sources

To understand the response of the detector to the interactions of interest, a variety of

radioactive and optical sources were deployed within the target volume. This is essential,

for example, to calibrate the absolute energy scale in MeV, rather than the number of

PMTs hit, to measure the uncertainty on that energy measurement, to understand the

spatial variations across the detector volume, to measure the optics of the media in situ,

and generally to validate the Monte Carlo detector model.

The deployment of sources was controlled by the manipulator system, a computer-

controlled positioning system. While the system could not access arbitrary positions, it

was able to sample the x− z and y − z planes (using two positioning ropes) and the z axis

(using a single rope) with a position uncertainty of about 2 cm. The concept for off-axis

source positioning is shown in Figure 5.6. Beyond the control ropes, sources were generally

connected to services in the deck clean room through an umbilical cable; this contained

low- and high-voltage cabling, gas supply and return, etc., depending on the requirements

of the particular source.
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Status
May 2017 Start of Water Phase

Detector filled with ultra-pure water 
• Similar configuration to SNO 
• Understanding detector & backgrounds 
• Search for proton decay (beyond the SM)

Fall 2018

Image: SNO+ Collaboration

Start of Scintillator Phase
Detector filled with ultra-pure scintillator 
• Solar neutrinos, reactor & geoneutrinos 
• Understanding the scintillator

Early 2019 Start of Double-Beta Phase
Isotope 130Te added to the scintillator 
• Search for neutrinoless double-beta decay



Collaboration

Queen’s University
University of Alberta
Laurentian University
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TRIUMF
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Penn, UNC, BHSU
U. Washington
UC Berkeley/LBNL
Chicago, UC Davis
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1 eV/c 2

1 meV/c 2

Many other promising 
technologies under 
development around 

the world!

CUORE
MAJORANA

GERDA

EXO/nEXO
NEXT

PandaX-III

KamLAND-Zen

SuperNEMO
A very exciting, 

highly competitive 
field
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Neutrino Mass

?
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electron

?
Neutrino oscillations teach us about mass 
differences, but not the absolute scale

Measuring the mass can address questions 
of fundamental significance: 
• Anything beyond the Standard Model? 
• Neutrinos' role in the universe's matter/

antimatter imbalance?

Beta Decay
Neutrino mass affects 

electron energy

K
AT

RI
N

Cosmology
Weighing the neutrino using 
structures in the universe

Image: Agarwal and Feldman

Neutrinoless 
Double Beta Decay
Beyond the Standard Model 

neutrino = antineutrino

SNO+



44Image: Eligio Lisi, 2004
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