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Outline 
1. The Power of Correlated Time/Space Points 

2. a/tΩǎΣ ¢ǊŀƴǎƳƛǎǎƛƻƴ [ƛƴŜǎΣ ŀƴŘ ²ŀǾŜŦƻǊƳ {ŀƳǇƭƛƴƎ 

3. The 4 Determinants of Time Resolution 

a) Signal/Noise (S/N) 

b) Analog Band-width (ABW) 

c) Sampling Rate 

d) Signal statistics 

4. What is the ultimate resolution at decent area & cost? 

5. Water Cherenkov Counters; PET Cameras; TOF at 

Colliders; TOF for Fixed Target; Security; and New Ideas 
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MCP+Transmission Lines Sampled at 
Both Ends Provide Time and 2D Space 
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уέ ¢ƛƭŜǎ 
10-15 GS/sec Waveform 
Sampling ASICS 

Field Programable 
Gate Arrays  
(not as shown- PC 
cards will be 
folded behind the 
panel- not this 
ǳƎƭȅΧ 

Single serial Gbit 
connection will 
come out of panel 
with time and 
positions from 
center of back of 
panel 
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Time and Space Points 

Pulses from the 2 ends 
ƻŦ ŀƴ уέ ǎƛƭƪ-screened 
cheap-glass anode strip 

5 nsec/div  
50 psec/pt 



Reconstructing the vertex space point: 
Simplest case- 2 hits (x,y) at wall 
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T1, X1, Y1 

T2, X2, Y2 

Vertex (e.g. p0->gg) 
Tv, Xv, Yv, Zv 

Detector 
Plane 

One can reconstruct 
the vertex from the 
times and positions- 
3D reconstruction 



DƻƻŘ ǘƛƳƛƴƎ ŀƭƻƴŜ ŘƻŜǎƴΩǘ Řƻ ƛǘ- 
 The ALICE TPC: 

Drift electrons 
onto wires that 
measure where 
and when for each 
electron. 
 
Good time resolution 
would buy nothing 
if one integrated 
over a whole (blue) 
TPC sector -  ie 
didnõt correlate 
when and where  
 

when and where  

Correlated time and space points allow 3D reconstructions  
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Waveform Sample On Ends of Strips 
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Eric Oberla slide from ANT11 



Extract time, charge, shape each end 
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Eric Oberla slide from ANT11 



Extract time, position of pulse 
using time from both ends 
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Eric Oberla slide from ANT11 



The 4 Determinants of 
Time Resolution  

a) Signal/Noise (S/N) 

b) Analog Band-width (ABW) 

c) Sampling Rate 

d) Signal statistics 
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J.F. Genat, F. Tang, H. Frisch, and G. Varner; Picosecond Resolution 
Timing Measurements, Nucl. Instr. Meth A607, 387 (2009); 
Workshop on The Factors that Limit Time Resolution in Photo-
detectors, University of Chicago, April 28-29, 2011 
 

5 nsec/div  
50 psec/pt 



Simulation of Resolution vs abw 
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Jean-Francois Genat 

Brown line: 10 GsκǎŜŎ όǿŜΩǾŜ ŘƻƴŜ ҔмрύΤ  
1.5 GHz abw ό ǿŜΩǾŜ ŘƻƴŜ мΦсύΤ {κb мнл  όbҐлΦтрƳǾΣ { ƛǎ ŀǇǇ ǎǇŜŎƛŦƛŎύ 

This  (brown) line This (brown) line 

1 ps 



Anode Testing for ABW, Crosstalk,.. 
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Network Analyzer                                Tile Anode 

HerveΩ Grabas, Razib Obaid, Dave McGinnis 



Anode Testing for ABW, Crosstalk,.. 
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HerveΩ Grabas, Razib Obaid, Dave McGinnis 

Tile row assembly of 3 tile anodes ς abw >500 MHz 



Anode Testing for ABW, Crosstalk,.. 
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Razib Obaid 

Crosstalk 

ABW 


