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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 

10/31/2011 Light11 Ringberg Castle 4 

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 



The PSEC4 Waveform Sampling ASIC 
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PSEC4: Eric Oberla and Herve Grabas; and ŦǊƛŜƴŘǎΧ 

Eric Oberla, ANT11 
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PSEC-4 ASIC 

Å 6-ŎƘŀƴƴŜƭ άoscilloscope 
on a chipέ (1.6 GHz,10-15 
GS/s) 

Å Evaluation board uses 
USB 2.0 interface + PC 
data acquisition software 

 LAPPD Collaboration  

Eric Oberla, ANT11 
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20 GS/scope 
4-channels (142K$) 

17 GS/PSEC-4 chip 
6-channels ($130 ?!) 

Real digitized traces from anode 

Eric 
Oberla 
(grad 
student) 
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PSEC-4 Performance 
Digitized Waveforms 

Input: 800MHz, 300 mVpp 
sine Sampling rate : 10 GSa/s Sampling rate : 13.3 GSa/s 

Å Only simple pedestal correction to data 
Å As the sampling rate-to-input frequency ratio decreases, the need for time-base 

calibration becomes more apparent (depending on necessary timing resolution) 

Eric Oberla, ANT11 



Digitization Analog Bandwith  
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ABW~1.6GHz 

3 db loss 

PSEC4: Eric Oberla and Herve GrabasҌ ŦǊƛŜƴŘǎΧ 

Eric Oberla, ANT11 



Noise (unshielded) 
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PSEC4: Eric Oberla and Herve GrabasҌ ŦǊƛŜƴŘǎΧ 

RMS=755 microvolts 

Full-Scale ~1.2 volts (expect 
S/N>=100, conservatively) Eric Oberla, ANT11 
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Signal- want large for S/N 
We see gains > 107  in a chevron-pair 
  

Ossy Siegmund, 
Jason McPhate, 
Sharon Jelinsky, 
SSL/UCB  
 
ALD by Anil Mane 
and  Jeff Elam, ANL 



Can we go deep sub-picosec?: 
 the Ritt Parameterization (agrees with JF MC) 
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S/N, fZ: DONE 

abw: NOT YET 

100 femtosec  

Stefan Ritt 
slide, 
doctored 
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Parallel Efforts on Specific Applications 
. 

LAPD Detector 

Development 

PET 
(UC/BSD, 
UCB, Lyon) 

Collider 
(UC, 

ANL,Saclay. 

Mass Spec 
Andy Davis, Mike 

Pellin, Eric Oberla Non-

proliferation 
LLNL,ANL,UC 

Drawing Not To Scale (!) 

ANL,Arradiance,Chicago,Fermilab, 

Hawaii,Muons,Inc,SLAC,SSL/UCB, 

UIUC, Wash.  U 

Explicit strategy for  staying on task- 
Multiple parallel cooperative efforts 

All these need work- naturally 
tend to lag the reality of  the 
detector development 

Neutrinos 
(Matt, Mayly, Bob, 
John, ..; Zelimir) 

Muon 
Cooling 
Muons,Inc 

(SBIR) 

K->pnn 
JPARC 

Light11 Ringberg Castle 
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 Neutrino Physics 

Spec:  signal single photon, 100 ps time, 1 cm space, low 
cost/m2 (5-10K$/m2)* 

(Howard Nicholson) 



 
Daniel Boone 
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ÅProposal (LDRD) to build a 
little proto -type to test 
photon-TPC ideas and as a 
simulation testbed 
Å̀Book-on-ŜƴŘΩ ƎŜƻƳŜǘǊȅ- 

long, higher than wide 
ÅClose to 100% coverage so 

bigger Fid/Tot volume 
ÅDx, Dy << 1 cm 
ÅDt < 100 psec 
ÅMagnetic field in volume 
ÅIdea: to reconstruct vertices, 

tracks, events as in a TPC (or, 
as in LiA). 
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