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Outline 
Å Motivation for fast-timing and large area (Need) 
      (4 min)  

ÅMCP Package as integrated HV DC electrical circuit; 
anode and waveform sampling as integrated  RF 
electrical circuit (4 min)  

ÅWaveform sampling and Anode Details (6 min)  

Å Outlook- challenges and Opportunities (1 min)  
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Colliders:  

Approach: measure the difference in arrival times of  
photons and charged particles which arrive a few psec later. 
Light source is Cherenkov light in the window/radiator. 
Benefit: Discoveries in signatures not possible now 

Need: 1) identify the  quark content of charged particles 
            2) vertex  photons  

(Note: conventional  TOF resolution is 100 psec -factor of  100 worse 

than our goal= 1ó is 100 psec, so need a small scale-length).  

Theme: extract all  
the information in 
each event (4-vectors)  



 
 
 

Example need- Higgs to gamma-gamma at the LHC - tie the photons to 
the correct  vertex, and more precisely reconstruct the mass of the pair 
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 Neutrino Physics 

Approach: measure the arrival times and positions of 
photons and reconstruct  tracks  in water 

Benefit: Factor of 5 less volume needed, cost. 
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Need: lower the cost  and extend the reach of large 
neutrino detectors  

Competition- ƭŀǊƎŜ ta¢ΩǎΣ [ƛǉǳƛŘ !ǊƎƻƴ 



Can we build a photon TPC?  
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Work of Matt Wetstein  (Argonne,&Chicago) in his 
spare time (sic) 



Medical Imaging (PET) 
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Need: 1) much lower dose rate  
            2) faster through-put 
            3) real-time feedback (therapy as well as diagnosis)  

Approach:  precise Time-of-Flight, sampling, real-time 
adaptive algorithms in local distributed computing, 
use much larger fraction of events and information 

Benefit: higher resolution, lower dose to patient, less 
tracer production and distribution,  new hadron 
therapy capabilities 

Competition: {ƛƭƛŎƻƴ ta¢Ωǎ 



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

5/17/2012 SORMA 2012  Oakland CA 8 

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 

E.g. for KOTO (Prof. ²ŀƘΩǎ expt at JPARC) 



 Cherenkov-sensitive Sampling Quasi- Digital  
Calorimeters 

A picture of an em shower in a 
cloud-ŎƘŀƳōŜǊ ǿƛǘƘ ѹέ Pb 
plates (Rossi, p215- from CY 
Chao) 
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!  ȫŎŀǊǘƻƻƴΩ ƻŦ ŀ ŦƛȄŜŘ ǘŀǊƎŜǘ ƎŜƻƳŜǘǊȅ ǎǳŎƘ ŀǎ ŦƻǊ 
Wt!w/Ωǎ Y[-> pizero nunubar (at UC, Yao Wah) or 
LHCb 



Tile-Tray Integrated Design 
Because this is an RF-based readout system, the geometry 
and packaging are an integral part of the electronic design 
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 ¢ƘŜ ŘŜǎƛƎƴ ƛǎ ƳƻŘǳƭŀǊΣ ǿƛǘƘ уέ-square MCP  sealed vacuum 
ǘǳōŜǎ όȫǘƛƭŜǎΩύ  ǿƛǘƘ ƛƴǘŜǊƴŀƭ ǎǘǊƛǇ-lines capacitively coupled 
to a ground plane (tray) that also holds the electronics.  



 The Half-Meter-Squared SuperModule 

! ȫǘƛƭŜΩ ƛǎ ŀ ǎŜŀƭŜŘ ǾŀŎǳǳƳ-tube 
ǿƛǘƘ ŎŀǘƘƻŘŜΣ н a/tΩǎΣ wC-strip 
anode, and internal voltage divider 
HV string is made with ALD 

A `ǘǊŀȅΩ ƘƻƭŘǎ мн ǘƛƭŜǎ ƛƴ о ǘƛƭŜ-rows 
15 waveform sampling ASICS on each 
end  of the tray digitize 90 strips 
2 layers of local processing (Altera) 
measure  extract charge, time,  
position, goodness-of-fit  



How Does it Work? 
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Requires large-area,  gain > 107, low noise,  low-power, long life,   
s(t)<10 psec, s(x) < 1mm, and low large-area system cost 

Realized that an MCP-PMT has all these but large-area, low-cost: 
(since intrinsic time and space scales are set by the pore sizes- 2-20µ) 

window 

Photocathode on 
inside of window 

Pair of micro-
channel plates 

RF strip-
line anode 

Incoming 
charged particle 

Photo-electron 
from cathode 

Radiated Cherenkov 
photon 

Output pulse of 
107 electrons 



Incom Micropore Substrate 
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Φлтрέ 
~150 20m pores  

INCOM glass substrate 

Incom.inc, Charlton Mass 

80 million 20-ƳƛŎǊƻƴ ǇƻǊŜǎ ƛƴ ŀƴ уέ-sq plate 
65% open-area ratio; 1.2mm thick (L/D=60)   


