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Outline

A Motivation for fasttiming and large area (Need)
(4 min)
A MCP Package as integrated HV DC electrical cir

anode and waveform sampling as integrated RF
electrical circuit4 min)

A Waveform sampling and Anode Detaisin)
A Outlook challenges and Opportuniti@smin)
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Colliders:

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

Theme: extractll
the information In
each eventy4-vectors)

Approach: measurdhe difference in arrival timesof
photons and charged particlesvhich arrive a few psec late
Light source is Cherenkov light in the window/radiator.
Benefit: Discoveries in signhatures not possible now

(Note: conventional TOF resolution is 100 psedactor of 100 worse

t han our goal= 10 1 s 1length)p s e c,



Space-Time Vertexing
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Example needHiggsto gammagamma at the LHCtie the photons to
the correct vertex, and more precisely reconstruct the mass of the |
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Neutrino Physics

Need lower the cost and extend the reach of large
neutrino detectors

Hermetic TOF Water anode

Cherenkov Detector MCP photodetector
photocathc

cherenkov cone \ \

charged current
interaction vertex

measurement of photon
position and time

Approac

photons an

N: megsure tharrivaltimesand positions of
econstruct tracks In water

Benefit: Factor of 5 less volume needed, cost
Competitionf  NAS ta¢Qa> [ AljdzAR
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Can we build a photon TPC’

\ Track Reconstruction Using an “Isochron Transform”

Results of a toy Monte Carlo with perfect resolution

Color scale shows the likelihood that light on the Cherenkov ring came from a particular point
in space. Concentration of red and yellow pixels cluster around likely tracks
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Two tracks displaced from a
common vertex

Single track

Work of Matt Wetstein (Argonne,&Chicagpin his
spare time (sic)
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Medicallmaging (PET)

Need: 1)much lower dose rate
2) faster throughput
3) realtime feedback (therapy as well as diagnosis)

4-Layer Sampling Calorimeter
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Approach: precise ﬁ?ﬁi&)f-Fli ht, sampling, redime
adaptive algorithms in local distributed computing
use much larger fraction of events and informatic

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

Competition:{ A f AQ2y t at¢ Qa
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Reconstructing the vertex space point:
Simplest case2 hits ,y) at wall

E.g. for KOTO (Prcf. | Kexpt at JPARL EleteCtOf
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Cherenkovsensitive Sampling Quadbigital
Calorimeters

MCP - based EM Sampling Calorimeter
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A picture of anem shower in a

. hoy a A “cartoof) bf hlfiked fargefigeornétry such a for= S F
cloudOK I Y0 SNIPB A U K YRRRL s/ KL->®idero unubar (at UC, YaaWakh) or
plra]ltesi (Rossi, p215rom CY LHCBD

Chao
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Tile-Tray Integrated Design

Because this is an Rfased readout system, the geometry
and packaging are an mteqral part of the electronic desigr

Tray and Tiles - The Super Module System

¢CKS RSaAIYy A asqrageRIGR bebl@d varuur
1dz0 S& 606 0Af Sa Qlinescagagitiviycohpled
to a ground plane (tray) that also holds the electronics.
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The HalfMeter-SquaredSuperModule

I 60AT SQ A &a-tube a
gA UK O 0§ K2 R-Stip H
anode, and internal voltage divide
HV string is made with ALD

—

Design Drawing - September 2010 Actual Glass Parts - April 2012

AUNI & Q K2t Ra&-rows
15 waveform sampling ASICS on ea
end of the tray digitize 90 strips

2 layers of local processing (Altera)
measure extract charge, time,

position, goodnesof-fit
—




How Does it Work?

Requires largearea, gain > 10, low noise, lowpower, long life,
s(1)<10 psecs(x) < 1mm, and low largarea system cost

Realized that an MGPMThas all these but larg@area, lowcost:
(since intrinsic time and space scales are set by the pore s@9)
Incoming

— .. charged patrticle

,,, ——w

window =

Radiated Cherenke
photon

Photo-electron
from cathode

Photocathode on
Inside of window

Pair of micre
channel plates =3
Output pulse of
0’ electrons
RF strip N

line anode
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IncomMicropore substrate

dnTtpé
— ~150 20npores -—

INCOM glass substrate

80 million 20Y A ON2 y  LJ2-Biipkate A y
65% operarea ratio; 1.2mm thick (L/D=60)
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