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OUTLINE

Motivation & Synergies in fast timing R&D
MCP Best Fast Timing Measurements

U. Chicago Engineering

Argonne Engineering/Laser Test Stand
Fermilab Meson Test Beam Facility

Work on S1PM’s



Applications in Particle Physics,
Astrophysics, PET, OTHER

ILHC — Forward
Proton Tagging

Primary Nucleus, Charge Z

Cosmic rays - Direct
Cerenkov radiation
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Goal: Development of Large-Area

time-of-arrival systems

HEP o ~ 1ps PET G ~ 30ps

Includes:
» 3-D modeling of photo-optical devices
» Laser Facility to characterize/compare petformance
» Design and construction of ultra-fast (200GHz) electronics.
» End-to-end simulation of large systems
» Development of Library of SiPM & MCP pulses
» Studies in FNAL Test Beam
» Real-time processing for PET



Micro Channel Plate Photo Multiplier
Tube (MCP/PMT) are Tool of Choice

m Jerry Va’Vra SLAC (Presented at Chicago Sep 2007)
m Upper Limit on MCP-PMT resolution: Gy -p par =~ 4-5pS

Photonis MCP-PMT 85012-501
(64 pixels, ground all pads except one)

m Takayoshi Ohshima of University of Nagoya (Presented at SLAC Apr 20006)
m Reached a G;p pyp ~ 0.2ps in beam test
m Used 2 identical Hamamatsu detectors in beam

m Beam measured with 1 cm quartz radiator (Npe ~50)




U.Chicago Engineering Highlights

Development of equal-time anode structure for PMT’s

Designed Voltage Control Oscillator using IBM 0.13um SiGe
BiCMOS8HP

More challenging - Time Stretcher chip (including ultra low timing
jitter/walk discriminator & dual-slope ramping time stretching
circuits etc.)

= From simulations, accuracy not good enough (5-10 psecs)
= Power concerns

NEW: Invented 2 new schemes - a) Multi-threshold comparators,
b) 50 GHz 64-channel waveform sampling. Both schemes give
energy and leading edge time.

Current plan: Save waveform and use multiple thresholds to
digitize. Use CMOS

= Dec meeting at UChicago with UChicago, ANL, Saclay, LBL
& Hawaii, IBM and Photonis




Argonne’s Laser Timing Lab

Hamamatsu PLP-10 Laser
(Controller w/a laser diode head)
405 & 635nm head.
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Pulse to pulse jitter < 10psec
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Timing Resolution with PLP-10 Laser
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Fermilab’s Meson Test Beam Facility

MTest Detectors

= Time-of-flight system limited to below 2 GeV

: = Two counters of 20 mm scintillator & 4 PMT’s
[ — .

@ R | = Best resolution of 160 psec

r

EE M ¢ E ¥ g: EE EHE
L] TR m oW m




T958: Fast Timing Detectors at

Fermilab test beam

UTA (Brandt), Alberta (Pinfold),
Louvain (Piotrzkowski), FNAL (Albrow)

FP420 an R&D program to investigate feasibility of double proton tagging
at 420m as a means to discover new physics/measure properties of new physics at LHC

Develop a fast time-of-flight detector <20 psec for pile-up rejection (determine
using timing of protons whether they originate from hard scattering vertex)

GASTOF (~40 psec)
QUARTIC (~60 psec) -->

Both use MCP/PMTs




Research on SiPM Timing

Bob Wagner has tested timing
properties of a Hamamatsu SiPM:

m Sensitive to single photons
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m  Resolvable p.e. peaks
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Fermilab has purchased
new SiPM array from 83 psec resolution
SensL for timing tests
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Future Efforts

m Grant will support:

= Continued engineering at U.Chicago and ANL in support of
development of MCP/PMT technology and ultra-fast timing

electronics

m Fermilab to start on the path to a significantly better TOF
system for the test beam

m Purchase of amplifiers, MCP/PMT’s, oscilloscopes for group

usc.

m World-wide collaborative efforts
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