HighGainAPDs developed as a Hyperfast Charged Particle Sensors:
Radiation Damage Issues

Sebastian white, Rockefeller L.
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&7 year development of tools for pileup Mitigation by timing
&control of E field uniformity,effect of Landau/Vavilov
&testbeam results

& Common FEE development

&past and upcoming work on rad damage

®a hedge against rad damage and cost:RD5| project
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addressing the HL-LHC experimental
challenges

® 20 year history of R&D on consequences of int@grated luminosity/dose

® only emerging focus on consequences of high instantaneous rate-pileup

® nice summary of ATLAS/CMS by Takubo at FNAL FCC workshop

® here focus on new tools based on timing: Started 2007 in FP420,2010 DOE
ADR&D and ATF AE55(McDonald and White), in 2014 USCMS&RD51 (see also
http://arxiv.org/abs/1409.1165)
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Sensor Technology

® better to understand whether anything available/affordable/
survivable if physics demands timing

® go0d first start is to talk to commercial manufacturers.Ve have
been working directly with Hamamatsu responsible for MCP/
PMTs for past 7 years, so had easy access to info

Some MCP/PMT facts-Hamamatsu perspective

*nice SPTR (~15 picosec)

epricey(>$ 1 0k/cm?)

*nice work by Belle people 8 yrs ago. No one has come close.
enotoriously unsuited for high rates (Qanode™*~0.1C)

*a small area PC alternative now available for high rates (HAPD)
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What else is out there!?

good place to start is “Picosecond Workshop” series started by
Henry Frisch (ie Clermont meeting last March)

e traditionally PET and low rate HEP-ie Henry’s LAPPD project
primarily for neutrino expts.(see his TIPP 14 talk)

* we have been only project to report on CMS Phasell

* some related generic-ie Sta Cruz “LGAD” and diamond det.- in
context of forward protons

* we reported on long running development of Si option
+GasPMT starting up+electronics development

* good progress on VWFDs reported by Delagnes, Ritt, Breton
(note different approach by CERN HPTDC and new paper from
China in recent arxiv)-> required precision ok, need work on
architecture within CMS
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we reported on 2 technologies

(we started work on 2nd option a year ago as a hedge against concerns about cost and rad
hardness -particularly if eta>3)

Si option:(many presentations to FCWG over past 2 years)
suseful object lessons from NA62 GTK project

* |) Landau/Vavilov contribution to time jitter
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spatial uniformity

time walk

time jitter
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.........
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Summary of RMD 8x8 mm2 APDs  Dec 13 2013
Dec.13, 2013 | Nov.14, 2013 | Nov.14, 2013 | Oct.22, 2012 | Oct.22, 2012 | Nov. 20, 2012 Sept. 26, 2012
432‘6 MeSh 4 (previously graphene) 432‘6‘In 193A‘6‘In 420‘3‘4 432‘5 Unknown
Al-mesh In-edged In-edged In-edged Al-coated Al-mesh standard n+ diffusion
Al sintere No Au Au sintered Au sintered No Au No Au No Au
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not available

2) weighting field uniformity (and internal series resistance
elimination)
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Fabrication costs

e currently sold at ~$k/cm? in small quantities (ie
10% of MCP-PMT cost)

® production cost in quantity ~$ |/mm? (ie 1% of
MCP-PMT cost)

® SBIR proposal to study cost at large scale for
specific charged particle app.

Lifetime/rad dose

*beam tests by RMD(and by us) show that cooled detector would
have identical (noise) performance to ones we test warm up to now
@10"3n/cm?.

*Also calculation using CMS scaling rules (see our 2009 paper).
*We are comfortable to ~10'* but concern about higher.

estarting next round of rad exposures this month-FNAL, CERN
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Timing results

office/workbench DESY

also PSI, SPS, LNEATF
(we developed cheap, CERN made ( )

picosec pulsers to drive 980nm Vcsel)
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® testbeam data very useful to understand

e cffective depletion depth (~40 micron)

o ecffect of Rs & Cp on risetime, peak

Preamp in voltage mode
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Figl. Preamplifier working in voltage mode.

Response (vo(t)) can be found solving following equations.

Voltages:
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Where 7p, defines bandwidth of the amplifier (for 500MHz 3dB bandwidth T,

Preamp in charge/transimpedance mode

Assuming high Ku the amplitude response does not depends in first order on

->Developing hi BW transimpedance
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amps w. U. Penn.(see ACES 2014)
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SNR, tr, Optimal filtering

egoal of hi BW SiGe transimpedance amp @Penn

*=>reduce Rj, boost signal, improve tr
*Clear from ie DESY data that this could give much reduced

time jitter (3x5)

*Mitch’s amp in 3rd round of prototyping, results soon

ewhat are we getting now w. large Cp detectors! Not bad!

APD2 vs. APD3 time(nsec)
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Effect of bulk displacement Damage

® ~|0 years ago RMD studied effects w. 72 MeV proton beam
at PSI

® up to ~0.5x10'3 neo/cm? mostly photosensitivity affected
® since this was their main market, they stopped there

® we started rad program @PS this year but not significantly
higher doses

® now preparing FNAL and PS exposures of 2x2 mm? APDs
® perhaps new results by RD50 mtg. (Nov)
® below review RMD, consequences for timing

® also note: we use special processing (Gallium vs. Boron)
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Proton fluence

Equivalent neutron

APD# [p/em’] fluence [n/cm’]
1 1.09x 10° 2.29x 108
2 1.05x10° 2.20x 10’
3 9.92x 10° 2.08x 10"
4 2.95x10% 6.20x 10"
5 9.45x 10" 1.99x 10"
6 3.10x 10" 6.51x 10"
7 9.85x 10" 2.07x 10"
8 2.42x 10" 508x 10"

“absence of evidence is not evidence of absence”
now moving quickly for higher doses
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Interesting discussions in RMD paper on
damage field on/off

we expect time resolution to be degraded
at ~10'* neo/cm? due to noise (if cooled)

see http://arxiv.org/pdf/0901.2530v | .pdf

CMS [12] also measured damage
coefficients for several types of APDs and found
0~1.2%107° A/(n-cm). where

IAPDda,fo'. *Leg™ Area*Dose
s0 with L.g~601m (i.e. 6000e/(100e/1tm)) we find
I=1.2*10"%*(60*107%*0.3*8.5*10"*=1.91A
or 10 nA at —30°C

we will see what useful limit we find.
Meanwhile......
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for both issues have started
GasPMT parallel effort

MIP
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(Rob Veenhof calculation)

now building test chambers @Saclay and CERN
look forward to working with FNAL detector group
on rad hard Photocathode development, etc.
(A. Ronzhin is an expert)
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GasPMT (cont.)

*From above calculation clear that diffusion term for single
photoelectron can be as small as ~35 picosec with ~100
micron Micromegas gap.

*So we seem to have alot of head room to optimize things
*many common issues w. ie front end electronics

*We are now building test chambers and working with
Saclay laser facility to measure jitter

o[f succesful, pc lifetime is thing to optimize but much local
experience.

*Could be cheap!
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Summary

® at CERN we are finding overlapping
interests in RD5| and RD50

® good discussion of common interests could
lead to some joint development

® CMS experiment will spend next months

determining if such technology could enable
physics at HL-LHC
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