DEGLI STUDI

IN N Test beam performance of sensor modules for the CMS Barrel Timing Layer

Flavia Cetorelli on behalf of the CMS Collaboration

Universita degli Studi di Milano-Bicocca
Sezione INFN Milano-Bicocca

| & UNIVERSITA’

The Barrel Timing Layer for Phase II upgrade of CMS detector Test beam campaigns

The Mip Timing Detector (MTD) [1] is included in the Phase II Upgrade of the Compact Muon Solenoid (CMS) detector: e Several test beam campaigns performed at CERN’s fest
beam facility in the Prevessin Site with 180 GeV pions and at
Fermilab Test Beam Facility with 120 GeV protons to evaluate

optimal design

e Upgrade of the CMS detector needed to cope with harsh High Luminosity (HL) LHC conditions, such as:
o higher amount of interactions per bunch crossing (~200)
o higher radiation damage (infegrated particle fluences of ~ 2 x 10!* 1 MeV neq/cm2 )

e MTD inserted between the tracker and the electromagnetic calorimeter:
e Barrel Timing Layer : LYSO:Ce crystal bars readout at both ends by Silicon Photon Multipliers (SiPMs)
e Endcap Timing Layer: LGADs
e Time resolution: 30-60 ps at the beginning of its operation (BoO) - end of operation (EoO) due to radiation damage
e Perform 4D reconstruction of vertices to maintain the actual CMS reconstruction performance
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which mean higher number of photoelectrons (Npe) and
signal slope — reduction of the photo-statistic and the
electronics noise terms.

e However, these SiPMs have larger DCR (due to larger
effective active area of SiPMs). But since g,°“ oc VDCR/N_

Time resolution main drivers

BTL ele hot DCR clock diqi — net improvement in signal-to-noise ratio.
o = 0 e gP®e o ® g ® g ' N -~
t t t t t t CMS Preliminary Phase Il CMS Preliminary Phase Il
— 160 prrerr e e e e T e T T T TR T T T T — 140 11T
2 | i ) - | :
: : . 2 140 A £ 130 F* =+=15um | E
Electronics noise Photo-statistics S : = 20um | | c 100F —=20um ) :
Scaling  with  the due to fluctuations Induced by radiation damage = 120 3 +-25um | '% 110F —* 25um i \\\\k’/ ;
steepness of | the n the time of Expected integrated fluence o 100 0w ¢ 3 100F 7 S0um " Nominal operation
rising edge of signal arrival of photons up to 2 x 1041 MeV neq/c:m2 D : | L 9f . " point (30 mW/ch ]
pulses at the timing detected by SiPMs O'TDCR oc /DCR/N GEJ E GEJ 80 k E SiPM static power)
pe = | ZE— B [
threshold - | = £ | , E
VNG ol - ;
1/ (dI/ dT) =< 1/ Npe CMS Preliminary Phase Il |
w60_"'1"'l"'l"'l"'l"'l"'_ 50;_HPK . 2x10"1 MeV n,Jcm®
T " HPK, 25 um +T = -40 °C | 40-...1...1...1...1.!..1...1...1...1...1...-
G, 50f oT - 351 0 02040608 1 1214 16 18 2
EED E 2T =-30°C Vov [V]
o« .. ° ° ° 40 - = ° ° .
ATdEci;ﬂo: ofD IEI;m LherTI.noelzef:Trlc coolers = ; Jy’ 2. ; . : : SiPMs irradiated to 2 x 1041 MeV neq/cm2
(TECs) O:_ frg'pupj 'O: [415 S 30 | L ‘J‘ : Non-irradiated S|P.Ms repro.duce ?’OO represent the performance expected at the EoO.
° ?peTro |20n Z 1I- s OD;R (olcc))LiCo o , __ performonce..AT typical Yvorklng point of §.5 A 60 ps (nominal performance) time resolution
ac Or|- re chr |o:o|noc g eyery ) f _ Vv ’rh.e target time resolution of 25-30 ps is is achieved with 25 um SiPMs within power
e annealing up to . uring Ty . : achieved. budget constraints.
shutdown/technical stops : oot 10" 1 MeV nJom?
0" st ST T e Bk T
0 02 04 06 0.8 1 12 14
Voy [V 2. Crystal thickness:

e Increasing the thickness (1) results in @
higher energy deposited in the crystal
by MIPs — N__ o< t

G/ T FRITINNAW LA A

e Photo-statistics is dominant at BoO typical working point of 3.5 V

3.75 mm - 3.00 mMm 240 mm

e However, the need of SIPM with a larger active area to keep unaltered light
collection efficiency increases DCR as well. Expected gain in g,°® oc 1/ /1

e Electronics noise has a large impact at low over-voltages (V_ )

» DCR noise becomes the main contribution at large V_ in the time resolution for EoO SiPMs
Type 1 crystals perform better in both BoO and after irradiation scenarios.
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Validation of BTL performance

CMS Phase-2 Preliminary Prototyping phase for BTL is closed, now into final preparation
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