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Compact Muon Solenoid (CMS)

A General purpose detector located at the LHC, CERN
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Compact Muon Solenoid (CMS)

A General purpose detector located at the LHC, CERN

A Consists of five bigger subdetectors:
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Compact Muon Solenoid (CMS)

To

General purpose detector located at the LHC, CERN

Consists of five bigger subdetectors:

— Pixel

— Tracker

- Electromagnetic Calorimeter (ECAL)
- Hadronic Calorimeter (HCAL)

— Muon stations
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Comp Mutosol enoi d ( CMS)

A General purpose detector located at the LHC, CERN

A Consists of five bigger subdetectors:
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Tracker
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Compact Muon Solenoid (CMS)

A General purpose detector located at the LHC, CERN

A Consists of five bigger subdetectors:

A Will receive major upgrades for the
High-Luminosity LHC (HL-LHC) starting in 2026

Pixel

Tracker

Electromagnetic Calorimeter (ECAL)
Hadronic Calorimeter (HCAL)

Muon stations

Upgrade of ECAL and HCAL «barrel»
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Upgrading the (sub)detector
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Upgrading the (sub)detector

i L1 Trigger
A Upgrade of readout electronics for all 2,448 ECAL towers. | T
Aé and the backandMQAL)(for ECAL | || s —
- Barrel Calorimeter Processor (BCP) card VFE 1 FE FH Crovescor
- Analyze received data 56
On-detector Off-detector

- Trigger primitive generation
- APD spike rejection algorithm
- FE clock and control signals
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Test objectives

Syst eeact
EBel ectr
radi at i

¥
Functio
A Connection A Readout invariant A System
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https://charm.web.cern.ch/

Irradiation facilities

A First irradiation done at the CERN High energy AcceleRator Mixed field (CHARM) facility in July 2023
- 17 days of irradiation, access times included
- Uniform radiation field

A Second irradiation done using the Proton Irradiation Facility (PIF) at the Paul Scherrer Institute, CH
- About 16 hours of irradiation (distributed over 4 nights)
- Non-uniform irradiation (Gaussian profile)
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https://charm.web.cern.ch/
https://www.psi.ch/en/pif
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Irradiation facilities

HLL HC4 Q 0fOb CHARM (17 days) PSI (4 nights)

Dose rate 9.567e-05 Gys 7.84e-04 Gys 9.90e-02 Gys
Hadron flux 4.279e+05c¢c m s 1.48e+06c m s 8.70e+07c m s
Totaldose 7 6 6 Gy4d 106 3@y0 56 7@y0
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Results
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Test objectives
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Communication - CHARM
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ECAL Irradiation Test 2023 @ CHARM
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SEUs (CATIA) - CHARM

ECAL Irradiation Test 2023 @ CHARM
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Test objectives

Syst eeact
EBel ectr
radi at i
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Streéeesti

A Readout invariant System
under radiation? perforwianke
A RMS Noise hi gheuXes
evolution
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Ch. 7, Amplitude (HG), 4 days @ 98.5 mGy/s, PSI
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Ch. 7, Amplitude (HG), 4 days @ 98.5 mGy/s, PSI
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Ch. 7, Amplitude (LG), 4 days @ 98.5 mGy/s, PSI
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ECAL Ch. 7, Raw Noise RMS, No APDs, 4 days @ 98.5 mQGy/s, PSI
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ECAL Ch. 7, Raw Noise RMS, No APDs, 4 days @ 98.5 mQGy/s, PSI
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ECAL Pedestals, post PSI tests, 17 days, no beam
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VFE card functionality - ASICs Slide from W

New electronics — why:

* Longer level 1 trigger latency (12.5us)

- Mitigates problems induced by high radiation levels at HL-LHC

* Introduces precision time measurement into ECAL: resolution 30 ps for E > 50 GeV
* Introduces data streaming: trigger primitives generation off-detector

VFE card \/ Amplifier (CATIA)  Digitizer (LITE-DTU) \Front end (FE)

- TiA : . 12 bits + 1 bit LpGBT
APD1 00 : Single to —_--—.-1- ADC 1 > ; _— - Efiﬁ::—,.‘r. | .
PWO crystal :]——H— 12 bits G?lml -~ Tmsr?mussion p—  gLinkin s
i . Single to s | selection Unit 1024Gb/s (@ 3
APDZ Dif. ™ SerDes * o +
: ac PLL 73— eClock P’ g
Test \ [D"c‘] 12c A : ac refClk ﬂHz
: ecton - , Test pulse
\ ............................. - 4 o
CATIA (CEA Saclay) LiTE-DTU (INFN Torino, LIP Lisbon)
* Trans-impedance amplifier ~35 MHz bandwidth * Dual 12bit ADC, sampling at 160 MS/s
* Two gains differential outputs: 1 and 10 + 160 MHz CLK and fast control input
* Pedestal adjustment » internal PLL
* Internal test-pulse generator » Lossless data compression
* Internal temperature sensor » Data streaming at 1.28 Gbit/s
» |2C interface + |2C interface
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Pedestals optimization procedure Slide from G. Cucciat

Steps HG Optimization:

e Loop:
o setavalue of CATIA input common mode voltage (Vicm)
o acquire pedestals and check if average is between 20 and 40 ADCs
m Ves: break the loop
m no: move to the next Vicm value
e Allchannels have now pedestals between 20 and 40 ADCs
e Apply a digital subtraction to move all channels to avg of 20 ADCs

Repeat same procedure for LG Optimization
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A First irradiation campaign done in CERN High energy AcceleRator Mixed field (CHARM) in July 2023

17 days of irradiation, access times included
Uniform radiation field

CHARM Test Area, Copper Target, No Shielding, h=130cm
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https://charm.web.cern.ch/
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