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Compact Muon Solenoid (CMS)

ÅGeneral purpose detector located at the LHC, CERN

ÅConsists of five bigger subdetectors:

-Muon stations

02.10.2024CMS ECAL Readout Tower Irradiation Tests, TWEPP, Glasgow 5



Compact Muon Solenoid (CMS)

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

ÅGeneral purpose detector located at the LHC, CERN

ÅConsists of five bigger subdetectors:

-Pixel

- Tracker

-Electromagnetic Calorimeter (ECAL)

-Hadronic Calorimeter (HCAL)

-Muon stations

ÅWill receive major upgrades for the 

High-Luminosity LHC (HL-LHC) starting in 2026

-Upgrade of ECAL and HCAL «barrel» 
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Focus on the 

ECAL barrel



Upgrading the (sub)detector

ÅWhy do we do this upgrade of the ECAL barrel?

- Increase in pileup (from ~40 to 150/200)

-Implement faster electronics (sampling at 160 MHz)

- Redesigning the Trigger system

-Increased trigger rates from 100 kHz to 750 kHz

and higher hardware-level trigger latency (12.5 us)

- Mitigating APD Dark Current

-Lower cooling temperature from 18ÁC to 9ÁC
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CATIA LiTE-DTU GBT-SCA

Upgrading the (sub)detector

ÅUpgrade of readout electronics for all 2,448 ECAL towers.

-Very Front End card (VFE)

-Calorimeter Transimpedance Amplifier (CATIA)

-Two gain stages

-High gain (HG), low gain (LG)

-Internal test pulses

-Lisbon-Torino ECAL Data Transmission Unit

(LiTE-DTU)
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Upgrading the (sub)detector

ÅUpgrade of readout electronics for all 2,448 ECAL towers.

-Front End card (FE)

-Four Low Power Gigabit Transmission 

chips (LpGBT)

-Master-Slave arrangement

-Optical interface (Versatile link plus)

-Slow Control Adapter (GBT-SCA)

-Low Voltage Regulator card (LVR)

-Four DC-DC converters

-Low Dropout Regulator (LDO)

-Powers GBT-SCA
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Upgrading the (sub)detector
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ÅUpgrade of readout electronics for all 2,448 ECAL towers.

Åé and the back end (for ECAL and HCAL)

-Barrel Calorimeter Processor (BCP) card 

-Analyze received data

-Trigger primitive generation

-APD spike rejection algorithm

-FE clock and control signals



Test objectives
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System test of 

EB electronics in 

radiation

Functionality Stress testingStability

Å Connection

Å Register triplication

Å Dark current

Å Readout

Å Readout invariant 

under radiation?

Å RMS Noise 

evolution

Å System 

performance with 

higher fluxes?
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Irradiation facilities

ÅFirst irradiation campaign done in CERN High energy AcceleRatorMixed field (CHARM) in July 2023

-17 days of irradiation, access times included

-Uniform radiation field
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Irradiation facilities

ÅFirst 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

ÅSecond 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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Irradiation facilities
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Most stressed 

readout towers

@ ȿ–ȿ ρȢτσρ



Irradiation facilities
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HL-LHC (4000 fb CHARM (17 days) PSI (4 nights)

Dose rate 9.567e-05 Gys 7.84e-04 Gys 9.90e-02 Gys

Hadron flux 4.279e+05 cm s 1.48e+06 cm s 8.70e+07 cm s

Total dose 7ô654 Gy 1ô380 Gy 5ô770 Gy

Total: χô150Gy(~3500fb



Results

02.10.2024CMS ECAL Readout Tower Irradiation Tests, TWEPP, Glasgow 17



Test objectives
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System test of 

EB electronics in 

radiation

Functionality Stress testingStability

Å Connection

Å Register triplication

Å Dark current

Å Readout
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Communication - CHARM
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Master mode: 

Status ID 15

Slave mode: 

Status ID 14



Communication - CHARM
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Master mode: 

Status ID 15

Slave mode: 

Status ID 14
Connection
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SEUs (CATIA) - CHARM
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CATIA

Test triple 

redundancy logic
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SEUs (CATIA) - CHARM
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CATIA

Test triple 

redundancy logic

Register 

triplication



Dark current - CHARM
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CATIA



Dark current - CHARM
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CATIA

Dark current 

readout



Test objectives
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System test of 

EB electronics in 

radiation

Functionality Stress testingStability

Å Readout invariant 

under radiation?

Å RMS Noise 

evolution

Å System 

performance with 

higher fluxes?
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CATIA LiTE-DTU



02.10.2024CMS ECAL Readout Tower Irradiation Tests, TWEPP, Glasgow 27

CATIALiTE-DTU

Highest drift 

-1.72%
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CATIALiTE-DTU



02.10.2024CMS ECAL Readout Tower Irradiation Tests, TWEPP, Glasgow 29

CATIA LiTE-DTU

Highest drift 

-0.77%

Test pulses
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CATIALiTE-DTU
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CATIALiTE-DTU

Highest drift 

+4.84%

RMS Noise
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CATIA LiTE-DTU

ρ„ȡτȢπχϷ

Four months after PSI

Pedestals 



Summary
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Functionality

Å Connection

Å Register triplication

Å Dark current

Å Readout

Stability

Å Pedestals 

Å Test pulses within 2% 

Å RMS Noise: Relative drift within 5% 

Stress testing

Å Survived dose rates >1000x higher than 

foreseen in HL-LHC

Å Hadron fluxes >200x higher



Thank you for listening!
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Backup
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CATIA

ÅCAlorimeterTransImpedanceAmplifier (CATIA)

-Amplifies scintillation pulse collected from the APD

-Two gain stages: G10 (high gain) and G1 (low gain)

-I2C interface

-Has a current source for internal test pulses to test readout electronics
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APD PreamplifierGain 10
Differential 

output buffer



LiTE-DTU

ÅLisbon-Torino ECAL Data Transmission Unit (LiTE-DTU)

-Digitizes CATIA-amplified pulse with two dedicated 12-bit ADCs at 160 MHz in parallel

-Data Compression and Transmission Unit

-Internal PLL

-Gain selection

-If G10 ADC is saturated, all G1 samples

in a window around the saturated ones are taken

-Data compression and formatting in 32-bit words

-Data serializing and streaming (1.28 Gb/s)
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Slide from W. Lustermann



Barrel Calorimeter Processor - Layout
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Low Voltage Regulator (LVR) card
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ÅLow voltage for VFE and FE

-VFE:

-CATIA: 2.5 V

-LiTE-DTU: 1.2 V

-FE:

-LpGBT + Optical Link: 2.5 V and 1.2 V

-GBT-SCA: 1.5 V

ÅHosts four DC-DC converters 

-bPOL12V

-linPOL12V

ÅCalculated power consumption per Readout Tower: 40 W

ÅAmount needed: 2448

-Thermal cycling, Burn-In and testing (external company)
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Slide from G. Cucciati



Test setup
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CHARM ïFLUKA Simulation

ÅFirst irradiation campaign done in CERN High energy AcceleRator Mixed field (CHARM) in July 2023

- 17 days of irradiation, access times included

-Uniform radiation field
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Dose rate: φχȢχ 'Ù ÄÁÙ
HEH fluence: ρȢςψρπÃÍςÄÁÙ
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Dose goals
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Two HL-LHC scenarios


