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The Compact Muon Solenoid for HL-LHC
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The Compact Muon Solenoid for HL-LHC
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Poster by Michael Grippo
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Precision Timing with the CMS MIP Timing Detector for High-Luminosity LHC
Talk by Frank Golf
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Poster by Cecilia Borca

Surface-state induced inter-electrode isolation of n-on-p divides in mixed-field and
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CMS Muon System Spectrometer
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CMS Experiment at the LHC, CERN ,LL+
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CMS Mu on LHC Phase-Il Upgrade
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e Increasing the luminosity, the forward region of
s CMS becomes challenging — improve trigger
e redundancy!
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The Resistive-plate Chambers in CMS
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The Resistive-plate Chambers in CMS
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The improved Resistive-plate Chambers in CMS
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Erni connectors

48 Strips 48 return Strips

e +7/2chambersinRE3/1and RE4/1 positions

o 20°coveragein ¢ per chamber
o Variable strip width from 0.6 cmto 1.23 cm
o trapezoidal geometry ~1.2 x 1.6(3) m?for RE 3(4)/1

e Double readout in the strips high and low radius
e Charge threshold between 30 and 40 fC 4 =

8 Strips 48 return Strips
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The IRPC Front-end electronics
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oy The IRPC back-end electronics
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For now, microTCA-based with custom back-end board by IHEP is in use
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Back-end functions include:

Fast/slow control
Data decompression
Cluster finding
Angle conversion

CMS Underground Service
Cavern
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IRPC production and Quality Control ;0. 5)

:;E e Firststep of Quality Control performed in the original sites of components assembly

e Second step is also component level, but performed in the assembly sites
(CERN and Ghent University)

CMS Preliminary CERN 904 lab
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_IRPC production and Quality Control n 5)
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Cluster size in cosmic test withFEBv2.3 [ gtep 4: Final chambers with final FEBs (v2.3)
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e Cluster size is defined as the number of
adjacent strips fired when a muon
crosses the detector

e The strips pitch in the coincidence : S i i
regionis~1cm + cover (not shown in the picture)
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Timing resolution

e Timing resolution performed with 2
identical chambers and a muon beam

y background source
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Performance of iRPC under gamma bkg (FEBv2.2)

S (A
UERS & Performance of a iRPC chamber in Gamma Irradiation Facility ++ at CERN
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https://ep-news.web.cern.ch/content/gamma-irradiation-facility-gif-during-and-beyond-run-3
https://ep-dep-dt.web.cern.ch/irradiation-facilities/gif#:~:text=The%20original%20CERN%20Gamma%20Irradiation,line%20in%20SPS%20West%20Area.
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Installation in CMS

viErgs & 4 demonstrator chambers were installed in CMS in the end of the Long

2l % Shutdown 2 (2021), 4 FEBs v2.1 and 4 FEBs v2.2:

' o Noise < 1Hz/cm? with final end cap disk grounding

o FEB temperature stable in CMS endcap closed mode with water cooling
o HV currents showing smooth operation during LHC Run ||
o Normal operationin 3.8 T magnetic field

2 mass production final chambers with final FEBs installed in CMS last winter:
o RE-3/1/16 and RE-3/1/18

The services are already installed since LS2 waiting for all 72 chambers

All 70 remaining chambers are expected to be installed next YETS
2024-2025 access time

" CMS MUON Preliminary N
= HR strips ' NGRS OEIREDREIONG | B [ oy e sty Siiten, il S i
) : X
N ! 1.4mmdoublegap | ¥ 1
= RE+3/1 FEBV2.2 | &
2 Effectve HV=7.1kV | ©
o >
Z - 2

107 ” : & E:: s 107

0 5 10 15 20 30 40

4 50 0 '
Average noise ~ 0.2 Hz/cm? Strips Strips
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Conclusions and perspectives

Existing RPC chambers are stably operating in CMS for more than 15 years

iIRPCs production and quality control for installation in CMS are ongoing in 2 assembly sites
iIRPC space resolutionis Ax=0.6 cmand Ay = 1.6 cm

IRPC timing resolution is At ~ 0.5 ns

At 600 Hz/cm? and with a threshold of ~32 fC, the iRPC chambers have a performance of:

o 96% muon efficiency
o Working point ~ 7200V

(preliminary results with final FEB version are even more promising)

Demonstrators in P5 have already shown less than 1Hz/cm? of noise and stable operation with
CMS grounding, water cooling and magnetic field of 3.8 T

First 2 chambers completed, installed and commissioned last December 2023 in CMS, chamber
construction expected to be completed by the end of 2024, installation planned during next
YETS access time
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Front-end Electronics for iRPC

Front-end Board evolution

FEB components:

e 3 Erniconnectors with 32 channels each
e 6 ASICIRPCROC (PetiROC2CQ)
e 3FPGAsCYCLONEYV (96 + 6 TDC channels)
e GBTx/GBT-SCA/VTRXx
e Separated power zone for Analog and Digital components
First proto Feb VO Feb V1 FebV2 1,2 FebV2 3
2017 2018 2019 2021 2021
£ of princiole f First FEB (Conf. note) FEB without Non-rad hard Mass production

g;})soMgonglgglglg A : mezzanine for iRPC Demo prototype

- “TDR- 1 PetiROC2A +

: MEZZANINE with 2 PetiROC2B 6 PETIROC2C FEBv2_1 + firmware
2 PetiROC2A FPGA Cyclone II + FPGA Cyclone V + 3 FPGA Cyclone V update feature by
+ FPGA Cyclone II + ETHERNET + ETHERNET + Optical GBT optical GBT
+ ETHERNET
directly on strip PCB
(50 cm)

M. Gouzevitch: FEB for CMS iRPC project

05/10/2023



2 mass production final chambers with final FEBs installed in CMS last winter:
o RE-3/1/16 and RE-3/1/18

The services are already installed since LS2 waiting for all 72 chambers

All 70 remaining chambers are expected to be installed next YETS 2024-2025
access time
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3 Scintillators in coincidence

Veto Chamber

e Number of Time to Digital
Converter (TDC) data recorded
for different readout window
markers

e For each BX, every 25 ns, a
maximum of 3 TDC data can be
transmitted by the FEB
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3" step: Cosmic efficiency with portable FEB v2.3
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strip number

CMS preliminary CERN 904 Lab

Total muon events: 2000 ]|
Total entries: 12200 ]|
Threshold: ~40 fC |
Chamber type: RE4/1 |

5 10 15 20 25 30 35 40 45 50 55 60
Input window marker [BX]

Total muon events: 2000
Total entries: 12200

Threshold: ~40 fC

Chamber type: RE4/1

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

U
o
o

N
o
o

| 1 T T T I T T I T

Rate [Hz/cm?]

W
o
o

200

100

TDC channel

CMS Preliminary CERN 904 Lab

I T I T

I‘IllllllII|\III‘III\II\|I|\|II‘IIIIII\Ill\III‘IIII

Total muon events: 2000
Total entries: 171.85 Hz/cm?
Threshold: ~40 fC
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