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The CSC (Cathode Strip Chambers) detectors in CMS

• CSCs are multi-wire proportional chambers with cathode strip readout that constitute the primary muon tracking device in the 
CMS endcaps ( )


• In CMS, the CSC system is made of 540 chambers across 4 stations


• Each CSC chamber has 6 layers. Each layer is formed of anode wires and two cathode planes, one of which is divided into strips 
to provide precise azimuthal coordinate measurements ( )


• CSC nominal gas mix : 40%Ar + 50%CO2 + 10%CF4

0.9 ≤ |η | ≤ 2.4

ϕ

Image charge is 
induced on the strips 
of the nearby cathode 
plane

Gas avalanche charge 
amplification occurs 
around anode wires, 
providing a radial 
measurement (r)
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Motivation (1)

• CSCs have accumulated a significant radiation dose since the beginning of LHC


• We need to make sure that detector is not aging, and can sustain the full integrated luminosity of HL LHC (3000 fb−1)


• Two complementary approaches to study chambers longevity : 


• Irradiation of CSCs at GIF++ (Gamma Irradiation Facility) 
expose CSC chambers to a photon source (137Cs), allowing one to accumulate dose comparable/higher than HL LHC (CMS 
CSC longevity studies at GIF++ setup - talk)


• These accelerated aging studies at GIF++ suggest that CSCs would not suffer aging all the way till the end of HL-LHC 
operation


• The accelerated aging tests are good indicative, not a robust proof


• In-situ measurements of the gas gain in the CSCs, which can allow us to detect early signs of aging  → this study
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Motivation (2)

• In this study, an in-situ CSC aging analysis is performed by studying gas gain variation 


• We aim to determine whether gas gain decreases with integrated luminosity (because of aging)


• During the running period, CMS collected 266  of data, corresponding to an accumulated 
charge of 0.02C/cm. This is less than 10% of the expected dose of 0.2 C/cm for the HL-LHC.


• The analysis presented in this study uses the dataset collected by CMS in 2022 at  = 13.6 
TeV corresponding to an integrated luminosity of 39.4 


• This is a proof of concept, while the goal will be to extend the study with the whole CMS Run 2 
+ Run 3 data 

fb−1

s
fb−1
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The HV partition in CSC Chambers
• Chambers have independent HV segments along the 

R direction (the distance to the beam line)


• Irradiation is uniform vs azimuthal angle,  so gas gain 
is studied as a function of the HV segments averaged 
over each ring


• Irradiation has more than 2 orders of magnitude 
difference vs R


• The inner rings are the major concern in terms of 
ageing


• The outer rings could be used as “reference 
channels”


• There are 31 HV segment types, labelled MExyHVz, 
where 


x= Station (1-4), y=Ring (1-3) 

    z=segment within a CSC (there are 1, 3, or 5 
segments  depending on chamber type)

5

— ME11

— ME12

— ME13
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Hit charge as proxy of gas gain
• For the analysis, we use the “reconstructed CSC hits” 

associated with Z->µµ events


• For each of the selected muons, we analyse the 
“reconstructed hit”, and “charge" deposited in CSCs


• The distribution of the charge deposited in each HV segment 
has a Landau shape

• Gas gain can be evaluated from this reconstructed hit charge of muons


• “Truncated mean of the charged distribution” (obtained by chopping 30% of the right tail) gives the proxy of 
gas gain  

• Trimming off 30% of distribution at tail is to remove the high energy hits and it also minimises the contribution 
spurious hits, and saturation in the tail


• We can evaluate relative gas gain for each individual HV segment and study the gas gain stability as trend of 
trimmed mean with integrated luminosity



Neha Rawal (UF) Status of CSC gas gain stability 16 Mar 2023Neha Rawal (UF) Aging 2023 07 Nov 2023 7

Factors affecting gas gain
Normalised gas gain with integrated 
luminosity (example ME21HV1 before any 
correction)

*  corresponds to 1 or 2 days of data-
taking if LHC runs well


* Normalised : Relative Gas gain is 
normalised with respect to gain in the first 
bin 

1fb−1

• Gas gain is influenced by many factors of which following are 
taken into account :

• HV changes during runs  (affected channels are excluded 

from the analysis)

• Atmospheric pressure variation (taken into account)

• Changes in the gas mixture (e.g., changes in a fraction of Ar, 

fraction of CF4 which is recycled)


• Other factors which also influence gas gain and are not 
accounted for in this study : 

• Hit rate, associated with instantaneous luminosity

• Temperature changes
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Gas gain dependence on pressure
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• The above plots shows gas gain (truncated mean charge) dependence on pressure in different HV segments 


• The dependence can be modelled with the function , where a and b are two coefficients, corresponding to the "intercept" 
and to the “slope”, respectively


• To remove gas gain dependence on pressure, we equalise charge with reference pressure (  =960 hPa)

Q = ea+b*P

Pref
Qequalized charge = Qraw * exp(−b * (P − Pref))

Slope = -0.00529  0.000060± Slope = -0.00724  0.000060± Slope = -0.00743  0.000060 ±

• Atmosphere pressure dependence is studied by using data from integrated luminosity range    and 

 to factor out possible effects related to  instantaneous/integrated luminosity variations

25 fb−1 < ∫ ℒdt < 36 fb−1

14000 (μb . s)−1 < L < 19000 (μb . s)−1
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Relative Gas gain before/after pressure correction
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• The above plots shows a comparison of gas gain in different HV segments before and after applying pressure 
correction

Relative Gas gain with integrated luminosity :  before applying pressure correction

Relative Gas gain with integrated luminosity : after applying pressure correction


• The gas gain fluctuations are largely explained by the atmospheric pressure variation (~20%), and become much 
smaller after the corrections  (< 10%)

9



Neha Rawal (UF) Status of CSC Again studies 16 Mar 2023Neha Rawal (UF) Aging 2023 07 Nov 2023

Comparison of relative gas gain in different HV segments 
(after pressure correction)

10

• Above plots shows comparison of gas gain variation among different HV segments with 
integrated luminosity after pressure correction


• Gas gain seems to be systematically changing in 2022 among different HV segments of the 
same chamber type
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Reducing systematic effects in gas gain variation
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• To reduce systematic effects we compare gas gain in each HV segment with the gain in ME13HV3 segment


• ME13HV3 segment (outermost ring) receives low irradiation compared to other segments and so is 
expected not to be affected by aging - hence used as a reference in this study


• Correlations of wiggles in HV segments vs those in ME13HV3 sometimes are nearly identical and 
sometimes are not as tight 


•   We can normalise gas gain in each segment with respect to gain in ME13HV3


•    Normalisation should cancel out the effect caused by unintended gas mixture variations
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Relative Gas gain variation with integrated luminosity 

12

• These plots shows variation of gas gain with integrated luminosity after normalising the gas gain with gain 
in ME13HV3


• The variations of gas gain with integrated luminosity are between 1% and 5%
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• The in-situ monitoring of the CMS CSC system is complex because of  
varying chamber sizes, diverse technologies, and different positions of the 
chambers relative to the beam.


• Further, we need to take into account gas gain dependence on other factors 
(eg. gas gain dependence on hit rate)


• These all could lead to the observed gas gain variation 


• We cannot draw a definitive conclusion at this stage, as we need to control 
and account for systematic effects

Challenges in gas gain analysis for CSCs
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Slope of relative gas gain with integrated lumi (HV 
segments)

14

Slope of gas gain variation wrt int lumi are of order of  0.0005 per  ± fb−1
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Summary

15

• In this presentation, an in-situ study of the CMS CSC aging has been presented 


•  A systematic procedure to study in-situ aging in the CSCs detector has been established

1) Select Z->µµ events and use the CSC hit charge as a proxy of gas gain

2) Atmospheric corrections reduce the gas gain variations from 20% to 10%

3) Normalisation to the lowest irradiation channels reduces the variations 


•  The study has been performed with data collected by the CMS experiment during 2022


• Results show no relevant degradation of CSC performance, if extrapolated to the integrated 
luminosity expected by the end of Run3 (300 fb-1) 


• At this stage, we cannot make definitive extrapolations toward the HL-LHC integrated luminosity, 
as a better control of systematic effects is needed. 


• An analysis of the full Run 2 + Run 3 datasets will give us a 10 times larger integrated luminosity in 
the analysis and correspondingly improve the accuracy of gas gain stability/instability projections 
for HL-LHC



Backup

https://twiki.cern.ch/twiki/bin/view/CMSPublic/CSCDPGPublic230520
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• Wires in each CSC chamber can be grouped further into an “HV 
segment” 


• The CSCs of each ring of chambers receive approximately the 
same irradiation, so gas gain is studied as a function of the HV 
segments averaged over each ring


• ME11 has 1 HV segment. In this study, ME11 is studied separately 
into ME11a, ME11b (which represents the top- bottom split of 
ME11 ring) 

• In non-ME11 chambers : Inner ring chambers (ME21, ME31, ME41) 
along with ME12, ME13 have 3 HV segments individually, other 
outer ring chambers (ME22, ME32, ME42) have 5 HV segments 
individually

HV segment

HV segment: 
comprises of 6 layers

HV5 segment

HV3 segment

HV4 segment

HV1 segment

HV2 segment

The HV partition in CSC Chambers
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Dataset: CMS Muon 2022 dataset 


The following selections are applied to the 2022 muon dataset with the aim of suppressing low pT fake 
muons. For each of the selected muons, the “reconstructed hit”, and “charge" deposited in CSCs are  
recorded for the analysis


• Hits make only one muon track in the CSC, belonging to an offline muon with : 


  pT(muon) > 10 GeV , |dz (PV)| <0.2 cm. |dxy (PV)| <0.2 cm, PF Charged iso <2 GeV 


• These “reconstructed hit” are used to make “Segments” , which require further selections : 


• The hit belongs to a segment with ≥5 hits (maximum number of hits in a segment =6, each 
CSC has 6 layers) 


• The segment itself should be the only segment in that chamber

Dataset and selection
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Gas gain dependence on atmospheric pressure for different 
HV segments 

19
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Comparison of relative gas gain in different HV segments 
(after pressure correction)

20
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Chamber 
types HV segments Number of 

chambers
Number of HV 

boards/
segments

HV channels

ME11 ME11 (1) 36 1 1*36*6*2 432
ME12 ME12HV1, ME12HV2, ME12HV3 (3) 36 1 3*36*6*2 1296

ME13 ME13HV1, ME13HV2, ME13HV3 (3) 36 3 3*36*6*2 1296

ME21 ME21HV1, ME21HV2, ME21HV3 (3)

 18 3 3*18*6*2 648

ME22 ME22HV1, ME22HV2, ME22HV3, 
ME22HV4,ME22HV5 (5) 36 5 5*36*6*2 2160

ME31 ME31HV1, ME31HV2, ME31HV3 (3)

 18 3 3*18*6*2 648

ME32 ME32HV1, ME32HV2, ME32HV3, 
ME32HV4,ME32HV5 (5) 36 5 5*36*6*2 2160

ME41 ME41HV1, ME41HV2, ME41HV3 (3)

 18 3 3*18*6*2 648

ME42 ME42HV1, ME42HV2, ME42HV3, 
ME42HV4,ME42HV5 (5) 36 5 5*36*6*2 2160

ME11 is studied into two separate 
regions : ME11a , ME11b

These represents the top-bottom split 
of ME11 strips : 

ME11a : bottom Strips near the centre  

ME11b : top Strips far from the centre

• In total CSC has 11448 HV channels (including +endcap, -endcap) and 31 HV segments

Layers in each segment

2 Endcaps

The HV partition of the CSC chambers in CMS (2)
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HV history during 2022

(Exception ME11a 2022 : (Oct16 noon - Oct17 noon, same as 2018)  )

Year ME11a Inner Ring(ME21, ME31, ME41) Outer ring (ME12, ME13, ME22, 
ME32, ME42)

2022 Set to 2900 V Equalized to an average of 3600V Equalized to an average of 3565V

For each HV channel, we remove the events from our analysis when the HV was 10V lower 
than the nominal HV (time during which the HV channel was in trip state)
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Luminosity


