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CMS R-z quadrant

CMS Muon System 

Cathode Strip Chambers 

compose CMS Endcap muon system  

(CSC,  green color):   

• 4 muon stations;

• 540 6-layer chambers 

• Cover 0.9 < |η| < 2.4 

• 7000 m2  sensitive area

• More than 2.5 M anode wires

• ~ 200 k anode readout channels

• ~ 250 k cathode readout 

channels

The very forward sub-station ME1/1* was  

designed and produced at JINR 
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(*) ME1/1 is composed by 2 sub-stations: ME1/1a part covering pseudorapidity 
range η=[2.1-2.4] and ME1/1b η=[1.6-2.1] 
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CSC principle of operation and spatial resolution 

• All 540 CSCs are composed of 6 identical multi-

wires proportional chambers with cathode

readout.

• The signals from anode groups define the

muon’s radial coordinate while signals induced

on strips give the azimuthal coordinate.

• The Gatti function is used to determine the

precise azimuthal coordinate for a CSC Layer.
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CSC Layer = Gas Gap
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CSC layer residuals and Spatial resolution for Station 

1/s2 (Station) = 6/s2

ME1/1

Residuals for CSC Layer

non-ME1/1:

edge center

1/s2 (Station) = 3/s1
2 + 3/s2
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Spatial resolution calculation:

• Only 6 & 5-point segments are 
considered;

• For each layer with hit a straight line
fit is applied excluding the current
layer and the residual (Δ) between
the measured strip coordinate and
the predicted track coordinate from
fit is used for resolution calculation.
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Spatial resolution per station (µm):

Station

Collision dataset

Run2

2017C,F 2018A

ZMu ZMu

ME1/1a 46 45

ME1/1b 53 52

ME1/2 89 88

ME1/3 106 105

ME2/1 133 133

ME2/2 143 141

ME3/1 128 127

ME3/2 143 141

ME4/1 127 127

ME4/2 146 145

Results 2017/2018 are in excellent agreement, and consistent with previous years, 
thus indicating stability of detector performance

Values are normalized to atm.pressure 965 mbar

CSC Spatial Resolution 2017-2018 pp collisions
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For basic CSC gas mixture: Ar+CO2+CF4 (40/50/10%)



LHC - HL LHC schedule
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LHC HL LHC

Instant. luminosity (cm–2s–1) 1034 5ˣ1034

pileup collisions 30 150

integrated luminosity (fb-1) 300 3000

CMS L1 trigger rate (KHz) 100 750

HL-LHC increase in luminosity will produce a particle background in the gas-based muon 

detectors that is significantly higher than under present conditions at the LHC. 

A precise understanding of possible ageing effects of detector materials and gases and 

chamber’s operation stability with high background rates are of extreme importance.
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B. 887 (CERN): GIF++ bunker 3D view

V.Palichik, V.Perelygin RDMS-2018 7

A new Gamma Irradiation Facility (GIF++) was designed and built at the CERN SPS North Area 

(EHN1, building 887) in 2015.

With this facility, the detectors could simultaneously be exposed to the photons from a 137Cs source 

and to a high-energy H4 SPS muon beam. 

M.R. Jäkel et al.CERN GIF++ : A new irradiation facility to test large-area particle detectors for the high-luminosity LHC program. PoS 

(TIPP2014) 102

• 14 TBq Cs137 source (Eγ = 662 keV)
• H4 SPS beam line
• A set of filters: Attenuation Factor: (1 ÷ 46000)
• Upstream + Downstream 100m2  irradiation zone

Att.Fact. 1÷46.4k
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GIF++ (Gamma Irradiation Facility, CERN) - detector longevity tests Setup
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CSCs at GIF++ in irradiating position

ME2/1

ME1/1

ME1/1
RPC

DT

GIF++ irradiation intensity map

ME2/1

GE1/1

For ageing tests @ GIF++  ME1/1 and ME2/1 CSCs were chosen as operating with 

highest background  in CMS.

During the irradiation 2 outer (reference) CSC gas gaps were off  while 4 internal ones 

were operational.

In 2016 we started to test CSCs  operation at HL LHC 
conditions:
- High background rate
- Large accumulated charge   
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CSCs Accumulated charge

ME1/1 Current, Att.=1

(07-08.07.2018)

TB 
Q(ME1/1) 

[mC/cm] 

<Q(ME2/1s1)> 

[mC/cm] 

Irradiation with Ar+CO2+CF4 (40%+50%+10%)

June16 83 77

Aug16 146 132

May17 277 260 

Jul17 316 299

Aug17 332 314 

Irradiation with Ar+CO2+CF4 (40%+58%+2%)

May18 400

Aug18 467

Accumulated charge  equivalent to  the value of 

3 HL LHC periods exposition ~ 9000fb-1

Gas mixture with 
10% CF4

Gas mixture 
with 2% CF4

ME1/1 Accum. Charge in  2016-2017

ME1/1 Accum. Charge in  2017-2018

L2-5

L1,6
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3 HL LHC periods 
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GIF++: ME1/1 Spatial resolution and layer efficiency vs Source intensity

HL LHC

2018

HL LHC

2018

ME1/1 Spatial resolution and Efficiency vs Att. factor-1 for different values of accumulated charge.

The indicated points correspond to the present (2018) maximum LHC delivered luminosity to CMS

(2018) and to the HL-LHC expected luminosity (5e34 Hz/cm2).

One can expect for HL LHC conditions the spatial resolution degradation of 10% and efficiency

degradation of 2%.

Efficiency per layer (from segments):

Efficiency
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Source irradiation intensity can be varied by 
interposing attenuation filters

Preliminary 
V. Palichik

Preliminary 
V. Palichik
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GIF++: ME2/1 Spatial resolution and layer efficiency vs Source intensity  

HL LHC

HL LHC

2018

2018

One can expect for HL LHC conditions the spatial resolution degradation for ME2/1 of 16%

and efficiency degradation of 1.5%.
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Preliminary 
V. Palichik

Preliminary
V. Palichik



Reasons of CSC parameters degradation with B/G increase
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ME2/1 HV0, Test 40, muon beam, hits in Layers per muon trigger w/o Source and with Filter=15* (V. Palichik)

Cluster charge distortion  is one the reasons of inefficiency of the CSC layers where the muon hit wasn’t found.

ME1/1b pedestals degradation with B/G Increase Source=off, 

filters: 46* and 22*  (V. Palchik, K. Kuznetsova)

No Source

Filter=15*

6-layer track segment
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GIF++: ME2/1 event display with Source-off and on 
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Source=off,
Single muon

Att. Factor=22*:
muon with background



Conclusions
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• CSC spatial resolution in Run2 p-p collisions data is stable.

• No ageing effects observed for CSCs at GIF++ with accumulated

doses higher than could be expected in operation through 3 HL LHC

periods

• One can expect for HL LHC conditions the spatial resolution

degradation of 10 - 16% and layer efficiency degradation of 1.5 - 2%

for the most irradiated CSCs.

14



Backup Slides
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Number of layers with RecHit per event

Aug17, 10%CF4, Source OFF
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Sofware: CMSSW_10_1_5

Dataset: /SingleMuon/Run2018A-ZMu-PromptReco-v1/RAW-RECO

CSC Spatial Resolution: selection
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CMS Runs / Luminosity p-p collisions 2018A 
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CSC Layer efficiency

p-p collisions-2018, Run 316994 

RecHit position in ME+/-1 stations
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CSC Spatial Resolution vs LUMI and background 2018
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+1.2%

+1.8%

+0.5%

0%

+5.1%

+5.0%

+3.7%

+1.4%

+3.0%

+1.0%

ME Spatial resolution vs Lumi ME background rates at 
L=5.4e34 cm-1s-1 (M. Ignatenko)

The spatial resolution degradation at high Lumi is observed for the 
sub-stations having higher background rates (ME1/1- a special case)
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Spatial Resolution & Efficiency  

Spatial resolution calculation:

• Only 6 & 5-point segments are considered;
• For each layer with hit a straight line fit is applied excluding the

current layer and the residual (Δ) between the measured strip
coordinate and the predicted track coordinate from fit is used for
resolution calculation.

Efficiency per layer (from segments):

Efficiency

V.Palichik, V.Perelygin RDMS-

2018



Detectors at GIF++
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10 permanent GIF++ users, new 

requests for longevity tests and 

RadHardness tests are coming
G. Gorine, GIF++ RADIATION ENVIRONMENT  

https://indico.cern.ch/event/517100

GIF++ radiation measurements 

Att. Factor=1 (Dose rate vs 

distance from the Source)

R. Guida. Setups position and schedule for next 

test beam. https://indico.cern.ch/event/566910/

https://indico.cern.ch/event/517100
https://indico.cern.ch/event/566910/


edgecenter

ME2/1 ME2/1

Sigma(station) = 133 microns 

1/s2 (Station) = 3/s1
2 + 3/s2

2

ME2/2 ME2/2

Sigma(station) = 141 microns 

1/s2 (Station) = 3/s1
2 + 3/s2

2

edgecenter

Spatial Resolution: results with 2018A collision data

ME1/1a

Sigma(station) = 45 microns 

ME1/1b

1/s2 (Station) = 6/s2

Sigma(station) = 52 microns 
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