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CSCs in the CMS Muon system

The 6-layer Cathode Strip Chambers are the part of the CMS Endcap muon system. There are 540 CSCs of different types
and sizes composing 4 ME stations (green) dividing in turn into 9 “rings” in each Endcap.
The system covers 0.9 < [n| < 2.4. The sensitive area: 6,300 m?, number of r/o channels: 477K
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Muon system provides:

* Muon identification and momentum
measurement

* Muon trigger

* Rejection of background by matching of muon

. . AN\
tracks with the inner Tracker 6 Layers
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CSC reconstructed hit positions from one run of a muon-triggered dataset
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CSC muon system operation :
- High Spatial resolution 45+ 150 pm
- Timing resolution ~ 3 ns

2023 pp nssre\n'
I

2023 pp u:srew'
e

CSC resolution o per station (um)

CMS muon system in p-p collisions

The global x and y position of reconstructed CSC
hits in the four stations of the +z and -z endcaps of
the CMS endcap muon system from one run (166
pb-1) of a muon-triggered dataset
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B. 887 (CERN): GIF++ bunker 3D view

« The luminosity increase with LHC upgrade to HL-LHC will cause a significant rise of the particle background
rate. Therefore, the study of possible ageing effects of detector materials and gases is of great importance.
* The Gamma Irradiation Facility (GIF++) was designed and built at the CERN SPS North Area (EHN1) in 2015.

«  With this facility, the detectors could simultaneously be exposed to the photons from a 13’Cs source and to a high-energy
H4 SPS muon beam.
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* Aset of filters: Attenuation Factor: (1 + 46000) Pos. 2\ 10 147 2.15
« Upstream + Downstream * 37° irradiation cone Pos. 3 | 100 100 4.64

M.R. Jakel et al. CERN GIF++ : A new irradiation facility to test large-area particle detectors for the high-luminosity LHC program. PoS (TIPP2014) 102.
D. Pfeiffer et al. “The radiation field in the Gamma Irradiation Facility GIF++ at CERN”, Nucl. Instr. Meth. A 866 (2017) 91-103
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CSCs in irradiation position @ GIF++ and Layer currents
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- ME2/1 and ME1/1 CSCs are chosen for the test because in CMS they took positions with the highest background.
In the irradiation position at GIF++ ME2/1 is in front of ME1/1 and ~1.8m from the 3’Cs source.

- During the irradiation high voltage has been applied to 4 layers while 2 others were off (reference layers).

- Each layer of ME2/1 active area is divided by 3 independent high voltage zones — HV segments.

- The current of ME1/1 irradiated layers is ~ 190 yA, while for ME2/1 segmentl it is ~ 390pA.

The CSC operation conditions at GIF++ are like those in the CMS: closed loop gas supply with nominal gas flow and 10% fresh
gas injection, sensors for O, and H,O control, same services and DAQ.
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E 3
T fore 2018 | Nov.2021 | Oct-2022 | May-2023 | 19.07.23 | 25.08.23
(3000 fb-1)
ME1/1 200 mC/cm | 330 (10% CF4) | 700 (2% CF4) | 725 (5% CF4) 770 790 800
ME2/1, S1 130 mC/cm | 340 (10% CF4) 460 (5% CF4) 575 625 670
ME2/1, S2, S3 300 (10% CF4) 400 (5% CF4) 510 550 600
<ME2/1> 310 (10% CF4) 420 (5% CF4) 530 570 610

« ME1/1 plots showing accumulated charge per 1cm of anode wire length during CSC
irradiation at GIF++ (13'Cs) with different gas components of Ar+CO,+CF, gas mixture:
(40/50/10 — period I, 40/58/2 — period Il and 40/55/5 — period IlI).

« ME1/1 and ME2/1 table of the accumulated charge.

(*) Accumulated charge estimated at end of HL-LHC running assuming Run 2 currents and background
occupancies, corrected using FLUKA simulation including HGCAL. To be updated with Run 3 currents.
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i Relative currents in irradiated layers vs accumulated charge (5% CF4 gas mixture)
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ME1/1 (left) and ME2/1 (right) plots of the relative currents in irradiated layers vs
accumulated charge.

* Plots for the period of irradiation with 40%Ar+55%C0,+5%CF, gas mixture.

« Values are normalized to the averaged current of the two reference layers (HV=0 during
irradiation).

* No ageing effects observed.
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Measurements of the CSC dark rates with single layer mode trigger as a function of the accumulated charge.

- The wires dark rates and the wires and strips signals coincidence rates are shown.
- The ME1/1 dark rate (left) is measured during irradiation with the 40%Ar+58%C0O,+2%CF, gas mixture up to 700
mC/cm (period Il) then the gas mixture was changed to 40%Ar+55%C0O,+5%CF, (period Ill). First 330 mC/cm
(period I not shown in this plot) were accumulated with the nominal 40%Ar+50%CO,+10%CF, gas mixture.

- For ME1/1 the corrected wires rate excludes the contribution from a noisy wire group (left picture, brown squares).
- The ME2/1 dark rate (right) is measured during irradiation with the 40%Ar+50%CO,+10%CF, gas mixture up to
330 mC/cm (period I) then the gas mixture was changed to 40% Ar+55%CO,+5%CF, (period IlI) .

-The dark rate of few kHz includes the cosmic rate and is negligible because the CSC trigger requirement is
Wires*Strips coincidence in 4 layers in the time window of 175ns.
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Measurements with the muon
2 test beam:

1. Scintillator trigger,15x15cm?
acceptance

a). Spatial resolution vs
Source intensity

b). Efficiency vs HV

2. Large statistics CSC in self-

' trigger mode, Source off

ME2/1 and ME1/1 in TB position-2023
Irradiation position differs from the Test Beam one.
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CSCs spatial resolution: p beam with GIF++ filter scan.
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« Spatial resolution of ME1/1 (left) and ME2/1 (right) vs mean CSC layer current with 5%CF,
gas mixture.

» The measurements are performed with a muon beam and varying 137Cs source intensity.

« The results are corrected for atmospheric pressure variation.

» The spatial resolution degrades linearly with the layer current increase.

* The HL-LHC background condition for L=5*103*Hz/cm? corresponds to ME1/1 layer current
of 20 YA, while for ME2/1s1 - 15 pA.
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CSCs spatial resolution vs accumulated charge
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Spatial resolution of the ME1/1 (left) and ME2/1 (right) chambers measured with a muon beam as a function of
the accumulated charge.

- The first 330 mC/cm of charge (period 1) was accumulated with the nominal 40%Ar+50%CO,+10%CF, gas
mixture, then irradiation was continued for ME1/1 only with the reduced CF, content (40%Ar+58%CO,+2%CF,
— period 1) and finally the irradiation continued with intermediate CF, for both the CSCs
(40%Ar+55%C0,+5%CF, mixture — period IlI).

- Blue points represent measurements with 10% CF, gas mixture while the red points represent the
measurements with 5% CF, gas mixture.

- No significant degradation of the spatial resolution was observed for the whole irradiation period up to the
charge of 700 mC/cm for ME1/1 and 670 mC/cm for ME2/1.

- Systematic errors not included. Work on the evaluation of the systematic uncertainties ongoing.

- The slight degradation of the ME1/1 resolution in period Il (2023) while we don’t see any significant variation
in the gas gain is to be understood.



Conclusions

The longevity studies of the CMS cathode strip chambers (CSCs) ME1/1 and ME2/1
carried out at GIF++ (CERN) since 2016 show no signs of CSC ageing.

« three gas mixtures were used: 40%Ar+50%CO,+10%CF,, 40%Ar+58%C0O,+2%CF, and
40%Ar+55%C0O,+5%CF,;

« the accumulated charge for ME1/1 is 800 mC/cm while for ME2/1 it is 670 mC/cm;

« the relative current in irradiated layers remains steady vs accumulated charge;

« the dark rate is stable vs accumulated charge;

* no significant degradation of the spatial resolution was observed for the irradiation period
up to the charge of 700 mC/cm for ME1/1 and 670 mC/cm for ME2/1 while the slight
degradation of the ME1/1 resolution over 700 mC/cm is to be understood,;

« filter scan tests showed that the CSC spatial resolution degrades linearly with the
background increase, and we could expect for these chambers ~ 40% deterioration in

resolution with HL-LHC background conditions at max. instantaneous luminosity.



Thank you!
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Backup

V. Perelygin_Report_Ageing_Phenomena_Conf._CERN-2023

14



600
400 F

200 "

200 °

400 |

600 |

-600 -400 -200 O 200 400 600

V. Perelygin_Report_Ageing_Phenomena_Conf._CERN-2023 15



CMS

Layer

M
7
6
5
4
3
2

Layer
P SIA T B |

Layer

E+2/1/2 Run#1 Event #5 Anode Hit Timing

Comparator Hit Timing

P AR ]

Y20 a0 e T a0
Cathode Hit ADC Count
10 20 3 40 50
Strip Hit

Att. Factor=22%*:
muon with background

V. Perelygin_Report_Ageing_Phenomena_Conf. CERN-2023

20 40 -

100

20

100
Wire Group Numbe

a0 60
Comparator Number

0 &
Strip Number

ME+2/1/2 Run #1 Event #278

Source=off,
Single muon

Anode Hit Timing

GIF++: ME2/1 event display with Source-off and on

7 16
L - | 14
6 ] 12
5 | 10
4 — I 8
3 6
2l | 1 _ 4
2
1 4]
20 40 60 80 _ 100
Comparator Hit Timing Wire Group Number
7 I 16
— 1 14
6 12
5 10
4 +
3l i [ |
2 +
ol |
20 40 60 80 100 120 14 160
Comparator Number
Cathode Hit ADC Count
7
L B ey B A R e R
4 L
4
3 It
al B e
1 10 20 30 40 50 60 70 . 80
Strip Hit Strip Number

16




CMS

Spatial resolution for ME1/1 chamber operated with 2% and 10% CF4

To study properties of a gas mixture with reduced CF4 content, the performance of CSC operated with
40%/50%/10% and 40%/58%/2% Ar/CO2/CF4 gas mixtures was compared.
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ME1/1 spatial resolution obtained with a muon beam and uniform 13’Cs source background as a function
of the background intensity in units of average ME1/1 current. The measurements are performed with
40%/50%/10% and 40%/58%/2% Ar/CO2/CF4 gas mixtures. The HL-LHC background condition for
L=5*1034Hz/cm? corresponds to the average currents of 20 uA. The results are corrected for atmospheric
pressure variation.
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