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CMS Ha BAK
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CMS cocrtout u3 11 yacreii:

- TIATh «KOJICI IICHTPAIbHOM YacTH, BKIIOUAIONUX B ce0s cam conenoun (B=4To), BHyTpeHHUH

TPEKEP, JIEKTPOMArHUTHBIA U AAPOHHBIN KaJOPUMETPHI, a TAKIKE MOIOHHYIO CUCTEMY
LHEHTPAIBLHOW YacTH

- IECTh «IUCKOB» TOPLEBOM YACTH (IO TPU C KAXKJIOW CTOPOHBI OT LIEHTPAIbHON YacTH),

COZECpKAIIMX MOKOHHYIO CUCTEMY TOPILIEBOM YaCTH U TOPLIEBBIE AJIEKTPOMATHUTHBIN U aJIPOHHBIN
KaJIOPUMETPHL.

I[Be CCKIIMHU KAJIOPUMCTPA MaJIbIX YIJTIOB PACIIOJOKCHBI 3a TOPLUCBBIMU YaCTAMU JCTCKTOPA.
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KCK B mooHHOM cucteme CMS

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
tracks with the inner Tracker
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G.L. Bayatian et al. [CMS collaboration] “The Muon Project”, Technical Design Report, CERN/LHCC 97-32,
CMS TDR 3, 15 December 1997.
S. Chatrchyan et al. [CMS Collaboration], “The CMS experiment at the CERN LHC”, JINST 3 (2008) S08004. 4
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MiooHHasa cuctema Topuesoit Yactu CMS B ceaHcax Habopa JaHHbIX B p-p CTO/IKHOBEHUAX

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
S. Chatrchyan et al., The performance of the CMS muon detector in proton-proton collisions at Vs = 7 TeV at the LHC, CMS-MUO-11-001, CERN-PH-EP-2013-

072, JINST 8 (2013) P11002. DOI: 10.1088/1748-0221/8/11/P11002.
S. Chatrchyan et al., Performance of the CMS muon detector and muon reconstruction with proton-proton collisions at Vs = 13 TeV, JINST 13 (2018) PIQ6015.
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The luminosity increase with LHC upgrade to HL-LHC will cause a significant rise of the

particle background rate.

Therefore, the study of possible aging effects of detector materials and gases is of great

Importance.

CSC working gas mixture:

a quencher.

40%Ar+50%C0,+10%CF,

CF, prevents aging and ensures the reliable operation of CSCs as

CF, is a greenhouse gas with the GWP=7390 (BenuuunHa [1ITT)
The use of F-gases should be limited.

but

1. Investigate of the possibility to operate with
reduced CF, amount

2. Search for a CF, eco-friendly replacement

(HFO1234ze, C;H,F,, GWP < 1 for 100 year)
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Tectbl Ha cTapenue C pa3auynbiMu nporoTunamu KCK CMS-1

|. Asropamu crateu T. Ferguson et al. Aging studies of CMS muon chamber prototypes. NIMA 488 (2002) pp. 240-257
IPOBOIMJIMCH TE€CTHI ¢ U3ydeHHueM dddekra ctapenus st razoBeix cmeceit 30%Ar+50%C0,+20%CF,, 30%Ar+70%CO,
1 40%Ar+50%C0,+10%CF, npu o6ayuennn ncrournkom °Sr mpororunos KCK.

1 A
A

B mporotumnax B Ka4eCTBE YIUIOTHEHUS HCIIOIH30BAJICS CUITMKOHBBIH
repMmeTuk RTV, KOTOpBIN MpOHUKAI B Ta30BbIii 00bEM KaMephl.

['a30Boe ycusenue B cmecu 6e3 CF, ynmano B 2 pa3za mocine 10361 B 0.25 30%Ar+70%CO, gas mixture: Si deposits on
Kn/cm. Habmronanuch Si OTJI0KEHHS Ha TPOBOJIOKAX. the anode wire in the irradiated zone

s CF,— copepxaiinx cMeceil 1anHbli 3¢ (eKT OblT HE3HAUUTEIIEH BILUIOTh

o 13 Ki/cm

Hcnonp3oBanue Si repMEeTHKOB BHYTPH Ia3BOBOTO 00beMa Kauep HEAOIyCTHMO.
Hanmaue B razoBoit cmecu CF, ipenoTBpaimnaet oOpa3oBaHne OTIOKECHAN Si Ha TPOBOJIOKAX:
4Fe« +S1=SiF, 1

B.MepenbirnH_Ceccusa cekummn AO ODH PAH 02.04.2024 7



TecTbl Ha cTapeHue ¢ pasanyHbimu npototunamm KCK CMS-2

[I. B 2000-2001 rogax aBe nosiHomacwTtabHbIX KCK 6binn npoTecTupoBaHbl Ha YCTaHOBKE ramma-
obny4yeHus (GIF) ¢ ncnonb3oBaHNEM NCTOYHMKA ramMa-n3nydeHms 3'Cs aktmBHocTbio 740 MBK .
Acosta D. et al. Aging Tests of Full-Scale CMS Muon Cathode Strip Cham-bers. Nucl. Instr. Meth.
A. 2003. V. 515. pp. 226-233.

Ncnonb3oBanack razosas cmecb 40%Ar+50%C0O,+10%CF,. OgHa kamepa paboTarna ¢ OTKpbITOM
razoBoW CUCTEMOWN, a apyras - ¢ npotoTunom razoson ctctembl KCK CMS, paboTatoLlen B pexnme
«3aMKHYTOM NETNN» UMEIOLLIEN BBOA, CBEXEN CMECU B KonmyecTse 5% OT BENMYMHbI NOTOKa rasa.
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5 5
QS 9 1.5 1000
|+Layer2 -+ lLayer3 —+ Layer4 +Layer5| -1 =12 I3
»13 < 100 ~ 14 =15 =16
c
i q:) 1 1 MM‘MM ."6"’ 2- . i W il \"I €
e s 1. ? od 1 = - — - i
Irradiation Area. Gas out (Layer#1) O i ’ f‘ 1 i E t e 1 fmw"\u‘“t A 'ﬁfﬁii"‘*k j| IV
h t %0 9 ety A'.'ﬁ‘i': ‘ir.' ‘ : 3 AR — R P e % "v
== ] <—| O s s aab oo R
.y ~ 0.7 W a
\‘\\ Gas in (Layer #6) 05 L . L L . L . 0.1
0 0.05 01 015 02 025 03 035 | 0 0.1 0.2 0.3
GIF A Accumulated charge per cm of Wire (C/cm) Accumulated charge per cm of wire (C/cm)
... rea

HakonneHHsble 3apsiabl coctaBunu 0,3 n 0,4 Kn/cm.
AddekToB cTapeHna He Habnoganoce.
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TecTbl Ha cTapeHue ¢ pasnudyHbimu npototunamum KCK CMS-3

lll. E. Barberis et al. Longevity studies of CSC prototypes operating with Ar+CO2 gas mixture and
different fractions of CF4 Eur. Phys. J. Plus 139, 166, (2024). convatareamasinea_2% CF4 irradiated

Nceneposanca acekT ctapenus Ha npototunax KCK manoro
pasMmepa npu obnyyeHnn nabopaTopHbIM UCTOYHUKOM OSr ¢
MCNONb30BaHNEM Pa3fIMYHbIX ra30BbIX CMECEN Ha OCHObIE
Ar+CO2, c BkntoyeHnem 5%, 2% n 0% pobasok CF,.

-‘J‘

reference wire

Central area_Virgin

Small 30x30cm? 2- layer CSC

e ==

B Tectax ¢ cogepxaHnem B cmecu 2% n 0% CF4 Habnioganca TeMHbIN, BUANMbIN F11a30M 0CafoK Ha
NpoBOrioKax B 30He 0bny4eHunsa npu HakonneHHoMm 3apsae 300 mKn/cm. CnekTpoMeTpuyecknin aHanuma
NOATBEPANST HAaNU4YMe yrrepoaa Ha nposBornokax. [Mpn 3ToM yxyaLeHnUst XapakTepucTuk kamep (TEMHOBOW TOK,

ra3soBoe ycmneHMe) He Habnoganochb.

[@3oBble cMmecu, cogepxalune meHee unn pasHble 2% CF,, noteHumnarnbHO onacHbl Ans
posnrocpodHon pabotel CSC n3-3a ocaxgeHus yrnepoga Ha aHogHbIX NpoBOAaXx.
LHCb Muon Gas System: MWPC pabotatot ¢ 40% Ar + 55% CO,, + 5% CF, ra3. cmechblo.
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YcraHoBKa GIF++ B. 887 (CERN), 3D view

« 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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e Aset of filters: Attenuation Factor: (1 <+ 46000) Pos. 21 10 147 2.15
e 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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KCK B no3uuunmn obnyuenmna Ha GIF++ n ToKn B cybKkamepax

GIF++ irradiation intensity map —.  200CMS MUON Preliminary GIF++
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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 pA, 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. 11
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Mepuoabl 06nyueHusa KCK Ha GIF++
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HL-LHC Accumulated charge Q (mC/cm)
Expected *

before 2018  |Nov.-2021 [ Oct.-2022 | May-2023 [ 19.07.23 | 25.08.23
(3000 fb1)
ME1/1 200 mC/cm | 330 (10%CF,) | 700 (2% CF,) | 725 (5% CF,) 770 790 800
ME2/1, S1 130 mC/cm | 340 (10% CF,) 460 (5% CF,) 575 625 670
ME2/1, S2, S3 300 (10% CF,) 400 (5% CF,) 510 550 600
<ME2/1> 310 (10% CF,) 420 (5% CF,) 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.

B.MepenbirnH_Ceccuna cekumn AP OPH PAH 02.04.2024 =



BennuynHbl OTHOCUTENIbHbIX TOKOB B CybKamepax B 3aBUCMMOCUT OT HAKOMNJIEHHOrO
3apAga Ha eAnHULY AJ/IMHbI aHOAHOW NPOBO/IoYKM (cmeck ¢ 5% CF,)

. 1oCMS MUON Preliminary GIF++ , ,CMS MUON Preliminary GIF++
S - c ¢
qt,) B 5°/oCF4 run E’ C SOA:’C;F4 run |
S i = C
1.1 S qal i e L e L :
3 e % 02 0 40t 0 P ase% 8 L
= T e e g ® S » o e , o @y L
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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 and same for dark current

13
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Measurements with the muon
2 test beam:

1. Scintillator trigger,15x15cm?
acceptance

a). Spatial resolution vs
Source intensity

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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MNMpoctpaHcTBeHHOe pa3peweHne KCK B8 MIOOHHOM ny4yKe € pas/IM4HbIMMU
KombuHaunamu ¢punbtpos 137Cs

CMS MUON Preliminary GIF++ CMS MUON Preliminary
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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 13’Cs 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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NMpocTpaHcTBeHHOe pa3pewieHne KCK B MIOOHHOM ny4yKe B 3aBUCUMOCTU OT
HaKONAEeHHOro 3apAaaa.

CMS MUON Preliminary GIF++ CMS MUON Preliminary Sl
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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.



3aKka4yeHue

NcecnepoBaHust adpdekToB cTapeHust npoBoaatcs Ha npototunax KCK CMS manoro pasmepa U Ha
NMoNMHoMaclTabHbIX Kamepax Kak C abopaTopHbIMWM MCTOMHMKAMW, Tak W Ha YyCTaHOBKaX C
npombiwneHHbiMn NN (GIF++). N3yyaeTcs BO3MOXHOCTb MWHUMMU3ALMN MCMNOMb30BaHWUS MapHUKOBbLIX
ra3oB B KOOPAMHATHbIX AeTeCTopax Unu 3aMeHbl UX Ha rasbl ¢ ManbiM M.

NccnepoBanua adpgpektoB ctapeHns B KCK CMS ME1/1 n ME2/1, npoBogumble Ha ycTtaHoBke GIF++
(LLEPH) ¢ 2016 roga, He BbIsiBUNX NMPU3HAKOB CTapeHUst Kamep.

* Wcnonb3anuce Tpu paboumnx razoBbix CMECU C pa3nuyHbiM cogepxaHmem CF, :

40%Ar+50%C0O,+10%CF,, 40%Ar+58%C0O,+2%CF, and 40%Ar+55%C0O,+5%CF,;

« 3apag Ha eauHuly OnnHbl aHOAHOW NpoBonoku coctasun ansg ME1/1 800 mKn/cm, gna ME2/1 - 670
mKn/cm;

*  OTHOCUTENBHbBIN TOK B CyBKamepax 1 CKOPOCTb cHeTa POHOBLIX COObITUI BbINM CTabunbHbI B
3aBUCMMOCTU OT HAKOMIEHHOro 3apsaaa.

- He Habniogaetca perpagaumm nNpocTpaHcTBEHHOro paspewenHns KCK Bnnotbe [0  BENUYUMHbBI
HakonsieHHoro 3apsiga 700 mKn/cm gna ME1/1 n 670 mKn/cm ans ME2/1, B To BpeMs kak Bbiwe 700
MKn/cm gna ME1/1 yxyaweHue npocTpaHCTBEHHOrO paspelleHns Habntogaetcs (~ 8%);

« C poctom ¢ooHOBOWM 3arpys3km gerpagauus npocTtpaHcTBeHHoe paspeweHuss KCK HocuT nnHenHbin
xapaktep 1 npu padote HL-LHC B ycnoBusix makcumarnibHOM CBETUMOCTU Ana ctaHumn MEL/1 n ME2/1

MOXHO OXXnaaTtb yxyalweHmne BerMiM4nHbl MNpOCTPaHCTBEHHOIO pa3pelleHnd Ha ~ 40%.



Cnacunbo 3a BHUMaHue !

B.MepenbirnH_Ceccusa cekumm AP ODH PAH 02.04.2024 18



Backup
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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.
No ageing effects observed.
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GIF++: ME2/1 event display with Source-off and on
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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.

GIF++
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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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