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Overview of HL-LHC challenges

® Significant upgrade of LHC foreseen during Long Shutdown 3 (LS3) : the High Luminosity LHC

® expected instantaneous luminosity of 5-7.5 x 1034 cm-2s-! and integrated luminosity of 3000 tb-!(10 times larger LHC design!), with pileup up to
| 40-200

© CMS detectors will need significant upgrades (Phase 2) to cope with worse background conditions during HL-LHC
® expected accelerated aging of detectors and electronic components due to increased radiation

® greater demanding requirements on the electronics due to increased trigger rates

we are here!
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Muon system for Phase 2

© The CMS Muon Spectrometer, composed of gaseous detectors (DTs, RPCs, CSCs and GEMs), was designed to deal with the LHC
conditions

® proved excellent performance for both efficiency and resolution

® essential for trigger and reconstruction of muons in both barrel and endcap regions

® The main challenge for the Muon System Is to cope with the increased rate and maintain the present excellent performance along the |0 years of HL-
LHC operations
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CERN GHG mitigation campaign

® European Union “F-gas regulation™ to reduce Green House Gases (GHG) emission:

© Limiting the total amount of the most important F-gases that can be sold in the EU from 2015 onwards and phasing them down In steps t
one-fifth of 2014 sales in 2030.

® Banning the use of F-gases iIn many new types of equipment where less harmful alternatives are widely available.

® Preventing emissions of F-gases from existing equipment by requiring check, proper servicing and recovery of the gases at the end of the
equipment’s life.

CERN Strategies to reduce GHG emissions
In particle detection

v

ohe [erm

— .
)
s Optimization of N ( : I ( . s : A
: Gas Recuperation Alternative Gases Gas Disposal
current technologies
\ J U J J L )

shared wide effort between

CERN experiments

¥_> this talk’s topic!

+ Gianluca Rigolettr's talk

i ) September 2023 Lisa Borgonow



The Gamma Irradiation Facility

® The Gamma lIrradiation Facility (GIF++) is equipped with:

@ a |3 TBg !'3/Cs gamma source to reproduce the expected GIF++ bunker map
background

® movable filters to vary the gamma flux and to generate

background conditions similar to the ones expected at
HL-LHC

® a high energy muon beam (~ 100 GeV/c)

© Muon longevity program overview

Irradiation w/ Irradiation w/
Muon detector - :
nominal gas alternative gas
DT NOT needed
CSC ongoing
RPC 200 (BL)y T 6 (RES) ongoing
GEM GEI/1 and GE2/1 * NOT needed
GEM MEO 307% ° NOT needed

§ i DO (fully) carried out at GIF+H+
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Drift Tubes (DTs)

® |nthe CMS barrel region, 250 DTs are responsible for muon tracking and triggering : ¢ uy e nr o @s ws me  ae  ws
E ] I-+4&4] l:;' | I':( "I I | | A ) | l | |
®@ >|/0k channels, organized in 5 wheels, |2 sectors per wheel, 4 stations per sectors wilf d ] 0T
| Wheel 0 | ':." | | Wheel 1| ‘Wheel2 | ]
© ADT chamber 2.5m x 2(4)m consists of |2(8) Layers (L) arranged in 3(2) Super Layers S R [
(SL), each one containing up to hundreds of cells: Bi-
® the drift cell is the basic element of the DT chamber: a rectangular 4.2x1.3 cm drift ‘ i 85
cell filled with Ar/CO2 (85715 %) gas mixture, nominally operated with 3550V ————— \ | == [l
on the anode wire and - 1200V on the cathode ; { I —— |
® the electrons from muon ionization drift towards the anode wire, registering a time ;- :
measurement (the hit-posrition is computed thanks to the constant v-drift 55 um/ns) s Wr . - Stee!
® muon track segments are built with at least 3 hits in any SL e BRI T s [
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l jocal frambs X /Muon
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Anode wire Electrode strips
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DTs at GIF++

® A spare MB2 chamber irradiated at GlF++ since the 201 /:

® only LI,L2 and L4 of SL| on during the irradiation, while L3 is kept off to be
used as reference (L1-2017,1L4-2017, )

® 5[2 and SL3 kept off during irradiation and used for internal auto-trigger

@ n Summer 2018, 8 wires in LI were extracted, analyzed, and replaced with
new wires ( )

® among the new replaced, | has been extracted and analyzed in the 202 |

X |
Y
I

® the same happened in the 202 | for 5 substituted wires in L4 (L4-2021)
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CMS Muon Preliminary CERN GIF++
LHC integrated luminosity [fb~]

DT irradiation studies

« L1-2017

r\ . % % % « 142017
Y Y Y L1-2018
® Analysis of the currents monitored by the HV boards gives an estimation of the gain 87 “:" T T T o 142021

1
2
3

® Using cosmic muons (internal auto-trigger) to estimate the hit efficiency mainly to study
the behaviour among the different irradiation periods, than to obtain the absolute expected
efficiency

X X X 12-2022
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® The wires Irradiated since the beginning show a fast degradation in the performance
(L1-2017,L4-2017) 0.2 1

DT Wire Normalized Current

® The replaced wires show a slower reduction of gain and smaller loss of efficiency
0-0 | 1 | 1 1 1 | 1 |

( ,L4-2021), similarly to what is observed in the most recent irradiated wires in L2 0 5 10 15 20 25 30 35 40 45 50
( ) Integrated charge of DT MB1 in wheels £2 [mC/cm]
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DT aging on physics performance

® T[he expected hit efficiency (in the worst scenario) has been used to evaluate the final impact at

HL-LHC with a safety factor 2:

® the major effect seen in the DT local trigger efficiency of MBI Is effectively mitigated by:
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Muon reconstruction efficiency

®

®

®

multiple layers per chamber (3 out of 3 are needed)

different handling of TDC hits in the Phase 2 backend

redundancy of the CMS muon system: the most aged DT region Is also covered by
up to 3 CSC stations and 4-5 RPC layers along a prompt muon trajectory

CMS Preliminary Simulation
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DT mitigation strategy

e YB+2 MB1 S3 Fill 5451 (3600 V)
100 4 « yB+2 MB1 S3 Fill 6303 (3550 V)
YB+2 MB1 S3 Fill 6729 (3500 V)

© A strategy to mitigate the DT aging has been already adopted:

80 A

® since 2016 the voltage of the wires in the most exposed chambers has been reduced
(each step of 50V decreases the integrated charge of the 30%); the readout thresholds has been
consequently reduced from 30 to 20 mV

Current [pA/cm]
(o]
o

4
o
\ ‘\\
Y ..‘ oA :
) \ .

® In 2017/ the gas system at CMS has been modified to operate in open mode to minimize the
recirculation of the impurities (closed loop only when not in collisions) VAT

® |rradiation test performed at GIF++ operating with a doubled gas flow shows no significant 0 et
difference Iin the performance Instantaneus Luminosity [Hz/nb]

® During LS2 a Lead + Borated Polyethylene shielding installed for the neutron+gamma background reduction in the top sectors has been installed

® 25% less background in the experimental cavern

® 50-/0% of background reduction in the MB4 chambers

SN, SN, SN — /
/ r \ / VI \ y === e FamX
I L w2 I wo L w2 W-2 W0 W2
Y N 2% — Ny L2
N7 N=7 “ | Z \\ Vomr’ Vo’
‘/ N\ /2N — il ‘ M ‘
W-1 W+1 - W-1 W+1
Run 2 S elding Run 3
CMS Preliminary pp data 13 TeV 2018 “ CMS Preliminary pp data 13 6 TeV 2022
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Current [pA/em]/Lumi [10*ecm %57 1)

Current [pA/em)/Lumi [10*em %5~ 1)
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Cathode Strip Chambers (CSCs)

n 0.1 02 0.3 04 0.5 0.6 07 0.8 0.9 1.0 11

® (CSCs are used in the endcap disks (4 disks per endcap) where the magnetic field is (O w3y Tes e e s G186 g4 4T | o4 | s n o
uneven and particle rates are higher than in the barrel i T G I B ,- -
RN (| o4 e |
® The CSCs are trapezoid-shaped multi-wire proportional chambers with six planes — (g
(gaps): the strips run along the radial direction to measure the phi coordinate whereas :
the wires, which measure the r coordinate, run orthogonal to the strips : :
® A muon passing through the gas gap causes ionization of gas molecules which result in an : i T
avalanche of electrons around the wire and an induced change on the cathode strips [ Solenoid magnet
3
® both electrons and 1ons are respectively read giving two coordinates per each ;
detected particle segment tracks are reconstructed in 3D e
muon |} - .
* 0 S L T o R e o e O S B e L s S St SIS RS B
cathode 0 1 2 3 4
- 3.l?£m
E l o © o © o © © e ol e © o © o o o o Wires

+ cathode

® The gas gaps are filled with a2 40% Ar, 50% CO2, 10% CF4 gas mixture

induced charge

strips

S E—— cafiiods ® (CF4 has a high global warming potential but also protect against anode
316 mm 5 avalanche wire aging caused by Silicon and Carbon polymers

wires

e cathode
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CSCs at GIF++

®© Accelerated (~25) irradiation campaign Is ongoing at the GIF++ with goal of consolidate a strategy to efficiently operate even reducing the use of
CF4

® 0\ [0 reduce the use of CFa
® recuperation: efficiency of the CF4 recuperation plant increased from 30% to 60% during LS2
® reduction: irradiation tests with 2% and 5% of CF4
® substitution: alternative HFO-1234ze

® |rradiation setup:

® ) MEIl/| chambers
© | ME2/| chamber

® high Voltage kept ON on 4 layers while 2 layers are kept off to be used as reference

-

® The amount of integrated charge expected at | HL-LHC estimated using the Run 2 currents scaled with the Fluka simulation (HL-LHC/Run2 ratio):

e EE L 200 mCiem 2 600 with a salety factor 3
e 0 mC /e — 570 with a salety factor 3

i ) September 2023 Lisa Borgonow |2
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CSCs aging studies

® Studies with nominal gas mixture (2016-2021):
s B anal PIE)/ | teceived 530 mCicm using 407 A, 507% CO», 107% CFa

© MEI/| received further 370 mC/cm using only the 2% of CF4
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Spatial Resolution [um]
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@ No significant sigh of aging, no visible effects on gas gain with different CF4 % (validated up to 2 HL-LHC)

® however, increased pollution is visible on the wire sal N /-
_ CSOPtolpoChamber ____"CdSouce Appled  CSCProlopo Chamber ____ "G Sourco pled  CSC Prtotype Chambor ____ "G Sourc Applied 50 100 150 200 250 300 350 J400 450 500
g 4k 1yal 1 44 i Accumulated Chgrge [mC/cm]
'i 1.2} 112} | 12f ’ 2CN!S CSTC G,F.++_ R -
g l V i + § . T T T 1 1 T 1 | | S B B | T
> ¢ 1 + + I | -
L , -
£ 08 0.8 0.8 Q
-
0.6 0% CF4 ol 5% CF4 1 osf- 2% CF4~ 8 1 N
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 g’
Accumulated Charge [mC/cm] Accumulated Charge [mC/cm] Accumulated Charge [mC/cm] = T
(U
® Deposits on the anode wires show that operating with 2% CF4 might be a risky o ] ME1/1 |
choice, while running with 5% CF4 looks more sustainable (irradiation ongoing) 0.8 -2
' = L3
5% CF, EI | ’ |
e i e . L5

® Relative gain with
the 276 o) € B

Surface pollution

0. L1 | 1 1 L | TS R N T N
%00 400 500 600 700
Accumulated charge [mC/cm]
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CSCs eco-gas studies

® Preliminary study, performed on a “mini-CSC" (30x30 cm2 CSC prototype), on the alternative
HFO- |2 34ze gas:

® stable gain up to |0 HL-LHC instantaneous luminosity
® high increases of dark current only for HFO-1234ze gas mixture

® probably due to a too high density of charge on the mini-CSC prototype, to be repeated
on a standard spare CSC

® presence of pollution is also seen

L o JAINCSC PiVRI £ab miniCSC PNPI Lab
C . L
o g 102 { @ Wires 3,4, HV = 3750V
O — { @ wires 3,4, HV = 3950V
4 11 - e ] <@ Wwires 3,4, HV = 4000V
o - v | <@ Wires 1,6, HV = 3750V
v _ » = @ Wires 1,6 , HV = 3950V
= ' - I - O 1 <@ Wires 1,6 , HV = 4000V
© 1.0 - T BF SO\ o W =2 DnE SETh o gy e =
Q - ’ —-———- ——- \ \ © 101 2l
oc /.’~ \ \\ ()
o »--g :
0-9 . 1 /,
/.’
@
/
0.8 - 5 ey
-#- Wire 3, Point D 10 E ,’ .’
Wire 3, Point E ] y ./
0.7 - @ Wire 3, Point F 1 @9 ,‘7"":" Rg==P===§ .,
' @ Wire 4, Point D | .»\.‘ ,.// 80um
-#- Wire 4, Point E ) .\ i ’/’ Al results in wesght %%
Wire 4, Point F -
0.6 s 4 = = ® -‘ Spectrum Instats C N O F Al S C W Au Total
» Al L] | L | | L] 1] T T T T T T Y -
I A LN 0 200 400 600 #0100 100 i Yo a2 g% 2 i =
Accumulated Charge [mC/cm] Accumulated Charge [MC/cm]  Spectrum3 Yes 6095 587 385 586 071 021 089 037 2147 10000

i ) September 2023 Lisa Borgonow | 4



Resistive Plate Chambers (RPCs)

n 0.1 02 0.3 04 0.5 0.6 07 0.8 0.9 1.0 11

® RPCs are fast gaseous detectors located both in the barrel and in the endcap, that ikt i i e LA e e i R R
provide a muon trigger system parallel to those of the DTs and CS5Cs e ———————— ,

R (m)

® RPCs consist of two parallel plates (double gap), a positively-charged anode and a
negatively-charged cathode, both made of a very high resistivity plastic material (bakelite

bulk resistivity p=1~6 x 10'0 (Qcm) and separated by a thin gas volume

® the electrodes are transparent to the signal (the electrons of the avalanche produced
by the passage of a muon), which are instead picked up by external metallic strips
after a small but precise time delay

®© RPCs combine a good spatial resolution with a time resolution of just one
nanosecond Sifcon

® 2 mm gap width filled with C2H2F4(95.2%)+iso=-CsH 0(4.5%)+SF¢ (0.3%)
gas mixture, operated above 9000V In avalanche mode

ey ..

- - - - - - -/ 4 HV
7

—— — -

Bakelite
Graphite Coating
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RPCs at GIF++

Setup at GIF++ since July 2016

RE2/2 REF

® 2 RE2 chambers (one Irradiated, one as reference)

RE4/2 IRR

RE2/2 IRR

® 2 RE4 chambers (one Irradiated, one as reference)

RE4/2 REF

® Expected Integrated charge at HL-LHC:

”
source beam line

B et a Charoel - )0 mClemZ = — 840 mC/cm2 (safety
factor 3)

900

CMS MUO N Preliminary |

® Ddkel chambers have a factor 2 less

& Eqmecied fate at Bl -LEHC — RE2 (813 mC/en)

B R D00 I Zlem) >~ 600 FZ/cm (salely factor 3)

720

- - - RE4 (478 mC/cnf)

® barrel chambers have a factor 2 less 540

® Rates measured in the Run 3 data confirm the improvements due to the
shielding Installation

Integrated charge [mC/cnf]

..... RE4

360 ;
RR.In 25 Nov. 2016
180 [ g ..............................
0 | | fl’;/rl | | | | | | | | | l l l | | | | | |

11/15 05/17 11/18 04/20 10/21 04/23
Date [month/year]
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RPCs longevity studies

© Dark current almost stable with time up to 3 HL-LHC (different curves) and in agreement with values before the irradiation for both irradiated and
reference chambers

® Noise rate is almost stable with time, with average noise rate less than | Hz/cm?

® fluctuations, even large, don't show a stable trend of increase © results obtained with source off

x10-3 CMS MUON Preliminary GIF++ ><10‘3 CMS MUON Prehmmary __ GIFs CMS MUON Preliminary _ GIF++

[\

L + 218mC/cm .............. .............. ........
- e somoe®
sosmmoet o C

S
—h
N

IS - _—_—_

o
&)

eosssmmnrros RE2/2 IRR"D'a"l"'R"C'Uf’r’éh't"@"G"S"kV ............... ...............

I

|
Rate [Hz/cm?]
|

16 _- ............. RE2/21RRNO|serate@96kV

o
N

kLTt L T, S T T T T e e P ey TP LT L PECPELY SOPPLRPLPRY 5 SREERTE

A 593 mC/cm
- 650 mGlem®
T A 710 mC/cm '
......... 765mC/cm'

0.08

Density current [uA/cm?]
Current Density [uA/cm?]
o

o
w
|
¢

0.06

T 1T 1

0.2 —
0.04

0.1 —

0.02

OlllillllillllilIllillllillllillllillllillll 01|||||| lllllllll'l.lllllllllllllllll
Tt 2 3 4 5 6 7 8 9 10 100 200 300 400 500 600 700 800 100 0 300 400 500 600 700 800

2 2
HV , [kV] Integrated Charge [mC/cm’] Integrated Charge [mC/cm®]

N -
o

® Ohmic current (up to 6.5 KV) Is the most stable

® TJotal current (around 9.5 KV) Is also stable with larger fluctuations
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O O ) ® = 101?_CMS MUON Prehmmary ; ; ; Gll;=++
RPCs resistivity and effective HV [ e
=
© Resistivity s periodically measured running the chambers with pure Argon In a self-sustained streamer mode: § 107

® trend of rise In the Irradiated chamber

® changes in the resistivity can be compensated by increasing the effective HV = HVgs + Rl (voltage drop) 10t

CMS MUON Erelimin: GIF++
100_ P . -.."‘I‘ 1 NI ENENE FNENE RNENE NSNS FEN N AN NN FNERE BN
: e e BT

0 100 200 300 400 500 600 700 800

90 NN R RS SN USRI | Integrated Charge [mC/CmZ]
v )
80 ............... ................... ......... < /

Efficiency [%]

: : N, : C : 0 -

70 ettt B .o e
- . : ] - - . : :
. . . ' . . . . .

60 | ................... ................... .........

E . ' . RE2/2IRR 31%

40 _ ................... ................ {;‘ ................... ............. .RE2/2|RR45% ...... o Per‘er‘mance |S measur‘ed a‘t ‘the H\/ Wor‘|<|ng pO”’Tt (WF)), deﬂned . ‘the H\/ a't |<nee i |SO\/
W W RE22IRR51%

. ................... ............. .RE2/2|RR57°/O @ Tes-t Beam resul-ts Wi-th SOurce ON <Simu|a-ting bac|<gr~ound rates):
: : : RE2/2 IRR 93%

; ; - RE2/2IRR 95% ® efficiency Is rather stable at different values of integrated charge (different colours) and
...... RE2/2|RR97% bad(ground rates (differen-t markerS)

50

.

lllilllilllilllllllllllll ® e : ' .
9400 96800 9800 10000 10200 10400 no significant shifts are observed (HV value for WP Is quite stable)

HVgas [V]
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RPCs performance at WP

© Efficiency for the defined WP Is quite stable as a function of the integrated charge (% of irradiation) at the maximum expected rate (600 Hz/cm?)
® Gain (density of current) linearly depends from the rate:
® |inearity is rather stable increasing the integrated charge (curves overlap, except for deviation In the latest measurement, which is due to a technical

Issue)

0.05

100
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® results obtained during Test Beam with source on (simulating background rates)
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RPCs eco-gas

® How to reduce the use of CoHyFa:

® recuperation: extensive leak repair campaign has been done during LS2

® the commissioning of gas recuperation system almost completed and allows up to 80% of recycling efficiency (re-injection of Freon)
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RPC ECOGAS @ GIFs+

CMS-2mm, Source Off

f\? 100 LT 11 | 1] T T 7T 7T 4 TAT "I ' TE 1T T TAT 0.10 r'q_‘ :—o" 100 - T I ' ‘ ‘ m W
o~ i ’ ’ : ’ - g _o_“ ’ . :
§ 90 ; ¢ STD S §. 90 =
‘ . -] [
S 80| ¢y * ECO2 008> 3 80! ¢y *
w | ix g A
70 | ¢ ECO3 é o |
60 | » 0.06 é 60 = 3
| S 1
50 — 4 © 50 :
| o . &
40 E 0.04 40 —
30 | » 30 £ %
20 & - 0.02 20 =
10 | * 4 10 | ¢ () T1Aa
b ha AdiBR o sloainbdomid ok isias 0.00 oLii i hAd Ad @ 2% b8 é.%} Tal i
8500 9000 9500 10000 10500 11000 11500 8500 9000 9500 10000 10500
HV::!Y [V]
0 | | | CMS-|2mrrT. So:rce 22|.O _ RCECOOAS@OIE o0 CMS-2mm, Sourge 220
3 %4 STD < & 9= & STD *
5 | ¢ = 3 § E; ¢
S 80 ECO2 008> S 80| ECO2
w - |# ECO3 1 g W AL z
20 £ | ® d = ] é 70 E | & ECO3 4 @ 5 4
60 - 0.06 & 60 | &
3 S 1 5 ’
50 = - 50 s &
40 = — 0.04 40 | ¢ o
i I y : 9
30 | 30 ¢ g
i o . s
20 - 0.02 20 ¢ o
10 © o & 10 | o =
E $ u o &89 A . : ’ g X
0 1“‘_&_&_&; | i ! 1 | 1 1 0.00 0 _.A__._.Al‘.ﬁ.v._A.._.x. L
8500 9000 9500 10000 10500 11000 11500 8500 9000 9500 10000 10500
HV.gs [V]

R0 Senticiber 2023

' RPC ECOGAS @ GIF++

! 16
¢ STD

ECO2 — 14

# ECO3|
<10

'8

-6

4

-2

L et —— 0

11000 11500
HVe [V]
. RPC ECOGAS @ GIF++

' 1000

| 800

— 600

| 400

| 200

........... O
11000 11500
HV s [V]

Lisa Borgonovi

Rate [Hz/cm?)

Rate [Hz/cm?]

® substitution: joint collaboration (ATLAS, CMS, LHCb, CERN,
SHIP) currently testing 2 HFO-based alternative mixtures:

® (CMS studies carried out by AlIDAInnova Task WP 7.2.3

® preliminary results look promising, but longer term

irradiation tests are needed to be conclusive

® standard gas mixture

@®

® CO3269%, HFO 25 %, iC4H 10 5%, SF¢ 1%

20



Gaseous Electron Multiplier (GEMs)

n 0.1 02 0.3 04 0.5 0.6 07 0.8 0.9 1.0

® GEMs complement existing detectors in the forward endcap regions close to the o B3 786 731 677 @5 575 5260 64t 443 4oa HEgit
° . : g ks S - 38h:83 ERERAERI BN 7 74 Suved by AL TRy STl B3V (B8 rianLeaasl przal 1.2 335
beam pipe, where large radiation doses and high event rates are critical, and will increase S S S |
- =H#L——l L Rpd p— : 1.3 305
further during HL-LHC  — = -
l l : , % 1 : [0 0 -;. j LS. 8CTiLY
® the GEM chambers will improve the measurement of the polar muon bending angle, : L EER) 2 S
allowing the trigger of the muon system to cope with the high rates, and will further 5 e | | e
extend the muon system coverage In the very forward regions = 1 17 207
: : Q ' 1.8 18.8°
® GEM chambers are gaseous detectors consisting of two PCBs, containing the gas volume — e AEN ==10  istesi)
(Ar/CO»), and a stack of three GEM foils in between i = o s PR - T 22 1z
HCAL 4 ” = 24 104
e : : ; : ; : ; 2 25 94°
® the GEM foil consists in a 50 um-thick insulating polymer (polyimide) surrounded e o U R T  HEsEE
on the top and bottom with copper conductors 1 p— il
tracker 40 271°
® throughout the foll, microscopic holes are etched in a regular hexagonal pattern: o ST S s
a potential difference applied across the folls generates sharp electric fields in
the holes
i i i ® [The CMS GEMs are the first GEM chambers with
PRTES CRENGE 5 ' | \ ] such a large size (an area of about 0.5 m?)
Drift I 3 mm :
. ® afirst batch of |44 chambers was installed
o Transfer 1 v 1mm S during LS2 on the first disk of the two endcaps
Transfer 2 1 2 mm ' ;3" ‘ r (G El/I )
GEM 3 f e N N
Readout PCB | I | L AN /AR ® two more disks of GEM chambers will be
f FITTT vl o IFETUTS ) installed in each endcap during 2024-2026,
pre-amplifier » g G . UL - . T | 4 :
| l | | E before HL-LHC (GE2/1 and MEO)
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GEMs at GIF++ and 904 Lab: GEIl/1,

GEI/| stations

® [Expected integrated charge:

Studies carried out at GlF++ and in the CERN 904 Lab (X-ray gun) to validate GE2/| and

® oA cime GEI/l > validated Up to 3.6 HL-LFHC
B UG g G2/ | > validated up to 7 HL-LHC
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GE1/1-X-S-CERN-0002 Detector
Gap Configuration 3/1/2/1 mm

Gas Mixture: Ar/CO, (70/30) - 5 L/hr
X-ray Tube Silver(Ag) Target:

22 ke X-tay (16 Ha/anid™)

Initial Gas Gain: 2.2 x 10°*
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. GE1/1-X-S-CERN-0002 Detector

30:— Gap Configuration 3/1/2/1 mm

- Gas Mixture: Ar/CO, (70/30) - 5 L/hr

25:— Irradiating Source: 'Cd (22 keV X-rays)

Initial Energy Res. @ 8 keV Copper(Cu) K :16.9 %
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GE1/1 - IV CHAMBER

CMS GEM -1 SETUP

-----

© no signs of aging up to |.5 C/cm?

@ GEI/l and GE2/| fully validated

1



GEMs at GIF++ and 904 Lab: MEO

® [Expected integrated charge:

® 7900 mC/cm2 MEQ — recently validated up to | HL-LHC (approved shown plots reach /100 C/cm?)

® accelerated irradiation (8 times more than GlF++) is ongoing In X-ray facilities (in Aachen and Seoul)
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Conclusions

® |Longevity studies have been ongoing since many vears to estimate the performance of the CMS Muon System in the harsh HL-LHC conditions

® The results obtained for the aging studies carried out at the CERN GlF++ (and in detectors Lab) show that the CMS muon system can continue to
efficiently operate:

® mitigation strategies are already in place in oder to slow down the possible aging of the DTs, that in any case Is not expected to compromise the
global muon reconstruction and trigger performances in the barrel

® huge effort ongoing to iImprove the gas system technology to allow operations with a reduced consumption of the GHG for RPCs and CSCs

® further studies ongoing to find alternative gas mixtures

® present results obtained at X-ray facilities confirm that GEM detector technology can sustain the HL-LHC operations
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