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Towards HL-LHC

2021 2022 2023 2024 2025 2026 2027 2028 2029

J[FMAM 3] 3]A[S[OIN[D] 3[FIMAM 3] 3 ]A[S[OIN[D 3 [FIMAMI 3 [ [AS[OINID| I [F]r J[3]Als|oN[D{3[FIMAM] A3 ]AIS[O]NID{ 3[FIMIAIM 3] 3]AlS[O]NID{ 3 [FIMAIM 3 3 A]S[OINIDY 3 [F[MAIM[ 3 [ 3 ]ATS[OINID 3 [FIMAIM[ I [3]AlS[OINID)

HL-LHC
2030 2031 2032 2033 2034 2035 2036 2037 2038 .|
J[FIMAM3]3]A]s|oND] 3[FIMAM[3[3]A]S]|o]NID 3 [FIMAIM[ I [3]A]SO]NID 3 [FIMAIM 3 [ 3 A[S[O]NID 3 [FIM[AIM] 3 [ 3 [A[S[O]NID{ 3 [FIMIA

M 3]3]AS[OINID 3 [FIMAM] 3] 3]A]S[O[N[D[ 3 [FIMAM] 3 [ 3[AS[O[NID 3 [FIMAM[ 3] 3 [AlS[O]N

HL-LHC

2039 2040 2041

J|FIMAM|]|J|A[S|O|N|DY ] [FIMIAIM|] ] |A|S|O|NIDY ] [FIMIAIM|J | J |A[S|O|N|D

Shutdown/Technical stop
~ — Protons physics
LS5 Run 6 Ions (tbc after LS4)
Commissioning with beam
Hardware commissioning

Last update: June 24

HL-LHC Run 3 Run 4,56

Inst. Lumi
e 2x1034 5-7x10%

Target int. lumi (fb-") 250 3000-4000

Pile up ~50 ~140-200
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Towards HL-LHC

CMS:Experiment at the LHE; CERN
Data recorded: 2016-Oct-14 09:56:16,738952 GMT

HL-LHC: challanging data taking B oo e, s
conditions \
«  Detector operations
« eventreconstruction
« particle densities x5-10
«  —>Radiation damage x10

N

N
S N
. s

Requirements for experimental
apparatus

* Increased detector granularities
- Significant use of (fast) fiming
« Radiation hardness

8 8 - e
CcMS B 2023 (13.6 TeV): <> = 52 B - & SR g
B 2022 (13.6 TeV): <> =46 {7 s 2
EEE 2018 (13 TeV): <p> = 37
I 2017 (13 TeV): <u>=38 {6
= 2016 (13 TeV): <p> = 27
2015 (13 TeV): <p>=14 15
(

~

)

o

201 6 ngh plle 00 T R =
I 78 recon rUc’red ver’rlces (Run3 peok)
RN s RS
)=
)=

o (8TeV)=73.0mb |2
oX(7 TeV) =71.5mb

IS

w

Recorded luminosity (fo™'/1.0)

[N

0
N 0 0 & o« S
Mean number of interactions per crossing
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HL-LHC Physics Motivation

* Precisely test the Standard Model, including Higgs boson
- > Searches for rare processes H>cc, HH

4
- 2000 (18 TeV) CMS Phase-2 3000 fb' (14 TeV)
CMS W/ Run 2 syst. uncert. (51 L 10°E simulation Preliminary Assumes no HH signal
PrO .eC ﬁon w/ YR18 syst. uncert. (S2) : E o .
B / w/ Stat. uncert. only T 95°/o_CL_upper limits - Medlan expected
I B T ~+-bbbb - bbrr
v 0.01 (Stat); 0.02 (S2); 0.03 (S1) T —. bEW(MV) - bbyy
; 2 . bbZz*(4)  -e-Combination
w - 0.01 (Stat); 0.02 (S2): 0.03 (S1) ‘; 10° — ## Theoretical prediction
KZ 1 [

0.01 (Stat); 0.02 (S2); 0.02 (S1)

0.01 (Stat); 0.02 (S2); 0.04 (S1)

0.01 (Stat); 0.03 (S2); 0.06 (S1)

https://arxiv.org/pdf/1902.10229

0.02 (Stat); 0.04 (S2); 0.06 (S1)

Ky 0.01 (Stat); 0.02 (S2); 0.03 (S1)
Ky p——— g N
w ) . 0.05(Sta); 0.05 (2); 0.07 (81) _|4 _|2 (I) 21 41 é 8I 110
0 0.05 0.1 0.15 0.2,
Expected uncertainty K

Extrapolation of Run2 analyses @som-1) 2.6 sigma expected significance on HH
O(few %) reached on SM couplings 95% CL intervals for k;: [-0.18,3.6]
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HL-LHC Physics Motivation

Present LHC has excluded large part of the natural SUSY parameter space
+  Gaugino masses O(few*100 GeV)->small production cross sections, accessible to HL-LHC
*  Hunt for exoftic processes, including dark matter

«  Full luminosity needed for evidence of new physics

, CMS Projection 14 TeV

CMS Phase-2 Projection Preliminary g 10— T T ] ' 3

; 5 5 5 5 % r Vector Mediator Mediator mass .

— — —~ —~ —~ —~ —~ —~ - . -
S 1200/ PP =X X, /XK Xy X, WK, X, > 2K, 2 - Dirac DM —=— 300 GeV {1
s~ | e HL-LHC Expected 95% CL Upper Limit (14 TeV, 3000 fb™) 53 i myy =1 GeV - :ggovav ] ,C_’
62 mimimie 30 Evidence HL-LHC Expected (14 TeV, 3000 fo™) n A1 02 = =0.25 e - N
g 9 2000 GeV 1 ©
£ 1000 == — s, Discovery HL-LHC Expected (14 TeV, 3000 fo™) - q 10 . i o
------- Run 2 Expected 95% CL Upper Limit (13 TeV, 137 fo™) B Iom =1 ________----"" i %
Run 2 Observed 95% CL Upper Limit (18 Tev, 1870 | [ __.--==""7" 1 g
soo}tnnnnno——1un—-—--- - ——o—+-—++41_ | aa--- E
[ Wino-like % 3, %5 = i ERES
— - g M Q‘ - - . ,2
600 e - e 1 5
C IO LN . ] p— Discovery threshold |
- ot R 1 g
4001 ol — R = 94 =

L PRtd -~ . - - 3

L \ [ . n - .

_ * - S C ]

200 % \ v B — with YR18 syst. uncert. |

™ o . - R — — with Run 2 syst. uncert.

2, ' | C 107 - = = = with stat. uncert. only

. ", . = -

O a . L LB i LI C_1 | | | oo | | 1

200 400 600 800 1000 1200 1400 1600 35102 3 3 3
x10 10 x10° 3x10° .
m(x ffiz) [GeV] Integrated %umlnosny fb™)

Evidence: Evidence:
SUSY gauginos with m<1.4 TeV Dark matter with m<750 GeV
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Tracker

* Increased granularity
+ Extended coverage to ~ | 4|
« Designed for tracking in L1T

CMS Phase Il Upgrades

New MIP timing detector
« 30 ps timing resolution
 Fullcoverageto |n|~3

New High-Granularity Endcap
Calorimeter (HGCAL)
* Imaging calorimeter
« 3D showers and precise timing

Muon System
 Extended coverage to ~ | 3|

+ Additional station with improved spatial CMS-PAS-TDR-15-002

and time resolution

Level 1 Trigger HLT Electronics Upgrades

e latency: 12.5 us . Heterogeneous architecture * On/off-detector ECAL, HCAL,
e 750 kHz output « 60 TB/s event throughput Muon Detectors

« 40 MHz data scouting « 7.5 kHz HLT output e 40 MHz continuous readout

R. Venditti-CMS Upgrades é
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CMS Phase Il tracker project

0.0 02 0.4 0.6 0.8 1.0 12 14 6
= 1200 . £ -
E —
1000 :— ”“ ”” ”” OUTé“ TI’CICkeI’ ““ %8
800 — ”” ”“ | | | 20
(R || || ||
600 — Il Il ”” ”“ ||” B
= NN NN ) Uy I I I 24
__________\\\ A N\ N\ N R I I II|| II|| II|| ”e
=S NN NN NN N Y S VA It It It 20
e R T T T Y I -
= IR i ; ! B B Innerg’rrockeru _ .0
3 1 1 1 A A e
0 500 1000 1500 2000 2500 n




CMS Phase Il inner fracker

_ 0.0 11.0 /2.0 TEPX P 3.0
£ ;
£ 250 . .
el 2x2 Pixel Chip
200 - TBPX TFPX modules
150%===
100F
e
50 s —
< - - -
W PP P P P R
% 500 1000 1500 2000 2500, [mm

+ Cover a total surface of 4.9 m’ - 2x10A9 channels
« Barrel: 4 silicon pixel layers
« Endcap: 2x8 small + 2x4 E)ixel large silicon pixel disks
* n inpsilicon, 25x100 um
* 3D (innermost)
* Planar (elsewhere)
* New Front-end ASIC in 65 nm CMOQOS technology (CROC), common R&D
with ATLAS
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CMS Phase |l outer tracker

0.0 0.2 04 0.6 0.8 1.0 1.2 1.4
—_ \ / / / / e - _— 16 : .
é 120 Pixel Strip
= ‘I [ I I | | 18 (PS)
— 1000+ m2s |[I [ H H Modules
||| | | | | 22 Double
[l [l
VeVeYY"fFge— g 0 n TN s (29
4o0lal A (SR o Tedlimem I N gy SR
200 gir:rel S N NN \\barr{gl lf " 0! TEDD -3
- 4.0
O__‘ | I ‘ | | ‘ | | | ‘ | | | | | | | | I | | r]
0 500 1000 1500 2000 2500 Z [mm]

* Cover a total surface of 218 m*- 174
million macropixels high transverse

* Barrel: 6 layers of pT modules

* Endcap: 2x5 disks of pT modules

« pT modules: 2 layers of n-in-p silicon

*  2S8: 2 super-imposed strip sensors

(20 umx5cm)
* PS: Macro-pixel sensor pT module = provide stubs compatible with

(100pmx1.5cm) tracks pr >2GeV for L1 trigger rate reduction

R. Venditti-CMS Upgrades 9
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CMS Phase Il tracker performance

Improvement on tracking efficiency and vertexing, thanks to high granularity
even with challenging HL-LHC data taking conditions

CMS Phase-2 Simulation 14 TeV

................................ CMS Simulation
R AMARE RAARE RARAEARAK MAARE BARRAMAAM T [T
S - ‘ o . Simulated muons : :
§ X | O, N S pot0GeV S ]
- ' - R e i i SN i =]
é % 0.8 4 ©° e Phase-1 tracker
':' ()] : 8 o 4 Phase-2 tracker
« € & ©10°
dE |
%
i —— <PU> =140
H —o— <PU> = 200
HES = : = T SO | -3
0.2 ; Tracks from tt events i 10
i P, > 0.9 GeV, Iq) |<3.5cm i
Oilllllllllillllill1lilllllllliilllllllll
-4 W Dial 0 1 2.8 4 4 -3 -2 -1 0 1 2 3 4
Simulated track Simulated trackm
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TDR-17-001/index.html

Silicon modules performance

doi/10.22323/1.449.0578

T — — 12,5 PR T T
Plxel pro.l.o.l-ypes %1004_ ....... R ; iwoz_ CMSTrackerPrel:mmary I ¢eq-08x10‘5cm'27
Single chip x ogf P 1o | : :;j”'"‘;;;;jw""‘z;
Ossemblles w 96:_ :I_‘. ‘ ) o] 755—g .............................................................................................................. —51
iradiated at CERN [ / T/ L e s g §e : 3
« Performance ur 1 a8 — i
measured with test e T bemtoxi0%om? ] ooble ety
beam at DESY i [ B b =08x10%cm? { 3 , - S—
« Hit efficiency > 98 90|~ ¥ beq=05x10%cm? | Léof 1
. . y . % - P 1+ non-irradiated 1 2 1_ If i* i‘ i¥ I i E i _
for high irradiation ol th o0 SR L ~
. . 0 100 200 300 400 500 600 700 800 O 0 2 4 14
« Spatial resolution Vias [V] emm [deg]
below the single- N
pixel cluster
limit=>7.2 um (r-o) 1 .
pT modules 2o
prototypes £
- More than 60 £°°
modules built £ ~- 4 strips
. g 04 —=— 5 strips
across the various g 56 shrige
production centersg ,,
» Expected g
performcmce 0_*1_.2 ]1.: 16 18 2 __ 22 24 26 28
confirmed Rgioe)
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CMS High Granularity Calorimeter

Highly granular sampling calorimeter in endcaps
3D shower reconstruction and precise timing -
Designed for Particle Flow reconstruction

ECAL (CE-E):

HCAL (CE-H):

Hexaboard
Sensor

Kapton
sheet

Cu/w
base plate

Silicon sensors
Cu, CuW, and Pb absorbers S0 Ll

26 layers, Xp=25 and A=1.3

overview in B.
Akgun talk

Silicon sensors and scinfillating tiles with SiPM
readout

Stainless steel absorbers

CMS-PAS-TDR-17-007

21 layers, A=8.5

2 Tilemodule

R. Venditti-CMS Upgrades
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TDR-17-007/index.html

CMS High Granularity Calorimeter

Results from test beam prototypes

v Energy resolution compatible with the present one for both ECAL and HCAL
v" Machine learning reconstruction improves the performace

v 16 ps time resolution = 5D shower reconstruction

v Unique opportunity to employ modern computing technologies for jet

reconstruction and particle ID .
- Heterogeneous computing CMS HGCAL overview
+  Machine learning Use of Convolutional Neural Networks  [baiguielnislLe

e RN . 0.5 SFCALICE 12CMS HGCAL CERN SPS beam test 2018
S8 0.0s0F T = 0.6f ardiv. 240611937 N R B S R
~ r —e— Data ,/g ] ° C : - = : ® Data ‘ :
- = _ § g {  — a=24nsGeV,c=23ps ]
0045 ___ S =(22.1% 0.3)%VGeV . s 0.5¢ ¢ Simulation : DRN(E,x,y,2) SE=(72.3+ O'SZA’ ;% B MC : .
L ~ . " ] kel F C=(24+0.1)% B 100J0 |-+ Lo MOMC i
- C=(0.56+0.08)% 1 3 5 Smuton:Wsmathog 5= (194942.10% g C T —"a-20nsGeV,c=22ps |
[ e MC ] o V4 L L C=(73£0.2)% o . e Daa/Vv2 | :
0.040 . - a [ S : ; : ]
r - ] S =(75.7£0.4)% ] : : ‘ :
F §= (21.2+0.3)%/GeV s g & 03;_ 1 Data:DRN(Exy.2) C=((2.8i 0'1)3/0 s w© . —— a=17nsGeV,c=16ps |
g C=(0.61:0.07)°/\i> E 3, . el LT, g B e S e 5
0'035: E F . % Data : WS method C=(85+0.1)% § [ : ]
: yz ] 02 E. : | - JINST 19 PO4015 ]
0.030 [~ = F & v iy, % o=\ N\ e i
r e 1 F Py, B LTTPPRPPR Trrrrrrriiifrreesssses : : :
g JINST 17 P05022 e L— sl |
0.025 — & - E iy, TSI YT - 2 I i
n ,,:8/ ] ok I 1 1 L A 1 é sl
0020 A 3 4r £ :
: /,9’8 9% __S5_g¢ S _— 2 ?
, F 4 (E) " VEveam E 6% 3E o Simulation v Data 5 ‘
0. 15_‘.’ ] UE)D ofF ... - e =¥ 2 2 ;
o b v b b v b b b 1 E W g :
0075 0100 0.125 0.150 0175 0200 0.225 = 1= ) ) ) ) ) ) 3 :
1 E, GeV 50 100 150 200 250 300 Ei|\||||
/v Eveam [ ] Energy [GeV] 0 50 700 50 200 250 300
Beam energy (GeV)

Energy resolution Energy resolution HGCAL protfotype
HGCAL CE profotype HGCAL CH prototype Shower time resolution
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https://iopscience.iop.org/article/10.1088/1748-0221/17/05/P05022
https://arxiv.org/abs/2406.11937

MIP Timing Detector (MTD) cuesmsiw

. Simulated Vertices

t (ns)

3D Reconstructed Vertices

08| o 4D Reconsiruction Vertoos Requirements

—F— T ¢ HL-LHC beam spotrms 0(5 cm) = space-
overlapping vertices can be separated in
time by hundreds of ps

*  Measure the production time of minimum
ionizing partficles is crucial

->MTD with time resolution of O(tenths ps)

0.4

0.2

0

-0.2

-0.4

z (cm)

- Disentangle pile-up by using timing information E

« Improved tracking and vertexing 7

- Parficle identification from time of flight 5

« Unique potential for Long-Lived Particles by 4

2.4(;— )rl'r?:w ?hick Type 2 :

3.00 mm thick Type 1 ' PR

Barrel (BTL) Endcap (ETL) E

|n| <1.45 1.6<|n| <3 :
LYSO:Ce + SiPM Low Gain Avalanche Diode 9(
(16x16)

O

TOFHIR readout ASIC (high ETROC readout ASIC 2

gain + noise filter) single TDC measuring Time Of 3 ]
Arrival and Time Over Threshold  dl14xi6 amay

—
S
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TDR-19-002/index.html

MIP Timing Detector

. . 30-60 ps (barrel)
Target Time resolution 40 ps (endcap)

Detector prototype performance

CMS Phase-2 Preliminary

— 120 e
8 —a— Typel + annealing at 60 °C: 25 um
. , "~ 100} —=— Type2 +annealing at 60 °C: 25 um .
c
> 50 CM,S Ph?se-ZISlmullatlon‘ —— .(]‘.“T.e\.’) g —+— Type2 + annealing at 60 °C: 20 pm
o | ttevents. (PU)=200. @ Fast-sim ] =2 80 TDR .
= - p.>0.9 GeV, nl<3. . i 2 [
g 40— L7 S S S - =] ) -
8 -+ NoMTD 1 :]-) 60
£ | - mMID60ps g |
B -« MTD40ps ]
B - ' MTP 35;93 i _ , il 20F CMS-DP2023-093 |
“5 )| B et i ]
5 B f i E ot ] ol
-CEJ : : s : le T -, sl 0 500 1000 1500 2000 2500 3000 3500 4000
E o i S £ Integrated luminosity [fb ]
< - 8 . § § ' CMS ETL Preliminary
- e 3 i ] i H N 80 i T T T T
T e o it
0 02 04 06 08 1 1 14 16 18 70+ - FBKW7 1e15 n.g/em? 7
Line density (mm™) st ETL e TS i -

- FBKW7 15e15 ngfcm? -
—A~ FBKW17 1.5e15 n.qfcm?

« BTL: resolution stay within expectation

Time resolution [ps]
s 538 8
'y

after irradiation = \\"\, ‘\::{;
« ETL: LGAD irradiated with g Sr90 source, ol
1 15+
Torge‘r performonce achievable by =l P A oty g
increasing voltage 5t
00 5I0 160 150 2(l)0 2:'.)0 360 35';0 460 4:';0 S(I)O 5'.150 6(l)0 6‘30 760 750 800
V bias [V]
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CMS Phqse " Muon sys.l.em CIMS-PAS-TDR-17-003

New stations to increase coverage, improve momentum resolution, frigger and
track reconstruction

n 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1A
8° 84.3° 78.6° 73.1° 67.7° 62.5° 57.5° 52.8° 48.4° 44.3° 40.4° 36.8° n 0° GE2/1
I e e e e 2 son | N [<2.49
&L . e o Ewe 55 | e 27ings Of two layers of friple GEMs
I 1 [ mees « Additional stub in the muon trigger
" MEO | 14 27.7° d fﬂ
6 H and offline
< 15252
: I P RE3/1-RE4/1
; . ; u - 1.7 20.7°
4 %‘ / £ 18 18.8° °1 9 < | n I < 24
‘ ' | 2 wwe | #2 stations of improved RPC
Solenoid magnet ! o . ono .
! | ? = 2 he | «time and position for trigger and
B C -1 22 126° 9
2 track reconstruction )
* i g X8 ;?? <
CEcAL] ] T
1 S_I_' T - ] HGéAL
-tracker ;

MEO-Muon near-tagger R W
«2<|Nn|<2.8, O(100 kHz/cm?2) background ', : b

«6-layers of triple-GEM §\\\\\§—f/ :
«additonal information to the tracker /7/, v b
' Muon system overview

in G. Pugliese talk
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Phase Il Muon Sys’rem motivations

CMS Phase 2 Snmulatuon
!
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CMS Phase 2 Slmulatlon
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CMS Phase-2 Simulation
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Reduce L1 endcap frigger rate wrt Phase 1
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Improved RPC for RE3/1 RE4 / 1

* Reduced gap thickness and
resistivity - improvement in spatial
and fime resolution

* Double readout in the strips high
and low radius

IP2] Dome lab.
= e
< £ CMS MUON
3500:_ Preliminary S
E pace
3000 — R .
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Entries : 12661
Mean : -141.44 ps
RMS : 784.44 ps
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Summary

« Full luminosity needed for the most extensive searches and most precise
measurements > Elucidation of the EWSB and of the Higgs boson characteristics

*  The HL-LHC conditions will be the harshest to date
- Phase Il CMS upgrades targets fast fiming, high granularity, radiation hardness
*  Main CMS experimental apparatus upgrades

— New generation of silicon sensors for fracking systems

— New Timing layer - LYSO and LGAD ftechnologies

— 5D calorimetry in forward region thanks to fast timing

— High-rate capability detectors for Muon Systems

Status: all sub-systems largely moving to the pre-production phase to the
production phase
Additional benefit: the physics exploitation will be a test bench for usage of
modern technololgies in future collider experiments
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Thanks for your attention
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Backup
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Status of the ari

Tracker

* Inner Tracker: ASIC final and in production

« Quter Tracker: about to start module production
HGCAL

* SIPM, scinftillator production started

MTD

« Barrel: started module production

«  Endcap: sensor procurement review in July; ASIC functionality
proven

Muon Detector
« RPC and GEM chambers production ongoing

R. Venditti-CMS Upgrades 23




CMS Phase Il tracker

>\<O 1.6}m§gs;a.l1racker -lnhomuvl'r sensors
i x : Inside IT tracking volume
Requirements: " e
 Radiation hardness: Max fluence up to O(10'¢) ne,/cm? 1.2f B e

* Preserve >= 98% efficiency
* Preserve spatial resolution
» Increased granularity: 1200 tracks / unit of n
» Reduced material: Preserve calorimetric resolution
« Contribution to the L1 trigger:
« Quter Tracker: pT modules — stubs compatible

o e Ve Do Ly

with tracks pT > 2GeV

. i
05 1 15 2 25 3 3.5|1
n

high transverse
momentum

programmable
search window

top sensor

1.6-4.0mm

bottom sensor

low transverse
stub momentum

1.6 Phase-1 Tracker
- CMS Simulation

[ [wr—

Inside IT tracking volume

- Between IT and OT
[ e vacin e
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Higgs coupling evolution

CMS 138 fb (13 TeV) CMS : : , : : ,
E W a E
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https.//www.nature.com/articles/s41586-
022-04892-x/figures/4
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The LHC Run 3
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oy (13 TeV) = 80.0 mb

of(8TeV)=73.0mb {2
o (7 TeV)=715mb

IR RNE

w
T

Recorded luminosity (fo™'/1.0)
N L

—_
T

Increased integrated luminosity
acceptance for rare events

lol=)

0 [N Q N ,\QQ

preCiSion meOSUremenTS Mean number of interactions per crossing
Il trigger bandwidth

- Need for detector upgrades
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https://lhc-commissioning.web.cern.ch/

Run3 CMS muon system upgrades

- Endcap trigger rate dominated by muons reconstructed as high py muons
*  prmis-measurement due to B-field, multiple scattering CMS-TDR-013
- High neutron background vs low hit multiplicity.

For the first time large area triple GEMs in HEP experiment: GE1/1 station
Key role of MPGD
> High rate capability (O(10KHz/cm?)) and radiation hardness
» Excellent spatial resolution (100-300um) - few mrad res on bending angle
» Good time resolution (5-10 ns) - stubs included in the trigger

o 10° ET T T T T T PU 50 1]4 TeVg GEM CSC Bendlng Angle CMS Phase 2 Slmulauon Prelmmaty
®  E CMS Phasell Simulation 1 LoosF oy ' ™S
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§ - - >2$tutl:;v:;thMSI/|1 1 E0014 =
- MS1/1 n |ng ange N m -
§ 10 A ol ?( 0.012F -
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1 bebonie | 0.008 —muon p_ =20 GeVic E
i 0.006F -
Tl R T, S = 0.004 E_ E
= 0.002F =

6 7 8910 20 30 40 50 60 0.005 0.01 0.015 0.02 0.025 0.03
L1 muon p_ threshold [GeV] Ao(GEM,CSC) [rad]
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https://cds.cern.ch/record/2021453/files/CMS-TDR-013.pdf
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The GE2/1 station

« Additional stulbb measurement

« Triple GEM is a mature
technology based on
mechanical foil stretching

« 3 GE2/1 chambers installed and
integrated in data taking
gain operational experience

occupancy, noise, Dead
channel, Cross talk

« Efficiency shows the expected
performance

Local y (cm)

(o]
o

(o2}
o

I
o

[\
o

CMS Preliminary

Detector prototype performance
395 pb-1 (13.6 TeV)

Gas : Ar/CO: (70/30)
-5Lmr

Equivalent Divider
Current = 6951A

AE21 M-1R}-1
Qo T=vicFT1OoL T

I O Y ) A I S S I

|
-8

0 60 40 20 0 20 40 60 80

Local x (cm)

R. Venditti-CMS Upgrades

Lk

0.9

0.8

o
N

o
o

o
[

o
~

o
w

0.2

0.1

Aousioiyg



