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1. Overview of CMS-GEM MEO0 upgrade project
* Layout of CMS-GEM upgrade system

* CMS GEM detector design
* Timeline of the MEO module production
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¥ Overview of CMS-GEM upgrade project

* The Gas Electron Multiplier (GEM) 1n the endcap
muon station helps to maintain or even improve the
forward muon triggering and track reconstruction.

n 01 0z 03 04 05 0.6 07 oe 09 1.0 1.1

6" B43* 786" 731" B67.7° 625" 57.5° 52.8° 48.4° 443 40.4° 36.8° GE2,1

- *||1. .12 zZ(m)

MEO closer to beam

2025-11-1

* GE1/1 detector was installed during LS2:
* Total of 144 chambers have been operating since 4 years.
* Currently, 138 chambers are active; 3 SCs were extracted
in YETS 24/25.
* GE2/1 detector:
* Currently only 6 chambers are installed for test
commissioning; 5 in GE-2/1 & 1 in GE+2/1

CMS GEM Upgrade - CLHCP 2025 4




¥ Overview of CMS-GEM upgrade project

 The GE1/1 GEM detectors are running stable so far.

* Active channels(GE1/1): mostly stable

CMS internal Only 2025 (13.6 TeV)
| May June July August September 1l

T PR 5 3 ’s 3
o " g PR s o o oo RO GRS L 0 0 0 P ™ e o o, )

80

GE1/1 Good VFATS ratio [%]

12}
(=4
A / g
~93Y% :
F o =
4
20
3 o proton-proton |
| o light-ion i
ol — — L - - i S
& & & A @ o° & & & < &
® 4 ® L3 [ 3 & & 3 ® L3
Run number
Efficiency Overview
Ty LI P g RS, R R e PSS b el b lamene s |
. eV -/‘ﬁ\ /ﬂp N
/
08 \/r
07 \/
05
03
’ - HV
. GE1/1 Muon Efficiency ...,
02
0
‘GSI"\ 05115 0519 0523 0527 0S/31 OG04 0603 0812 063 0320 082¢ 0828 702 0706 070 C7M 0718 0722 0726 (0/30 08/03 03,07 081 08f15 08NS 0523 (827 08/31 (904 09/02
= Mean Eficncy

~1.5% Lumi loss

GEM[— 1.5% (40.86 pb™) ]

Other - 2.0% (54.16 pb™1) ————
e
HCAL - 1.7% (46.24 pb™) — all)

~ TRACKER - 23.0% (615.90 pb™)

ES - 8.6% (230.36 pb™)
CDAQ - 4.0% (106.79 pb™) —
UNDECIDED - 1.5% (39.80 pb™) —
CSC - 1.7% (45.64 pb™) /

ECAL - 6.0% (161.62 pb™)

T PIXEL- 18.1% (484.97 pb™)
L1T_MUON - 3.3% (88.17 pb™)

b4
CTPPS - 12.9% (346.54 pb™) —/

' \_ CTPPS_TOT - 6.4% (170.90 pb™)
CMS - 5.2% (139.10 pb™)

* GEI1/1 Chambers are running well
with: ~94-95% efficiency for
standalone muons.
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€ CMS-GEM MEO detector design

* The full system: 216 MEO chambers (108
per end-cap)
6 triple-GEM modules per stack
18 stacks per endcap

* Performance Expectations
97% module efficiency
Timing Resolution: 8-10 ns
Gain Uniformity: <15%
Space Resolution: <500 urad
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¥ Timeline of the MEO Module Production

Production
Sites

Central Site
at CERN

* Vendors e Central Site (at CERN) * Production Sites
* Manufacturing of the * Material inspection (QC1/QC2) * Module assembly
detector components * Pre-assembly work  QC2-QCS5 tests
Shipment to CERN * Preparation of assembly kits * Data Base updates
* Shipment to/back from production sites
Timeline of PKU Team
1st | 2nd ‘ 3rd ‘ 4th & 5th
Jul-Sep 2024 ‘ April-dJune 2025 ‘ 2025 ‘ 2026

Finished Done Expected to start in November

2nd batch has been shipped to

CERN to do further QC test.
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¥ Timeline of the MEO GEM Installation

Timeline

2025 | 2026 | 2027 | 2028

L ; | po

1st Endcap Ready 2nd Endcap Ready MEO- MEO+
31.03.2026(+4 months)  31.12.2026(+2 months)

v

* According to LS3 schedule (V5) of CMS Technical Coordination (TC), the installation of
MEO- will be at Sep-08 2027(+8 months) and ME0+ at Nov-29 2027 (+10 months).
* With this scenario, there are still 17(11) months of float for the 1st (2nd) Endcap respectively.
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2. 2nd Batch of 10 MEO GEM assembly and test at PKU
* Module Assembly
* QC Test
* Troubleshooting
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€ 2nd batch of 10 MEO modules assembly and test

Overall module production strategy of CMS GEM upgrade project:

CERN

Production
sites

(e.g. PKU)

CERN

2025-11-1

QC 1: material inspection

QC 2: GEM foils test (fast + long)

QC 2: GEM foils test (fast)

Assembly preparation + Assembly
QC 3: gas leak test
QC 4: HV test

QC 5: gas gain calibration (gain + uniformity)

QC 6: HV stability test

QC 7: electronics connectivity test

QC 8: cosmic ray test

CMS GEM Upgrade - CLHCP 2025
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cleanroom

First module of 2nd batch MEOQO
(April 2025)
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L QC2: Fast Impedance Test of GEM Foil

GEM-foil

e Test the impedance of the foil
by the Megger connected to
the HV pads beside the foil.

If a short occurs on the foil, use
an electrostatic roller to clean the
area where the spark appears.

Fix the foil to the outer frame with tape
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€ Assembly Procedure

Components installation

Use scroll to clean foil
to get triple-GEM

Set up internal frames and pillars

Inst:alll Readout oard(RB) Install external frame with O-rings Set up Drift Board(DB) and

move GEM foil stack on it
2025-11-1 CMS GEM Upgrade - CLHCP 2025 13



€ Troubleshooting

» Short after the assembly
e [t 1s likely that the dust has fallen onto the foil
e If the short is on the 3rd foil (close to the RB), remove
the RB and use a scroll to clean the foil
® [f the short 1s on the 1st or 2nd foil, remove the RB,
then use a hook to apply high voltage to the affected
sector.

» Gas leak
e Use a mini-tracer to confirm where the gas leak 1s
® Replace the screw with the washer
® Apply more AB glue around the gas connector

2025-11-1 CMS GEM Upgrade - CLHCP 2025 14



€ QC3: Gas Leak Test of the module

Pressurize the detector with pure CO, to 25 mbar above

atmospheric pressure while recording the internal pressure per
minute, along with associated environmental variables.

» If the gas leakage results in a pressure change is less than 7 mb/h,

the new module will pass QC3.

original data

750:15 | 540.00
9:51:15 | 600.00

Temperature

Environment
pressure

Time |Seconds (mBar) [ Temperature (C)| (mBar) Date 17112/12019

9:41:15 | 0.00_|_—2:14E+01 2.37E+01 1.01E+03 Name hjma

9 FB0.00 | 2.44E+01 2.37E+01 1.01E+03 Detector ID 1

9:43:15 | 120.00 | 2.13E+01 2.37E+01 1.01E+03 Duration () 1

9:44:15 | 180.00 | 2.13E+01 2.37E+01 1.01E+03

9:45:15 | 240.00 | 2.43E+01 2.37E+01 1.01E+03 QC3-ME089

9:46:15 | 300.00 | 2.12E+01 2.37E+01 1.01E+03 3.00E+01 } 1.10E+03
9:47:15 | 360.00 | 2.12E+01 2.37E+01 1.01E+03 y = 21.2¢9-99"10%(-06)"x

9:46:15 | 42000 | 212404~ 2.37E401 1.01E+03 R? = 8.12E-01 1.08E+03
9:49:15 | 480,08+ 2.126+01 2.37E+01 1.01E+03 = 8.12E-

2.11E+01 2.37E+01 1.01E+03 2.50E+01 1 06E+GS
2.11E+01 2.37E+01 1.01E+03 = :

9:52:15 | 660.00 | 2.11E+01 2.37E+01 1.01E+03 g | L -
9:53:15 | 720.00 | 2.10E+01 2.37E+01 1.01E+03 E 5 2.00E401 L 8
9:54:15 | 780.00 | 2.11E+01 238E+01 |  1.01E+03 > = £
[(9:55:15 | 840.00 | 2.10E+01_|—Z38E+01 1.01E+03 5B 1.02E+03 -
9:56:15 | 900.00-+—Z09E+01 2.38E+01 1.01E+03 @ 2 =

STTE] 960.00 | 209E+01 | 238E+01 1.01E+03 g & 1:50F:01 1.00E+03 g
9:58:15 [1020.00|  2.09E+01 2.38E+01 1.01E+03 - o
9:59:15 | 1080.00| _2.10E+01 2.38E+01 1.01E+03 s £ 9.80E+02 o
10:00:15[1140.00| 2.08E+01 2.38E+01 1.01E+03 5 F 1.00E+01 E
10:01:15[1200.00| 209E+01 | 2.38E+01 1.01E+03 8 9.60E+02 <
10:02:15]1260.00| _2.08E+01 2.38E+01 1.01E+03 £ e Pressure (mBar)
10:03:15[1320.00|  2.10E+01 2.38E+01 1.01E+03 - 9.40E+02
10:04:15(1380.00|  2.08E+01 2.38E+01 1.01E+03 5.00E+00 © Temperature (C)
10:05:15]1440.01| 2.08E+01 2.38E+01 1.01E+03 T ———— - 9.20E+02
10:06:15[1500.01 2.08E+01 2.38E+01 1.01E+03
10:07:15/1560.01|  2.08E+01 2.38E+01 1.01E+03 0.00E+00 i 9.00E+02
10:08:15]1620.01| _2.09E+01 2.38E+01 1.01E+03 0 400 800 1200 1600 2000 2400 2800 3200 3600
10:09:15[1680.01 2.08E+01 2.38E+01 1.01E+03 Time [s]
10:10:15[1740.01 2.07E+01 2.38E+01 1.01E+03
10:11:15]1800.01| 2.07E+01 2.38E+01 1.01E+03 Summary Error
10:12:15(1860.01| 2.06E+01 2.39E+01 1.01E+03 © 2382 0.0787824
10:13:15[1920.01 2.07E+01 2.38E+01 1.01E+03 [Atm Pressure (mBar) 100896055 011571869
10:14:15]1980.01| 2.07E+01 2.39E+01 1.01E+03 initial pressure (mBar) 21.4237
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€ QC4: HV Test of the module

To acquire the spurious signal (or noise) rate on the characteristic |-V

curve of the detector from 200 V to 4900 V while operating the

detector with pure CO,

 From 200 V to 3000 V this is measured at 200 V increments and
from 3000 V to 4900 V this is measured at 100 V increments.

* Alinear |-V curve describes the ohmic relation between the applied
HV and measured current of the resistive divider.

QC4 HV test 6.00E+03 1 HV Circuit
Vset Vmon Iset Imon R calc R norm Counts Rate Rate Err R_Equiv (Mohm)
[ ) (ua) (uA) (Mohm) {Mohm) (Hz) (Hz) 09
200 | 2.00E+02 40 snnnn| 501266294 | 1.0025126 #VALUE! [ #VALUE!
400 | 3.99E+02 80 | 5.006273714 | 1.0012547 #VALUE! [ #VALUE! B y= 4.9762x + 6.3443 ,9’ 08 Preamplifier
600 | 5.99E+02 120 it | 5.004177235 | 1.0008354 #VALUE! [ #VALUE! Rz2=1 e 2 Make & Model User Provides
800 | 8.00E+02 160 H#itini#| 5.006261835 | 1.0012524 #VALUE! | #VALUE! 4.00E+03 '-‘ ad User Provides
1000 | 9.99E+02 200 #iHiH | 4.999999925 1 #VALUE! | #VALUE! % '.“’. i Amplifier L.
1200 | 1.20E+03 240 | ##unnn] 4.999999937 1 #VALUE! [ #VALUE! | 2 i : 7 Make & Model User Provides CMS Pre,‘;m;najry PKU
1400 | 1.40E+03 280 #####4#| 5.000000107 il #VALUE! [ #VALUE! :E)oho:: P 05 3 Coarse Gain User Provides = T T T T ]
1600 | 1.60E+03 320 | #iiii] 4.998437105 | 0.9996874 #VALUE! [ #VALUE! | o e = [Fine Gain User Provides =>5 .
800 | 1.80E+03 | 360 | #édiiih| 4998611111 | 0.9997222 #VALUEL [ #VALUE! | = 2 04 =, MEO Module Production
2000 2.00E+03 | 400 | ###iiti| 4.996250862 | 0.9992502 #VALUE! [ #VALUE! Emhm g Int. Time (ns) User Provides = Gas = CO
2200| 2.20E+03 440 Hidnin| 4.994322189 | 0.9988644 #VALUE! [ #VALUE! i . 03 Diff Time (ns) User Provides @ as = 2
2400 2.40E+03 480 ##H#iH | 4.995836061 | 0.9991672 #VALUE! [ #VALUE! . 0}4_ R. =50MQ |
2600/ 2.60E+03 520 | #iitiiin] 4992315082 | 0.998463 #VALUE! [ #VALUE! | . o g s IVCurve 02 Discriminator i) "
2800 2.80E+03 560 | 4992865001 | 0.998573 #VALUE! [ #VALUE! pr . ® Rate & Make & Model User Provides =) Hm =4 978 MQ
3000 3.00E+03 | 600 | ###iitii| 4.991677863 | 0.9983356 #VALUE! [ #VALUE! pe 8§ (v Curve) Threshold (mV) User Provides =
3100| 3.10E+03 | 620 | ##iii| 4.991141698 | 0.9982283 R | or.00 | S ole o 66 0le6éoolee 6 Ee]
3200] 3.20E+03 640 #itii#| 4.989859594 | 0.9979719 #VALUE! [ #VALUE! 0.00E+00.00E+02.00E+02.00E +08. 00E +08.00E+08.00E +02.00E +08.00E +08.00E +02.00E+03 Scallar QL 3l =
3300 3.30E+03 660 | #uunnn| 4.989411768 | 0.9978824 #VALUE! [ #VALUE! Current Drawn (uA) Make & Model User Provides -
3400 3.40E+03 680 #iiiii| 4.98898993 | 0.997798 #VALUE! [ #VALUE! Acquisition Time (s) |User Provides &
3500| 3.50E+03| 700 it | 4.988592699 | 0.9977185 #VALUE! [ #VALUE! o <<
3600 3.60E+03 720 H#itinii] 4.987524092 | 0.8975048 #VALUE! | #VALUE!
3700] 3.70E+03 740 ##H###] 4987862441 | 0.9975725 #VALUE! | #VALUE! _.1.002 = Summary ok |
3800(3.80E+03| 760 #unnni| 4.987526418 | 0.9975053 #VALUE! [ #VALUE! | & *e* V_Max (V) 48975
3900 3.90E+03 780 | 4.985292084 | 0.9970584 #VALUE! [ #VALUE! § 1 LA X ! F—— Vdrift_Max (V) 4625.740056
4000]| 4.00E+03 | 800 | #itititiiii| 4.985660848 | 0.9971322 #VALUEL [ AVALUE! | £ ® e oo, 1_Max (uA) 984.200012
4100 | 4.10E+03 820 | 4985403381 0.8970807 #VALUE! [ #VALUE! E ) *eeve . R_Equ MSRD (Mohm) |5
4200]|4.20E+03 | 840 | #aaitiii| 4.982787132 | 0.9965574 #VALUEL [ #VALUE! | 3 g00 “‘n.‘ R_Equ_Slope (Mohm) _ [4.976215426 1L i
4300 4.30E+03 860 H#itiniti| 4.983188406 | 0.9966377 #VALUE! [ #VALUE! % ®e R_Diff (%) 0475691483
4400 4.40E+03 880 ####i#| 4.981875917 | 0.9963752 #VALUE! [ #VALUE! E 0894 SPR_Signal Rate (Hz)  [#VALUE! « MEO-MODULE-0089
4500 4.50E+03 900 | #uutiii] 4.981173865 | 0.9962348 #VALUE! [ #VALUE! | 2 SPR_Signal_Rate_Err (H{#VALUE!
4600 4.60E+03 920 #innni| 4.97996324 | 0.9959926 #VALUE! [ #VALUE! s — hit
4700| 4.70E+03 940 | #u#uki] 4978274819 | 0.995655 #VALUE! [ #VALUE! o ok | 1 ] 1 1
4800[4.80E+03| 960 | #maitih| 4.077175032 | 0.9954352 #VALUE! [ #VALUE! o 1000 2000 3000 4000 5000 5000 200 400 600 800 1000
4900] 4.90E+03 980 #i#d###E| 4976122679 | 0.9952245 #VALUE! | #VALUE! Applied Voltage (V)

2025-11-1
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& QCS-1: Effective Gas Gain Test with X-ray

A measurement of the effective gas gain as a function of the HV

both with and without a radiation source using a gas mixture of 70%
Ar and 30% CO,
The effective gas gain is calculated from the count rate and current
measurements.

QCS5 Effective gain
Trrmome] Frvronment R Tor isaring Corrent
Voon | mon | Time | Premwe | Temp || Sovreon SO Souree On
omphlc St 1l Counts Current [ Gurrent
ik & o] 74 Timing Fitr Armp— ORTEC w o | Owe) ~ o)
Coure Gai] i EE T I Too1 2 GEET L BT
Fine Goin] g EEE YT TR [
Dif Tme ST T (ETHT
T o] e T 5
3308+ et e aneof| amsel
Detctor Srtings
11| s sosen|| | seof| 2z
Seiol Nurmber MEOMODULE 0ot = 1o] saosssny) o] 12ea] e[ e
- 8 omes
e/ 7o S s o] swol o Y T
] &l Sosteo lzessis| 103 01ases 2ese1d] sk vseof| 1z
Flow Rotel /b 5 e} so0e+0 p ey 7[2e1 e sz vioe]
<
Y Ciruit R_Eauin 0 B = 2950 o] 170508 [ Vs
Tl AV Diider R OO0 g < 5 £ R o[z TR
T Om T e S| 2 2 [y RIS | KU
R_GEMI (MO 2wee0n| seeeal 2 1o 2[Lstez13d o] uea] ane|| voe
& o] arsir0)]_ssiea i o[zuesd] T ropf| v
® osq
x o] | | R T |
R_GEM3 (MO Noprimary | T ] Elecron Charge | T
x o] 2 1.E+06
Discriminotoe Sccings After T/P correction Gain
Ve vl Goon o] o Corren e T Goin [ Gainir Rate
Thrchold V] ] ® [0 (X ) 1.E405 1% (Gain)
Wk Adjos V| q T
Ty q wiE: e
o0 ®
Picoammerer Secings T
e O 16408
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iR | e 2
Trio Bock] Ziie 2
i Gren] T @ 1.E+03
1T2E E
Sl Setiogn [ ormssos [ s T .
Q0sons | SE e
ok & viode] Ln nsras | GoiE T 16402 gt
Ao Time 7] ] ST R 0
— v T
reScings o | 2w T
o] Rox o) T T 1.E401
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Carren WA [ promeen®y 811057462602 2 TISHS5429 24 354905175
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i S oy Co el e @000 o ED
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€ QCS5-2: Gain Uniformity Measurement

(Gain uniformity test is performed at CERN) Lo OIS rptiminaryOEAN 9 Lat
signal->APV25->ADC->FEC->DAQ é 'T;;TJ;‘ZQEE;}'M%@%@»:; :
R SN
« APV: Analog Pipeline Voltage mode P
« ADC: Analog-to-Digital Converter Peak position of
« FEC: Front-end concentrator cards i | 2 clusterADC over the
 DAQ: Data Acquisition o, ©NtIreIMEQ detector
£ ol + oin=t =2+ in=3 + in=4 1
L in=5 in=6 -+ in=7 -+ in=8 |
i Response Uniformity
, GMSPeimnay  GEANS904Lakh =100 * o/p %
T * o must < 15%

401 o/ =0.0643077 + 0.00314097

External trigger

-

Make| a histogram

30
Bl s0l. using| the data points
from this distribution
Analysis 1or- .
mmDAQ Framework i
A~ (with reco.) . C il o il ANy Co ]
Ir 01500 750 2000 2250 2500 2750 3000 3250

Peak Pos. of Cluster Charge Fits (ADC Counts)
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€ QC6: HV Stability Test (at CERN)

—_
o
o
o

Trip voltage [V]

800

700

600

500

400————

To clean and characterize the GEM foils in order to ensure the stability of the high voltage
1. STRESS TEST: record the maximum voltage supported by each GEM foil
2. SHORT STABILITY TEST: to determine the current-voltage curve for all the GEMs foils and DB of the detector

3. LONG STABILITY TEST: keep all the GEM foils at 580 V for 15 hours or longer if needed and check the stable
operation of the GEM foils. The number of trips of the power supply are registered.

CMS Muon Preliminary
— Y

MEO-MODULE-0002

900}

STRESS TEST

CMS MEO Triple-GEM Detector

Gas = CO,100%

-~ GEM1 |
- GEM2
-= GEMS3

2025-11-1

1 2 3

Ny =

5 6

iterative steps

Imon[uA]

CMS Muon Preliminary
o W ey

MEO-MODULE-0002
—

CMS GEM Upgrade - CLHCP 2025

- = G3B
4; + G3T |
| SHORT STABILITY TEST - ces |
I GoT |
- GIB |
er COET
I + DRIFT |
T T P e T T S U U R P ey
ol i

s CMS MEQO Triple-GEM Detector

al Gas = CO»100% |

L L L 1 L L L | L " L | L L L | L L L | L

0 200 400 600 800 1000
Vmon[V]

Number of trips
- n n W
(%)) (=] a1 o

—_
o

CMS Muon Prefiminary
LR AN 7R RRRAN RAR RN AR AN RS2 (EE AN RO RN AR

MEO-MODULE-0002

LONG STABILITY TEST

CMS MEO Triple-GEM Detector
Gas = CO2100%

N
3 4 5 6 7 8 9 10 1

el "
1 12 13 14 15

Time [h]

19



¥ QC7: Electronics Integration Test (at CERN)

This step revolves around making sure that the signal is high. Having virus in the signal will destroy everything that

has been previously done with quality control process and assembly.

* The MEO modules will be arranged in
stacks of six layers.

2025-11-1 CMS GEM Upgrade - CLHCP 2025 20



€ QC8: Cosmic Test of the Chambers (at CERN)

2025-11-1

The main aim of doing the cosmic test of the chambers
1s carrying out experiments with a cosmic stand to
measure the efficiency of chambers.

VMon MEO-TOP-L123

TkV

600V
400V
200V

ove b :
06/07 08:00 06/07 12:00 06/07 16:00 06/07 20:00 06/08 00:00 06/08 04:00 06/08 08:00

== DRIFT == G1BOT == GITOP == G2BOT G2TOP == G3BOT == G3TOP

IMon MEO-TOP-L123

06/07 08:00 06/07 12:00 06/07 16:00 06/07 20:00 06/08 00:00 06/08 04:00 06/08 08:00
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3. Progress of the test of ME(O GEM electronics board at CERN
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¥ Progress of GEM electronics board for MEO

e GEB: front-end electronics board of GEM detector for
upgraded CMS muon system (GE1/1, GE2/1, MEO)

* Function of GEB:
* Carrier of front-end and back-end electronics system
* Front-end signal transmission carrier
* Provide direct shielding for GEM detectors

Narrow board | Wide board
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¥ Progress of GEM electronics board for MEO

Works of CMS China group:
* Production and test of GE1/1 GEB

* Design, production and test of all GE2/1 and MEQO
GEBs

* Development of automatic tester 2% Cooling
* 456 MEO needed for 36 + (2 spares) stacks

* 510 MEO GEBs produced in total at Sinafast Ltd. in
Shenzhen and were shipped to 904 lab at CERN

* Acceptance test at CERN: PKU team finished Ist
batch check work(222 GEBs, Feb 2025) and 1s
performing the test of 2nd batch, expected to be
completed by early next year

_ VFAT

Fibers to
X20 back-
end
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4. Update of the Performance of MEQ stack at CERN
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¥ Test for the Chambers--Rate Capability Study

Beam test was performed at GIF CERN, with a test beam about 2 MHz per sector
* 80 GeV muons
* alow-energy gamma background from 137Cs to simulate the expected background

Cl\llls Preliminary . . . | GIF++

-------------------------------------------------------

____________________________________________
_________

— chamber1:T = 1822106 n T * efficiency loss around 2.5% per chamber

o
©
- O

i — A A SR | 5 e due to redundancy provided by the six

___________________

Efficiency

e — chambers in each stack

0.9?:4 % - — ———+ - => approximately 1%

------------------------------------------------------------------
oosp - — - - oo — —— T—ra !
| ---- chamber 3: 1 =985+7.7 ns I
0904 . i ; . ‘ |

Rate per strip [kHz/strip]
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® Test for the Chambers--Time Resolution

The full 6-layer stack time resolution
* use cosmic rays as the uncertainty on the average arrival time of the track segments

CMS Preliminary Cosmics 904 Lab
0.504 ~ Fita/VN +b
oas \\ g 0.508 £ 0.003, b=0.007 £0.002, x*/4=1.374 I 12 « Average time resolution as a function of the
. 7 \ ata
0.40 - N\ | o number of MEO chambers (layers)
x N n
oM = . . .
S 0.35 \"\\_\ % * For 6-layer segments, the time resolution is
e - 8 . .
0.30 . S 0.21 BX (left y-axis) corresponding to 5.4 ns
“‘\-m‘q\"\ . .
0.25 ~———___ [S (right y-axis).
0.20 T . . .
. * A more precise measurement 1S ongoing
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* Progress and status of CMS-GEM upgrade project:

» GEI1/1: Overall smooth operations with only small lumi loss & very good muon
detection efficiency (stable & ~95%).
» GE2/1: On hold, perhaps postponed to 2029

» MEO: module production on schedule, expect to be completed by end of next year

* The China group has completed the 2nd batch of 10 MEO GEM module assembly and
test, shipped to CERN and passed further tests. Preparation for the 3rd batch of MEO
module production is going on.

* All MEO GEBs produced in China have been shipped to CERN, half of them passed
the acceptance test with no failure found, part of the GEBs have been already
assembled on MEO modules. The acceptance test 1s still going on at CERN.
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