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Motivation: Why Upgrade the CMS Muon System?

LHe ; AL : « HL-LHC challenges:
o Vs =14 TeV, 140-200 pile-up events.
v BEE 18 0¥ — LLERLL o %10 design luminosity — 3000—4000 fb™".
n B owmenn | s B ten o Harsh environment: very high background
# rates (y, neutrons) and strong radiation —
R ATLAS - CHiS e detectors must handle high rates & be
e —TTE AUCR e = o radiation tolerant.
Exd - EE
 Forward region gap:
o Current muon coverage limited to |n| < 2.4.
o Physics opportunities lost beyond this —
cMS Average Pileup (pp, =13 TeV) MEOQO extends acceptance to |n| = 2.8.
-wooh |l Run ki <> = 34
Tl HLC  mmaon - e e . Physics drivers:
oo etz asgine wiHimate o Precision Higgs couplings & rare decays
fooe : - - (HH, H—py, H—2y).
3 2000 o Lepton Flavor Violation searches (1 — 3p).
'foo o Discovery potential for BSM physics
} . (SUSY, heavy resonances).
2 s0 o ® Ao° ¥° RS A0 RS 20 20
Mean number of interactions per crossing TD R LI nk
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CMS Muon System
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* CMS muon system (|n| < 2.4) uses 4

gaseous detector technologies: E o e e ISy o s % »«» + Gas Electron Multiplier (GEM) : In
o Drift Tubes (DT) : Barrel tracking, =—_| NI the endcap improves trigger
~100 um resolution. 5 IIH II ' efflclzle.ncy, muon pr re.SOIUtlon’ and

o Cathode Strip Chambers (CSC): . —= HENE /o radiation tolerance at high rates.
Endcop tracking, 40-160ym S iE -0 cownsge - GEWE: 1622
resolution. - = | (installed LS2), GE2/1: 1.6-2.4

| § |

“* (postponed), MEO: 2.0-2.8 (LS3).

Silicon
tracker

o Resistive Plate Chambers (RPC):

0 '\\l
1

Barrel + endcap timing, ~1.5 ns

resolution.
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« Principle of Operation:

O

Introduction to GEM working in CMS

Copper-clad Kapton foil with bi-conical holes (~70 um, 140
Mm pitch) with gas mixture: Ar/CO, (70:30).

High voltage — strong fields in holes — electron avalanches.
Triple-GEM cascade — high gain, efficient charge transfer,

stable operation.

Potentials Voltages El. Fields
[kV/em]

- Performance & Advantages: e L e
 Drift: 3 mm Drift e TR T
o High rate capability: up to MHz/cm?. GEMI ummsgssnunmnEn®E- GITop ,,,, ' ™
_ A / Transfer 1: 1 mm G1Bot sV 31
o Excellent spatial : ~100 ym and timing: 8-10 ns resolutions. GEM 2 m m #-------.-. G2Top 7' v  7es
o . . LU Transfer 2: 2 .
o High gain (~2x10%) with stable operation. ..;~~',;a:ii'___’:f_“ ggg;
o Radiation tolerance & long-term stability. {Wi Induction: 1L mm = G3Bot a6y a4

ov

PD—
Amplifier
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The MEO Detector upgrade in CMS

* Location: MEO = Muon Endcap ‘0, Installed in the very forward region,

behind the new high-granularity calorimeter (HGCal) .
« Coverage & Design: Extends muon acceptance 2.0 < |n| < 2.8; 18

stacks/endcap (36 total), 6 modules/stack — 216 modules (+spares).

* Performance: Efficiency >97%, ¢ resolution < 500 prad, timing 8-10 ns.
* Environment: Operates under high rate (~150 kHz/cm?) and high radiation
(7.9 C/lcm?).

Central spacers

S e

1JOINNING PLATE

Read-Out Board & Module PATCH PANELS

Hirose Connector
2 STIFFENERS (UNDER MODIFICATION)

\GEM foil 2
“\Spacer 1 mm
N\ GEM foil 1

\\Spacer 3 mm

\Drift Board\ ?L"ﬂ'ﬁ\Powering Pins

6 ALUMINIUM FRAMES

TALUMINIUM PLATE 4 OR 6 CABLE TRAY SUPPORTS

Layout of Single MEO module

Layout of Single Stack: 6 * MEO module
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« Segmentation is needed to equalize the highly non-uniform background rate across n and minimize discharge energy by

MEO GEM Foil Segmentation

limiting sector size.

* Non-uniform background as a function of n
with Horizontal Segmentation.

« Uniform background particle rate per sector

with Radial segmentation of GEM foil. E an g 140 | *0x
= 0 = 1.95
- Divided into 40 sectors. Each sector is smaller ™ i3 > 130 - %
than 100 cm? to minimize discharge energy. 120f 120 F 1.85 =
CMS Muon Preliminary MEO detector @ GIF++ - - ‘ 8
§ 21000 110F 110F 1.80 %
§ oo Gain recovery i ! 175
- f i+ +f | demonstrated up to 1001 il '
19000 ' 2.2 MHz/sector or 1 - 1.70
s , 280 kHz/strip and F Wil .
with different HV 800 e '
. filters up to 100 kQ - 1.60
| Bty « & W 165
15000 100k HV Resistor —20 -10 0 10 20
*— Compensated Gain X (cm)

lllllll

':HE Phasa-2 Simulabon eiminangy

CMS. Phase-2 Simulation Preliminary

14000

104

10°

Measured background rate (kHz/strip)
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MEO Electronics

* VFAT3 (Very Front-end Analog
Transceiver 3) plugin cards: digitizes
and reads out ionization signals for
128strips.

 OH (Optohybrid) sends data from 6
VFATs to back-end.

o IpGBT (low power Gigabit

top

fiber

Transceiver) chips used for data
processing on the OHs.
 GEB (GEM Electronics Board) routes

connections between VFATs and OHs .

"

i; PLIqAY03d Q) b

« bPOL: DC-DC converters supplying

N

voltage to front-end electronics.

A {
a0
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MEO Production and Validation Status

« Stacks: Production initiated; first stack validated with
cosmic stand.

» Rate: Target of ~3 stacks/month; nearly 50% of
production completed.

* Monitoring: Production and delivery closely tracked;

validation steadily improving.

ANUREET KAUR

125.00%

75.00%

50.00%

25.00%

0.00%

» » MEO Foils Estimated
== MEO Foils Delivered
MEO PCBs Estimated
MEQ PCBs Delivered
» » MEO Frames Estimated
w= MEO Frames Delivered
*« MEO Tnuts & Pull-outs Estimated
w= MEO Tnuts & Pull-outs Delivered
« » MEO Modules Construction Est
== MEO Modules Constructed
» » MEO Modules Validated Est
w= MEO Modules Validated

Changing day by day

§/1/2024 7/1/2024 91172024 11/1/2024 11172025 312025 S/1/2025 7/1/2025 9172025 1171172026

_—

S
——=
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MEO Production Scheme & Sites

Module Chamber
assembly Module QC Assembly Chamber QC Storage
{ 1 Y \ Y J
At CERN At Production Sites At CERN

CMS GEM Production Scheme

Production

* Quality control (QC) are « India (2): Panjab Univ.,

key factors to ensure the *“% Delhi Univ.
delivery of fully | == A oo%%%/ = « CERN (1): Geneva
efficient detectors yielding et \‘l/éemran Si; (double capacity).
their best performance when e s \athRN/ - Europe (3): Gent,
installed in CMS. = [ Bari/Frascati, Aachen.
o . Production *  China (1): PKU (Beijing).
Etc .. \ P5 // Site

D

Vendors — CERN (QC1-QC2, kit prep, logistics) — Production Sites (assembly, QC2—-QC5, database).
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MEO Quality Control Results

» Gas Leak Test: All modules show leak rates within acceptance (1 > 3 h).

« HV Divider Test: Resistance deviation well below 3% acceptance limit — stable HV operation.
« [Effective Gain: Measured with X-ray; average gain ~4.5x10* at 700 pA (limit = 1.5x10%).
« Uniformity: Gain and MPV (Most probable signal value) distributions uniform across chambers and sectors.

« Stability: Consistent response across modules, confirming robust production quality.

e (?MS Preliminary _ . 18('.:MS Preliminary
3 | e Module 1 i BL g ¢+ r A L
-g o7k —  Phoquiet (t) = [P0l ™" [ g :
‘;’ i A Module 2 1 le] 15 :
5 26| — Produez(t) =[P0Je™" | g - MEO Module Production
7} - ] LU - I
% - ] = | 1 P(t) = Pge -t i
>~ 1
Q. 25 a s 120 Gas = CO2 7
b B §
i ] 1
24 . 3 i |
- 1 g al- : —— Acceptance Limit 1 > 3.04 h
23 - = : |
B ] 1
i ] 6l : _
22| R -
i ] e : ]
e L L I
& s ] 3 1! =
| | p0 2553 mbar || p0  26.68 mbar ] s : E
20__ T 4.36 hr T 11.14 hr . I d
S [ L1 P P | ] I i
0.0 0.2 0.4 0.6 0.8 1.0 B Iy~ 3

Time [hr] 5 10 15 20 25 30 3 DP-2024/126

Gas Leak Time Constant T [h]

Conclusion: Initial production validated assembly procedures and confirmed readiness for large-scale MEO construction.
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MEO Performance: Rate Capability @ GIF++ (CERN)

» 4-layer prototype with 80 GeV muons + ¥*’Cs source, VFAT3 readout.

» For global irradiation, voltage drop is successfully compensated by increasing

voltage proved by testing with muon beam and gamma-rays at GIF++ (CERN).

» Efficiency vs rate follows f(r)=€q/(1+1r), T = 98-182 ns (VFAT3 dominated).

« Longflat plateau at ~97% efficiency.

« Smaller cluster size from background reduces effective dead time.

ANUREET KAUR

-
=]
=]

Efficiency

o
w
)

CMS DP-2024/119

GIF++trigger
scintillators

Source cone

L7\J

ABS
45.0 330 22.0 10.0 4.8
1 I I
CMS Freliminary GlF++
o
e
MEO Chamber 3 f(r) = =2
i 1+ 1r
n partition 1
Fit Cuts:
 XNgg =27.3/3=9.1 X% < 10 i
T=985:77ns |slopey.| < 0.01
Eg = 0.974 £ 0.001 |slope| < 0.1
-+ Data
| L
a0 50 100 150

Rate per strip [kHz/strip]

........................................

D |

\/
/ \Muon beam

80 tm
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MEOQO Performance : Time Resolution (1)

Cosmic stand

« Studied with cosmic muons (CMS 904 lab at CERN) and test beams. i

« Single chamber resolution limited (~10-12ns). === S0
——// 91

* Resolution improves with number of layers: ~6 ns (5 layers), ~5.4 ns (6 layers). 5
: 4
« Comparable results in lab & beam tests — stable performance. 3
« Adequate for rejecting out-of-time backgrounds at HL-LHC. i
0
CMS Preliminary _Cosmics 904 Lab
é T T T :Jala J CMS preliminary Cosmics 904 Lab
» 1200 Std: 0.470.01 . . 0.50 - Fit: sl + b
% Time ReSOIUtlon of ' o a;n.soaio.noa,b=0.007¢0.002,x?;4=1.374 12
o 1000 a single layer 0.45 1 T data
S a0 2
]
600 1
400 .
- Resolution is O47 |
200 v
[ 3
e,
s g 10 &

Time (EX) CMS DP-2024/089

Niayers
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MEOQO Performance : Time Resolution (2)

Meets HL-LHC timing requirements.

Stable under y background, ~95% efficiency.

Dashed line indicates
/expected max rate (at

high 1)

MEO expected range:
10 — 200 kHZz/strip.

o5.0.CMS Preliminary GIF++
£ [ npartition 4 k.
= 205 1P 2
o i + detector 0 g :
5200 + detector2 | -
3 | detector 3 @g) 7
g 17.51 4 detector 4 & N
E y50[ t detector5 ‘ .
" | ;
12.5|- I

[ —o T i

10.0} — |

7.5 et . f

10° 10’ 102

Rate (kHz/strip)

Time resolution of 5 modules at GIF++
« Slightly different rates measured in different layers of the
stack due to opening angle & shielding.
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Tested full MEO stack at GIF++ with muons + y background and beam

CMS DP-2025/019

Multi-layer design crucial for precise timing and background suppression.

CMS Preliminary GIF++
o [T e il g
L.14 + Median i |
s | b 1
= i 7
6 12_ E ! -
w 1 ,I
& i
@ Gl i
g1
e 8— Il’ECD ]
F_ I l(’ E-'>o<
&
6_ ’/* E% =]
4 . —+—+ S
ot 5 up e e it i sl :
100 10! 102

Rate [kHz/strip]

Time resolution of muon track
« Arrival time is computed as median of arrival times
of reconstructed hits — avg gives similar results.

LEPTON PHOTON (LP2025): 32ND INTERNATIONAL SYMPOSIUM ON LEPTON PHOTON INTERACTIONS AT HIGH ENERGIES


https://cds.cern.ch/record/2932520?ln=en
https://cds.cern.ch/record/2932520?ln=en
https://cds.cern.ch/record/2932520?ln=en

MEO Performance: Longevity

* Reached expected accumulated charge (safety factor = 1) at hottest point (high-n) of 8 C/cm?in ~1.5 years.

» Corrected gas gain measurement for temperature and pressure shows stable performance.

" CMS Muon Preliminary RWTH Aachen Lab

= : 10° CMS Muon Preliminary RWTH Aachen Lab
NE Dec-21 Apr-22 Aug-22 Dec-22 Mar-23 % £ Gap Configuration 3/1/2/1 mm
S s (3 | GasMuture: ACO2 (70/:30) - 5 Lihr
~ 7 | 22 KeV X-ray
g Gas Mixture: Ar/CO2 (70/30) - 5 Lihr [} [
@ 7 [ Gap Configuration 3/1/2/1 mm (g
= 22 keV X-ra
S : 210°)
'8 8 o -
) u:.l .
S sk ‘
= b 1 Wi | 11
3 - L TR FiT it t
o 4 [ e :
< 1 04 r.
3 f
2
HV Dri¢t = 3400 V fif Jan 13th 2022 Gain = 16K 108+
1 HV Drét = 3450 V from Jan 138 2022 Gain = 23K Data corrected for temperature and prassure fluctuations
‘ L W TRl e wa Oct-21 Dec-21 Apr-22 Jul-22 Oct-22 Dec-22 Apr-23
0 10 20 30 40

50 60 70
Operating Time (week) Date

Aging Studies Public Results
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/GEMDPGPublic#Public_Results_2023

« MEO in endcap improves muon trigger efficiency, pr resolution, and radiation tolerance.

« MEO (compact 6-layer GEM stack) ensures robust forward muon performance, Improves
efficiency, reduces fake rate in high-rate conditions.

* Production & QC: Design validated; ~50% modules complete; QC/validation on

schedule and MEO installation planned for LS3 (2027).
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Backup...
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High Luminosity timeline at LHC

2021

2022
AM

11

] ||
Long Shutdown 3 (LS3)

T

2030 2031 2032 2033 2034 2035 2036 2037 2038
J|FMAM )| J|AISIONID ) FMAM )| ) |ASIOND I FIMAM ) J|AISOND ) FIMAM 1| AISOIND| ) |F 1) NID{) ) NID{ )|FMAM )| ) AISIONID{ )| FIMAM )| J|A'SION JIFMAMJ|J|AISIOND
Run 4 LS4 [ Run 5
Preliminary (optimistic) schedule of HL-LHC o
reliminary (opumistic) schedule bﬂlﬂ'lll'le
2039 2040 2041 - = (ultimata)
J[FMAM J3]aAlsloND]a[FiMAM ) [ [Als|oINID] )| FiMAIM )] J[AlsloN D " 6 3000 £ instant. Luminosity em?s?)  10% 5 (7.5) 10%
Shutdown/Technical stop = 5 z:gz 2 | Integrated Luminosity (fb?) 300 3000 (4000)
. Protons physics = 4 E
EYETS S E ; 1500 2 Pile- Up 30 140 (200)
Commissioning with beam E 1000 ©
Hardware commissioning = s0 & EE
Last update: November 24 a 0 a - = T
2028 2030 2032 2034 2036 2038 2040 2042 L :geracceptlk I] 100 750
Year L1 accept latency (ps) 36 12.4
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Schematic View of CMS Muon System

““ — S A’.\,v‘ — .S oy o _/— -\
?‘. 3 .J—'.' ‘1 s 1y g .y & ’,.'."T,
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0. 0.2 03 €4 05 06 0.7 0.8 1.0 v 1z ew ]
(84 3°N78.6")N73.1°)(67.7*) (62.5°) (57.5*) (52.8°) (48.4%) (44 z‘s (40.4%) (36.8°) (315" (30.5%) ' RPC '
—_— e— 8500 ¢ Y ; r ] v A T ", r T, - v/. v T v v * f_r v .2 ,‘/r /
g ' ' J y / S -yc chambers \
- ¥ - ] - B
L ¥ Vg _Anot to scale!) - ST e
m M B .. : h/ 2 o ,4/ /..-4 - ;(j./. .- O -
: ! : 1.5
25.2°)
, > s 16
800 1/3 - P /___/ Coawly 22.6%)
/‘/ //
~ 1.7
ME3/2 e <407
500 : : A 15 T £ JI P _},%’,, Py <4 1.8
: f : : _ ~AME2/2 ) L ANeE
S | g 1.9
R _-H17.0%)
4w . : - / : : ~ = ‘ ';,"" AR P - 125.2 )
J & s 7 g6 1‘—.‘ hL —_ " A ‘ n ' " :
(solenmd ) - 2.2 _ °!"‘ o
5 5F 3055 A5 AT L 12.6°) ME],/]_ and
- - S 2.4 2
ME3/1 1g-;
- ME2/1H I 8.5"
MEL1l/1 :
3.0
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O-ring
(Viton)

Washer
(copper)

\J

Gas inlet/outlet
(polyamide reinforced
with glass fiber)

CMS GEM (GE1/1) Detector

Pull-out post
(brass)

Washer

imid.
(pthyikiey Polyurethane coating

(NUVOVERN)

7

i
| rd -

LA AR A0 L 4 o 2 o)

pOrhr by
NPPVPITA)

] : ,

)
B

»\t*!‘
.-

I o I i — Panasonic Connector

11

€~ Readout strips
(copper)

Solder
(tin + lead + silver)

GEM foil
————— - - (APICAL + copper)

Silver glue 10 MQ SM resistors
(EPO-TEK H20E) (alumina substrate)
€ Drift electrode
(copper)

Y,

Screws and nuts

Through-hole insert
(nickel-plated brass)

(SS A2; 18% chromium + 8% nickel)

Spring-loaded contact pins \ o
(gold-plated brass)

Solder
(60% tin + 40% lead)

(epoxy DE156)

Prototypes: 10 generations

GE1/1-1
(2010)

GE1/1-1l

(2011) (2012)

GE1/1-11l

GE1/1-IV
(2013)

GE1/1-V
(2014)

i
GE1/1-VI
(2015)

GE1/1-VII
(2016)

GE1/1-X
(2017)
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Construction Technique: Stretching, (ns2 = no spacer, no tretching)
Gap config: 3/1/2/1 mm - Ar:CO2 70/30 — Gain = 20,000
Spatial Resolution < 300 urad
Rata Capability up to 10 kHz/cm?
Two types of Chambers:
* Long ~4000 cm? (I x b,/b,: 121cm x 23/45cm)
* Short ~3000 cm? (I x b,/b,: 106cm x 23/42cm)
All Chambers have 24 n x ¢ sectors — 3072 R/O channels
* Each sector 128 strips — read by VFAT3
* Chamber has 8 n partitions
Strip pitch 600um — 1200 um (460 urad)

Specification / Parameter | GE11
Detector technology | Gaseous detector; micro-pattern gas detector (MPGD)
Charge amplification element GEM foil (triple, cascaded, tensioned at = 5 N/cm)
Numbgr o{ _chambers in overall system 144 (72 in each endcap)

| "Chamber shape (active readout area) I Trapeu)idél; ()pen'ing angle 10.15°
Active area overlap in adjacent chambers | 2.6 mrad (corresponds to 5.7 readout strip pitches)

Short chamber dimensions (active vol.)
Long chamber dimensions (active vol.)
Total chamber thickness

Active readout area

Active chamber volume

Radial distance from beam line
Geometric acceptance in 5

| Signal readout structure

Readout strip dimensions

Number of y-segments in readout
Number of readout strips per 7-segment
Number of readout strips per chamber

[Counting gas mixures
| Nominal operational gas flow

Number of gas inlets
Number of gas outlets

| Nominal HV applied to drift electrode

Nominal operational gas gain
Demonstrated rate capability

L:106.1 cm (center line), W: (23.1 - 42.0) cm, D: 0.7 cm
L: 120.9 cm (center line), W: (23.1 - 44.6) cm, D: 0.7 cm
D:35cem

0.345 m? (short ch.); 0,409 m? (long ch.)

2.6 liters (short ch.); 3 liters (long ch.)

130.2 cm (at inner edge of active readout area)

1.61 - 2.18 (short ch.); 1.55 - 2.18 (long ch.)

| Truly radial readout strips

230 prad angular strip width; 463 urad angular pitch
8

384
3072

["Ar/CO, 70:30 or Ar/CO,/CF; 45:15:40

1 chamber volume per hour
1
1

173200 V (Ar/CO;); 4000 V (Ar/CO, /CFy)

1-2 x 10

| 100 MHz/em?

LEPTON PHOTON (LP2025):32ND INTERNATIONAL SYMPOSIUM ON LEPTON PHOTON INTERACTIONS AT HIGH ENERGIES



CMS GEM Detector : GE1/1, GE2/1, MEO
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CMS GEM Detector : GE1/1, GE2/1, MEO

Muon

Endcap 1y
Station 1 \ j P
b 3 A F Front Chamber Back Chamber 6E2/1 Superchamber

Front Chamber Back Chamber
longer
M8/M4
Ly~
1 35.5mm
M7/M3
35.5 mm
—"-a
________ M6/M2
_ | .
____________ ¥ "355 mm
ME/ML shorter
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Lessons learned from GE1/1

Observed channel losses in GE1/1 slice test £ e, PTTFTE (o s
— traced back to discharges propagating R ﬁ%,—.»- ﬁ f/}g/’/ T
to the readout pRES f ! w/ / 7}
%o.s}f . I / GEMT i
Solution: double segmented GEM foils, e J I:;?:; Se/é o /¢
but keep GEM3 foil (closest to gozg e J — //s/;é/s/é}
readout strips) single segmented 8 g O Palyr v

to avoid cross-talk

In addition: many different protection circuits Gtv3
were studied for GE2/1

» solution tested successfully in the lab,
but again channel loss during test beam

* back to old design, which worked under
background radiation

* noticed electronics resets in coincidence
with discharges

Induction Field [kV/cm]

Too much damage, L
back to old design

From GE1/1 to GE2/1
protection circuit

“Double-segmented” GEM foil concept

GEM 3

R KKK
ggétrigs

1nF

4| l—D

)

— resets traced back to be due to leakage current to VFAT GND
Solution: improved grounding on readout board with copper bars

ANUREET KAUR
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Lessons learned from GE1/1

GELL Basin Effect: up to 40% variation in gain measured in gain uniformity tests during
mass production

drift and readout PCBs bend,
deforming gas gaps inside .: ﬁ
detector

pilar (v1l) mamntains

Solution: otal gap size pillar (v2) maintains individual gap sizes

* add pillars (for GE2/1 and MEO) d g E |

* not fixed for GE1/1: requires
new foil mask with holes for ;
pillars, PCBs with holes, ... R

Bending inside — eventually deformation of

l{\ducnon/onf(
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Lessons learned from GE2/1

During summer 2023 increasing problems when
closing GE2/1 modules: shorts forming on GEM foils

» found copper dust on readout PCBs

* no passivation applied on drift and readout PCBs
to protect against oxidation

N < |, 4 (contaminated)
SOIUtion fOI‘ MEO & from higher magnification microscope (x25)

* passivation applied on already produced MEO PCBs
* reviewed PCB production procedure

« added microscope inspection of all boards
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MEO Specifications

—— Layer Material Thickness [mm)]
Specification / Parameter MEO B .
- rotective cover Al 1.0
Detector technology Gaseous detector; micro-pattern gas detector (MPGD) Cooling pipe Cu (filled with H,O) 8 external @, 6 inner @
Charge amplification element GEM foil (triple, cascaded, tensioned at ~ 6 cN/cm) Cooling pads Cu 1.0
Number of modules in overall system 216 (108 in each endcap) GEB board Cu/FR4 0.140/0.856
Chamber shape (active readout area) Trapezoidal; opening angle 20° }erd Ot‘}t board C‘XF/I?O/ Cu 0.035/ 1135/ 0.035
. 7 e : . 3 a y nduction gap r > !
ghar]nbi:j dnlmtehqst):s (active vol.) 11:173832?1 cm (center line), W: (23.6-51.4) cm, H: 1.8 cm GEM 3 Cu/polyimide]Ca 0.005/0.050 /0.005
Oté IROGMIE ShCeTcos 23 gm Transfer gap 2 Ar/CO2 2.0
Active readout area 0.296 m GEM 2 Cu/polyimide/Cu 0.005/0.050 /0.005
Active module volume 2.1 liters Transfer gap 1 Ar/CO; 1.0
Radial distance from beam line 63 cm (at inner edge of active readout area) GEM 1 Cu/polyimide/Cu 0.005/0.050/0.005
Geometric acceptance in || 2.03-2.8 Drift gap Ar/CO> 3.0
Signal readout structure Truly radial readout strips Priivbosrd Cu/ERGCu 0:085/9-2/0-035
Readout strip dimensions 0.94 mrad angular pitch
Number of )j-segments in readout 8 Muon subsystem RE3/ 1+ RE4/ 1 GEl / 1 GEZ/ 1 ME(
Number of readout strips per jj-segment 384 . Detector technology iRPC GEM GEM GEM
CUN S o o [ range 1824 16215 1624 2028
Counting gas mixtures Ar/CO;, 70:30
Nominal operational gas flow 1 module volume per hour Number of chambers 36 +36 14 2 216
Number of gas inlets 1 Number of channels 13824 442368 442 368 663552
II:IIum'berl ‘;fl\c‘;as m;'tledti T ;200 TR Number of layers/station 1 2 2 6
omina applied to drift electrode r/CO;, ? ? ) o
AN s e 1-2 x 104 Surface area of all.layers Bm 54m 105m 64m
Demonstrated rate capability 100 MHz /cm? spatial resolution ~ (03 cm 200-340 ym 200410 ym  160-390 ym
time resolution 1.5ns 8ns 8ns 8ns

ANUREET KAUR
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MEO Components & Quality Controls overview

OMPONENTS

Reception at CERN

Qc, |
(CERN) ! -

*.- Connectivity test .~ '

Qc

2

( CERN & site )

ANUREET KAUR

i e
---------------- -« mmmmmemsseeeen | s('? o g’
. - 5]
P o2 o2 32
@ h T e 22
o 5 g B 3 b2 3@
m g = i I o= o = 3 g I
= w " e - 3 o©
' [ - ' R0 3
n g3 i B 3 5 @ 8
S o 2 N 2 3328 1. 2T g g
= a 2 i w @ B oG 7 £ =
@ L H L d ' a. v
| )
1 i H
- Cleaning 14 Optical Inspection! | -Cleaning
- Optical Inspection E ~ Baking in vacuun‘li . ultrasonic
'
Leakage current test;
i

| bath+ethanol

‘ Shipping to production sites

Reception at production sites

- Leakage test after frame mounting
-Acceptance test

A

- Stack buildup on Plexiglass

- Optical & leakage current inspection
- Manual & mechanical foil stretching
- HV testing (550 V)

—, MEO - SINGLE CHAMBER

ASSEMBLY & QC’S
Gas leak test :
Qc, _
(site) - Pressure drop Vs time
- Pressurized N,
HV stability test :
QC_‘ stability tes
( site ) -5kVin pure CO,
+ signal monitoring
Gain Uniformity test
ch .
(site) - Xray station
-APV + SRS DAQ
ch - Drying under N,
( site) - Gas leak test
- HV test
r—ﬂ
6 * MEO Shipping back / Qc,
to CERN \ (CERN)
~

Assembly of Super Chambers

Qac,
(CERN)

- Electronics connectivity
- Gas leak test

- Electronics noise with cooling ON

Electronics
Reception at CERN

“VFAT S-curve ™

- LV test

- Noise valldatlon,

-— e s =

=)

MEO - SUPER CHAMBER
ASSEMBLY & FINAL QC’S

Cosmic Stand:

Qc, - Efficiency
(CERN) - Noise
- Tracking
Installation in storage rack
Qc, - Drying under N,
(CERN) - HV Stability ( 1 month )
~100 V under N,
Shipping to P5
Qc Final drying under Nz
" - Gas leak test
(P5)

- HV test

Final validated
Super Chamber

Ready for installation and

commissioning
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MEO timing studies (GIF++ test beam)

o 1

- First full MEO stack (6 layers, 5 active) tested at GIF++.
- Muon beam (80 GeV) + y background from **”Cs source.
- Readout with VFAT3 electronics, standard Ar/CO, gas.

Results

Conclusion

- MEO meets HL-LHC timing requirements.
- Multi-layer design crucial for precise timing and background suppression.

CMS Preliminary
T

o
o
=]

Single-layer timing resolution: ~4-5 ns.
Combined 5 layers: ~2 ns resolution.
Stable performance with high y background.
Muon efficiency after BX cut: ~95%, good background rejection.

GIF++

=
E
§ 048
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8 046
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w
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CMS Preliminary CERN 904 Lab
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