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CMS Integrated Luminosity, pp, 2022, s = 13.6 TeV

* Peakluminosity  —integrated luminosity Data included from 2022-07-05 14:47 to 2022-10-12 05:02 UTC
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. Since March 2010, LHC has been producing proton-proton
collisions at 7 TeV, and then at 8 TeV center-of-mass energy

. After a two-long shutdown, the center of mass energy
reached 13.6 TeV. (Run3).

e  CMS recorded 15fb™" at 2022

. Integrated luminosity will be increased over 3000 fb™' to get
better physics performance.

. High luminosity has the advantage of being able to study new
physics, but it also has its weaknesses.

v
4

Emit extremely high radiation
Extreme increase in readout signal.


https://indico.cern.ch/event/1097716/timetable/#20220124.detailed
https://home.cern/news/news/cern/third-run-large-hadron-collider-has-successfully-started

Background variation Run2 Vs Run3
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< The layout of one-quarter of the CMS Detector at LHC Run-2>
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CMS Forward Muon System before LS2(2019)

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

= —/— 42mm | Cathode
Drift lines strip
Isochrones " Muon

Drift T
t Ube FORWARD CALORIMETER
l Steel + Quartz fibres ~2,000 Channels
B
ER T velache
wires

Cathode plane

wires

cathode
c:::v plane
bk [T x . Resistive Plate Chamber
ORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
Cathode Strip Chamber
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fe—/—/— 42mm — | Cathode
Drift lines strip
Isochrones Muon

Drift Tube

DT & CSC
- For triggering and
precision position & angle

measurement

RPC
- Only for triggering
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< The layout of one-quarter of the CMS Muon system >

Detector Coverage before LS 2

In| < 1.6 : Drift Tubes, Cathode Strip Chambers, and Resistive Plate Chambers

In| > 1.6 : Cathode Strip Chambers only
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MEO

CMS Forward Muon System after LS2

Trigger &
Reconstruction
2<|n| <2.8

A layered stack of 6

triple-GEM detectors.

e 18 stacks per endcap
(36 total stacks - 216
modules)

GE1/1

e Trigger &
Reconstruction

e 1.6<|n| <21

e 36 super-chambers

e Covered 10 degrees
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< The layout of one-quarter of the CMS Muon system >

Detector Coverage after LS 2

Upgrade procedure
GE11->GE21->MEO

GE2/1
e Trigger &
Reconstruction

e 1.6<|n|<2.4
e 18 super-chambers

e Covered 20 degrees

In| < 1.6 : Drift Tubes, Cathode Strip Chambers, and Resistive Plate Chambers

In| > 1.6 : Cathode Strip Chambers, iRPC, and GEM
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CMS Forward Muon System
Upgrade project
with GEM Detector
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CMS Forward Muon System Upgrade Project
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https://cds.cern.ch/record/275907 2/files/CMS-TDR-022.pdf < Diagram of the upgrade CMS Trigger system >
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CMS Forward Muon System Upgrade Project
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CMS Phase-2 Simulation Preliminary
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L1 muon trigger rate at a luminosity of 4x 103 cm 2
s " as a function of p; cut.

Adding a GEM detector greatly reduces the trigger
rate in the low P, cut.

15GeV online threshold, trigger rate < 5 kHz, high
efficiency.
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CMS Forward Muon System Upgrade Project

GE1/1 + GE2/1

CONCEPT_ GE1/1 + GE2/1 CONCEPT PU = 140, 14 TeV
(axial View) (axial view) 1I=.CMS Phasell Simulation I
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CSCand GEM :

It can be an accurate measurement of @ direction at the ME1 and ME2 stations. 5 10 15 20 25 30 35 40 45 50
The installation of the GEMs is aimed at reduce the trigger rate in the region which currently suffering from the highest Muon trigger P, threshold [GeV]
background rates and a non-uniform magnetic field. This trigger rate reduction could be possible with the improved

momentum resolution deriving from precision measurements of the bending angle performed the lever arm between the

CSC and GEM. (*CMS-CR-2014-349)

The 2022 international workshop on the high energy Circular Electron—Positron Collider 10



CMS Forward Muon System Upgrade Project

One of the main physics motivations for the CMS forward muon system upgrade has the Higgs boson discovery.

Golden decay Channel of a SM Higgs boson, Higgs -> ZZ* -> Four-muons.

An increase in n coverage and a lower p_ selection cut for single p in the forward region would also improve the
efficiency for H — 4pu event selection.

17 ~20 % increase in acceptance due to the high eta region coverage by new GEM detectors.

CMS 137 fb~' (13 TeV) cMs 137 fb~! (13 TeV)
o [ = f
=, F HoZzZ —_ [ + Observed (staté®syst) H—ZzzZ
" J3184138 12144138 - B oL === SM prediction my=125.38 GeV
A -9 = = —_ E o8
810 * my=125.38 GeV = | '8 STXS merged Stage 1.2 - |yy| <2.5
) STXS Stage 0 - |y | <2.5 5 a3
S Fget e e s s
= i 53 10% = T s T 472 43:33 1
61132 41452 E + 05 _t. 273 gl 12:98 15033
107 = -35 [ == ey
E n 1 - § ;
F ——- 0 -
3+16 10" }' o;
PRI | Observed (stat@syst) == l‘
. SM prediction = + i
o 2F
- $
L1F .
ZoF k= - ¢ 1 $ - 1
» _E = s T =z ! 8 B =T T 8 8 8 = 88 =
o2k = R s S N R S S S
R . | - g 8 % £ £ 5883 £ < 358 %
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< of - 5 7 7 v g = £ I = s £ I § ES
Inclusive ggH qqH VH-1lep ttH = L T E = D & s =
& 3 g 3

< Measured and predicted cross sections for different Higgs boson production mechanisms > < Measured and predicted cross sections for different Higgs boson kinematic regions >
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CMS Forward Muon System Upgrade

CMS Experiment at the LHC, CERN
' Data recorded 2015-Oct-30 19:23:54.631552 GMT
= i

GEZ/I The Muon detector upgrade will
preserve and enhance the
performance of the CMS muon system
in the Forward and High eta (1.5~2.8)
region by installing new forward muon
detectors such as GEM (MEO, GE1/1,
GE2/1) and iRPC (RE3/1, RE4/1) in the
Phase 2.
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CMS Forward Muon System Upgrade

CMS Experiment at the LHC, CERN
Data recorded: 2015-Oct-30 19:23:54.631552 GMT
i 0424 / 211873064 / 115

The lon&znd winding road
toward the GEMs foFCMS.=
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GEM Detector in the CMS

Double mask vs. single mask

Double mask photolithography Single mask photolithography

50 um kapton foil 5 pm
copper clad on both sides

Photoresist coating,
_ masking, exposure

3|

Photoresist development,
copper etching

—

. . . - Kapton etching
Metal etching

X N K

B & & Gu

Second masking,
exposure

Development, etching,
final cleaning

Foil is a product made by two different vendors with
different mask types.

Single mask : CERN / Double mask : Korea-CMS

< Triple layer GEM detector with 3-1-2-1 mm gap >

Piece of Screws to hold 3
aframe  the GEM Stack ~GEM Foil

Stretching - ‘ |

< Mechanical stretching method >

The 2022 international workshop on the high energy Circular Electron—Positron Collider
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GEM Detector in the CMS

Amplitude

Fully-blind deadtime
—

M Basel

Time

Step 1: initial GEM discharge

Hot spot

Schematic view of the discharge propagation process

Step 2: precursor current

HV Filter

sk / /5

GEM Bottom
‘Single-segmented” GEM foil concept

HV Filter

1okn

Step 3: discharge propagation

VT
T s

&
5

HV Filter

100kQ

100kQ

Basic principle:

Application of resistors for Discharge and Cross-Talk protection on the readout side.
The most effective mitigation consists of reducing the probability of discharge propagation.

- Foil Segment type

GE1/1

- Single segment( Drift side only - 10Mohm)

GE2/1 & MEO - Double segments( GEM1 & GEM2 only )
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Efficiency

HV

WIDE BASE

Regular GEM discharges can heat up the copper
rim of GEM holes and provoke the thermionic
emission of electrons in the gas (precursor
current). If the energy is sufficient, the
precursor current grows and become a
streamer (secondary discharge in the gaps)

2026D49 | GE21

0.94 -
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design
- {
Double-segmented ——
design
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GE 1/1 Installed in the CMS detector

The CMS GEMs are the first GEM chambers with such a large size (an area of about 0.5 m?) and the
largest GEM system ever installed. A first batch of 144 chambers was installed during Long Shutdown 2
on the first disk of the two endcaps at 23 Sep 2020.
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CMS Forward Muon System Upgrade

First GEM station (GE11) installed in CMS. 23 Sep 2020.

The 2022 international workshop on the high energy Circular Electron—Positron Collider 17



CMS Forward Muon System Upgrade %4

W
CMS Experiment at the LHC, CERN s
Data recorded: 2021-Nov-01 00:20:45.992512 GMT
Run / Event / LS: 346509 / 28321286 / 30

Test oo collisions at 900 GeV - Nov 2021

- A candidate J/—pp event in the CSCs

- Invariant mass of the two global muons = 3.1 GeV

- +RPC rechits on one muon;

- +GEM segment on the other

CSC Correlated
LCT position (w+s)

~ RPC rechit

ECALBarrel ¢
RPC rechits rechits
(near muon track)

ECAL Endcap
rechits

/ DT segment

First CMS upgraded muon detectors events at 2021 Nov 01

A dimuon event recorded by CMS. The invariant mass of the dimuon system is 3.14 GeV. The two muon
tracks are in red, and the CSC (and RPC+GEM) muon detectors are in pink, All other parts of the CMS
detector were also operating, as can be seen from the tracks and calorimeter energy deposits, and
these are also indicated. (*https://cds.cern.ch/record/2791600)
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CMS Forward Muon System Upgrade

CMS Experiment at the LHC, CERN N
Data recorded: 2022-Jul-07 04:42:15.643328 GMT AN 2
Run / Event/ LS: 355207 / 383943173 / 334

CMS Experiment at LHC, CERN
Data recorded: Sun Apr 10 07:36:04 2022 CEST
Run/Event: 350166 / 578929503

Lumi section: 367 Cosmic-Rays event recorded

Di-Muons event
recorded(NEW)

AN
[Chay (CMS Experiment at the LHC, CERN
M Data recorded: 2022-Jul-07 04:42:15.643328 Gl
= Run / Event / LS: 355207 / 383943173 / 334

Service v {Workspace? v Run#» IS#  Event# Run started, UTC time ‘ cv»sm:gﬂ(mﬁm
Online: GEM . 355'100 . 89 . 86'593'380 . Today 14:28 g ng, Ve s

v

t
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GE 2/1 Project

( GE2/1 Chambers for Disk-1 are assembled, tested,

and ready for installation - 2023.08.31)

The 2022 international workshop on the high energy Circular Electron—Positron Collider 20



CMS GE2/1 GEM Detector ;

1.3m
Front Chamber Back Chamber G6E2/1 Superchamber
Front Chamber Back Chamber
| e 20 degrees wide.
M8/M4 onges e The GE2/1 station consists of 36

" 35.5 mm Superchamber. (288 modules)

- e  One Superchamber combined with Front
& Back Chambers.

e The chambers consist of eight different

]:_/
4[‘_\__,7' modules type. (M1 ~ M8)

e The GE2/1 will be installing in the back
of first disk (YE1).
" 35.5 mm e It will be installed to cover the High eta

GE2/1 Triple-GEM Modules

CMS Sii ion Preliminary
GE2/1 Layer 1

region 1.6 < |h| < 2.4.
shorter e Gas Mixture - Ar : Co2 (7:3)

cy of GEM Hits

y of GEM Hit
"
E |

Efficiency of GEM Hits

ffi
Efficien
° °

ffi
° ° ° e
2 s s

lllllll
19 2

ZJI 24 l E K K K ¥ ZJI 24
Mtrack Merack |
| Front Chamber Hits Efficiency | | Back Chamber Hits Efficiency l Super Chamber Hits Efficiency (OR)
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CMS GE2/1 GEM Detector

Produce by KCMS

Front Chamber Back Chamber

First GE2/1 Back Chamber

GE2/1 Triple-GEM Modules

2
*

2
*

M2/M3/M6/M7 : Each 108 sheets
%  Total Foils : 432 + 64(spare) sheets

*

*G12:83=72+11(spare) | G3: 41=36+5(extra)
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CMS GE2/1 demonstrator

Installation : 8th Nov 2021

CMS Preliminary  Cosmic Ray Muon Data 2022 16

globaly [cm]
\

Integrated with central DCS, DAQ and TCDS systems. - 5

Module: M1~ M4

50 100 150 200 250 300
globalx em]

Sector 16, positive endcap for
GE2/1 Demonstrator
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MEO Project
( Still in R&D)
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CMS MEo GEM Detector R&D

CMS Preliminary 20 x 10 cm? H4 test beam
] T T B T T B T T

o
S

Efficiency

o
©
®
T
I

0.96- B

0.94
©=428+6um

0.92|- B

I L L I L I il L I
0.0 -40 -30 -20 -10 0 10 20 30 40

Extrapolated x (mm)

< Random segmentation >

MEO will be installed during the LS3(2025).

It will be installed to cover the High eta region
2.0< |n| <2.8.

Gas Mixture - Ar : Co2 (7:3)

A layered stack of 6 triple-GEM detectors.

18 stacks per endcap (36 total stacks - 216
modules)

New HV segment : Vertical pattern.

Random electrode sectorization.

The 2022 international workshop on the high energy Circular Electron—Positron Collider
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CMS MEo GEM Detector R&D

CMS Phase-2 Simulation Preliminary
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Contribution of Korea-CMS
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Contribution of Korea-CMS

% KCMS signed two MOUs with CERN. ( GE11, GE21 & MEO )
% GE11 : Supported 90 foils (30 chambers) and Man-power.
% GEM Foils Quality Control (QC) : The Korea-CMS (KCMS) performs GE21 QC activities to select High
quality foil that meets the specifications and send it to the CMS-GEM group.
< Graduate students of 10 universities are participate. Based on QC activities, we are working with
Mecaro company to produce more improved quality foil. r | —‘

e

The Korea-CERN MOU

"




GE2/1 KCMS QC activity

% Investment and upgrade of quality control facilities.

Optical Desk!

e
< QCroom in the Mecaro >

< The photo shows a QC lab located in Eumseong-gun, MECARO >
H & B

CMS"GEM"GE21"Foils'

1styDelivery:Celebration
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At CERN
QC in the Muon Detector site

Korean students were dispatched to participate in QC activities.

m(lm X w%"‘k

s\. \,‘?\ |

< It shows QC5 Gain measurement bench in the 904 site at CERN >




At CERN
QC5 Gain Measurement

Compare the results for Eff.Gain

1.E+06 - 2500 1.E406 - 2500
= 1.4481E-07e3 7237602 CERN KCMS
1LE+05 y » 1.E+05 y = 1.2332E'07e3'7542E‘02x 1
, ! 2000 . 2000
.E 1E+04 £ 1E+04
[0 —_— —
o 1500 2 8 1500 N
Q e Q E—
.2 LE+03 Q > LE+03 Q
5 © L+ ©
Q@ Gain @ 688.87uA (divider current) = 19998 = 1000 o 2 Gain @ 687.54 uA (divider current) = 19999 - 1000 ¢
4= LE+02 = LE+02 ‘
® ¢ Gain ° e Gain
. L 500 H
LE+01 Rate LE+01 v:.Rate [ R
° ——Expon. (Gain) ° ——Expon. (Gain)
1.E+00 + o« | ¥ - 0 1.E+00 + : - 0
620 640 660 680 700 720 620 640 660 680 700 720
Divider current (uA) Divider current (uA)

< These plots show the variation of Eff.Gain and Rate of M4-0007 (Left) and M3-0001 (Right) detector as a function of divider current
The Eff.Gain measurement results of detector assembled with M3 type foils manufactured in Korea and
detector assembled with M4 type foils manufactured in CERN show satisfactory performance >



Summary

The CMS has a plan to upgrade the forward muon system to prepare for High-Luminosity.
Use the Triple layer GEM detectors to upgrade forward muon system.

It will be improved efficiency, redundancy, p; resolution, and timing through L1 muon
trigger system upgrade.

The 144 chambers of GE11 was success installed at 23.Sep.2020.

The KCMS produces, QC, and provides foil. And also man power.

The 2022 international workshop on the high energy Circular Electron—Positron Collider
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CMS Experiment at the LHC, CERN
Data recorded: 2018-Jul-08 19:55:40.193536 GMT
Run / Event / L'S: 319347 / 36141749 / 46

‘ THANK YOU
FOR YOUR ATTENTION
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Gas Electron Multiplier
<GEM>

The 2022 international workshop on the high energy Circular Electron—Positron Collider 34



Gas Electron Multiplier( Typically )
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The most important element of the GEM detector is foil. The
performance of the detector depends on how the foil is constructed.
Because it affects the gain of the detector.

The copper conductor of 5 micrometers is adhered to both ends of the
insulating polymer (polyimide) with a thickness of 50 micrometers.

Cu hole - 70 um at 140 um pitch and PI hole - 50 um.( wedge-shaped )

e SRR o oA | _ _
Electric field in the region of the holes of a \ _ e There are approximately 6400 holes per cm? of GEM foil.
it T LT 1(]

M i A N
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Gas Electron Multiplier( Typically )

-HVinput

4 smm s am

Scheme of the
avalanche-induced
currents flowing
through the
protection resistors
of a single GEM foil.

? Electrons ' ;
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Garfield simulation
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. Lo Gk e By applying a potential of 400~500 Volts between the copper layers,
§105 e erssan BT an electric field as high as ~ 100 kV/cm is produced into the holes.
=
5 ToEM Electrons begin to accelerate, provoke the ionization of gas
el e molecules, and an electron avalanche occurs.
° ultilayer structure detector : one electron injected makes more
o / . Multil truct detect lect injected mak
/ / SGEM than 1000 electrons. (Depends on the Gas-mixture and HV)
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The 2022 international workshop on the high energy Circular Electron—Positron Collider 36



Gaseous Detectors @ LHC
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MPGD Technology @ LHC

Vame v, . % Ve | M.P.G.D
GEM @CMS - Micro Pattern Gas Detector MWPC, GEM @LHC-b
X,
ATLAS 7
NEW SMALL
P ’ Ll il
New TPC @ALICE MM(MicroMegas) @ATLAS
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MPGD Technology @ LHC
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MPGD Technology @ CERN

The CERN accelerator complex
Complexe des accélérateurs du CERN
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: Area
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GEM Foils QC by Korea-CMS

- QC Stage -

Initial Test QC2-Fast
Check the condition Measure )
of the foil to see if the impedance for Packing
QC can proceed. 10 minutes.
2nd 4th
Step Step
[
= O Y CJ e
1st 3rd Final
Step Step Step
Optical / Visual QC2-Long
Inspection Measure leakage
Measure currents for 14
the Hole diameter hour
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QC at CERN
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GE2/1 KCMS QC activity

L QC2 Activities in CMS Muon site

- Electrical cleaning of the GEM foils and resistance check
- Long-term monitoring of the GEM foil leakage current

L QC2 Activities in Mecaro production site

- Electrical cleaning of the GEM foils and resistance check
- Long-term monitoring of the GEM foil leakage current
- Visual test on the optical desk

> Hole diameter measurement

> Defect check

T e contamination Messurements < QC2 Activities in CMS Muon site 904 Bldg. >
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