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CMS Muon Detector Upgrade in Phase 2
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GE2/1 detectors will be installed in this region
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< The second Endcap stage>

The muon detector upgrade will preserve and
enhance the performance of the CMS muon
system in the Forward and High eta (1.6~2.8)
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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https://cds.cern.ch/record/2714892/files/CMS-TDR-021.pdf
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CMS Phase-2 Simulation Preliminary
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L1 muon trigger rate at a luminosity of 4x
10%*cm “2s "' as a function of p_ cut.
Adding a GEM detector greatly reduces the
trigger rate in the low P_ cut.
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CMS GE2/1 GEM Detector
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The CMS GEM detector consisting of
three foils with 3/1/2/1 mm gaps.
(GEM1, GEM2, and GEM3)

This triple layer structure can expect a
Gain amplified by about 8,000 times.

lons that are sufficiently accelerated in
the drift section pass through the foil
holes where the strong electric field,
producing a large number of electrons

by the avalanche effect.



CMS GE2/1 GEM Detector

Produce by Mecaro company

Front Chamber

Back Chamber G6E2/1 Superchamber
Front Chamber Back Chamber
longer
M8/M4
35.5 mm
M7/M3
35.5 mm
—’—‘7
—”‘ '——
________ M6/M2
______ >
__________ =T 35.5mm
___________ - shorter

The GE2/1 station consists of 36
Superchamber.

One Superchamber combined with
Front & Back Chambers.

The chambers consist of eight different
modules type. (M1 ~ M8)

The GE2/1 will be installing in the back
of first disk (YE1).

It will be installed to cover the High eta
region 1.6 < |h| < 2.4.

20 degrees wide.
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Brief History of GEM project

The Korea-CERN MOU Qagnmo r‘eremony
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< MOU signing ceremony on April 15.2019 >




Brief History of GEM project

CMS COLLABORATION CMS-2019-003

X3
<&

Considering that:

Memorandum of Understanding (MoU)
for Korea-CMS Contributions The CMS Collaboration (CMS in the following) has prepared and

to the Phase-2 GEM Detector Upgrades presented the Phase Il Upgrade of the CMS Muon Detectors - Technical
Design Report (cf. CERN-LHCC-2017-012).

Considering that:
e The CMS Collaboration (CMS in the following) has prepared and presented the
Phase-2 Upgrade of the CMS Muon Detectors - Technical Design Report (cf.
CERN-LHCC-2017-012).

o CMS has submitted a Technical Design report for the Phase-2 Upgrade of the Muon CMS has Smeitted a TeChniCaI DeSign report for the Phase-ll Upgrade Of

System with GEM Detectors and the CMS TDR 2017-16 has been approved.

« The CMS Korea Institutes (hereinafter referred to as KCMS) have been participating the Muon System with GEM Detectors and the CMS TDR 2017-16 has

in the construction of GEM chambers at CERN for the Muon GEM upgrade.

Itis agreed that: been approved.

o KCMS shall provide GEM foils for GE2/1 chamber construction as below:
o 114 volume production foils for each GE2/1 M2, M3, M6, and M7 modules.
This volume production shall be considered as an in-kind contribution of

839.0 kCHF ( = 1.84 kCHF/ foil x 114 foils x 4 types) h C S M C S H h f I I . h b e ° H
o One pair of GE2/1 photolithography masks for each GE2/1 M2, M3, M6, and T e M Korea InStItUte K M In t e o OWI ng as een part|C|pat|ng
M7 modules. This will be considered as an in-kind contribution of 158.4 kCHF . .
(=396 KCHF /par x ypes). in the construction of GEM chambers at CERN for the Muon GEM
o KCMS shall produce GEM foils for MEQ chamber construction as below:
o 666 foils for MEQ. This will be considered as an in-kind contribution of 1'225.4
KCHE (- 3.8 KCH ol x 566t upgrade.
o One pair of MEO photolithography masks. This will be considered as an in-
kind contribution of 39.6 kCHEF.
o Therefore, the total contribution from KCMS to Phase-2 GEM Detector Upgrades
shall be recognized as 2262.4 kCHF (whereas the original KCMS TDR commitment
is 1’066 kCHF).
o It is understood that the technical specifications and technology transfer of GEM
foils has been already communicated via document (Agreement KR2148
/KT/TE/144L)
o The CMS GEM Project Manager will be responsible for providing the infrastructure
and the facilities necessary to assemble and test the chambers at the 904 site and
subsequent installation in CMS.

16 April 2019 Page1/2 CMS-MoU-GEM-P2-Upg-Korea



Brief History of GEM project

CMS COLLABORATION CMS-2019-003

Memorandum of Understanding (MoU)
for Korea-CMS Contributions
to the Phase-2 GEM Detector Upgrades

Considering that:

e The CMS Collaboration (CMS in the following) has prepared and presented the
Phase-2 Upgrade of the CMS Muon Detectors - Technical Design Report (cf.
CERN-LHCC-2017-012).

o CMS has submitted a Technical Design report for the Phase-2 Upgrade of the Muon
System with GEM Detectors and the CMS TDR 2017-16 has been approved.

o The CMS Korea Institutes (hereinafter referred to as KCMS) have been participating
in the construction of GEM chambers at CERN for the Muon GEM upgrade.

It is agreed that:

o KCMS shall provide GEM foils for GE2/1 chamber construction as below:

o 114 volume production foils for each GE2/1 M2, M3, M6, and M7 modules.
This volume production shall be considered as an in-kind contribution of
839.0 kCHF ( = 1.84 kCHF /foil x 114 foils x 4 types)

o One pair of GE2/1 photolithography masks for each GE2/1 M2, M3, M6, and
M7 modules. This will be considered as an in-kind contribution of 158.4 kCHF
(=239.6 kCHF/pair x 4 types).

o KCMS shall produce GEM foils for MEQ chamber construction as below:

o 666 foils for MEQ. This will be considered as an in-kind contribution of 1'225.4
kCHF ( = 1.84 kCHF/ foils x 666 foils)

o One pair of MEO photolithography masks. This will be considered as an in-
kind contribution of 39.6 kCHF.

o Therefore, the total contribution from KCMS to Phase-2 GEM Detector Upgrades
shall be recognized as 2262.4 kCHF (whereas the original KCMS TDR commitment
is 1’066 kCHF).

It is understood that the technical specifications and technology transfer of GEM
foils has been already communicated via document (Agreement KR2148
/KT/TE/144L)

The CMS GEM Project Manager will be responsible for providing the infrastructure
and the facilities necessary to assemble and test the chambers at the 904 site and
subsequent installation in CMS.

.

16 April 2019 Page1/2 CMS-MoU-GEM-P2-Upg-Korea

% ltisagreed that:

KCMS shall provide GEM foils for GE21 chamber construction as below:

114 foils for each GE21 M2, M3, M6, M7 modules. This volume production shall be considered
as an in-kind contribution of 839.0 kCHF ( = 1.84 kCHF/foil x 114 foils x 4 types), 1 pair of
GE21 masks for each GE21 M2, M3, M6, M7 modules. This will be considered as an in-kind
contribution of 158.4 kCHF ( = 36.9 kCHF/pair x 4 types).

KCMS shall produce GEM foils for MEO chamber construction as below:

666 foils for MEO. This will be considered as an in-kind contribution of 1225.4 kCHF (= 1.84
kCHF/foils x 666 foils), 1 pair of MEO masks. This will be considered as an in-kind contribution
of 39.6 kCHF.

Thus, the total contributions from KCMS shall be valued at 2,262.4 kCHF. This in-kind
contribution will be specially recognized (or accounted) in contrast to the original KCMS’s TDR
commitment of 1,066 kCHF.

It is understood that the technical specifications and technology transfer of GEM foils has been
already communicated via document (Agreement KR2148 /KT/TE/144L)

The CMS GEM Project manager will be responsible for providing the infrastructure and the
facilities necessary to assemble and test the chambers at the 904 site and subsequent
installation in CMS.

The present Memorandum of Understanding should be considered as an extension to the
original CMS Construction MoU and its upgrade amendments (RRB CMS-D 98-31) and it has
the same conditions of applicability.



Brief History of GEM project
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Brief History of GEM project

Reviw for GE2/1 Welcome to MEMs o

e

Production at Mecaro

< MECARO Production line tour at 20~22 Jan.2020 >
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Amplitude

Brief History of GEM project

% Double polarity issue

This problem was found Dec. 2019, reported in Jan. 2020

Redesigned the mask, and it decided on Dec.2020. -> Remade the masks for M2, M3, M6, M7.

Mirror region

Source

GEM HV Partition

Readout sector A Readout sector B

Low capacitance of GEM HV partitions (similar
to 10x10) = electrical potential fluctuations are

Time propagated along the whole HV partition >
propagating signals on the facing readout strips

by capacitive coupling

Sampled region Jeremy Merlin’s talk Jan.14, 2020

https://indico.cern.ch/event/834058/contribu

tions/3495290/attachments/1881377/30999

66/Double_Segmented GEM_foils_Report
FFallavollita_20190507.pdf

https://indico.cern.ch/event/875842/contrib

utions/3690838/attachments/1973386/328

3409/MBianco_Foils_Design_Status.pdf

12
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Brief History of GEM project

7
%

M2 type foils production started at Feb.2021

7
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Sixty foils, including foils for aging chamber,

were officially delivered in July
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GE2/1 QC activity
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GE2/1 KCMS QC activity

KCMS 7
Unki Yang J
/ GEM Foil \ =
Production sAS
Bt EES
MECARO
Staff of Five 7am~6pm

(two members
\_ joined in 2021) /

4 )
Mu-Upgrade TF

Inkyu Park

GEM Upgrade
Inkyu Park

Status
report and
response

()

5pm~3am

/ QC at CERN \

Jeremie.M
(KCMS,
Joined in 2021)

KCMS students




o
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GE2/1 KCMS QC activity

QC Activities @ MECARO

Location : MECARO Eumseong Office
Beginning date : March 2nd. 2021
Total 30 weeks

Manpower : 4 Universities, 12 graduate students
Local Manager : 1 Researcher and 2 Engineers(UQS)
Five QC steps progress and Packing

250 foils were tested, 115 foils were passed
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GE2/1 KCMS QC activity

CMS GEM GE2/1 Foils Production Status

B nProgress [ Passed

100%

M2/M3/M6/M7 :

75% Each 124 sheets

G12-83, G3-41

50% including extra foils.

25%

0% 0%

0%
M2_G12 M2_G3 M3_G12 M3_G3 M6 M7
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GE2/1 KCMS QC activity

% Shipping equipment and parts | Packing




GE2/1 KCMS QC activity

D
%

Investment and upgrade of quality control facilities.

2 408 22 Jtsiil

& Storage |l
1\ ik

<ZDT AE S0/H BAS QC BACZ 0|8 5. 25E X &
Gl RY KB At %Y | L ZE 29
2UBtEt QC BSS FIoH 2BI0 Het 2 0IS HAYS AHGHAS. >
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GE2/1 KCMS QC activity

QC2 Status

KIM Seulgi & KANG Dayoung

University of Seoul

CMS GEM GE2/1 M2 type Foils
QC2Reports

19th Aug 2021 ~

Written by KCMS QC2 Members
Date May. 17. 2021
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GEM Foils Produce at the MECARO Company

Front Chamber Back Chamber

@ Overview

Mecaro company produces Four different types (M2, M3,
Mé, and M7) of foil and provide it to CMS-GEM group.

= | Type
=L

Double Mask Method (CERN-Sing Mask Method)
Foil type : G12 and G3 of Double segments type
G12: Drift side - 10 Mohm | Readout Board side - 100 Kohm

G3: Drift side - 10 Mohm | Readout Board side - 0 ohm

Quantity

M2 / M3/ M6 / M7 : Each 124 sheets including extra foils
G12: 72 sheets + 11 extra sheets

G3 : 36 sheets + 5 extra sheets

Total : 496 sheets




GEM Foils Produce at the MECARO Company

Double mask vs. single mask

@ Overview

Double mask photolithography ; Single mask photolithography
50 pm kapton foil 5 um

Mecaro company produces Four different types (M2, M3,

copper clad on both sides

Mé, and M7) of foil and provide it to CMS-GEM group.

Photoresist coating,
masking, exposure

Photoresist development,

copper etching

Type

Kapton etching

Double Mask Method (CERN-Sing Mask Method) e —

Metal etching
Foil type : G12 and G3 of Double segments type

Second masking,

G12: Drift side - 10 Mohm | Readout Board side - 100 Kohm F W T T eaposure
G3: Drift side - 10 Mohm | Readout Board side - 0 ohm = ) s

final cleaning

WIDE BASE

Quantity

M2/ M3/ M6 / M7 : Each 124 sheets including extra foils
G12: 72 sheets + 11 extra sheets

G3 : 36 sheets + 5 extra sheets

Total : 496 sheets

TOP side (in BLACK) 22
BOTTOM side (in RED) ~



GEM Foils Produce at the MECARO Company

%  Theissues of production equipment
> Develop/Etching machine, Exposure unit ... etc
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GEM Foils Produce at the MECARO Company

%  Theissues of production equipment
> Develop/Etching machine, Exposure unit ... etc
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GEM Foils Produce at the MECARO Company

¢ MECARO A& = ?gttidl & WMl == —0H




At CERN
QC in the Muon Detector site

Korean students were dispatched to participate in QC activities.

< It shows QC activities in the clean room at CERN >
They proceed with the same QC2 process
as QC2 conducted in Korea.

< It shows QC5 Gain measurement bench in the 904 site at CERN >
Seulgi Kim(UoS) has decided to work as a QC5 manager.
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At CERN
QC5 Gain Measurement

Compare the results for Eff.Gain

1.E+06 180 1.E4+06 - 800
160 e - 700
1.E+05 1.E405 .
T k]
; 140 i e
£(1.6+04 y = 5.5701E-08e38592E02x 120 L1404
G H/f 1 ¥ = © ’ 500 —
Y 100 5 P y = 2.8953E-073-5652E-02 5
> LE+03 o > LE+03 400 g
15} © O ©
£ & 2 - 300 &€
o 1.E+02 - 60 & LE+02 =
e Gain 40 = * Gain 200
1.E+01 . ¢ Rate 1.E+01 + Rate
: 20 : 100
® ——Expon. (Gain) . —Expon. (Gain)
1.E+00 oo ? 0 1.E400 oo 9 oo Lo
500 550 600 650 700 750 800 500 550 600 650 700 750 800
Divider current (uA) Divider current (uA)

< These plots show the variation of Eff.Gain and Rate of M1-0001 (Left) and M2-0001 (Right) detector as a function of divider current
The Eff.Gain measurement results of detector assembled with M2 type foils manufactured in Mecaro and
detector assembled with M1 type foils manufactured in CERN show satisfactory performance >
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At CERN
Test Beam Activities

%  Efficiency & Resolution study for GE21 (M1) & MEO
> Setup
m Beam: muon (80 GeV/c)
m Tracking:4 10x10 cm2 GEM chambers

%  Firstdatataking
> Yechan Kang (UoS)
>  Antonello Pellecchia (INFN Bari)

28



At CERN
QC8 Analysis Software Development

% QC8: Cosmictest

% GE2/1QC8 Analysis SW is under development
> Simulationis ready
> Track reconstruction script is under construction

. T a—

% Analysis team ‘
Yechan Kang(UoS)

Seulgi Kim(UoS)

Manuel Rodriguez (U. Antioquia)

Daniel Estrada (U. Antioquia)

YVYVYY




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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GEM Foils QC by Korea-CMS

GEM Foils Quality Control (QC) : The Korea-CMS (KCMS) performs 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.

T -] \ ‘ ‘ ‘
' Visual Inspection area

la

A
\)x

> W ‘ 9]
QC2-Long test areaiy /)

— _—. J " A
= v, 1 | e aa

< The photo shows a QC lab located in Eumseong-gun, MECARO >
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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
(B
= O =) CJ, e
1st 3rd Final
Step Step Step
Optical / Visual QC2-Long
Inspection Measure leakage
Measure currents for 14

the Hole diameter hour



