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Outline

PKU-HEP local lab development and setups
CMS Phase-ll GEM upgrade projects and PKU tasks

Large area GEM assembly and QC tests
— GE2/1 M5 production and QC tests
— MEO production and QC tests

Summary and Outlook



PKU-HEP Lab development: layout and facilities
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PKU-HEP Lab set up: Gas Leak Test

Gas Leak Test platform established and verified with a RPC:
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PKU-HEP Lab set up: I-V and H/T Test

Temperature
Sensor

A system for automatically
monitoring was
established using LABVIEW
The system was
functionally tested using a
RPC detector.
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PKU-HEP Lab test stands

Picoammeter

X-ray shielding room
With a three-dimensional movable trail inside
to fix the chamber for testing
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Cosmic test stand

A cosmic ray test stand
built with a scintillators
:':1 as trigger and a glass
RPC as test object
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X-ray test chamber

Target: Ag

Tube Voltage: 0-50kV
Tube Current: 0-1mA
Max Power: 50W
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Lab set up: effective gain test scheme
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Design and Test of a 10x10cm? GEM detector

GEM foil from CERN MPT workshop

Readout board, drift board, frame and high-voltage
distributor designed and manufactured locally

Mastered relevant technologies

Made preparations for CMS GEM assembly site certification
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The certified set up for GEM assembly and test

 Some assembled chambers are sent from CERN for testing procedures
* The final CMS GEM assembly site certification was achieved in 2021-22
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CMS phase-lIl GEM upgrade projects
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Project overview and PKU contributions

Inner Ring
GE2/1 GEM MEO GEM
GE1/1 GE2/1 MEO

Numbers*

288 (=2X36X4)

288 (=2X18X8)

216 (=2X18X6)

CMS-China Tasks
(Led by PKU)

Production and test of all
electronic boards(GEB)
Participate assembly, test
and commissioning at
CERN

Design, production and test of
all electronic boards(GEB)
Assembly and QC of ~1/8 GEM
detectors at PKU, Participate
assembly, test and
commissioning at CERN
Production of external frames,
mechanical structures, etc

Design, production and test of
all electronic boards(GEB) ,
Assembly and QC of ~1/5
GEM detectors at PKU,
Participate assembly, test and
commissioning at CERN
Production of external frames,
mechanical structures, etc

* (Total number= #endcap X #module/endcap X #/module)
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GEM detector design: GE2/1 and MEO

Both are using triple-GEM technology
The full GE2/1 system: 72 chambers (36 per
end-cap)

— 4 triple-GEM modules per chamber = 288
modules in total

— The chambers are arranged in two layers
Two different types of chambers

— On-Yoke= FRONT-type (module types M1-M4)

— Off-Yoke= BACK-type (module types M5-M8)

Off-Yoke (M1 to M4) and On-Yoke
(M5 to M8) chambers

8 slightly different triple-GEM modules
(M1 to M8)
2024/10/25

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

e Harsh environment and limited space
— Rate Capability: >150kHz/cm?2

— Longevity: Need to survive integrated
charge up to 7.9C/cm?2.
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CMS GEM assembly: Glue-less technique
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GEM assembly and test schemes

CERN

Production
sites
(e.g. PKU)

CERN

2024/10/25

CMS GEM Production Scheme

Production

Foil
Producers RN

| QC 1: material inspection
QC 2: GEM foils test (fast + long)

QC 2: GEM foils test (fast)

Frames
Producers

O-ring
Producers
PCB

. Producers .
Assembly preparation + Assembly - frecheten

QC 3: gas leak test

QC 4: HV test

QC 5: gas gain calibration

QC 6: HV stability test

QC 7: electronics connectivity test

QC 8: cosmic ray test

short impedance test
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GE2/1 M5 assembly at PKU lab(2022-23)
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15t batch of 10 MEO assembly(Aug-Oct, 2024)

frame and O-rigs
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MEO assembly : 1st batch of 10 chambers

* Assembly and QC test of the first batch of MEO is completed.
* All the MEO GEMs will be sent back to CERN for further testing.
* Preparation for the next batch of MEO is going on.
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QC of assembled MEOQO: gas leakage
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QC of assembled MEOQO: |-V
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500 pF
QC4 from G3b I I
linearity test of
the HV

50 kQ CAEN A422A

>

AN

ORTEC 474

2024/10/25

Shaper Linear fan infout Discriminator Dual timer

Scaler

()

—

CIockT

Threshold
SCOPE
Test result
CMS Preliminary PKU
; s T T T T ]
=, MEOQ Module Production
i Gas = CO,
g 4 R,=5.0MQ .
G} R = 4.980 MQ
>
B
29 |
Q.
<
2 - -
1 - -
e MEO-MODULE-0016
— Fit
0 1 | | 1 =
200 400 600 800 1000
Divider Current lgiyiger [HA]
CEPC2024

20



QC of assembled MEOQ: effective gas gain
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Summary and outlook

* To match the CMS Phase-Il GEM upgrade projects, a local GEM
lab has been set up in PKU and certified as one of CMS-GEM
production sites.

* Several batches of GE2/1 M5 and MEO chambers have been
successfully assembled and tested.

* Beyond CMS upgrade, there are some other related activities on
gaseous detectors at PKU

— Muon tomography with RPCs and GEMs
— TPC as active target for nuclear reaction studies
— Searching for exotic dark matter and beyond: PKMu proposal
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