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Signal electrode

== Cathode -10 kV

stack of equally-spaced resistive plates with
/X voltage applied to external surfaces

| (-8 kV) (all internal plates electrically floating)

pickup electrodes on external surfaces

RE3/1, RE4/1#THBMRPCTHIR (BEHEKE) - i
. | I ‘ (-4 kv) internal plates take correct potential — initially
® | TARFEMN R IAET, BAE RITa 733 (<100 /
i

due to electrostatics but kept at correct
ps) IRl HEAIRCERSE I AE

® 5 KIETEBIEMRPCHI I BAT HOR G ""v"

‘ (-6 kV) (resistive plates transparent to fast signal)

‘ (-2 kv) - feedback principle that ensures equal gain in
all gas gaps
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CMS-MRPC TiH: j&tkh2z
LHCh-SciFi 5H (IR FHRIIE LHCb Upgrade

.. . . — 3 » X | isti X10
intillatina Eibr iFi N Y e N Goal: increase statistics by more than
Scintillat g b €, SC ) 1 _'_‘j(% v'Operate at 2X10%3cm%s! > 50 fb?

\ v Triggerless 40MHz readout
BRI B

“*Scintillating Fibre (Sci-Fi) Tracker

CMS_GEMIDj E ( :Itf:—r::j(%" ) . 57073‘ v'Fast, high efficiency (~99%)

v High granularity (250um)
CMS-MRPCIIiH (k=) : 285hH v High resolution (<100pum)

v'Low mass (<1% X,/layer)
LHCb-SCIFIIDE\i E ( ﬁ%i{éj(% ) 20573 v'Radiation hardness (up to 35kGy)




ZHEIEHGCal

* AR 28 B=m 3880 X B i A module i X B> module R M #3140

85— i B3 HE
GE1/1 GEM GE2/1 GEM )?Aﬁég‘]mlg\;ﬁ
TR 2 GE1/1 GE2/1 MEOQ
R 254 Hr 288 (=2X36X4) 288 (=2X18X8) 216 (=2X18X6)
L 2013-2017 2014-2020 2014-2021
Es HEA S 2017-2019 2020-2022 \ 202P-2024
ZEEER 2018-2021 '\\ 2022-2024 \ 2021-2026
N o | A BRI B A R A A FEREH R A R AR A
Lo BRI E T ARGEB R | ok - -
o 44T 4% W, fECERNM ALy | CEBr (EIITEUB GEMIR | GER, il f/E/"~1/5 GEMi
N Uﬂﬂﬁﬁz @CERN;&m | I35 @CE N4 T ZH 265 04
' SR | RN

CMS-MRPCHi B4 TR SE30: . B NES FRNIEE, NCMSHRBEFARIERE.
LHCDb-SciFi BiH: Wof. #EAEF=MRNELHCD-SciFi #RN38 B T2,

CMS-GEM H # 35 RE %




H 45

Hbs: WA m I RECMSHn i N Bl T R Z 1R 2%, EORAEMSREIAEL F BRI R, &
RS F IS TR) A 25 [a] 73 e BE 77

CMS-GEMIIH : ZEiE KIEAGEMIRM S i St & A ok, T R mae i sein =, 1@
LN HNCMSE 77 GEMPRM &3 4 23 A . ARIH it W GEMERIN 25 1y s FL 1 A ARAE 55, S BGHD
7 i i LTS AR A ST 2R PR AR, AR EH 5> CMS-GEMIT H FR 25 2= 7 A 55

CMS-MRPCII H : 45 CMSuni # N 18 22 1 R e TT 75 3K, Wi E K T AR B 3 Y sy o 0 R 3
MRPCHR M %, HAEREW =T ECR . RNE P HFEEOR, NCMSTHRIR I HORERTT 2. WHFTHETH
BOAEL A5 el i, A PRI 2 1T

LHCDb-SciFiZli H : JYLHCbIAKRIGE (SciFi) AR &8 < B A1t e A Jog S Aar il it A an il &R 43¢
ot S AAEE SR, S T AR A R AR T, AR SR R G AN S EE Oy S 3t B DR 1 1)

= H

Ei;mxo



HEILIETR:

VOB 55 5 % fa b0

e o - : IR eV
PR F AR ‘ R X Ehn ~7 ThiHs g [ hiEss | o e e e
(fR5007 AN . ) BN
THJT RICMSH 35 R PRI 28 SR 7E b frbRL. 1 S0 >97%
=l A Sl = B R, 5 E N I 5 — — T BEF8 bR
(CM-GEM), IR LI In— et ) [ 1. cem g | pnte D SERIE ORUIE o¥KlF ol Dipbsitiie | 2 > 10KkHz/cm’ oy N
MEORIIE, WFRE B TR, | S ST S ot ey o | LA &7 I <300urad el
P B/ 752 R i BBRPC(CMS-MRPC) . il R ot Vi 241 HE S
CMS-GEMIJL H % 42 K T AR GEM % 2L 4 1 o 2 BUER X #1200 | U
R S 5 M B PR, T T 515 F AR ST o
MacroTCAHE %2 f) £ 58 3t . HeINf [a] A 34 L T iR
RLFUHIR IR RS, 7EE NI R TR s fEbR2.1 38R | /i B MRPC | E >10kHz/cm? 1 e 15 An 8
W R A = 8 F7 AR I 5 R 4 CMS- oHHIE OB ol Vol R o [Tekr2 AR | it B % >10 <100ps i TR U
GEMI H M4 (1% . MRAABEE |5, mrecip | 75 oXEERIE oBlRE ofift oM MEro s g | Kz fom?, W <2mm F AR,
MIAPRL, EBRIUERR TSR . R4 | e RO % Wi B/ A% ot e 8] 45 ¥F <100 5% 1 CMs 4+ {f
EMRPCH; A B4 2k CMS It 28 P FBLJ /2 | M/ 0T LY obiE oY oX ps, i B 5 4 3 HE TR
TR, BFR KR 2 2 55 BMRPCH HER ot <5Smm., X ik
L — = AR | ERE
WSS 1 TF % . LHCH AR W 88 45 4 I 45 ok 4F [ 3,2 SciFi 3R 9 o . | PACIFICH: PACIFICE: Jr S DI HERY | £ fE $6 47 i
(ciF) {EEHME X BR LR AT R, | W2scqeyy | OB OARE 0B b VORIBOR O | geros. WHK k80 /R | SRR
TR B RS SOk R e, A | FRIRS )ﬂﬁé{/k o ﬁ%i@ﬁ ?é}ﬁm AII"“HEEI% S AR R A S AR TR AR5 20 | 32 1 R,
FEL AR AR G0 B LA B 23T SR A R e R T DA | Sk, Ji/R. SBAMEE | HMSH I
g /G 0 LR L& obstE 030 oK | sty gek. 3 %95%, XA BE | 4l HEROR
HELH ot i $0.5-1% Wik
5 Ak B BT 1] NI BN
FHGR & F %R b5 1 ST AR R A 1 201846 H IEW AT
2 AR AR 1 20184F11H SEHIATT

8




RRNE. FEBARAH: CMS-GEMIiH

CMS-GEMIRMZ: A LB . R, B FER. BHS A tEESR (OH) R, RARS.

55 AEHIERAR L RRET¥#. IR RGE.

CMS-GEMFAZ 1% 2 HE:

2013 FECMS-GEMTF S VEH RGN, I ITAETR I 28 AT .

SR G, BRI RS AE AT S & A A . T
GEM/E K /£ CERNAN S B AE 77, 152 H ot i AR SR &
¥ AECERNAI LU A 2E 72, 52 AR FVAH] R G AEEN
FEA =R . AR 7 B U FE T 2 GEBFIGEM-
FRASMEZE.

BEAIEHCERN, oA, EE ., #E. g, F
H (bR ARZE) FGEMAZEMBTHEN R, )5
i1 CERN.,

7ECERN#ZATGEMIR M SR B aH 23, i J5 2 3& 2|
CMSEEAT LI

COOLING PIPE_

GEB

.
READOUT OARD %

GEM FOIS 2

DRIFT BOARD

EXRARFTHR. £

GEMRMN #8551 73 i B

“. 1. OPTICAL BOARD

4
~“=» GEM INNER FRAME

- ,.\;.. N _— \-‘
S b » OUTER FRAME




RRNE. FEBARAH: CMS-GEMIiH

GE1/1 GEB (GEM Electronics Board):
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MEO GEB: MEO GEBEEKL ( 20204E12H)

® MEOFH i HL T~ GEB 12019410 H JF a8 b KA 7 5 I eh % it &0t
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R I =
"NYShE W =
e 4 — 0
:—Tﬁ\\,~>
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“»’ra s

OH 5
)
20029 oz
AR e
DA
S DTH = EEASE, the right O
or similar 3x10Gbs TTC « Yellow background: Mechanical Layout V1
« Blue: PCB silkscreen 12
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GEMIRNZE FRASMEZL, Fr A%/ T0.03 mm, HEER .

® 2019 EE WK KAMET KL, SultEr= T2, RHESWEN T RKEMHZEEH AR HRFEZRIFE 5
2019479 H Ho [ A= 7= 1 4 RS AMEZERE i I CERN, 202042 H &Ik, i Axicom A = A2 = A i % T FE A5 7 & CMS-
GEMZEESR, /A =4l LRGN ZAE P2 U o S 28— S GEMMESL R et . AP 3R TH HE4T R = BRIt IR Ab 2 5

® 20204E6 /12 H HJT T GE2/1 GEMER M 23 #MEZEHT & A4 P7Reviewsx i, R HAE 1 b 5t K 2e 7 0T b [E 42 77 JE320 2 AMEZE

® 2021%F5/], &#M1-M8 J\F A S FRASMEZEILI20 A 58 i,  7EIL R 58 il 5 & fFCERN. 5/ #JiziACERN, i#Hid |
CERNJi =M, H Arc a4 R GE2/1 MR &5 .

COOLING PIPE

READOUT BOARD > > B ~_OPTICAL BOARD

GEM FOILS

DRIFT BOARD

GEM external frames (FR4)

R EEFHGE2/L M1-M8 )\ FH &2 FR4 SMEZE

GE2/1 M1 GEM FR4 #MEZEMIR S5 RIC &
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chamber Platform
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C 78 IGEMIRNI #5425 JRQC2 (GEMEE T [ MEM ) « QC3 CREMEMD « QC4 (k. HmlEl) .

QC5 (XHF£ti gzt A1 & B AL
SERIF I 7N RSP GEMAE I 28 (10X 10cm?2) & JE R SFGE1L/1 CMS-GEMAR 28 gl B2 87, &M P u8 f 45
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CERRAIET: CMS-GEMIH

Ll

GEMZH 25 R 25 Hh 22 1% -
— PN =N A SIS i A I

» Completed gas-tightness, HV performance and gain test etc. with full-size CMS-GEMGEH & H %25, JERSLE =
GE1/1 GEM, QC procedure setup done. 2021 E3 I | AEHVESH, B ACMS-
| | ' ] GEMPRIN 38 B J5 A = et 2 —

CMS-GEM & fE 41 #& M 25 4 7 41 57 A
Jeremie Merlin7£20214-3 H GEM Workshop
R, AR 7 ACOR S PRI g A
£5%

-fa GE21 Production Plan CINER

Module Assignment:
e —————
Modules produced/tested
PU
buU
NCP

INFN-LNF
INFN-BARI

[E——
u - >

M
Oivider curmmet (LA)

----------
LIGHFNT

Test results of GEM gas-tightness, HV performance and gain T

' UUL/UUR

Note: adjustments should be possible in case a
production site runs late/early or due to
components availability

GEM X ray gibi test at PKU — GEM Production site in PKU is ready

4 R~FGE1/1 GEMIRMI SR B M
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KERBFEE R TR FHMRPCHIB i .

SBRHE A ] L

® HRIECMS-RE3/1. REA/L7[H] (1) BR Hll 24T #  MRPCER I 2%
BEEWE, RS A )

® T FEBH B 1 RS O BR ), BN ERIN 28 H 6 /N TR
MRPCHHEMT K, AMRPCHE 5/ %% & N250HCK KIS B,
KHFIEEL, B 23 % % y10mm.
— LA PRUE R BT (R 33%, R AL E PR, AR

BE CRAFPR DN 2% 0% )2 B A R e )Y P

® TS ERIRILIEYHE . HBUICHL . 55 P A, RIS
T AR R SRR R S OSBRI R DA R R S S
o6y R R SRS el R, DAORIEPR I 2% B R e AR .

Fishing line

BRI CMS-MRPCE 1

‘ Mosaic interface
|

MRPC structure:

Dimension: 100cm X (54cm-45cm X 6¢cm
Number of strip: 44

Strip width: trapezoidal (6mm/8mm)

Gas gap number: 5
Gas gap width: 250 um
Glass thickness: 0.7 mm
Glass bulk resistivity: ~ 1019 Qcm

glass directly
mosaic together

Mosaic interface:
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KERBFEE BT R BEIMRPCHIMA .

® 201842 H jttCERNXS A il FIMRPCHEAT T F o ST ik, 15 3RS T/ESMA T (90% Freon+5%
Iso-butane+5% SF6) IR, R Flcluster sizeZE M fE, 4 HliM &K,

® 20184:3-4 A kb & [E Rossendorfs 4 &= HZDR sy 9 & T IR i L HEAT 17 AL, 45 SRR IR v 2R e
it 10kHz/cm2, B [8] 73 #¥1560ps, %A E|95%, AR [ LIFEARE K

o
o

® 2018%9-10 A F- X EFCERNAT T WA 5K 140 1

_ . ol _ I el |
. KHCMS RPCHRHET 4K (95.2%  gwusi Cluster size<1.3 - € .
8 :?0: ; _5 YV v v ¥
C2H2F4 + 4.5% i-C4H10 + 0.3% SF6) , L [+ I 2w _ _ -
° 105 1 ] u Time resolution ~60ps
M =R 4 53 0L MWL 7 > 1 . ¥ i , , , _ 1100 14 . S ; ,
MR AT 2] 7 RN ES 1 F R 58 77 1210 ) e e i B h
‘ n 30_ . - 808 ool TR >40kHz/cm? 7
kHZ/CmZ, &&%%?95%’ :BT%?)H\H%%ECMS § gE' 4 v( v v v Ywvv? —60-% 5 500:
£ 4] LA 1 ]g § ow ;
B — v 'g ] / - = 11 @ = 4 ] /
SEREFMT, TESEIRESIE K £ 21/ Efficiency ->95% 1, 3 o
be | = F ey | ]
11800V, "5z sa s 56 so 62 o4 wo e B T A S S A S A A
HV (kV) Flux (kHZ/cmz)
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BIEMRPC LAESK AR MRS IR 5T -

H H B ZHRMRPC

- = 2 3

P, »

N j

p Fos
Gas flow L | || 816 ,’/ ;0‘55 >
5 ,-i/ o §
/ U4 07 &

Fo7

124 }
f F065
Mylar layer ~ Honeycomb  PCB with Graphite Glass  Nylon line Stud Sealing 1+ 06
insulation readout strips  HV layer plates spacer frame 4600 4800 5000 5200 5400 5600 5800 6000
HY (V)
Parameter Value
f— Nyl =R
SAELE: < 1SCCM
N of gas gap 2X5
WM. >0R[0
Detector volume £]350X 350 X 50mm3 > )&z 95%
AN, ~
Width of gas gap 0.25mm > I [8] 73 2% - 60ps

24 channels, 10mm strip > % ?ﬁﬁéj‘”ﬁ[‘iﬁ%%

Readout channel width + 3mm gap, 32cm CEEE@jﬁggxﬁfﬁj‘ IETJLjEjM)\(
length

Signal readout Differential, double-ended — ﬁy%T %ﬁﬁ%%%?
Gas volume ~170 ml MRPC{%S@U%&EP E‘J%{Z]&Eﬁ&
171 R

Strip impedance ~42 Q

NI B % X #4T MRPCHRY [R] L 2

Waveform — LSTM-420 = i—1 H i—

! A ] & )% 84CHi%, 0.104mm, 156kV/em
Xy I+)—> Rising Entries 1560
1 B o R Mean 1605
CHC— 1) e ) T — 1)
X, I—»ﬁ— Std Dev 24.06

¥2 [ ndf 49.89/27
Constant 107.7 £ 3.4
Mean 1605 £ 0.7
Sigma 23.82 +0.47

Input LSTM FC Output

*« ComLSTM (Combined 69
LSTM): FC combined .
with LSTM,

* Network training: 60k 20-
simulated data, Inputis | |

11 11 17 I | I - L1 11 1 11 I | - L1 1| 1
10 pOIntS Of Ieadlng edge 15|00 1550 1600 16|50 1700 1750 18|00
! At [ps]

a0F

R C.) > BIRIRES SRR
) V2 MRPCHIB [, i 1R 533
=16.8ps $2# T 20%
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S ARGIFT: LHCb-SciFili B

® | TR FE L 52, AT LHC-SciFifR Ml #5 R PEBE PP AMAECERN R R S48 R 1T OUSCiFiG1F4 IR
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BTt DI B 5 S i R AR AN ST RHRAFE T Mo S8k 1 4= l2528 B il 17 Al (A2 7, 20194E9 H IR 22 4-F CERN ]
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® il 58 A T SCiFIFRM 2% /i i FE, T4 ) Bl R F% (Quality Assurance) F4t, 4 7SZIIPACIFIC ASICIs
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Socket board PACIFIC ASIC
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Read out
board (ROB)
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SERBERMEERE: CMS-GEMIH

® T/l I &HGEL/L GEBHtE A~ MilliX, ZiACERNH &4
2R B CMSTR M &8 b, HET ST EN R, Bl T
GE2/1 GEBig& it FEALAEFMGL, @i T CMS-GEM&
Y 2H 55 7% 3115 21 5 FEPEA ( “excellent performances” ). it
FI|20214F JiK 58 AL 4= HR 304 E U5 A 75

® XK T MEO GEBWISE LK IF@E T &1FH &%, HENE
5 N SZCERN A2 Z£ [HUCLA. FITHIMRF B HMk e R4, 2
BT R FE;

® % FRA GEMIRIN Z8 AMEZLFITIAH . w5 k%A1 4320 & HE =
B, RELR; C4aEiziZCERNIFE LA ;

— WHARTH, A KRHMST R IR 7= A4 A GEMIRN &5
Ao FL 152, R NCMSSE e 4R it & i GEM FL 1224k &
2 7 IR AN B AR, T LATK S5 %= % N CMS-GEMAR
Mas B E A A D —.

European Organisation for Nuclear Research
Organisation européenne pour la recherche nucléaire

Letter about Peking University Group’s Contribution in
CMS-GEM Upgrade Project

Peking University group is actively engaged in CMS-GEM Phase Il upgrade project in last five years. They have
made the following main contributions:

*  PKU group engaged in prototyping the GE1/1 GEB (GEM Electronics Board) and was responsible for the
mass production and the Quality Control (QC) of all GE1/1 GEBs (totally 288 + spare boards) in China.
The GEBs were all produced and tested in China then shipped to CERN where they have been assembled
on GE1/1 GEM detectors. GE1/1 has been installed in CMS in 2020.

*  PKU group is responsible for the design, the prototyping, the mass-production and the QC of 8 types of

3 GE2/1 GEBs (called M1-M8). The test of the GE2/1 GEB prototypes showed excellent performances

meeting all the CMS requirements. The mass-production of GE2/1 GEBs (totally 288 + spare boards) is
expected to start in Sept. 2021.

* PKU group is responsible for the prototyping, the mass-production and the QC of GE2/1 GEM external
frames (M1-M8). The mass-production of all GEM FR4 external frames (totally 288 + spare frames) was
completed, the frames were shipped to CERN. All meet the CMS requirements and were qualified to be
used for the upcoming assembly of the CMS GE2/1 detectors.

¢ Peking University’s GEM laboratory has also established all necessary hardware and software platforms
which are obligatory for GEM assembly and test according to CMS-GEM standards. The PKU group has
tested and validated all QC processes with a small size GEM prototype and a full size GE1/1 GEM detector.

/ Peking University is now one of the official CMS-GEM production sites. PKU group is expected to produce

GE2/1 M5 GEMs (totally 36 + spare chambers) starting from Sept. 2021.

It should be noted that, due to the Covid-19 situation, the CMS-GEM chamber mass production plan is
delayed by approximately one year, thus it is not feasible to provide test results of PKU-produced GEM
chamber at the moment. We confirm that the GEM chambers assembled and QC qualified following CMS-
GEM standard procedure will be acknowledged as satisfying criteria specified in CMS-GEM TDR document.

All the contributions from the PKU group to the CMS-GEM Phase 1l project have been crucial. The PKU
members have always demonstrated the highest level of commitment to the CMS-GEM project, always taking
care of challenging duties (complex designs, mass production, quality control, working group convenorship,
etc.). The Peking University has always been a very strong partner of the CMS-GEM project and is very much
appreciated by the whole CMS Collaboration. In conclusion, the CMS-GEM project management strongly
recommend the continuation of the support from Ministry of Science and Technology of China to Peking
University for the CMS-GEM upgrade project.

Project Manager of CMS-GEM upgrade project
Archana Sharma, Prof. (signed)
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Email: Archana.Sharma@cern.ch
Date: 18 Aug. 2021
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Figure 12: Electronics response measured on 4-SALT hybrid wire-bonded to type
A sensor in the UT slice test: (left) the response to a minimum ionizing particle
measured scanning the ADC sampling time, (right) the noise versus channel num-
ber, the red band shows the intrinsic noise and the green band shows the total
noise.

and afterwards mounted on flex cables by two different companies. About 5050
assembled detectors have been tested successfully and are usable for the SciFi
readout. The detectors have been grouped according to their breakdown voltage
and their thickness and have been shipped to Nikhef for the mounting in the
cold-boxes.

4.3.3 ASIC and read-out box
The readout ASIC (PACIFIC) has been produced, packaged and tested. The

Electronics N\
Production: \
PACIFIC Chip | 100% produced and tested N

PACIFIC Board

100% produced and tested

Congratulations to

=3

Cluster Board

100% prodcued and tested

+ Tsinghua, Valencia, HD
*\ Clermont-Ferrand

Master Board

Preseries 50 MBs: ok

Main production (570 boards):
Batch 1: 96 MBs in July
Batch 2: 104 MBs in Aug
Batch 3: 100 MBs in Sep

Mechanical Parts

100% produced

-

Front-end boxes

Preseries (23) ready — frame1
Batch 1: 30 boards at CERN
Batch 2: expecled this week

FEB finishing determined by
MB schedule: Significant
delays, however in shadow of
delays of C-frames

Very detailed test of FEBs at CERN, progressing very well (Massa + students).

Prhips were sent to Tsinghua in Beijing for the production of the PACIFIC Carrier

Boards. All 2528 Carrier Boards have meanwhile been produced and tested. The
quality is high, more than 96% of the boards are usable. The subsequent digital
readout chain consists of a Cluster Board to group the hits, and the Master Board,
comprising the slow and fast control interfaces as well as the optical links. The
production of the Cluster Boards is finished, 2500 boards have been produced and
tested. The Master Board production is in full swing. Beside a pre-series of 50
boards, the first two production batches (200 boards) have been received and are
being tested now. The remaining 370 board will be produced in several batches
until January 2020.

The front-end boards will be mounted on cooling frames and form the so called
readout-box (ROB). The first 24 ROB assemblies have been produced in-house (at
Clermont-Ferrand), tested and installed on the first detector frame (see below).
The remaining ROB assembly will be performed by an industrial producer, and a
first batch of 30 ROBs has already arrived and is currently being tested.

The ROBs are mounted on water-cooled aluminium blocks to ensure the cooling
of the electronics. The aluminium-blocks and also the water-pipes are integrated
into the C-frame structure. All water-cooling components, blocks and pipes, for
the full detector have already been produced.

)
@
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It should be noted that, due to the Covid-19 situation, the CMS-GEM chamber mass production plan is
delayed by approximately one year, thus it is not feasible to provide test results of PKU-produced GEM
chamber at the moment. We confirm that the GEM chambers assembled and QC qualified following CMS-
GEM standard procedure will be acknowledged as satisfying criteria specified in CMS-GEM TDR document.
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