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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
COMPACT MUON SOLENOID COLLABORATION (€288
URL : httpi//ems.cern =

Dr. Kerl Gil

CM$ HGCAL Project Manager

Principal Applied Physldsl
CERN - EP

it 1211 GENEVA DS

Switzerland

1. +4175 411 4712
E-mail Karl Auson Gilt@cem

December 15, 2021

Subject:  Certification of qualification the HGCAL Module Assembly Centre at
THEP, Beijing

To whom it may concern,

am_writing as Project Manager for the CMS endcap calorimeter upgrade project
(HGCAL) to mrnfy that the silicon module assembly center (MAC) at IHEP Beijing, led
by Prof. Huaqiao Zhang, has been qualified for the HGCAL project as ready to move into
the Pre-Series phase of construction.

HCCAL will replace cheral of the present CMS sub- deleclom Lhe sillcon/lead endrap
detector, crystal

the he plastc/brass ‘enidcap hadron calortmems, IGCAL ia a novel § eamplmg calonmmr,
3 large-scale deployment of silicon modules (a grand total of approximately

26000 installed plus 5% sparce), positioned between dense layers of absorber. The

modules will be with plastic il by silicon

photomultipliers (SiPMs) in regions of the detector where pamcles arrive with lower

intensity.

The qualification of the IHEP Bejjing MAC has been completed on time to mect the
corresponding project milestone. The MAC is set up in a Class 1000 clean room that is
dedicated to this facility and all of the equipment for mass production of silicon modules
for HGCAL has been installed in the clean room and commissioned. This equipment
includes a gantry machine for automated module assembly, a wire-bonding machine, an
optical inspection and coordination measurement machine, and a silicon module test-
stand. The IHEP Beijing team has been trained in how to use the MAC equipment, and
they have practiced extensively on dummy module components before moving onto
using live components.

B
2025/6/26 B

Fully functional prototype silicon modules have been assembled successfully in the IHEP
Beiing MAC (in June and September 2021), using the it prototype parts avaiable
which included 8-inch silicon sensors developed together with Hamamatsu, custom
circuit boards (“hexaboards”) developed at CERN, and custom ASICs (HGCROCY2 and
v3) developed by Omega group (IN2P3, France). The modules assembled at IHEP Beijing
were then sent to CERN and have been used successfully in HGCAL system tests,
including particle beam tests at CERN, in the autumn of 2(

This certification of the qualification of the IHEP Beijing MAC means that the MAC is

now ready for the next step of assembling final prototype pre-series modules. The pre-

series exercises should result in several hundred working modules (total from all MACs),

which will be used for the integration of larger prototype assemblies (‘cassettes’) of the

HGCAL detector. The pre-series phase will exrcise all the handling,the tooling, and the
QC hly and testing. It wi

the with

Bige st
lan to start the pre-series assembly in 2022, once the component parts are all

available, and beyond the pre-series, we look forward to ramping up the [HEP Beijing
MAC for full-scale mass production.

Yours faithfully,

£

Karl A. Gill
CMS HGCAL Project Manager
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* 202442 1S HIRAI5E K T CMS ESR.
* https://indico.cern.ch/event/1357604/ RPC Backend Electronics and Trigger ESR

Zhen-An LIU, Jingzhou ZHAO*
Awailable on the CMS information server CMS LIT-INTERFACE-iRPC CMS Back-end SyStem ESR day 2 Trigger Lab/IHEP Beijing

Thursday 15 Feb 2024, 09:00 — 18:10 Europe/zurich

on behalf of CMS Muon RPC Group

@ 774/R-013 (CERN)
DRAFT

Description An overview describing the back-end electronics system in Phase-2

For the different subsystems:
C M S I n te rn al N ote - Targeted board and features required in that board 2024 CMS Back-end system ESR

- Firmware development status and estimated firmware footprint https://indico.cern.ch/event/1357604/
The content of this note is intended for CMS internal use and distribution only - Timeline for hardware delivery

- Installation and Commissioning schedule

- Requirements on Infrastructure, e.g. ATCA shelf procurement, rack allocation

2024/03/27
Archive Hash: Untracked .
Archive Date: 2020/11/08 ¢ IEpEtion cins HeC

vid nference @ CMSBack-end system Esm

. . . re . . —13:00 Back-end boards applications: Back-end board applications session 1
CMS level-1 trigger interface specification: iRPC muon AL 0 o1 R et ot e

trigger primltives Conveners: Jeroen Hegeman (CERN), Magnus Hansen (CERN

[ video1027642046

All around the world Speaker: Magnus Hansen (CERN

CMS RPC GROUP Introduction to Day 2

The HGCAL application
Speaker: Raghunandan Shukla (Imperial College (GB

[B) BE_ESR HGCAL 2.

Abstract
The Muon application overview
This note provides the interface specification between iIRPC Trigger Primitive Gener- Spaaker:Sabing Mol (NEN e Labaraion Ne Sonali i Frasea (7
ator and Endcap Muon Track Finder for the Phase-2 CMS Upgrade. B Muon Overview_Ba
B rec Om (@~
Speakers: Jingzhou Zhao (Chinese Academy of Sciences (CN)), Zhen-An Liu (IHEPChinese Academy of Sciences (CN))

[8 RPC_BE_ESR.2024

21




iRPCIS

| |
| |
-

72 x IRPC chamber &

D I R P CE ﬁfuﬁ ﬁm E EEt % %L’ /%\ é}ﬁ éﬂ }:& on—detector electronics (FEB)

2 FEBs

Per chamber

> 1 ATCANLFE |

> 1 DTH400 ¥
> 1 DAQSO0OHE
> 8 ATCA serenity fift & B T2 4K

O 24 hik

iRPC
Chamber

;

GBT Link
4, 8Gbps

J 144 links

=H f> A}

J J 7> / \k
> WP PR K,
RPC chambersin RE3/2 and
RE4/2 Endcap (10°sectors)

20240213 version for 2024 CMS ESR
[

ATCA crate

TTC/SC

1 link including 1 tx and 1 rx

2827262524232221201918171615141312[11109 8 7 6(5 4 3 2 136F534333231 3029 28 27

> %Zé?ﬁ\jﬁ;ﬁ(lV?ﬂﬂu
A 31_14(31_1331_12(31_11|31_10| 31_8 | 31_8 | 31_7 | 31_6 [ 31_5 | 31_4 [ 31_3 | 31_2 | 31_1 [31_18|31_17[31_16|31_15[31_14
AN~ /I gy ‘D:I:[“{ » iRPC chambers in RE3/1 and — — — — — — — — — _ _ _ ] — _ _ _ —
RE4/1Endcap (20° sectors) {41 1ala1 43041 12|41_11]41_10| 410 | 41,8 | 41_7 [ a1.6 | 415 | 414 | 41_3 | 41_2 | 41_1 [a1_18]41_17|41_18|41_15|s1_14
) o M N
4 :!'_‘, . . .

> %Ymu%&ﬁiﬂa“[)[ Hj IRPC FEB opticallinks RESI" 2827 262524 2322212019 18 17 1615141312 1110 9 8 7 6 5 4 3 2 1 3635343332 3130 20 2827

N One linkinclude 1 rxand 1t Ll L Lal [ 100 (a1 | (0l [ | (1| | 1] A W

BE_-/+4 for RE31 BE_-/+2 for RE31 i

> Rpckﬁg b 31 6 [ 313 [ 312 | 316 | [ a3 [ 312 ] i

ﬁge =N {RPC backend ATGA . 35 e [ 311 [ 31s [ 314 | T !

board Output channel \ Lol LTIl T Il [ Il D Ivl [ vl [ Tal DTl Dl Tl T !

line rate pe BE_-/+3 for RE41 BE_-/+1 for RE41 )

Outputs 16 | [ a1 [ a2 ] e | [ a3 T a2 ] |

Lo s RE o A 41 5 a4 | 411 415 | 414 411 '

; : 1 1 | 1 1 ‘ 1 1 1 1 1 1 1

I 8765h4321 ! 8765'432|1 | ! 8|76 514321 !

)
EMTF sector ‘ &+

(60°+neighbor 20°) 5 1 | 3 | ! 1 1 ;! 5

87654I3|21 ! '87:654|3!21| 1 Y87 6543k 1 187 6543
_ ] ! i !
1

270° 240°

2025/6/26

210° 180° 150° 120°

iRPCJ5 vl & HEL T2 5

90°

60° 30° 0° 330°

300°

Fil ¥ FEBAIfilt R EMTFIZE$255 &

270°

21

22



SerenityiRFIZITIHRRE

4
e VU9P/VU13P
ZHE: XHRZHTT 5
BRBHAL

URARZH TR -

o BSTBEUE 1IN ph R S A R B B

o JFEHEEW, PCBATRIANL, MR

Z EjSerenity$s &

¢

¢ Sl

2025/6/26

E3|1tkserenityFEb, H BT IEEZEA TR
SERE 28 T FPGAI R

Serenity-S1HCMS — H T2 firh & J J v FE T A% O AR -2 —

Payload

= BRHEZS

~

Service Area

FF

FPGA

TEDS_INT LHE_Ha TCS_EXT »

ASYNC CLOCK

KL SYNC CLOCK

ot e ext FB achieves Input reference to diff output delay:
Min.:-75ps Typ.:Ops Max.:110ps
Storage
CLK | |PHY ‘4

O 2130274 7 )., © 2130274 ° % 2130274 * oo ® 2130274 *

LEFT_SYNC LEFT_ASYNC RIGHT_SYNC RIGHT_ASYNC

0 9 0 9 o 9 d 9

, FAE R B

FF

IPMC l

23

Power In SLRO SLR1 SLR3 SLR3 SLRO SLR1 SLR2 SLR3 Fabric
[T ———

oz

rama L o s e s seTeme Toeman s e e o s wxamsmn L L o T T T —— e e
gz

S Lnearnsa(13) messim v masmt v QMW v IHGIGWY v SEmvieE v = =
e MT_KITLTE T XIVIAR 15090 GaRs mEsILm v mESmE v AWEENN v I@SEEN v SR v - - v
. MT_XITIT T xITERX 15001 G mmssa o ommssies u OmanimmY v ITESEON v BEeviE v Locted e -
w2 MET 11T T erTaAx 15999 Gans mEsIme v mEsme v QW& v IASEEN v SRV v e wana -
w3 TR W 15998 S messies o mssmaes v Qe o GTeEE@EN v BEevn o Loctod wars -
v T xR T TR 15090 Secs msssies o mESIe: o QmaSiOND o 2TMaEEEY o BEevom o Locked -, -
s MGT_XITZUTR WaT_XITZSAK 15090 Gogs mEssime v mEsmE v QWS NN v I@EEEN v s v - wans v
wocs XTI T IR 18090 Sags messios o mssme: o QmasiO o ITaREEY v BEev 6 o Locted e -
s MST e T ST sernax 1805 Gane v mEsImE v AWEERI v RSN v S v e wans v
v MGT_XIY2ATK MST_xImiaAx 18001 Goge o ommssies u OmanimmY v ITESEON v BEeviE v Locted e -
e MR T T 15090 Gans v eI v AWENI v ZASEEN v SV I0E v e wans v
- MT_RITZET T A 18052 G o ommsmes o GGaRRN v ImESEGN o WeV (v Loctod wars -
en TR T i 15090 Secs O mEsTes o amamimmY o 2mEEON o eV o Locked -, -

R v mEsIIE v GWE RN v A EHN v VR v wans v
v S messios o mssmer o QeSS v ATGRMEY v BEevm0n o Locted e -
e MST 123 T ST servsax 15978 Gans mEssime v mEsmE v OWE NN v AEE@EN v o v e wans v
. MGT_KIY3UTX ST_xIT34Rx 18000 500 messios o mssmer o QeSO v ATaRMEY v BEev im0y o Locted e -
e MT_RIETE T I 15090 GaRs messm v mEsmE v OWEGNW v AEEEEN v ey v - wans v
L s MGT_XIYETR MaT_x1T3an 18090 Saps messies o mssmaes v Qe o AGGRMEY v BEev 9 o Loctod wars -
wnes M kT T e 15021 Gans mEsIme v mEsmE v QWSO v AEEEEN v V06 v e wans v
s MGT_XIT3TK WaT_XITIAK 15090 Gogs v mEsIIE v GWE RN v A EHN v VR v - wans v
ST TESTE T vz 18073 Sags o ommssos  u O%aR(oDY v ASEGRIEND v BEev(E v Locted e -
s MST 13T T serasax 1800 Gane mEssime v mEsmE v OWE NN v AEE@EN v o v - wans v
vk MT_XITEIT T xR 15997 Gogs messios o mssmer o QeSO v ATaRMEY v BEev im0y o Locted e -
s MT_KIET T IR 15090 GaRs messm v mEsmE v OWEGNW v AEEEEN v ey v - wans v
Y MGT_XIYETR MaT_xIT3Ax 18090 Seps messies o mssmaes v Qe o AGGRMEY v BEev 9 o Loctod wars -



RPCFimfil & B3 MTCA Demo BB FF 4

& EATCAMEEAE = HRET, JF R T FETMTCARTiRPC 5 b ik [ rConine
KHETF¥Demo R4, HT 5 umfh &k 15 1) JE FRIGE o || === =—==== 4 7mu—
o TEEEAIRH T ERe TR T H IR S0 OB AL 4 Ty

r—_ |

l uTCA Board
| _ l

2 (Check-Sort-Push, CSP) , F #i&1FH K.

N N E AT M e e e
o R ARS BAEAT T RIS HEPMTCAI) 5 54 1 T2 Demo R A4

e

Bi-directional GBT link / R\ Data patf:

\ ———————

_————
/ Data buffer Ctrl path
: l !

Front-end S . I
Bi-directional GBT link ) Cluster Angle EMTF
Boards — r:{ DEMUX Hfinding Conversion]_
\\ 1

)

i
oeemeraseareasease s [

\
N\,

“{ Fast/Slow Ctrl 1 i DTH
CONTROL /

20250626 55 T R DA TT A AR P T S IRPCm i 7 A P A ”

=1 He




CSPHLHIBIR- HLEIR

B Check-Sort—Push (CSP) ¥
RIEDLH]

> BT R S i A & 80CMS Preliminary
> PHEEEIRIEIER, BN §ro i oo <" .
R A B & e o e 5
RFTE], /D eluster )P4 '2502 | | "

=

AEIR ; i ; ...

> RENBHR AR, BoRm o203
F S IR BT 5 B 2R 3o FPGA . FPGA | FPGA

N
o

> PRSI R . —;101
+ AEHIAEE A S R A | | *
e P ——e
o EBAKHILT, BAIE T 0 etectorchaml o

1R MN60BX (/£ ) &A% 3] B
30BX (F5 1) U it L 27 B A L SR FH CSP AT

2025/6/26

80,CMS Preliminary GIF++

5 y
— - With CSP c
& 1.4 mm double gap iRPC - S
370 HV- 7100V ©
§ ~ Total events: 5000 s
A 60- Beam + y bkg (2.0-2.7 kHz/cm?2) 8
E =t [
0 E
B ok
= 50'; | ..3102
40; 15t : ZHd 5 3rd
" FPGA | FPGA | FPGA
30- : :
E -10°%
20:
10-

Detector channel id
AT i FL - S 25U AR AL R CSP

25



CSPY R — DAQEH

e fHEACSP, 7E24 BXHIE KNI B Bl +99. 8%
o HERBARMEBERM v KIET, Gy tb@7E12BX CHFR & ) 93%HE K 31]99%
e CSPAF1E 5 /NIIDAQTE B N AT RE

—_ CMS Preliminary GIF++
&, _.  CMS Preliminary GIF++
« 100 S
= @ 100"
A =
§ o =
L bo) A
“? S 98-
B 5
c 9671.4 mm double gap iRPC o _
e HV - 7100 V E 96 1.4 mm double gap iRPC
HV - 7100V
Beam-only
94y —«— Without CSP 94 Beam + y bkg (2.0-2.7 kHz/cm?)
With CSP —— Without CSP
g2l ‘ ‘ ‘ With CSP
36 24 18 12 92l ‘ ‘ ‘
DAQ window [BX] 36 24 18 12

DAQ window [BX]

2025/6/26




if [B) B0 57 & A

Cable 1 (possible routing from pp1 to chamber)
. varies
from 0.5m
to 1.6m

& IR RO R
SRPCIE S 4 L L 28 S R B e B 3 o 2
EGRILESS &N =

°
» / . =) ) > > N N
o A KEA—BERA2S. K, PIEHIE S BIE T
144. 5ns (6BX)
2yl ALY \) N \ N Mz |u ] NE VS e
YE1
BCO
< { - ' . FEB_1 The backend electronics
I [
I}/T?ydm\eiY ’ GBTx chip - E;Co
o] \PLL’JM mﬁf (Cood = AT1 (longest path as reference) BCo / usc
| SERDES GBTSERDES | 3
| ," Ny ;snoss A‘Liﬁ w6 GBTTFPGA f? /
______ :_ jf . /J L s FEB 2 AT2 (to be ali (O [ Mini MGTRx| | GBT-FPGA r “‘ “-‘-.,’~ Fj-c\)’:iciivpean:rl]sd.
i— arrival time "/// Cyclone V [ GBTx chip N ™ V = < Lo side
| difference N (T » D N,
________ \\\ \ ;mg‘ GBT SERDES ‘ SFPI
N .
' \\Ech ‘ : ATn (to be aligned)
X , . ! FEB_ 144
Main Cable Chain
Fiber pathin P5
27

Cyclone V

(R
k E-LINK
SERDES BF‘




A8 B 4 & 1E %R

CMS MUON Preliminary GIF++

Path1_diff: 20m
Entries : 6658

Mean : -99923.94 ps
RMS : 788.72 ps

o
o
<

& TR RCR
> 25 nsiFPREE o AT LA E B2 ELHC R Gultd Bl I b AT I
FEHIIEIR .
> ANTFIBXEZER, RARASHTOCHERZME 7

i - —)_‘ Y N L 1 I 1 A L I 1 L 1 1 I
,;l:;j‘ e Q | | 5’;‘ }y_[l_l -[/J;E:I ;Eﬂ% E Yoo 0.00 == 160000 ~95000 90000 ~-85000 80000
Timing difference before alignment (ps)

> IRPCA A} [a] v m] PLA % 51]1.25ns 2 Y R B T TR % R 3 o ) L v Bk 2 |

Normalized
o
[=]
[=)]
[

o
=
ol

[

Path2_diff: 18m
Entries : 12968
Mean :-90113.52 ps
RMS : 782.23 ps

Test beam in April 2023
y background off

1.4 mm iRPC * 2
Threshold = 33 fc

0.07-CMS MUON Preliminary ‘ GIF++
g ‘ Path1_diff: 20m
output delayeld BCO Longest path, no delay £ 006~ ﬁ?éﬂi‘ :7'?3;82,05
f A - > FEB_1 TDC correction (1.25 ns) e RMS : 772.05 ps
N | 0.05—
Qo] QlT Qn—ir Q"T path 1 Path2_diff: 18m
Entries : 12661
Timing reference 4 004 Mean . 14144 ps
o 5 * * ? e RMS : 784.44 ps
inpu hit |1-bit | e _hit |1-bi 003
1-bit | 1-bit 1-bit [1-bit DEIayed baseld on Test beam in April 2023
\ J correctipn value y background off
' »( FEB_n TDC correction (1.25 ns) 002 14 mm iRPC * 2
shift registers based on path n o1l reshold =33 fc
40MHz clk (25ns step)

0.00

-10000 -5000 0 5000 10000
Timing difference after alignment (ps)

B2 A% (25/1.25 ns) i T T s 2 45 T I ) S v B 22 )
28



REXRBEEZMEEIS TEZHE

5 NP > CMS Muon Preliminary CERN 904 CMS Muon Prelimina CERN 904 Lab
COBEREEOTRET FHAKRARIGR L m pes| g Mo
Hif e R |
© X CHD BT TR s - D
> 5 (ED o 1 _ J | |

> % (ED KNG R R E 5 5 of ~ ’
> 8 (D HRHESS oy ——y N . v

Bottom | =
Seiptiflator I— — — !

f—

i (BD Fa L ra

2025/6/26

Cluster size(strip)
EREESE LS 3% DA ]

CMS mMuon Preliminary 904 Lab
T T
Total events: 4273
Threshold: 40 fC

Chamber type: RE4/1 |
iRPC FEB v2r2 ]

Frequency
A
o
o
T

300}
200}

100}

L L —t
0 5 10 15 20
Cluster Radial Size (cm)

T R FH Y PR AR R RN A

Position from LR(cm)
15 RN AR AL B R &R

Index of min generated time strip in 5-hit cluster
T T T T T

= [T
§35

Co

300
251

200

s l l I ]
0o 1 2 3 4 5
Index in cluster

B/ NI TR E T P R A B0 AT

29



EERE MRS TEERR

° j‘ ,;I:T ri E/] E}I: j_b ’ Eﬁ /—\E T ﬁ%% R=22900 CMS Muon‘Prelimin‘alry ‘ sirrluf_lz‘at‘ioln

HV = 7200V

[e2]

AN | = 1 mmr
§ Nevent = 20000 3

o SEI B R IRE AT TR, e m

o LR SR S R B T R o T B |

AR | | |

o WTFPGAVE NI FIA T LLE AT R - O ST SO SR SUUSSSST S

Ay(mm) cluster size (reference)

DA

FEESERBAIEEERE  ARKEEXNSBIERTEE

o Seg Length Seg Length CMS Muon Preliminary ~ CERN 904 Lab o e S S
se g - |
g RE41 RE31 g 100 Graph | Table
E ' LUT A
8 152.5 mm 183 mm £ 009" S . SR
é%ea goel
16 76.25 mm 91 mm 067 o
32 38 mm 46mm | Threshold: 401C )
0.95 Chamber type: RE3/1 - ! ! .
Seg_ 16 . 6.8 6.9 710 7;1 7.2 7.3 714 75 ‘

High Voltage(kV)

THASRhETREEgx VOUISPRIZHIREEMA (1801 inks)

2025/6/26



IRPC QC3,

T Al R 4R 5

€ iRPC MTCAJE il K BB F2 R4 H
TFiRPC QC3R ER M

€ iRPCQC3 : Chamber during
construction and with cosmics @
assembly sites: Gas leak, dark
current, cosmic (noise, eff, cluster
size, HV).

€ Developed and set up two systems
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» 904 system: Qingfeng set up
904 backend system
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¢ Includes latency of inputs and numbers based on developed subsystems
o Latency of the links ~0.2 ps

e Latency of 10.2 uys (FEto FE)/ 12.5 ps

2025/6/26

@200M:
@ioM . Tondo {
Encoder E

@120M

channelfifo(2)(1)

@40M .
channelfifo(2)(32) |—

channelfifo(2)(33)

CHECK 1s

— 2 buffer

—Zbuffer

39



g, RFLB|L A F556 A o0, SMREAEFRTSOH TG, Fr WA % #M4T7188.27 7 7T,
SN 2 B $04T6.13 76, HHATI944 A 76

40



