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CMS Phase Il upgrade

Tasks of China group

Barrel Calorimeters

L1-Trigger HLT/DAQ
https.//cds.cern.ch/record
https.//cds.cern.ch/record/27590
* Tracks in L1-Trigger at 40 MHz
* PFlow selec¢tion 750 kHz L1 output
* HLT outpur 7.5 kHz

https.//cds.cern.ch/record/2283187 Muon systems

« ECAL crystal granularity readout at 40 https://cds.cern.ch/record/
2283189

* DT & CSC new FE/BE readout
* RPC Link-board

> N\Wle GEM/iRPC|1.6 < n < 2.4

Extended coverage ton = 3

* 40 MHz data scouting
Beam
Lumin

* 3D showeks and precise

« Si, Scint+SiPM in Pb/W-SS

https./

Tracker
https.//cds.cern.ch/record/2272264
* Si-Strip and Pixels increased

granularity
* Design for tracking in L1-Trigger
* Extended coverage ton == 3.8

The 10th China LHC Physics Workshop @ Qingdao - 17 Nov. 2024

Radiation Instr. and
osity, and Common

https://cds.¢cern.ch/record/22 4 ; | Systems and
&y ' w N N ' astructure

ern.ch/record/

2020886

|MIP Timing Detectorl

https://cds.cern.ch/record/2
296612

Precision timing with:

* Barrel layer: Crystals +
SiPMs

* Endcap layer: Low Gain
Avalanche Diodes




CMS HGCal upgrade: CMS-China tasks

<

Key Parameters:
« HGCALcovers1.5<n|<3.0
Full system maintained at -30°C
~620m? of silicon sensors
~370m? of scintillators
6M Si channels, 0.5 or 1.1 cm? cell size
~26000 Si modules
Power at end of HL-LHC: ~110 kW per endcap

mass ~ 200 T
each endcap /4|

r=2.62m

{ \'/’v ' [/
Endcap Electromagnetic calorimeter (CE-
E):

e Si, Cu & CuW & Pb absorbers, 26
layers, 25.5 X, & ~1.3A

CMS China tasks:

O 1/5 (~5000 ) Low density (LD) full
Si-modules production

O CuW baseplate and kapton production
O Sensor Quality Control (SQC)
0 Hexaboard partial board design

Hadronic calorimeter (CE-H):

o Si & scintillator, steel absorbers, 21
layers, ~8.5A

First time apply HGCal to experiment LD full Si-module




CMS HGCal upgrade: CuW baseplate production

CuW baseplate: d ~90% of CuW baseplates will be produced in China
CuW+Kapton+3M tape

. K-contract have been reviewed by CERN and IHEP, is in the process
of signing by CERN firstly. We are preparing the tendering for CuwW
baseplate

d R&D:
. Develop the kapton hot press lamination process
. irradiation test @KIT and CIEMAT for IHEP CuW baseplate

CuW baseplate produced in China: 30 produced this year

Batch Number Kapton Laminate Use fixture M tape on
method Surface
2 Pure adhesive Yes Yes Sent to KIT
1 May. 2024 | V4_CuW_Baseplate 7 Pure adhesive Yes Yes Sentto NTU
21 Pure adhesive Yes Yes IHEP
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CMS HGCal upgrade: Si-Module assembly

LD-V3 full Si-module:

» Pre-series modules: CuW baseplate+ sensor (pre-
series sensor)+ hexaboard (HGCROCV3A)

* Pre production modules: Cu\W baseplate+ sensor
(production sensor)+ hexaboard (HGCROCV3B)

Module assembly:

« All CuW baseplates of these modules are
produced in China.

 Various methods (Hybrid assembly,
program bonding etc.) are used to improve
production rate

* 5 modules bonding at most per day so far.
Target: 20 min/module once bonder setup

Module Production: 1/23-4/24 Module Production: 4/24 - 10/24

Not "Grade A" Not "Grade A"
o “Grade
T s Gr.?'de Bad Bad Bad Numbers| Types A" Bad Bad Bad
A IV |Readout|Placement

[\"4 Readout | Placemen

12 LD FULL 8 1 1 3
— e —

b D EULL D h| 4
LD FULL 18

17 LD FULL 13 1 2 1
NiU TS WD FOLLC TT 3
TTU 16 LD FULL

0 |Bha| s s | s

w

ToToUTEY
LD LEFT
LD FULL

FOREIEY |

LD FULL/
HD FULL / 18
LD RIGHT

IHEP live modules (40 total, —~8 m?): 33 pre-series modules (24 sent to CERN), and first batch of 7 pre-
production modules were produced this year (only IHEP did and sent to CERN); 31 identified as grade A.

— IHEP MAC did the best in both quality and quantity so far



Noise

O During module assembly, three modules were found to have half non-
functional channels in some chip.

O IHEP discovered the reason to be the static damage (confirm by CERN).
L These ESD happened in the stick tape on the hexaboard before assembly

chip 1
7 Coation chammers Measures are taken for ESD protection:
0 * Inspect each device and components in
s the clean room, replace materials and
i e R s tool by anti-static ones, improve the
s o ) S— E— ———— lamination of tape to hexabarod.

Channel

7 pre-production and 10 pre-series modules were produced since this July, . ..o s i
no ESD happened in these modules. R e P R e
O No more bad channel is introduced in module assembly. All dead channels = EE
are from initial PCB itself.




CMS HGCal upgrade: Module test @ IHEP

O Early breakdown found in three pre-series modules (<500V). Potential reasons could be:
 Pre-series senor is not good enough
|V failures likely due to humidity

O No earlier break down happened in pre-production modules so far (up to 600V)

7 Pre-Production Modules 10 Pre-Series Modules
10_3 [ I T L T T | L T L] T l T T T T I L T L T I T T T 10_3 I T T T T I T L T T 'I T T L T I T T T T '| T T
—— ML F3WX IH 00014 —— ML F3WX IH 00018
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—— ML_F3WX_IH_00016 ML_F3WX_IH_00020
10-5F ~—— ML_F3WX_IH_00017 4 10-5}F
< <
= = 10+
£ O 107 T V— \V4 .
3 3
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T:20° +1°, RH:~1%



CMS HGCal upgrade: Beam test @ CERN

O Two HGCal beam test campaigns performed this year. All tested modules were provided by IHEP. 7
pre-production modules are use in verification of HGROCV3B

O All modules showed good performance in beam test

Front train Back train Front Layer Back Layer

1H0005 1H0012 05

IH0007 IHO006

engine

IH0010 | IH0011 2024'7

hex_stdadc_module_0 hex_stdadc_module_1 hex_stdadc_module_2 hex_stdadc_module_3
Front train Back train Additional train :mm ‘mm o o
@ LD semi-right |
IS bare
1H0020 IH0016 S\ hexaboard
hex‘tdd modl 4 (_stdadc modl 5 stdadc_module_6 hex_stdadc_module_7
IH0019  IHO017 > s L e ) Ko
Fen engine, engine, 202 4 9 t % % 3 ° t %
. I IH0015 B Eoe fa
Water cooling Hoo18 IH0014 o I e T Ko M— gy
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CMS HGCal upgrade: Ramp-up in pre-production

October 2024 November December January 2025
4 Expect to receive 45 to ) - .q .4 — S ,3 ,4
50 hexaboards early Build 16 modules T Build 32 modules S
November (CMU, IHEP, November C | December/January 5 ST
TTU) ... later but #45 I — A
,\% _fDr NTU, UCSB j 24 25 26 77 2 9 30 '- : | =0 “ " - : '.
2 per day x 1.5 weeks or 2 per day x 2.5 weeks
4 per day x <1 week 4 per day x 1.5 week or
6 per day x 1 week
February 2025 March April May
F : 5 M T W T I § s M T T °F : 5 M W '
23 24 25 26 27 28 1 30 3 1 2 3 4 5 = - - - - - :'-\
Cycles of 3 weeks on, 1
week off Build 8 per day x 3 Build 12 per day x 3 Build 16/day and
Build 4 per day x 3 weeks weeks sustain this rate
WEEkS 23 24 23 26 27 28 29 i i} 29 30

30 £l

50 HGCal LD full
silicon modules will
be assembled in pre-
production

* Phase | : update
assembly rate to 4 ~
6 modules/day

* Phase Il : update
assembly rate to 8 ~
12 modules/day

* Phase Ill : reach 16
modules/day and
sustain this rate for
coming mass
production



CMS GEM upgrade: CMS-China tasks

: ==|.
|Iu"-:‘. -
- - .

R AL BT

GE2/1 GEM ‘

T Inner Ring
MEO GEM
GE1/1 GE2/1 MEO
Numbers* 288 (=2X36X4) 288 (=2X18X8) 216 (=2X18X6)
prototyping 2013-2017 2014-2022 2014-2023
plan batch production 2017-2019 2022-2028 2024-2026
Install&commission 2018-2020 2028-(?) 2027-2029

CMS-China Contributions

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 FR4 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 FR4 frames,
mechanical structures, etc
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Primary
lonization

WAmplification |
region

—— Efield line Transfer E field

Electron flow

" |on backflow

Spacer 3 mm

Central Site Production
at CERN Sites

= Vendors = Central Site (at CERN) = Production Sites
* Manufacturing of the * Material inspection (QC1/QC2) * Module assembly
detector components * Pre-assembly work * QC2-QC5 tests
Shipment to CERN * Preparation of assembly kits * Data Base updates
. . * Shipment to/back from production sites
Timeline
1st 2nd 3rd 4th & 5th

CERN

Production
sites
(e.g. PKU)

6th

v

| | |
Jul-Sep 2024 Oct-Dec 2024 Feb-Apr 2025 2025

2026 CERN

QC 1: material inspection

QC 2: GEM foils test (fast + long)

QC 2: GEM foils test (fast)

Assembly preparation + Assembly
QC 3: gas leak test
QC 4: HV test

QC 5: gas gain calibration {gain i winivriny s

QC 6: HV stability test

QC 7: electronics connectivity test

QC 8: cosmic ray test

11



CMS GEM upgrade: GEM module assembly

First batch of 10 GEM assembly and test at PKU (Sept.-Nov. 2024)

* Totally ~220 MEO GEM modules
will be produced

- PKU site is expected to produce
1/5 of them.

The 10th China LHC Physics Workshop @ Qingdao - 17 Nov. 2024 12



CMS GEM upgrade: GEM module QC test

All 10 GEM were qualified after eventual rounds of trouble-shooting

GEM-foil

QC2:
GEM faoil
Impedance

QCa:
gas leakage

<GS

Pressure

Valve Input valve
regulator
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.
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. 1
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CMS GEM upgrade: GEM module production

* The assembly of the first batch of 10 MEO GEM at PKU is completed, all GEM modules have
passed the QC tests, will be shipped to CERN at end of Nov.

* Next batch of 15 MEO GEM production at PKU is scheduled in Feb. 2005, preparation is under way.

Performance expectation:
* 97% module efficiency
e < 500prad space resolution
« 8-10 ns time resolution
* < 15% gain uniformity
« Work in high rate environment: 50kHz/cm?
 Survive harsh radiation environment:7.9C/cm?

» Discharge rate not impede performance or operation
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CMS GEM upgrade: MEO GEB introduction

MEO
20 degree layer -
Total: 216 layers COOLING PIPE
MEQ layer m READOUT BOAR BTG BEARD
OH GEM FOILS cen
; GEM
GEM INNER FRAME
(q_ot\eg
8 oo EEUE OUTER FRAME
Y VY _,////f”——Pﬂ—_ﬂﬁ‘ DRIFT BORD
cTP7 = DTH |« DQQ
or similar 3%10Gbs —
CMS detector cross section DAQ system of CMS-GEM GEB: front-end electronics board of upgraded

CMS-GEM ( , GE2/1, MEO)

Function of GEB :
Carrier of front-end and back-end electronics system; front-end signal transmission carrier; provide direct
shielding for GEM detectors

Tasks of CMS China group:
« Production and test of GE1/1 GEB
« Design. production and test of MEO and GE2/1 GEB
* Development of automatic tester

15
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CMS GEM upgrade: MEO GEB design

Design requirement:

* Ensure signal integrity of Signal
transmission, low BER (Bit Error
Rate) and noise level

» Effective power distribution,
shielding, and power,
temperature monitor systems

* Good mechanical performance
in terms of board, surface
flatness and compatibility with
other components and structure.

MEO GEB design was finalized and
approved by the collaboration in
2022

MEO GEB production in Sinofast
Shenzhen started in early 2023
completed in early 2024.

s The VFAT chip
8 converts the signal
on the readout
strips into digital
signal

A set of
GEB
connects to:

i 24 VFATS

Electrical
components on OH
board convert the
signal from GEB
into an optical
signal on the optical

~ 4 ASIAGO
Narrow board _ boards (2

# OH-CONN
on each)

fiber
g O FEAST FEASTS
= (1.2VA, provide voltage
1.2VvD and to chips on
2.5V) VFAT and OH
board

GEB with its function modules

16



CMS GEM upgrade: MEO GEB production and test

 Milestone of MEO GEBs production and test:
e 1stbatch of 15 sets of MEO GEBs produced on Jan. 2023, completed test at CERN in Apr. 2024

240 sets of the remaining GEBs production completed in Feb. 2024, 24 batch of 95 sets of GEBs
tested in China and shipped to CERN in April 2024

 3rdbatch of 145 sets of GEBs tested at China completed in Nov.
2024, shipped to CERN ~end of Nov. 2024

* Acceptance test at CERN: make sure no damage in shipment.

2.00

GEB Test (at Sinofast, FIT, Rice, CERN etc.):

1.50
G 125
v 1.00
]

o
2075
0.50

0.25

TLFTLEES
cor vfai Nurr?ber e

0.00

Power module test Mechanical compatibility test eye diagram noise level

Signal connectivity test
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CMS MTD upgrade: CMS-China tasks

- MTD BTL is a novel timing detector dedicated in i -
CMS barrel region aiming at mitigating the high
pileup issue at HL-LHC

ETL: ss wnh immal gain (LGAD) .

Time resolution (ps)

HL-LHC with 200 vertices per bunch crossing

e e e el
10 cm

Spatial 18



CMS MTD upgrade: polish assembly tool

- Based UVA design further improve the assembly and reliability
- Merge the two steps into one: preparing the glue + gluing

- This can effectively avoid SiPM falling off the jig and reduce
the time before gluing

* Increase the thickness of the stencil
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« The QAQC system for sensor modules is fully

established at PKU

- Automation of the transportation of radiation

SOUrces

- Automation of data taking

- Temperature control

- Light shield

Single
photon

800 - spectrum
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L 1 o1 1 | -
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CMS MTD upgrade: first RU and first tray

- Made first readout unit (RU) at CERN in March 2024

- Completed first tray at CERN in July 2024

il = D = % | -
) = Ul = g = e — =
U= 0= 00 =0y =50 = = 1 = W0RggD = 00 =00 = 03 = 0 | i e e, | A

- L T T TS | S—
-1 ,pnmunnu-an=numngj';mu=nnﬂ-§mm E 7 | e
— o e——— ———

- e
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CMS MTD upgrade: progress

- MTD BTL design is basically completed and we
enter the era of mass production

- Had defined well the assembly techniques for sensor
modules

- Completed most parts of QAQC setup for sensor
modules (signal yield with radiation sources)

- Polishing the assembly techniques for detector modules

* Progressing with the QAQC setup for detector module
(thermal tests)

SM and QAQC data at PKU

T T T

250

entries

- End 2023, complete first small batches of sensor
modules

T T

200

mean: 3.10e+03
- RMS: 4.7 %

L L

150

- Sep 2024, started mass production officially

100

1

« Oct 2024, completed the assembly of 224 sensor
modules and the first detector module at PKU

T T T

50

0\.I.l..\‘”4_1. T T T T A T T B
1500 2000 2500 3000 3500 4000 4500 5000
bar light output [pe/MeV]

22



CMS IRPC/RPC upgrade: tasks

02 03 07 08 0.9
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| rstiicon | [ Heca_J]

tracker ‘

- 14 277

Upgrade of Link System
to improve timing
resolution for existing
RPC(In | <1.9)

J 15 252°

16 228°

40 2.1°
5.0 0.77°

(opportunistic installation)
RE34/1 installation

Extend the RPC
coverageupto n | =
2.4 to increase
redundancy in high eta
region in stations 3 and
4

12 2(m)

€ iRPC BackEnd Trigger(iRPC BE/TRG):

e~ =’ ~——
IFEB production RE34/1
N— —— — installatiqn (3 disks)
chamber chamber production
manufacturing and validation Link System
review ESR ready for
installation
Demo BE:uTCA

Link System
installation

iRPC BE: Serenity

The 10th China LHC Physics Workshop @ Qingdao - 17 Nov. 2024

DT hits

A

Hits TDC data
GBT:4.8Gb/s

OMTF

* Fast/Slow control(TTC),

*  Monitor

* Data readout,

* Trigger Primitive(Cluster) Generation

€ RPC Endcap Cluster Finder(RECF):

* Data readout
* Trigger Primitive(Cluster) Generation
* TP data Fanout

€ RPC backend:

* Fast control(TTC)
* Slow control
*  monitor
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CMS IRPC/RPC upgrade: progress

Completed the system design based on ATCA frame, and the mapping of FE/BE trigger electronics.

iRPC backend trigger electronics

72 x iRPC chamber &

on—detector electronics(FEB)

2 FEBs
Per chamber

iRPC
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1]

=

GBT Link
4. 8Gbps

.
’

144 links

1 link including 1 tx and 1 rx

TTC/SC

ATCA crate

iRPC FEB-BE-EMTF mapping(update)

20240213 version for 2024 CMS ESR

L
RPC chambers in RE3/2 and
RE4/2 Endcap (10°sectors)
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RPC backend trigger electronics

216x
New Control I GBT Link .
Edacd J 4. 8Gbps .
/‘ 192x
L . New Master lpGBT I‘i,nk,
e Link board ' i
10. 24Gbps
RPC Strips | FEB
New Slave
Link board

Phase-Il one side RPC-RECF-EMTF connection(update)

20240130 version for 2024 CMS ESR
12 . 10
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CMS IRPC/RPC upgrade: RPC BE/TRG electronics ESR

Completed the 15t version of the mapping scheme of RPC
BE/TRG electronics and ENTF, approved in CMS ESR
Review on 15 Feb. 2024.

- (https://indico.cern.ch/event/1357604/)

CMS Back-end system ESR day 2

Thursday 15 Feb 2024, 09:00 — 18:10 Europe/zurich
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CMS IRPC/RPC upgrade: backend trigger electronics

Development of RPC BE/TRG electronics MTCA Demo system

+ Before the availability of last version ATCA serenity board,
we developed BE/TRG electronics Demo system based on
MTCA for system study, using the BE/TRG board-designed
by IHEP trigger group

* The system was used in the studies of CSP data sending
scheme, cluster finding algorithm with cosmic ray. It can be
used in detector performance study as well.
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CMS IRPC/RPC upgrade: CSP data sending

CSP data sending mechanism was adopted by the collaboration

Check-Sort-Push ( CSP )
mechanism was proposed
by IHEP trigger team to
deal with IRPC data sending
characteristics

Based on time priority
principle, the sending delay
of each channel was
balanced, the cluster
generation delay was also
decreased

The CSP mechanism was
proposed and approved by
the collaboration
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CMS IRPC/RPC upgrade: Cluster finding

Important progress in cluster finding
algorithm study

A cluster finding scheme was defined by study the
characteristics of the cluster, and the comparison of
different approaches. The scheme was validated
primirarily by cosmic and teat beam results.
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Phase Il upgrade of CMS China: Summary and Plan

HGCal:

+ 90% of the area CuW baseplate will be produced in China. K-contract signing and tendering are in
progress. 30 CuW baseplates are produced in China this yearislrradiation test is in progress

« 40 HGCal LD full silicon modules are produced this year. IHEP is the first and only one who produce
pre-production module so far. All modules performed well in CERN beam test

+ IHEP MAC is ramping-up for pre-production, towards the production rate to 16 modules/day.

GEM:
+ PKU CMS-GEM production site operates well, 10 MEO GEM were successfully assembled and tested
this year. Next batch of 25 MEO GEM is scheduled to be produced from Feb. 2025

+ The design, production and test of all CMS-GEM GEB are successfully completed by the end of Oct.
2024 (except the acceptance test of the last batches of MEO GEBs at CERN)

« The investigation of MEO stack structure production in China is under way.
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Phase Il upgrade of CMS China: Summary and Plan

MTD:

* The QA/QC system for sensor modules is fully established at PKU MTD production site. Made first
readout unit (RU) and first tray at CERN this year.

« MTD BTL design is basically completed and the mass production started, completed the assembly of
224 sensor modules and the first detector module at PKU by Oct.

IRPC/RPC:

« Completed the system design of BE/TRG based on ATCA frame, approved by CMS ESR review.

» Developed RPC BE/TRG electronics MTCA Demo system, validated CSP data sending mechanism
which was adopted by the collaboration, and used in cluster finding study with cosmic ray data.

In summary, CMS China group completed all shared annual tasks on schedule, all upgrade works
are pushed forward steadily in accordance with CMS overall plan.

Thanks!
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