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CMS-HGCal upgrade

Key Parameters:
« HGCAL covers 1.5 <|n [<3.0
* Full system maintained at -30°C

¢ ~620m? of silicon sensors < 2m —m—m—>

¢ ~370m? of scintillators A
e 6M Si channels, 0.5 or 1.1 cm? cell size y

e ~26000 Si modules mass ~200 T L

« Power at end of HL-LHC: ~110 kW per endcap each endcap / el
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Endcap Electromagnetic calorimeter (CE-E): Si1, Cu & CuW & Pb absorbers, 26 layers, 25.5 X, & ~1.3A
Hadronic calorimeter (CE-H): Si & scintillator, steel absorbers, 21 layers, ~8.5A

First time apply HGCal to experiment 3
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CMS-HGCal: CMS-China tasks

Two Halves : Top & Bottom @

Two Semis : Left & Right @ Mounting spacers «— NGNS

—
One Five and One Three @
Mai

in components:
2x V3-HGCROCs
2xLDOs

Sensor Quality Control (SQC)

T

Partial hexaboard design
1s reviewed by CMS
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d 1/5 (=5000 ) Low density (LD) full

si-modules production @IHEP MAC
* 100 m?
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CuW baseplates production in China




CMS-HGCal: CuW baseplate production

CuW baseplate: CuW+Kapton+3M tape Refer to Han Wang’ talk

O ~ 90% of the area CuW baseplates will be
produced in China

+ K-contract have been reviewed and signed by CERN and THEP.
+ We are preparing the tendering for CuW baseplate

~HHA WNe

3M VHB™

O CuW baseplate production
+ 30 CuW baseplates are produced this year

4 R&D

+ Develop the kapton hot press lamination process
« Irradiation test @KIT and CIEMAT for IHEP CuW baseplate

Kapton U 3M tape
se
Design Number Laminate . on Status
fixture

method Surface

2 Pure adhesive Yes Yes Sent to KIT
May. V4 CuW_Basepl ,

1 7 Pure adhesive Yes Yes Sent to NTU

2024 ate

21 Pure adhesive Yes Yes IHEP °




CMS-HGCal: Si-Module assembly

d LD-V3 full Si-module

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

e Pre production modules : CuW baseplate+ sensor (production sensor)+ hexaboard
(HGCROCV3B)

d  Module assembly
* All CuW baseplates of these modules are produced in CHINA.

* Hybrid assembly (epoxy + transfer tape) method for improving the production rate
* Two modules assembly at one time on gantry



CMS-HGCal: Si-Module assembly

Pull test

hist

Entries
Mean
Std Dev

7
9.246
1.19

18 20
Result (gF)

L Program bonding is used
* 5 modules bonding at most per day so far
* Target : 20 min/module once bonder setup

O Pull strength is close to 10 gF

L Automatic encapsulation
* I5min/module once setup



CMS-HGCal: Summary of Live modules

Module Production: 1/23-4/24

Module Production: 4/24 - 10/24

Not "Grade A" Grade Not "Grade A
Numbers | Types | Cpa'® | Bad | Bad | Bad Numbers| Types | “,u | Bad | Bad Bad
IV |Readout|Placement IV |Readout|Placement
10 LD FULL 5 1 4 m 12 LD FULL 8 1 1 3
m 23 LD FULL 18 3 3 m 17 LD FULL 13 1 2 1
21 |[FBFLT o 5 ” 15 |HDFULL| 11 3 1
11 LD FULL 7 3 1 16 LD FULL
HD FULL/
LD FULL/ 10 5 3 3
27 |HDFULL/| 18 6 4 2 @ LD RIGHT
LD RIGHT

(d Pre-series criteria
* low current @ > 500 V, < 10 bad channels

* Placement within 150 um along XY axes
* Angular alignment of layers better than 0.10°

O THEP live modules (40 total, ~0.8 m?)

* 33 pre-series modules are produced in IHEP so far (24 modules sent to CERN)

e The first 7 pre-production modules are produced in IHEP this year (all grade A and only IHEP
did and sent to CERN in July)

* 31 modules are identified as grade A. (non-grade A’s modules are all pre-series module)

0 IHEP MAC did the best in both quality and quantity so far 8



CMS-HGCal: Alignment

For R&D, will install on CMS probably

7 Pre-Production 10 Pre-Series Only for R&D
® Sensor wrt Baseplate ® Basepla ® Sensor wrt Baseplate e Baseplate
® PCB wrt Baseplate ® PCB wrt Baseplate
1 1 1 1. | 1t 1. 1T | v 1.1 |1 T T 1 1 7T [ Tt Tt 1 | T T T [ T T T 1 T T T 71 1T
i 0.040-0270:0-0.02;, ,, ] i 0.040:0270-0-0.02, ]
- 0.06 -0.06 - r 0.06 -0.06 -
300F 0.08 -0.08 - 300+ 0.08 -0.08 _manual
i i i loperation
200F - 200 Haccident
T : 1E [ Tame)
= [ 100 1= i |
- a - 100+ -
> 100f o 1> i ~ 1Dry run
i ] i :.)/' for
OF- E 7 or 7calibration
_100 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : —100 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
—-200 -100 0 100 200 —200 -100 0 100 200
Ax [um] Ax [um]

 Three modules are misalignment: one due to manual operation and the other two
for calibration

O Accordingly, the protection code of gantry was implemented.

O The others meet the requirement of accuracy



CMS-HGCal: Module test @IHEP

d

d

Three modules have half non-
functionl channels in some chip.

In ITHEP MAC, all these ESD
happened in the stick tape on the
hexaboard before assembly

IHEP discovered and proposed first
that it due to the static damage
(confirm from CERN later).

003
ML_F2WX_IH0002

hip 1

« normal channels
e calibration channels
15 « common mode channels

Noise

-5
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Channel

Refer to Zhipeng Cur’ talk
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CMS-HGCal: ESD protection

|

Static electricity flc

| Cu film grid

Name Photo Electrosta- | Electrostatic | $s jon | Another | Resistance || Silcon 4 Oocal
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O We review the grounding of clean room, each equipment and person

O Check the anti-static performance of materials and tools in our lab.

11

O Improve the lamination process of tape to hexabarod.



CMS-HGCal: Module test @IHEP
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O We have produced 7 pre-production and 10
pre-series modules since this July.

ML F3WXIH0015 D
F42MH00009

No ESD happened in these modules.

d No more bad channel is introduced in module

assembly. All dead channels are from initial
PCB itself. 12

F42MHO00003



CMS-HGCal: Module test @IHEP
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 Potential reasons for early breakdown in three pre-series modules (<500V)

IV failures likely due to humidity

O No carlier break down happened in pre-production modules so far (up to 600V)
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CMS-HGCal: beam test @ CERN

L There are two times beam test this year

+ The modules for testing are all and only provided by IHEP MAC
+ 7 pre-production modules are use in verification of HGROCv3B

Refer to Baorui Hou’ talk

1 All modules work normal in beam test

L Data analysis is ongoing
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CMS-HGCal: Ramp-up in pre-production

October 2024

November

Expect to receive 45 to
50 hexaboards early
November (CMU, IHEP,
TTU) ... later but #45

Build 16 modules

November

_forrNTLVJ, ucsB -

2 pér d:ay X 1.5i weéks or
4 per day x <1 week
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Build 32 modules 7

December/January

26

“ 2 pAér day x 25w

28 29 30

eeks

4 per day x 1.5 week or
6 per day x 1 week

May

Cycles of 3 weeks on, 1
week off
Build 4 per day x 3
weeks

Build 8 per day x 3
weeks

Build 12 per day x 3

weeks

26

N

30

Build 16/day and
sustain this rate

0 50 HGCal LD full silicon modules will be assembly in pre-production
* Phase I : update assembly rate to 4 modules/day~~ 6 modules/day

* Phase II : update assembly rate to 8modules/day~~ 12 modules/day
* Phase Il : 16 modules/day and sustain this rate for coming mass production
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CMS-HGCal: Summary and Plan

0 90% of the area CuW baseplate will be produced in China
+ K-contract is reviewed and signed by CERN and IHEP
+ We are preparing the tendering for CuW baseplate
+ 30 CuW baseplates are produced in China this year
« Irradiation test @KIT and CIEMAT for IHEP CuW baseplate
+ All CuW baseplate of module at IHEP are produced in China

L HGCal assembly @IHEP
+ We produce 40 HGCal LD full silicon modules this year (~0.8 m?2)
+ THEP is the first and only one who produce pre-production module so far

L Beam Test @CERN

+ There are two times beam test this year
+ The modules (13 pcs total) for testing are all and only provided by IHEP
+ All modules performed good in beam test

L Preparation for pre-production
+ Ramp-up the production rate to 16 modules/day
+ Mass production will be followed the original schedule

16



HGCal MAC @IHEP




CMS-HGCal: Si-Module assembly center (MAC)

(i

U O

IHEP MAC was certified officially in 2021

Produce the first 8 inch real HGCal si-
module for CMS (2021)

11 real modules have done at IHEP MAC

Clean room and key equipment have
worked well and stale for 3 years.

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
% COMPACT MUON SOLENOID COLLABORATION
~=

URL : http://cms.cern

December 15, 2021

Subject:  Certification of qualification the HGCAL Module Assembly Centre at
THEP, Beijing
8
To whom it may concern,
for the CMS endcap calorimeter upgrade project
module assembly center (MAC) at THED Beijing, lod 6
ied for the HGCAL project as ready to move into
4
2
0
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