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CMS

Muon
Electron

Hadron chargé (ex.Pion)

— — — — Hadron neutre (ex. Neutron)
""" Photon

Légende:

CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0 m Pixel (100x150 ym?*) ~1.9 m* ~124M channels AR ST TR
Overall length :28.7m Microstrips (80-180 pm) ~200 m* ~9.6M channels |
Magnetic field  :3.8T 7

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000 A Trajectog rap he

au silicium

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

Calorimeétre

PRESHOWER hadronique Solenzldet
Y Silicon strips ~16 m? ~137,000 channels superconducteur
Om m 2m 3m

Culasse de retour de lI'aimant
avec des chambres a muons

" FORWARD CALORIMETER
 Steel + Quartz fibres ~2,000 Channels

,/ v
CRYSTAL

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbBWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels

)

Total weight : 12500 tone
Overall diameter : 15m
Overall length : 21.5m
Magnetic field : 3.8 Tesla
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CMS

Why Upgrade

® The replacement of CMS Endcap calorimeters is required due to radiation-
induced effects.

® The relative responses of crystals in EE and also HE are low during the HL-
LHC period.

® The resolution of EE will worsen to the O(10%)

® Better angular and lateral resolution, plus fast timing-, a futuristic detector
CERN-LHCC-2015-010
CERN-LHCC-2015-010 ——————— e — 1
CDO — E 1.35 0.59 0.68 076 0.82 .
(7) 1L CMS ECAL G;) 144 0.40 0.60 069 076 0. .
) 1.52 031 041 061 069 0. ] .
1 — 1 61 032 042 0.60 0. 74 0.80 0.84
1.70 031 041 050 058 0.66 072 078 0. .
107 . 1.79 069 074 079 0.
Simulation 1.88 35 0. 058 0.64 070 O.
L 50 GeV e- 1.99 37044 . 058 0.
- 1 211 030 037 044
1021 | oo sve e - 2.25
- | —— 500 fb::, 2E+34 cm:zs:: ] 2.41
| 000" 3Es04 em?e" 2.58
3000 fb, 5E+34 cm?s™! 1 276
10{;.5 — 2I — 2.I5 — 3 2.93
M 0) 2 4 6 8 10 12 14 16
Layer (~2)

TW HEP meeting Rong-Shyang Lu / NTU Jan.20-22, 2021 4



Key Parameters (updated from the TDR):

« HGCAL covers 1.5 <n < 3.0

* Full system maintained at -30°C

* ~640 m2 of silicon sensors

« ~370 m2 of scintillators

* 6.1M Si channels, 0.5 or 1.1 cm? cell size (6M)
240k scint-tile channels (m-¢)
 Data readout from all layers
* Trigger readout from alternate layers in CE-E and

all in CE-H
« ~31000 Si modules (incl. spares)

Active Elements:

» Si sensors (full and partial hexagons) in CE-E and
high-radiation region of CE-H.

* SiPM-on-Scintillating tiles in low-radiation region
of CE-H

+ Electromagnetic calorimeter (CE-E): Si, Cu/CuW/
Pb absorbers, 28 layers, 25.5 X, & ~1.7A

+ Hadronic calorimeter (CE-H): Si & scintillator,
steel absorbers, 22 layers, ~9.5\ (including CE-E)

.~ HGCAL Overview

< 2m >

mass ~ 200 T
each endcap

CMS p-p collisions at 7 TeV per beam
1 MeV-neutron equivalent fluence in Silicon at 3000 fb™! x

CMS FLUKA Study v.3.7.9.1 CMS Simulation Preliminary

TW HEP meeting Rong-Shyang Lu / NTU
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Hexaboard
Sensor

Kapton sheet
P ~3 mm<

Cu/W Base plate
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In 2018 setup,
total Noise ~ 10ADC ~ 5500 e-

Intrinsic noise ~ 5ADC

MIP ~ 40 ADC
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HiLUM

LARGE HADRON COLLIDER

LHC HL-LHC

LS1 EYETS LS2 LS3
13 TeV 13-14 TeV 14 TeV
—— Diodes Consolidation energy
splice consolidation cryolimit LIU Installation - . .
7 TeV 8 TeV button collimators |nt):ar;ct||on i HL LH(_: 5to 7.5 x nominal Lumi
R2E project reg|ons 11 T dipole coll. installation O

Civil Eng. P1-P5

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024 2025 2026 @ IIIII

ATLAS - hCM 1 radlatlon
experiment upgrade phasg damage ATLAS - CMS
beam pipes . . 1 . . HL upgrade
nominal Lumi 2 x nominal Lu%I ALICE - LHGb | 2 x nominal Lumi

75% nominal Lumi I/— L JCEONH I
|
o 1 integrated EEINI1E] N
m m ' m SIS 1000 (ultimate)
HL-LHC TECHNICAL EQUIPMENT: TO d a

DESIGN STUDY . PROTOTYPES CONSTRUCTION ‘ INSTALLATION & COMM.HH PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION / BUILDINGS
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" Brief history of NCU+NTU joining

HGCAL

® Phase 2 competition between HGCAL and Shashlik-
EM(W+Lyso)+HE-rebuilt. HGCAL was chosen. NTU and
NCU were contacted for HGCAL collaboration based on on
experience on silicon detectors.

e NTU and NCU participated R&D of prototypes and became
one of the 6 detector assembly centers (NTU+NCU Taiwan,

IHEP China, TIFR India, UCSB US, TTU US, CMU US)

® NTU hosts main assembly lab and NCU hosts Sensor
Qualification Center (SQC, the others are HEPHY Vienna,
CERN, FSU and TTU)

® DR approvedin 2017

® MoST/NTU/NCU signed phase-2 MoU with CERN on
2018

TW HEP meeting Rong-Shyang Lu / NTU Jan.20-22, 2021 8
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f

* R&

D

estbeam exp. with silicon-module prototype

e System test with ASIC and hexaboard designers on
front-end development

e DC-DC converter design
® Module Assembly Center (MAC)
® Setup Sensor Qualification Center (SQC)
® jig designs and assembly procedures
® 6/8-inch prototype assembly for system test
® Detector Performance Group (DPG) toward analysis
TW HEP meeting
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® R.-S. Luwas (L2) co-convener
during 2017-2018.

e Several beam-test @CERN, FNAL
and DESY between 2016 and 2018
studying prototype 6-inch silicon
modules.

e NTU-NCU led the effort on setup,
DAQ and data analyses.

= | (CAS CMSe o JCALICE | a. O
-i&layers,lECAL Qlayers HEAL™ AHCAL ' /SRR | B, -

. “\'” »" ”ﬁo

[ A a1
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CMS

| estbeam exp.

® 2016 results are published on JINST 13, P10023(2018)
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® 2018 results will be published in several papers. Two papers submitted

to JINST on Dec. 2020. More drafts on the performance in preparation

Available on CMS information server

CMS DN -2020/018

N The Compact Muon Solenoid Experiment
CMS

~ Detector Note

The content of this note is intended for CMS internal use and distribution only

Submitted to JINST

08 April 2020 (v7, 02 December 2020)

Construction and commissioning of CMS CE
prototype silicon modules

Available on CMS information server

CMS DN -2020/023

CMS The Compact Muon Solenoid Experiment :
. &)
' Detector Note @
\ ‘\ 1 1 | The content of this note is intended for CMS internal use and distribution only
21 April 2020 (v5, 02 December 2020)
Submitted to JINST

The DAQ system of the 12,000 Channel CMS
High Granularity Calorimeter Prototype

TW HEP meeting
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PuBLISHED BY IOP PUBLISHING FOR SissA MEDIALAB

REcEIvVED: April 19, 2018
REVISED: August 23, 2018
AccepTED: September 20, 2018
PuBLISHED: October 18, 2018

First beam tests of prototype silicon modules for the CMS

High Granularity Endcap Calorimeter

N. Akchurin,” A. Apreysan,” S. Banerjee,’ D. Barney,>! B. Bilki,’ A. Bornheim,™
J. Bueghly,? S. Callier,° V. Candelise,” Y.-H. Chang,” Y.-W. Chang,” R. Chatterjee

3
V'V Phanal A LU Ahinn i E Aiveaa Divava V A Ada la Tailla C 1 EabAdahl E Cvalhm U

Available on the CMS information server

CMS DN-19-019

CMS Draft Note

Mailing address: CMS CERN, CH-1211 GENEVA 23, Switzerland

2020/09/09
Archive Hash: 191f091-D

) Archive Date: 2020/09/08
In preparation

Measurement of the response of a CMS HGCAL silicon-pad
calorimeter prototype to electrons at the 2018 beam tests

RO N g Sh)’an g LU / N-I-Uan University, Taipei, Taiwan

IR B 1 S KR

verszty Adana, Turkey Jan. 20-22, 202 I
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® 2016 results are published on JINST 13, P10023(2018)

® 2018 results will be published in several papers. Two papers submitted
to JINST on Dec. 2020. More drafts on the performance in preparation.
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2018 TB results on positron energy linearity and resolution
CMS Preliminary CMS Preliminary
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MAC Taiwan

® Taiwan Module Assembly Center
(MAC) will build 5,000 out of 30,000
siicon modules between Aug. 2022
and Dec. 2024.

® NCU will be in charge of silicon
sensor qualification (SQC) and NTU
will perform the assembly of modules.

TW HEP meeting Rong-Shyang Lu / NTU Jan.20-22, 2021 13
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® Sensor tests using the ARRAY system (full
wafer probe card with pogo-pins) using front-

side biasing

e NCU equips a semi-automatic probe station
in the renovated clean-room

® Received Probe-card, switch-card and 4 8-
inch sensors from CERN

® Switch card adapter and platon were
produced in Taiwan. System, combining above
cards, was installed recently

TW HEP meeting Rong-Shyang Lu / NTU
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-~ MAC setup @NTU !

® | ed by Prof. E. Paganis and Prof. R.-S. Lu

e Complete the cleanroom (915) setup including robotic gantry, wire-
bonder, probe station and services in spring 2019,

"

o Setup testlng lab ( 923) W|th test stand, climate chamber in early 2020

-l sEE ]

M ..;. .!lfl[
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CMS

6-INch prototype assembly

e 1.2 mm Cu BasePlate + 70pm gold-Kapton + 400pm Silicon Sensor + V3 PCB

mip All Pad

350 Cosmic events

300 [

250 |-
200
e 150 £
100

50 [—

sl

A P
100

A e A
150

b nlen
250 300 350 400
HG TS2
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e Jigs designed @NTU and fabricated
@AS. Assembling dummy modules for
deformation study during thermal cycles
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g 8-inch HD HGCROSRA
® Several R&D productions of the 6/ 8-inch board for Skiroc2cms,

HGCROC low density (LD) and high density (HD) hexaboards were done
by Plotech. Contact through Prof. C.M. Kuo (NCU)

® Plotech team has been very helpful in producing these highly complex
boards (dense traces and vias, step holes) and is wiling to discuss with us
(Only 3 PCB manufactures can produce this kind of boards in the world)

¢ Al boards meet CMS'’s requirements so far

® Hopefully at least all (~4000) HD boards and some peripheral boards
can be produced, mounted and tested in Taiwan

TW HEP meeting Rong-Shyang Lu / NTU Jan.20-22, 2021 19
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DC-DC converters

e Stefano Caregari(NCU), an electrical engineer, has been playing

a very important role in the design of the DC-DC converters for
HGCal

® The project actually aims at the development of DC-DC
converters for applications in HEP, targeting the upgrade of LHC
detectors

® The converters are based on ASICs. They are designed to

withstand large magnetic field (up to 4T), and radiations up to
ultra-high doses (TID ) 150 Mrad)

e POL2V5 chip prototypes
arrived at CERN

® Discussing with Plotech to
produce test boards in Taiwan.
Hopefully all POL2V5 boards wil
be produced, mounted and tested
in Taiwan

rPOL2V5 module

TW HEP meeting Rong-Shyang Lu / NTU Jan.20-22, 2021 20



e A. Steen(NTU) co-lead
the group (L2 convener)

e System on R&D of front-
end system

® Developing software to
test firmware(on zynqg
FPGA of trend module) and
custom-made hardware
(Controller and Trophy
board) with engineers

® Basic system to grow into

parallel test-stands for
MAC testing

TW HEP meeting Rong-Shyang Lu / NTU Jan.20-22, 2021 21
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DPG activities

e A. Psalidas (NTU) in charge of software
release and sample validation (L3 convener).

® Also investigating on The lterative CLustering
(TICL) algorithm on jet and tau reconstruction

> S
g ¢ "M MM

e~ 1

Ll

CMS,

Setting the scene: o %.
-

[Electron with E=32 GeV; Test beam 2016 @FNAL] / —

RecHit:

£ d i 2D clusters/objects: Trackster [3D object]:
nergy SRl Tl Groups of RecHits in the Linking of 2D clusters to form " e
single sensor : w1 - ._/
same layer the particle shower o~ e
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Vllestones

242 7 Silicon Modules 4Jan 16 1 Dec 24
243 71 Module for SKIROC2 4Jan16 3 May 16
244 7.2 Module for SKIROC2-CMS 3 May 16 30 Sep 16
245 7.3 Module design and specs defined for TDR baseline choice (HL) 15 Dec 16 15 Dec 16
246 7.4 Assembly setup 28 Nov 17 1 Mar 21
247 7.4.1 Silicon Module assembly pilot site and procedures setup 6" (HL) CE.MO.2 28 Nov 17 28 Nov 17
248 7.4.2 Setup module pilot assembly site 28 Nov 17 21 Jun 19
249 7.4.3 Silicon Module assembly pilot site and procedures setup 8" (HL) CEMO.3 21Jun19 21 Jun19
250 7.4.4 Setup modules assembly sites and proceedures 21 Jun 19 1 Mar 21

I 251 745 All Silicon module assembly sites and procedures qualified (HL) CE.MO.4 1 Mar21 1 Mar21
252 7.5 Silicon Module qualification 25 Dec 19 25 Jun 22
253 7.5.1 Test module with HGCROC-V2 25 Dec 19 31 Jan 20
254 7.5.2 Silicon module tested with HGCROC-V2 (HL) CE.MO.5 31Jan20 31Jan20
255 7.5.3 Evaluate full performance of HGCROC-V2 module 31Jan20 29 Jul 20

I 256 7.5.4 Assemble and test of module with HGCROC-V3 28 Jun 21 27 Aug 21
257 7.5.5 Evaluate full performance with HGCROC-V3 module 27 Aug 21 11 Oct 21
258 7.5.6 HGCROC-V3 silicon module validated (HL) CE.MO.6 110ct21 11 Oct 21
259 7.5.7 Qualify Final Modules (pre-series) 2Jun22 25Jun22
260 7.5.8 Final silicon module qualified (HL) CE.MO.8 25Jun22 25 Jun 22
261 7.6 Silicon Module Production 27 Aug 21 1 Dec 24
262 7.6.1 Tender for all Silicon Modules components 27 Aug 21 8 Feb 22
263 7.6.2 Silicon Module components orders placed (HL) CE.MO.7 4Feb22 4Feb?22

I 264 7.6.3 Silicon Modules Pre-Production 1 Aug 22 29 Dec 22
265 7.6.4 Silicon Modules production 5% complete (HL) CE.MO.9 29 Dec 22 29 Dec 22
266 7.6.5 Silicon Modules Production first half 29 Dec 22 24 Dec 23
267 7.6.6 Silicon Modules production 50% complete (HL) CE.MO.10 24 Dec 23 24 Dec 23
268 7.6.7 Silicon Module production second half 24 Mar 24 1 Dec 24
269 7.6.8 Silicon Module production 100% complete (HL) CE.MO.11 1Dec?24 1 Dec?24

TW HEP meeting

Rong-Shyang Lu / NTU

D upcoming milestone

Will be delayed and
coupled with 256.
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CMS

Steering Committee

Technical Coordination
P. Bloch, S. Moccia

HGCAL Institution Board

Chair: R. Ru

Deputies: S. Dugad,

ack

HGCAL Organization !
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E. Paganis

Subsystem Manager

Editorial Board &Conferences

N. Akchurin, D. Barney

Resources Coordinator
A. Petrilli
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Endorsed by IB. Sep. 2020

NTUers
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| |
. K. Gill, Deputies: M. Mannelli, J. Strait
Project Office | | quality Office P = Board
Co-chaired by TC ™ D. Lincoln Inance boar
and (d)SM ' One Rep./FA
| | | | | - |t |
. Si Sensors & Scint+SiPM Electronics & Backend ystems DPG*
Engmee,rmg Cassettes Modules Tileboards — Electrical Syst TDAQ Validation M. Rovere,
- S. Moccia — Z. Gecse m P.D A. Lobanov
: = J. Incandela T. Kolber P.Aspell - bauncey . C. Seez,
H. Gerwig C. Ochando _ g _ A_David —
M. Mannelli F. Sefkow C. De la Taille . Davi ﬁl + open post
B CE-E Cassettes Si Sensors : OnModule TPG: Front- Simulation
T. Pierre-Emile Engineering | [ _ T Bergauer SiPM Electronics | [7] end Studies —  Geometry
CE-E & CE-H R. Yohay, E. Sicking M. Wayne — Si: CERN, Omega I. Puljak S. Banerijee,
CE'H Z. Gecse, Lead MAC — SiPM: DESY R. Sehgal
A. Levin C. Ochando — UCSB H Scmtlllatpr TPG: Electronics
Cooling & Env. 5 e V. Zutschi OnMotherl?oard Sim & Algo | Simulation
B Control Lead (Pilot) | |  MAC China | JEIS.cm:]mcs —| J-B.Sauvan P. Silva, G. Franzoni
S. Moccia, T. French| | |Assembly Centre H. Zhang || LGSEST¢C B
(FNAL) MAC India TPG Reconstruction
Heavy Ass.embly M. Alyari | S. Dugad £ i Powering architecture - M. Rovere
& Tooling 9 — D. Barney — design & F. Pantaleo
H. Gerwig, MAC Taiwan TAC R, Rusack implementat] :
- _Rusack implementation
S. Surkov, TC R S Lu RDMS-RF, V. Palladino i i
Assembly RDMS-Dubna : | Design Studies
: ~ Cent MACUS_T Clock&Control P. Silva
Integration of entre (CERN) —1 Carnegie-Mellon |  Precise Clock -1 DAQ t. & ,
) . = TAC(US) Syslt. A. Magnan
Mechanics & P. De Barbaro M. Paulini M. Besancon
: NIU/FNAL ’ fe coord.
Services MAC US_2 A David — MC samples &
T. French, TC | Texas Tech — DCS&DSS validation
N. Akchurin ingliti i
GglsiRolls * DPG- Detector Performance Group Ao [Peelliese
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Summary

® NCU and NTU have joined HGCAL project,
part of phase 2 upgrade of CMS, and actively
participating beamtest and R&D tasks.

® Taiwan MAC
S

will produce 5,000 of 30,000

con modules within 2.5 years before
GCAL is installed in 2025.

® \\Ve have also participated HGCAL data

analysis in test
performance a

(DPG).

peam, detector level

nd phase 2 simulation events
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