ThC

Taiwan Instrumentation and Detector Consortium
OGRS BERE

> 0
- l\hg\l coro=an

~ Taiwan Instrumentation and
Detector Consortium (TIDC)
Achievements and Ungoing

Projects

Rong-Shyang Lu
National Taiwan University

HoME Asout TIDC PROJECTS CoRE FACILITIES ACTIVITIES CONTACT Us

TAIWAN INSTRUMENTATION AND
DETECTOR CONSORTIUM (TIDCO)

SERABHSRBE

With the support of NSTC (EI& &), we have integrated the High-
Energy-Physics Experiments (ex-HEP) group members of
Academia Sinica, National Central University, National Cheng Kung
University and National Taiwan University to form the Taiwan
Instrumentation Detector Consortium (TIDC) now named as
“Taiwan Instrumentation and Detector Consortium” (28 {{AIBHS

KR=E)
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In 2019, the initiative of Taiwan Instrumentation and
Detector Consortium (TIDC) was formed among AS, NCU,
NTHU, and NTU to join R&D and construction efforts for HL-
LHC (ATLAS and CMS) projects.

® Since then, several groups joined. Roles and support offered

4 HILEFET Y Academia Sinica: microelectronics design, machme ”

shop, radiation-hardness test, Grid computing

+ ik Natl. Central Univ. : Silicon sensor design and problng, NTH j 9?2"&3'“”‘
muon detector Lab. Ag'f (L
+ Z{LEREE KE National Changhua University of Education : s ;;’ fTa:guz{Cfv Weabie
trigger and readout electronics (KOTO@J-PARC) NCUE ” ! f“ﬂ %w
+ FIAE Natl. Cheng-Kung Univ. : Silicon dectector and /;Q;,”’—T”:f;l;f":h:r '''' s );/;ém
scintillator Labs. Silicon detector mechanical design. w)/o ey
4+ G-k Fu Jen Catholic Univ. : Readout and trigger Ta.t?ﬁ?ﬁyi% ok e YR 7
electronics (Belle-II@QKEKB) /{:L m& FIY“'/""L(/S‘“‘*;;’,,,,,,,,,,,e e
+ 5% K2 Natl. Tsing-Hua Univ.: Silicon detector beam-test ’/‘c " ‘N& \p‘;*,m : +W
analySIS Ta.nQﬂ"éﬁy? \r\ —(‘@* 9 ﬁ,\' "/o“/ o
+ 572 K% Natl. Taiwan Univ.: Silicon detector assembly ?) % L amen
cleanroom, testing lab, microelectronics design and testing, jigs resmses* ‘jq ! ff’"“ g
AL
design. Dwgg:"““\ A
* TIDC received strong support and became one of the core  wn oo
facilities in NSTC. i g g I L
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® Silicon Detectors

+ Taiwan HEP has a long tradition of silicon-based detector involvement. Including

4+ Sensor design and production for RHIC-Phobos-SiliconD and LHC-CMS-Preshower
4+ Readout electronics Tevatron-CDF-SVX, KEKB-Belle-SVD

4+ Construct LHC-CMS-Preshower and LHC-CMS-Pixel-phase1 detectors

4+ Most recently, constructing silicon detector modules of RHIC-STAR-FST, RHIC-
SPHENIX-INTT, AMS-LO-Tracker, and LHC-CMS-HGCAL

4+ R&D in LGAD technology

® (rystal Calorimeters

4+ HEP has participated in LEP-L3-EMCAL and built a KEKB-Belle-EFC, both based on
homogeneous BGO crystals

4+ Also, various applications with photo-sensor technology, such as medical
applications and recent LYSO investment for HL-LHC-MTD detector.

4+ R&D in EIC-EPIC-ZDC crystal section

e RPC, SNSPD (DRD5), and Cryogenic Germanium and Liquid Argon (LEGEND,
See Prof. Pin-Jung Chiu’'s talk)

® FElectronics, firmware, OPT-Readout, Computing, etc.

Rong-Shyang Lu / NTU Sep. 2025 3
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'"CMS HGCAL Silicon Modules

® Silicon modules in the sampling
calorimeter. Variants of shape to fill
the endcap plane.

® Sensor QC is carried out at NCU,
and modules are assembled at NTU.z

¢ HGCROC with ADC/TOA/TOT,
capable of wide dynamic range
measurement with good timing
resolution.

® \arious prototype modules have
gone through irradiation test and . .

beam test. s Kapionme. o

Electron shower seen in testbeam exp ‘

¥\ [}

-
SOOI O -
- £ B - .
- . & ~ .

)

80 GeV electron: 14 double sided layers with 6” Si modules
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® Probe station with e S
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Taiwan Instrumentation and Detector Consortium
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Thermal cycle
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Electronic test

3 chip position

/

Encapsulation

Wire bonding

Material
Assembly

Guard
ring

‘.

Qilgon (320]m)

Wire bhonds
Kapton™ foil plated with gold (~ 100 pm

AN

Stepped holes

K\BV
~ 3 mmy

Rong-Shyang Lu / NTU



HGCAL Module Assembly
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https://www.youtube.com/watch?v=n83mdWUcDik

7I0C  EIcePIC Project

SEENSHoERE

® | ots of opportunities and interesting stuff in EIC-ePIC (s

® Taiwan ePIC community is participating in

4+ /DC detector especially the crystal section
4+ TOF (LGAD) detector R&D

o LGAD sensor and module

% Mechanical structure

Zero Degree
B0 Magnet Spectrometer Calorimeter /”: ul

Luminosity System

4\ Roman Pots and
iy Off-Momentum
'\‘\ Detectors

Low-Q?
Taggers

Rong-Shyang Lu / NTU Sep. 2025 9
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® Single layer of strip AC-LGAD sensors

Taiwan Instrumentation and Detector Consortium | | | ( : B a I I ‘ ! | | D |
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4+ 62¢(R{65cm, 2.7 mlong, ~11 m2 area

® Use the similar concept of STAR IST

144*2 modules §
Inner radius 62 cm %
Outer radius 65 cm

* AC-LGAD sensor

* Frontend ASICs

* Carbop foam+
Carbon honeycomb—
CF skins

* Al cooling tube

+ l.iquid coulanm

* Kapton PCB

* Connector

Fraction X0

e -F= =¥

10

— « In total 288 modules,

T 1=%L=135m From 7jher_l.v;»'q ralk * 9216 sensors, 18,432 ASICs, 2.4 M channels
https://indico.bnl.gov/event/] o ~70 kG, ~4 kW
Rong-Shyang Lu / NTU Sep. 2025 10




ﬁ@@ DC-LGAD Sensor R&D
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® Collaborating with local institute/ company to produce DC-
LGAD. Exploring the fabrication possibility.

NAR [ abs BRBBHRR

' -’—*g:{:;,ﬁﬂliﬂhcp;u

Taiwan Semico rch Institu

® Designed various LGAD structures and submitted masks for
production.

w

® Gain and signal simulation done. Wafers produced in TSRI
were measured with little gain. Suspecting the doping process
control is not uniform and not reaching the concentration we
need.

Wafer #13 A20-1

4x3 array

e LGAD Dark

0 LGAD Light

e PN Dark

.......

o PN Light

Wafer #13 A20-1

Gain

® LGAD/PN
g
.
]

0 -100 -200 -300 -400 2.5

Laser signal to //

LGAD or PN |~

0 -100 -200 -300 -400 - -(5\;);) ‘ ; '
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v~ AC-LGAD Sensor R&D

o CoIIaboratlng with BNL to implement the design to Taiwan fabs and seek for substar@%" ’§)
amount of production.

® First attempt with Tyntek (R7c3%E) in progress. Two batches were returned in July
2025 to check the stability of process.

® Measurements of doping concentration show compatible results with simulation.
® Wil do the EPI wafter next, with our own mask, and compare with BNL sample.
® May try also back to TSRI for our own wafer.

Wafer #04 Wafer #10
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B 1.00E+12 380keV 800 20 1.00E+14 800 20
#07-10 P 80keV
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e NCKU/AS and Purdue University will work together on the
mechanical structure for TOF

4+ eRD112 proposal
4+ Project Engineering & Design (PED)

Request for Project Engineering and Design
Support for EPIC TOF Detectors

Oskar Hartbrich (ORNL),
Andreas Jung (Purdue),
Po-Ju Lin (AS),

Yi Yang (NCKU),

Low Mass Support Structure for EPIC Zhenyu Ye (UIC)
for the EPIC TOF group.
W.-C. Chang!, A.W. Jung?, P.-J. Lin', Y. Yang?, October 2022

U Academia Sinica, Nankang, Taipei 11529, Taiwan
2 Purdue University, West Lafayette, IN 47907, USA
3 National Cheng Kung University, Tainan, 70101, Taiwan 1 Introduction

September 2022 A number of AC-LGAD detector system aspects which constitute project engi-
neering will need to be addressed in time for the CD2/3a review. This includes
preliminary mechanical engineering design of the barrel and endcap TOF de-

1 Proposed FY23 Work for Purdue / NCKU / AS tector systems to be able to connect all electrical, optical and cooling services

and provide a realistic plan of pre-assembling modules and services onto the
Purdue University (US), National Cheng Kung University (NCKU, Taiwan), and Academia Sinica mechanical structure, so that the assembled detectors can be integrated into
(AS, Taiwan) will collaborate on the design and manufacture of the mechanical support structure EPIC with minimal post-assembly. Prototype mock-up structures will need be
for the TOF detector in EPIC. To meet the required precision and material budget of TOF mea- constructed to demonstrate the feasibility of production and assembly of indi-
surements, carbon fiber composite materials have been proposed for manufacturing the light-weight vidual parts where necessary. A detailed study of an appropriate cooling system
support due to their high thermal conductivity, strength to mass ratio, and radiation tolerance. will also be needed to quantify potential heating effects of surrounding detector

systems, specifically the very temperature sensitive backwards ECAL crystals.
The details of the plan and funding requests will be described in this Project
Engineering and Design (PED) request.

Rong-Shyang Lu / NTU Sep. 2025 13
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NI 9213 DAQ
O 16channels
O Accuracy:
® High-resolution mode: <0.02°C = . ] )
® High-speed mode : <0.25 °C ' DS O Temperature:-40 C~ 100 C (£ 0.2 C)

O Humidity: 10% ~ 98% (* 2.5%)

Environmental chamber

O Inner dimensions: 40 x 50 x 60 cm?3

Flow meter
O 20-300 cc/min

Cooling system

Heat source Thermocouple 0 o
P O Temperature:3 C~32 C

O Ceramic plate (5€2): ~500°C O TypeE:-250°C ~ 900°C

Rong-Shyang Lu / NTU Sep. 2025
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® (Crystal calorimeter as first layer. .
Requires to have 2-5% energy pwen, 1/ BN

resolution and 1-2 cm position resolution
for up to 40GeV gamma.
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L pCB board with APD sockets
for LYSO readout

® (Constructing prototypes with beamtest gupger-
evaluation. Propose to try LYSO (high 150 v
light yield, TCECM crystal) and PbWO4
(CMS ECAL)

Crystal Sensor
Detector -
name |Size of one cell Length Array Type sensor/crystal DAQ
1t prototype SIPM
2023-2024 LYSO + SiPM LYSO 1cm*1cm 6.6cm (6X0) 8x8 Onsemi
MICROFC-60035 1 CITIROC
* APD
N LYSO + APD LYSO 1cm*1cm 6.6cm (6X0) 8x8 C30739ECERH 1 CITIROC
2"° prototype :
2024-2025 . SiPM |
PbWO4 + SiPM | PbWO4 2cm*2cm 5.3cm (6X0) 6x6 Onsemi
MICROFC-60035 2 CITIROC
LYSO . SiPM
3 prototype | + filter +SiPM LYSO 1cm*1cm 6.6cm (6X0) 8x8 Hamamatsu
2025-2026 $141 (;(?;3“(’:15PS 4 HGCROC
developin i
(developing) | o w04+ siPM | PoWO4 | 20m*2cm | 5.3cm (6X0) | 6x6 Hamamatsu HGCROC
$14160-3015PS 16

Rong-Shyang Lu / NTU Sep. 2025 15
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1st Prototype of ZDC ECal

_8x8 LYSO

LYSO calorimeter
prototype

One crystal: 7.12mm x 7.12 mm x 88.3 mm
8x8 arrav: 56.96 mm x 56.96 mm

e Non-linearity energy behavior

above 20 MeV due to the saturation

of SIPM response.

47MeV positron
. o F E5x5
o Achieve ~11% & mm=ee [V P00
L o =0.664 +0.023 «  Fettig

resolution of 47 soof - 1000 - 057
MeV beam energy «o

40 30 60
Edep (MeV)

Rong-Shyang Lu / NTU

DC pratotypes for cystal section

ZDC crystal development. Chia-Yu Hsieh, ZDC workshop, RIKEN
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2"d ZDC ECal Prototype ¥

50-800MeV positron beam

LYSO + APDEFss

T T L@. T - -/ Beam monitor

LYSO + APD PbWO4+SiPM

* LYSO + APD. The gain of an APD is about
1000 times lower than that of a SIPM.

®* PbWO4+ SiPM. The light yield of PbWO, is
about 100 times lower than that of LYSO.

® Reaching 35%/ 15% resolution.

APD= 405V @ 706MeV 706MeV
10° o 5104
£ f Fitting of Ch. 35 5 [ Fitting of Ch. 34840
50— 1 < h
- 1 p 1=2288 +7 1 = 148736 + 242
L + =844 +7 80— G = 22255 +169
ok \ RADC _ 30 01+ 0 4 AADC _ 1496 +0%

ADC ~ ADC

o ‘_._—'— -—-_ [ ——

ol b by b by el g0 °..‘.|H.w.u.\,.‘.u‘.w.u.m106
0 1 2 3 4 5 0 005 01 015 02 025 03
Eq. ADC Eq. ADC
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® Preliminary results of 2nd prototypes obtained
energy resolutions: LYSO+APD:35%:
PbWO4+SiPM: 15%.

® Not far from the simulation results. However, not
satisfied with the updated requirement = 2%-5%.
Redesigning ECAL might be necessary.

® Detail analysis to improve resolution further.
Debug APD operation

® Build 3rd prototype with PbWO4 crystals, new
SiPM chip (Hamamatsu S14160-3015PS), and
new ROC (H2GCROC)

Rong-Shyang Lu / NTU Sep. 2025 17
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https://hilumilhc.web. cemcch/content/hl -lhc-project

HL-LHC

button collimators
R2E project

7 TeV ﬂ

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

experiment
beam pipes

75% nominal Lumi |

splice consolidation

1
EYETS LS2 1
7oy D ooty !
Diodes Consolidation
cryolimit LIU Installation | HL-LHC
interaction inner triplet
reg|ons Civil Eng. P1-P5 pllot beam radiation limit installation

2022 2023 2024

ATLAS - CMS
upgrade phase 1 ATLAS - CMS
i i 2 x nominal Lumi 2 x nominal Lumi HL upgrade
nominal Lumi ALICE - LHCb I I
upgrade

—

Electron-lon Collider

_ss JEER

zeo | 20z | 2028 | 2029 | 2o IIIIIIIE»

nergy

/ES—'
x nominal Lumi

’ FY = Oct 1st through Sep 30th ‘

FY25| FY26 | FY27 FY28 | FY29 FY30 FY31 FY32 FY33 FY34 FY35 FY36 | FY37 FY38 | FY39 FY40
a3 | a4 |a1|a2|as|as| a1 a2 3| as|a1]az]asas a1 | az| a3 as a1 |az|as|as| a1 a2 a3 | as |az]az]as]as a1 | az] as] as 1| az|as|as| a1 a2 a3 | as|az|az] 3] 4] a1 | az] a3  asa1|a2|as|as| a1 |2 a3 as|az|az] a3 as
o |
CD-3B | | | Accelerator Storage Rings (ASR)
NYS funded | i . Detector (DET)
CD-2/ Interaction Region (IR)
ASR Electron Injector (EIN)
| | i i i Energy and Luminosity Ramp-up (ELR)
CD-2 CD-3 E Project Management and Global Services (PMG)
DET E
1 1 1 1 m
| (@)
o
D-2/3Co oCDi3 a
(75}
IR R
1 1 m
S
$CD273 rx
. L
EIN 2
' i i whd.
| o
CD-29 oCD-3 o
hd.
-
ELR s
1 1 m ]
N | |
Beam
Commissioning
luded
Carlos Camacho et ’ o P— Startof the
" Procurement, nstallation, nstallation
Initial Stage 2025 Key - L L) | Construction | Testing/ Acceptance | Items O Level 0 Milestones Sriticallftath Physics Program
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Sep. 2025
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T1C RPC R&D
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® AS collaborates with Osaka and Kyoto to
develop RPC for MARQ@J-PARC project.

® |nitiated carbonless MRPC since 2022 with
NCU.

e Carbon paint/spray/tapes (MOhm) = copper
pads” with resistors (~MOhm) connected in

"‘:‘T‘Mn{npt_u :
i | a2

between. It is easily manufactured by PCB e 55 prner
technigue. Assembling of RPC becomes more me -
. + Mylar sticker
standardized.
: . Efficiency
®* |In beamtest, obtained 95% efficiency and .
O95ps time resolution, but stability requires e R R I B L
investigation o L8
80;
Traditional MRPC New : Carbonless MRPC 75; i
70FE
opper- 655
e%ii?gge ] Ny ———— Celz?:trog o0 j
a ' ' Gap by 55; .
fishing ine | = = Mylarspac  sof | Working HV
Acryl case = ﬁ Silicon 45 Thres.=40mV 15-16KV
Glue sealed gasket 401;'1'11[21'1'113'1111141” 1|5""1|6' 7
sealed HV(kV)
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/’@‘R&D of Superconducting Nanowire

SEENSHaERE

oingle Photon Detector (SNSPD]

e Dual- ti de SNSPD ( APL tum 2, 026118
(2825?p)era o et ( Quantun State-of-the-art SNSPD

Near-IR (0.8pm-2um)
~100% efficiency @ 1550nm

® Switch between conventional event counting and energy
measurement by adjustment of operating temperature and bias
current

¢ Geiger mode @ 4.7 K ( 0.39 Tc ) < Calorimetric mode @
11.5K (0.96 Tc)

O

® Low timingjitter (<15ps)
® Low Dark Count (<0.01Hz)
® Fastrecovery (MHzrate)
O

Multi Pixelated array

107 T=096TC 7 4Signal )
€ |iw=13a fé“ Calorimetric
2 10% Mo =8 A g R&D Goal
g 10-2}8 o™ - I
100 125 150 175 200 22 Extend to M|d-|R(2|.|m-20pm)

Bias Current (uA)

|
|
. |
(Too3om o = ® Energyresolving power [
1072 I
101 v =17 A ® Broadband spectrometry '
100! Alsw = 0.2 HA I

|

|

c
~
]
]
c
©
-+~
4]
N
Q
o

o
o
o
)
-
N
Q)
=
©)
)
Q.
n
=
)
0Q
=
n
-
Y]
S,
=
<

SNSPD

10~ 2 [ T e e T e o o e o e o o o o e e o e e Ew o Ew

120 122 124 126 128 131
15 nm thick NbN Bias Current (uA)

200 idth .
350 nm \[l)viltcL Transition Curve

Photon events
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oingle Photon Detector (SNSPD]

H11/R&D of Superconducting Nanowire

)

Supersonic gas jet

Partner Photon

Hawking Photon ‘ ;

IR SNSPD Gas Nozzle EUV Partner

Hawking Detector Photon Detector

)

" Rt A | _taser |
Accelerating plasma W Y a § Laser
wakefield mirror & & Partner photons

— Hawking photons
osition e

Coll tion et al. AnaBHEL (Analog Black Hole
ration via Lasers) Experiment: Concept, Design, and Status. (2022)

Nanocube plasmonic
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7C  gNSPD Highlights

SEEEHoBRE

® (eiger <« Calorimetric

(b) 1251

4+ Vortex-crossing-induced full transition < Joule
heating partial transition

Amplitude

Voltage (V)

4+ No energy dependence in signal amplitude <
depend on N(absorbed photon)

y event trigger

4+ Fast event counting < Potential fast photon I
number resolving spectroscopy
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4/19: Optical Readout

SRS He8RE
e DAQ and data links will be totally Fiber-optics

® Taiwan opto-electronics IT is the primer production choice. LHC upgrade
electronics are TW made.

4+ With small funding on R&D

4+ stay on Rad-hard Opto-electronics. Suen Hou
+ TW as the production site Opto-fiber RD items Academia Sinica

® collaborate with US groups on - Fiber Rad-hard
_ MM Ge-doped @INER Co60 TID study is finishing
opto— AS|CS aﬂd data-hnk prOtOCO| COTS, Fluorine-dope, pure Silica fiber Rad-hard study

— Rad-hard Active opto-electronics
850 nm VCSEL, PD characteristics, COTS J¢i&, 1I-VI, ..
NIEL @INER 30 MeV protons

— ASICs, laser driver, PD TIA € deadly issue!
lack of expertise!!
Collab. with HEP groups, acquire known chips
check on COTS

— Transceiver >10 Gbps
fabrication vs speed: PCB, passive, connectors, design, Fiji, JEEE,
coupling: active, lens, to fiber-ends
NIEL, Ageing to Bit-Error-Rate

— Facilitate INER proton beam https://indico.phys.sinica.edu.tw/event/52/contributions/
for Rad-hard studies 248/attachments/202/337/EIC_NCKU2022 v2.pdf
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ﬁ@@ Radiation Facllities

SEENSHEER

o Proton 15-30 MeV and Co60

4+ Institute of Nuclear Energy Research (INER)

® Proton 70-230 MeV
4+ Chang-Geng Memorial Hospital (CGMH)

+ N
H

ational Taiwan University Hospital (NTUH), Taipei Medical University
ospital (TMUH), China Medical University Hospital (CMUH)

® Car

oon (138 - 430 MeV/u)

4+ Taipei Veterans General Hospital (TVGH)
+ LET(Sl) = 0.083 - 0.162 MeV*cm2mg- 1

Rong-Shyang Lu / NTU ‘Sep.2025 2



T
/'@ Computing Resources in Taiwan

SEENSHoERE

® Academia Sinica Grid Computing Centre (ASGC) was established in 2005{’ 9’“{
whose founding goal is to build up the global distributed computing

infrastructure for Large Hadron Collider (LHC) experiments — Worldwide LHC
Computing Grid (WLCG), coordinated by CERN

® All these resources are shared to all ASGC users on First-Come-First-Serve
basis

e Resources of |IOC, CMS and newly procured ASGC Storage (1.5PB) will be
online in late 2022 or early 2023.

e All users need to pay for the ASGC resource and services based on the

collaboration model with ASGC =>Pricing model will be finalized and announced
in late 2022

Priority Resource
Shared ty

Total

Resource WLCG - | WLCG -
IOP | CryoEM | ASIAA | 10C | " | Toed
GPU
#Boards) | 168 8 32 12 220
CPU
2,976 1,792 | 1,536 | 4,736 768 | 11,808
(#Cores)
Storage | 45 398 1,024 | 1,024 | 1,152 | 12,384 | 1,728 | 29,710

(TB)
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ThC summary

SEENSHoERE

e [\W-HEP has expertise in silicon, crystal and
other detector technologies. We will contribute
to future detector projects, such as ePIC sub-
detectors.

® [here may be other opportunities for
contributions, such as electronics, opto-
electronics, and computing.
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