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Current/Past Experimental Particle Physics
Programs (2/2)
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Towards a Common Project for All Taiwanese
Groups

At the end of 2017, all young Pls signed a letter of intent to
reach a consensus on future selection

In spring of 2020, a white paper was submitted to the
National Science and Technology Council (NSTC)

primary objective: plan for common detector facilities,

i.e., Taiwan Instrumentation and Detector Consortium
(TIDC)

In October 2020, the five major experimental particle
physics groups in Taiwan signed the EIC EOI

ePIC will be the first experimental project in which major
Talwanese groups collaborate

2nd APCTP Workshop on the Physics of EIC 2023/11/30



EIC Taiwan Team

- Academia Sinica

« Wen-Chen Chang, Hsiang-Nan Li, Di-Lun Yang, Suen Hou, Chih-Hsun Lin
- National Taiwan University

* Rong-Shyang Lu, Kai-Feng Jack Chen, Stathes Paganis, Juinn-Wei Chen
- National Central University

« Jen-Chieh Peng (UIUC/NCU), Chia-Ming Kuo, Po-Ju Lin

« Chung Yuan Christian University

« Chung-Wen Kao

Yunlna

Chiayid vic Area - National Tsing Hua University

« Pai-Hsien Jennifer Hsu
Dailung

- National Yang-Ming Chiao-Tung University

« C.-J. David Lin, Anthony Francis
@ Kenling Nuolicoal ?ok

- National Cheng Kung University

* YiY
| ang 11 experimental Pls/6 theoretical Pls
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Workshops in Taiwan
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EIC-Asia Workshop In Taiwan

https://indico.phys.sinica.edu.tw/event/88/

EIC-Asia Workshop

29-31 Jan 2024
National Cheng Kung University

Asia/Talpel tmezone

Qverview
I lmetable

Contribulion List

Following the previous EIC-Asia workshops in Karea (2022) and Japan (2023), we are organizing 2 third
one at National Cheng Kung University, Tainan, Taiwan during January 29-31, 2024, The main goal of this
workshop Is 10 discuss In depth the physics epportunities and related experimental activities of the
upcoming U.S. Electron-lon Collider (EIC), with an emphasis on collaboration among Asian colleagues.

Starts 29 Jan 2024, 0830 National Cheng Kung University

Ends 31 Jan 2024, 14:00 No 1, Univarsity Road, Tainan City 701, Taiwan (R 0.C)
Co map

There are nn materials yat “\

January 29 — 31, 2024 @ Tainan, Taiwan

2023/11/30
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Initial Stage 2025

e

Thank you very much for’the excellent
: organization of 152023 in Copenhagen!! ‘

B Looking forward to meeting all of you in
Taipei for [S2025!
G & | ¥4 %: ~ : e R

el 313394113431 53
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Physics Interests
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Theoretical Programs

* QCD effective theories and lattice QCD

» Parton distributions functions

* Aspects of atomic and nuclear physics in particle-matter
Interactions




Taiwan Instrumentation and Detector Consortium
(TIDC)

TIDC was established in 2019 and became an official core facility of NSTC in 2022

Website: https://tidc.phys.ntu.edu.tw/WordPress/

Facilities are distributed among four institutes (NTU, AS, NCU, NCKU)

Projects:
* CMS HGCal

* one of six module assembly centers (5000 modules), silicon QC, production of HD/LD
hexabaroads and DC-DC converters

* sPHENIX INTT
* assembled 1/3 (40) of silicon ladders
- STAR forward silicon tracker

* assembled the mechanical structure and bond hybrid PCBs

* AMS silicon strip tracker

Talwan Instrame~tation sno DeteZtor Consorzium

 bond hybrid PCBs SHEENSNSERE
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https://tidc.phys.ntu.edu.tw/WordPress/

Taiwan Silicon Detector Facility (TSIDF) @ NTU

“alotit B! ' =

contrdlr, = ¥

« TIDC’s main tacility; final detector assembly is performed here
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Busy time at TSIDF
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SPHENIX Silicon Ladder Assembly @ TSiDF

INTTHE M 28
HEDW
INTT detector

assermbly procedures

| -**:ms-_«.‘fﬁ
B

NINTT #8752 120 @ BRI
INTaly's goal is to build 120 silicon l%fi#qu oo e

e .

ink

Assembly video:
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https://www.youtube.com/watch?v=x3tfzPeGfwU

CMS HGCal Module Assembly @ TSiDF

3. Deposit epoxy and silver
epoxy on Kapton

1. Deposit expose on Cu baseplate 2. Place gold-plated Kapton film

5. Deposit epoxy on sensor,
avoiding opening bond pads

Assembly video: link

2nd APCTP Workshop on the Physics of EIC 2023/11/30


https://www.youtube.com/watch?v=L0wjcvsNesc

Silicon Sensor QC @ NCU

All sSPHENIX silicon sensors CMS HGCal SQC
were measured here (2 8-inch sensors/day)

2nd APCTP Workshop on the Physics of EIC 16 2023/11/30



High Precision Machine Shop @ AS

» All assembly tools are produced here
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Physics Requirements for ZDC

Energy range | Energy Position Others
resolution | resolution
oU% .| 3mrad :

up lo the ’fo + 5%, TE Acceplance: 60 cm X

, y V v .
Neutron beam energy ideally 60 cmn

35% 4 204
vE '
Note:
The acceptance is required from meson structure mea-
surement.
Pion slruclure measuremenl may require a posilion
resoultion of 1 mm.

0.1 -1GeV | 20-30% | | Efficiency: 90 —99%
Note:
Used as a veto in e+Pb exclusive ] /¢ production
30%

Photon | 59 _40Gev | =2 0.5-1 mm

VE
Note:

u-channel exclusive electromagnetic ' production
has a milder requirement of %% + 7% and 2 cm, re-

v I

spectively. Events will have two photons, but a single-
photon tagging is also useful.

Kaon structure measurement requires lo lag a neutron
and 2 or 3 photons, as decay products of A or X.

2nd APCTP Workshop on the Physics of EIC

*note: space for readout may extend the lengitudinal length.
Total: 60 cm x 60 cm x 162 cm

402 cm 48.0 cm (_i‘ﬂ_“f-—)
~ 2.5,
~2 N\
/S AN
Crystal (PbWO,) W/Si calo. Pb/Si calo. Pb/Sci. calo.

+ Silicon Pixel layer 3 Pixel layers are inserted.

Preliminary ZDC design:
a composition of four different
calorimeter configurations

2023/11/30



ZDC Monte Carlo Studies

* Energy resolution was much worse than the one obtained in Fun4All by Dr. Shima Shimizu

* Some changes in ZDC setup

- Energy Resolution
* Energy dependet calibraiton

¥ '
w018}
"E R B 2 ' : 17%
b - o G This study: — + 3.2%
= 45— = © .
. = - 11 - . 0
E - / ;5.; _j\ Required: 50;’ + 5%
0s- p 014 9 : 13
- | - -\ Shima: — + 2.1%
- - 'F
ons | Sh|ma ] \ A
| = 0.12[— \
X | - B
) !:| THs 2= 102 0 s3agmr) - 0.1 n .~
("?Cbl R T T E ..................... Req u I red
Neutron Enargy [GaV) 0.08— P J ........... ;j """"""""
m ~ o0-Ju’s stu
- . . \\ o y
— ot Shima - __
“{ :u:.:- _.’-_-t‘”'---' - S SR T NSNS ST SN S ST NN S N S S N IT R e R i by |
s T 0 50 100 150 200 250 300
j W Energy (GeV)
b 4
F ll _ ) .
f Po-Ju’s study Result not as good as what Shima had, but acceptable
:b:_t‘
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ZDC Monte Carlo Studies

Energy Resolution

15 Silicon & s C 1L ,
crvstal o S Lieb bt Po-Ju's s.tudyl
ryst Pb-Scintillator g o O .
calorimeter 0.16 :_ \ Requ |red
0.14| Shime
0.12|-
W-Si imagine calorimeter 0.1[
0.08|
0.06[—
0.041~ : 18%
- Resolution: —= + 2.8%
0.02[— VE
, , RPN PR RPN RPN RPN RPN BT SR
- ZDC simulation updated %20 a0 60 80 100 120 140 160

Energy (GeV)

Upstream modules with smaller lateral size to fit between beam pipes

Overall length about 183 cm, within 2 m limit

More cost effective, Pb-Silicon module removed

HCAL resolution improved

* Base design, meets the resolution requirement

2nd APCTP Workshop on the Physics of EIC 2023/11/30



PbWO; vs LYSO vs SciGlass

T dep. of LY Decay time
(%/K) (ns)

LY (ph/MeV)

Aem NM

5 (73%)

0.89 cm 200 -1.98 14 (23%) 420
110 (4%)
1.14 cm 30,000 -0.28 36 420

(market standard)

STO(ElEE 2.4-2.8 cm >100 22-400 440-460
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LYSO Crystal Characterization

M4

* NTU established test benches for LYSO
samples from the TACrystal

* The light yield is 29 photon/keV (@511 keV,
for 3mm x 20 mm x 3mm size)

* The response time resolution is around 90ps [

22Na peaks —
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ZDC ECAL Prototype with LYSO Crystals

LYSO calorimeter ' o
. 8x8 LYSO prototype
array

T A, .

* Aim to have a beam test at the ELPH, Tohoku University, in February 2024 to compare the
performance between the LYSO and PbWO4 crystals for 200 —822 MeV positrons

« Participants: RIKEN, Tsukuba University, EIC-Taiwan
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Readout for the ZDC ECAL Prototype with LYSO
Crystals

* Designed by Chih-Hsun Lin of
Academia Sinica

* 128 channels
« Trigger:
» Self-triggered

» Can accept external timing
signal = needs to be studied

* May accept external trigger
— needs to be studied

2nd APCTP Workshop on the Physics of EIC 2023/11/30



ZDC ECAL MC Study

180_—

iY
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o
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* For the beam test in February 2024
+ Various optical properties in the G4 simulation are being studied

» Future plan: optimize the design of ZDC ECAL (homogeneous/sampling/...)
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TOF Performance Study

» Started to study the impact of AC-LGAD on the momentum
resolution at ePIC

» Goal: optimize the pad size of the AC-LGAD sensors if it's

needed o
ePIC work-in-progress AC-LGAD = l
’\a 035 v 1T [ v v 1 T 1 T T T T T T 1 L B B N ] TOF (“’30[)3) éE = y
3 - on=-1.00n=-05 v O .
© 03 An=0.0 on=0.5 —
C vn=1.0 en=15 ]
025~ mn=20 an=25 v =
- +n=3.0 vn=3.5 v -
0.2 =
0.15F — . . .
= y v 1« Simulation with DD4hep and
0.1 v ’ . — reconstruction
v Vv ¢ ]
oosr ¢ ¢+ ¢ N
05+ A A ] — : :
% A A A A a s - - 1000 m— using particle gun
O ] || ] g ] |!| ] ! ] % | ] | ] u
0 10 20 30 40 50 _ _ | | | |
p (Gev) ° in Collaboration with the Hiroshima Univ.

N
(2]
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Mechanical Structure for TOF

Low Mass Support Siructure for EPIC

| W-C. Chang', AW. Jung’, F-J. Lin', Y. Yang*, |

* Mechanical support structure design impacts detector + Pardse Universty, Wesl Lfopeis IN 41907, USA

* Noticna! Cherg Kung Usnversty Tsiran, TVIVI, Tetwsn

performance

1 Propomsed FY23 Wark for Purdua/NCK1U JAS

Puwdwe Universty US), Xatons Cheag Kurg University (NCKY, Taivan), sod Academia Sisica

* Use the similar concept of STAR IST (A, et il o o s 58 e o 2 e o

for the TOP docton s B0, To st the rogpeinnd prociabon aad naerial bedget of TOP we-
susements, carbion fher ccmpsi e materials hve b progesed fw mamsfa-t iring the light. awght

support <uo to their high thermml comductivity, trngth © nase rado, and radiation tennee,

« Rather long support (1.35m) with minimal deflection in the barrel

liequest for Project Eagineering and Cesign

Support for EPIC TOI' Detectors

* R&D with carbon fiber composite materials — reduce the S e o).
material budget by a factor of two or more ¥i Ve NCKC

for the EPIC TOF growp.
Ociobwr 2022

* High thermal conductivity, strength-to-mass ratio, radiation L Iutresduction

A sueber of AC-LGAD detecion soslem aspects which coest tute pro et eag-

tO | e ran Ce moeting vil soed 10 be addsessed is time ke the UD2/34 nver. This indedes

grel moary mechanien eagineering dosige of 1he larrel and endias TOF de-
Loetor pyshoms W be able te cmedt ol codrival, spraol and roding mrvies
and provids o melistic paa o pressascliog moduke sad savoe o the
smocamaionl swwctary, o thas the meemldod cowcon cma be lsegrated o
EFIC wih sunznal post-asenidy. Froolyje sech-up stracdtues will need Lo
comptrocec W demcovrate the feasiilty of production and asemibly of ind-
vidual purts where mecosare. \ detalied stacy of an appropriste ceoling sysen
will alun he nevven’ ta ppamtify potentin heating effects of aimoinling Adtovtin
aystosia, apeclinaly the vy lcamuasters sadtive backwirds ECAL crystals
The detalls o Lae plas asl fudisg roguests will Lo Sooibed o Gl Prog

Engawenng s Destgy (FED) soquest

eRD112 FY23 Report and FY24 Proposal on EIC AC-LGAD
R&D

BNL: Alessandro Tricoli (atricolifbnl gov), Gabriele Giacomini (giacomini€ibnl gov)

14493 woduks FNAL: Artur Apresyan (apresyan@fnal.gov)

i s
nner radins 62 e ‘3 P \\\\\ NCEKU: Y1 Yang (yiyang@nckuwedu.tw)
; f '
W

Cuter radis &3 cm Purcue: Ancress Jung (anjung@purdue adu)
UCSC: Matthew Gignae [mgignacfiucse.edu)
UIC: Zhenyu Ye (vezhenyu@iuic.edu)
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Mechanical Structure for TOF: Preliminary Thermal
Analysis @ NCKU

Basic structure design

Facesheet
(K13D2V)

Foam matenal
(CFoam 20) ——— Cooling pipe

(Aluminum alloy 6061)
(EC2216) *—
Frequency analysis  _

o Not designed material

e Thermal analysis
g B e o Not designed material
= = o Based on STAR FST parameters

2023/11/30
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Mechanical Structure for TOF: Test Facilities @
NCKU

» Test equipments are ready at NCKU
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LGAD Sensor R&D

2 . ----l-u,c_ns'.c :?.'{-',! =
» Started with DC-LGAD | g
it
- TCAD simulation is used to decide the LGAD sensor =+ __. i ﬂ_éj’
L0009 TA4L bkl
process parameters - T
 First goal: verity sensor process flow and TCAD e

simulation

« The first batch of production with TSRI finished at the
end of 2022

* In discussion with private sectors on future sensor R&D
for the AC-LGAD
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Other possibilities

Optical readout (fiber-optics)

Talwan opto-electronics companies contribute to
ATLAS upgrades

PCB production and assembly
CMS HGCal HD hexaboards
DC-DC converters
Computing (ASGC)
Academia Sinica Grid Computing Center
ATLAS T1/T2/T3, CMS T1/T2/T3

~30K CPU cores/ 128 GPU boards/ >9 PB storage

2nd APCTP Workshop on the Physics of EIC 2023/11/30



Summary

The EIC Taiwan group was formed, including experimentalists and
theorists

Kicked off a couple of detector R&D projects for EIC in Taiwan
/DC ECAL prototype with LYSO crystals
Mechanical support for TOF
LGAD sensor R&D
Started to contribute to detector simulation and performance studies

Other possibilities: detector assembly with TIDC, computing, and so
on
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