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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
National Tsing Hua University
+ Pai-Hsien Jennifer Hsu
National Yang-Ming Chiao-Tung University
« C.-J. David Lin, Anthony Francis
National Cheng Kung University
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| ang 11 experimental Pls/6 theoretical Pls
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Workshops in Taiwan

August 2B-30, 2023
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Initial Stage 2025

e

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

| Looking forward to meeting all of you in
Taipei for [S2025!
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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 sns DeteZtor Consorslum

L2 2 JkE A =

° bond hybrld PCBS D:%f,é.iﬁljgﬁugvt:)%%ﬁg
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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

INTT £ 28
aRSW
INTT detector o

assembly procedures _C‘

8/

NINTT 25 E 120 FREA

Yy

!NT"F/'S goal is to build 120 silicop l-b’“gf = N

e .

Assembly video: link

— —‘;’; - ‘;\ (-

cosmic ray test
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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

3rd EIC Asia Workshop 9 2024/1/30



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

Two Detector Projects

Dual-radiator
RICH

Forward Electromagnetic '
Calorimeter

Barrel [
Electromagnetic Tracking
Calorimeter Detectors

s
A

Backward Hadronic Data-Acquisition
Calorimeter Electronics

3rd EIC Asia Workshop 2024/1/30



Physics Requirements for ZDC

Energy range | Energy Position Others

resolution | resolution
0/
up to the 53% + 5%, 311:/%d Acceptance: 60 cm x
Neutron beam energy | . deally 60 cm

22 +2%
Note:
The acceptance is required from meson structure mea-
surement.
Pion structure measurement may require a position
resoultion of 1 mm.

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

0,
Photon |59 _40Gev | 222 ‘ 0.5-1 mm
VE

Note:
u-channel exclusive clectromagnetic 77° production
has a milder requirement of % + 7% and 2 ¢, re-
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.

3rd EIC Asia Workshop 11 2024/1/30



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

3
w018
I L L B f: . 47%
P — - This study: — + 3.2%
o osa- = x B . 0
§ - / ;5.; _j\ Required: 50;’ + 5%
0o - 014 , 13
¥ | - - Shima: —+ 2.1%
CXI Sh|ma : \ vE
| - 0.12(— \
| - B
) !:| THs 2= 102 0 s3agmr) - 0.1 n .~
("?Cbl R T T E .................... Requ I red
Neutron Enargy [GaV) 0.08— P J ........... ;j """"""""
m ~ o-Ju’s stu
- . L ~— o y
P 0.06/— Shima ~—~—__
“{ :u:.:- _.’-_-t‘“'---'--'— S SR T NSNS ST SN S ST NN S N S S N IT R e R i by |
e 0 50 100 150 200 250 300
j W Energy (GeV)
F ll _ ) .
| Po-Ju’s study Result not as good as what Shima had, but acceptable

3rd EIC Asia Workshop 2024/1/30



ZDC Monte Carlo Studies

Energy Resolution

1% Silicon & s C Y P ,
5 . F k% o-Ju’s stud
crystal Pb-Scintillator § OB, Y
calorimeter 0.16F \ Requ"'ed
0.14} Shime
0.12|-
W-Si imagine calorimeter 0.1[
0.08|
0.06[—
0.04f : 18%
- Resolution: —= + 2.8%
0.02— VE
. . PR ST S SN ST TN N S U S TSR BTN ST R S N |
- 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
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PbWO; vs LYSO vs SciGlass
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ePIC ZDC Design

Previous ZDC design

48.0 cm
~ 2.5\,
."/ \\\ \‘\
’ N ™~
Crystal (PbWQ,4) W/Si calo. Pb/Si calo. Pb/Sci. calo.

+ Silicon Pixel layer 3 Pixel layers are inserted.

3rd EIC Asia Workshop

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

Current ZDC design

— 2.8cm — ZDC SiPM-on-tile
/ service gap /- Fe/Sc calorimeter
/ 162cm (8.0 A, 75 X0)

ZDCLYSOECAL — /
7 cm (0.3 A, 6 X0) :

carbon-fiber frame
for LYSO crystals

LYSO crystal

(3x3x7 cm3) ___—— PCB board with APD sockets

for LYSO readout

2024/1/30



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

_8x8 LYSO LYSO calorimeter
prototype

------

8x8 array: 56.96 mm x 56.96 mm

3rd EIC Asia Workshop 17 2024/1/30



Beam Test @ ELPH

A beam test with positrons is planned at the ELPH, Tohoku
University, between 19 and 21 February 2024

Beam time: ~36 hours

Beam energy: 100 MeV up to 1 GeV possible

Beam size: 1cm x 1cm

Rate: 50 Hz at 100 MeV/cm2 and a few kHz at 600 MeV/cm?

Participants: RIKEN, Tsukuba University, Sejong University,
EIC-Taiwan

3rd EIC Asia Workshop 2024/1/30



ZDC ECAL MC Study

iY
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0
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* For the beam test in February 2024
+ Various optical properties in the G4 simulation are being studied

« Will compare energy resolution, shower shapes, and so on between simulation and
beam test data and also validate the energy regression
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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

3rd EIC Asia Workshop 2024/1/30



Test Setup S

........
oooooooo

UART/USB |y +Shell+ SIPM

Data : ADC, time

Detector ADC + Gain + Thres. SpaceWire | ]
LYSO SiPM ROCA : 32 ch MK4 Laptop
8x8 pixels 8x8 pixels ROCB : 32ch [~ LabView
24.7 Sao Control
Temp. — ptn UART --------
power \_ W,

28.2V

Low Voltage
5V fixed

Sensor

credit: Chia-Yu Hsieh, Kai-Yu Cheng, Yu-Siang Xiao, Shao-Yang Lu, Chih-Hsun Lin, Po-Ju Lin
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Tests with Co-60 (2/2)

Hit Ratio VS ADC @GChID=06 We use Co0-60 and LYSO intrinsic radiation
0.0022 T T |'|'V'=' :Ql5l5lBl5l6I rTrrr[rrre to calibrate the detector.
0.0 npeak = 6

LYSO intrinsic radiatio
peak 290keV @ 2580
eak 395keV 3660
peak 1170keV @ 14839
peak 1330keV @ 17005

« @HV =27.00V

= 1.330 MeV @ 17005 digit

= 1.330 MeV / 17005 digit ~ 7.8e-5 MeV / digit
Saturated digit = 11, 0000 digit

= 11,0000 digit * 0.1268MeV = 8.6MeV

=> Saturated at 8.6MeV

This HV/gain is too high for our beam test
condition.

0.0014

Hit Ratio

A\

5000 10000 15000 20000 25000 3000

ADC count(HG&LGx10.62)

« HV setting range = 24.7V to 28.2V

credit: Chia-Yu Hsieh, Kai-Yu Cheng, Yu-Siang Xiao, Shao-Yang Lu, Chih-Hsun Lin, Po-Ju Lin
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Tests with Co-60 (1/2)

Threshold
1000~ « @HV ~ 24.7V (almost lowest gain, 4D3 digit)
> 1.330 MeV @ 400 digit
auof- fgf“‘,: F;fak a0 g > 1-330 MeV / 400 digit ~3.3e-3 MeV / digit
o 33MeV @ 'g! Saturated digit = 11, 0000 digit
= 11,0000 digit * 3.3e-3MeV = 365.75 MeV
400 => Saturated at 365.75 MeV (one pixcel)
- > We should be able to see 500MeV positron
200 /WJ beam at lowest gain.
I T P

0 10 20 30 40 50 60 70 80 90 100
HG/10.00 + LG (ADC)

Energy deposition of positron in central pixel in YSO LYSO from MC simulation

IIIIIII|III|III|III_ IIIII I IIIIIIII I IIIIIIIIIIII |IIII|IIII|IIII| IIIIIIIIIIIIIIIIIIIIIIIIIIIII |IIII|IIII|IIII|III
b 200MeV | 500MeV 900MeV
E . 2| |

r 10 : = 10° 4
106 E 10 B o _
—lll Illlllllllllllllllllllll Ll Illllll_ :lIIHIIIIIIIllllIIIIIIIllIllIIlII lIIllIlIIIlIIllI: ;HH IIIII Illlllllllllllllll IIl Illllllllllllllll:
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150 200 250 300 350 400 450 500 0 100 200 300 400 500 600 700 800 900 1000
MeV MeV MeV

credit: Chia-Yu Hsieh, Kai-Yu Cheng, Yu-Siang Xiao, Shao-Yang Lu, Chih-Hsun Lin, Po-Ju Lin
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Future Plan:

» Construct a prototype with PbWQO4 (this summer)

* Revise the readout

+ Beam test with 5GeV electrons at KEK

3rd EIC Asia Worksho p



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

Wlth TOF hits

BPIC novngnmpnss
oPIC M.lpw oPlC M'pw T ‘"J e

&('.04: o =10 T T T Y : 3035: R 1-15 T M Ty ; gc.‘M’— .' :wm;h'“';nl:n;' L L
6 0035 | =05 1 & w3F 1=20 . © 0.12F i
003f  1=00 E 0“55 NoN=25 ; ! 5> wio TOF hits: ne=0.0 ]
i 1=035 - s 1=3.0 7 : 0.1 requirement
0.025F 1=1.0 g 3 ] 1235 : i |
002} 3 ] 2t E 0.08] ]
. ; 0 3 — : ]
! 2 o Cc @ @ : 0.15F v . 0.08] ]
0-3'5’: y E 3] . - » - . - d
ootf @ ° : 0L o ~ : ' - .04 o
0-305:':_' % 0'05:_ A A A a - _: 002; ~ o R _3 S, o -:
] = o [ ? s e 7 » A 'd___d,,,.—"
1) PP PP WP WP — 1) PP, SNV (PP DU PP — c'..r'.'.'luﬁ...l.. ol e oA
(v 10 20 30 40 50 0 10 20 30 40 50 s 10 20 20 2 &
p(GeV] p(GeV; p (GeV)
e WlthOUt TOF Dcl’[S + Simulation with DD4hep and reconstruction
_@ o O =- B 9 O '15 .
5 0.035| 1-—-05 S B - o 1= -': =20 3 - Plans:
0.03f ~ 1=00 g 3 opsf 1 1E28 - ;
- 1=05 o) P | 1=3.0
0.025 1=1.0 3 C - 1235 ' ] |
002k 4 § c2r E * Repeat the study with the craterlake
TI=E : B 2 B 0.15[ | . detector setup
oo1f @ : 01l :
0.005 E 008 ¢ a : o 3 « Study performance with a smaller TOF
b “ p 5 U b ? G 2 L= 5 .
| A - - A - A PR A P— A
% 0 20 0 4 50 % 10 20 0 a0 50 radius
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Mechanical Structure for TOF

* Mechanical support structure design impacts detector
performance

« Use the similar concept of STAR IST

Low Mass Support Siructure for EPIC

| W-C. Chang', AW. Jung’, F-J. Lin', Y. Yang*, |
' Academia Stmaca, Nankang, Jawper 11529, lamean
* Pardye Uriversity, West Lafayetle, IN {7907, USA
* Noticna! Cherg Kung Usnversty Tsiran, TVIVI, Tetwsn

Scptember 22

1 Propomsed FY23 Wark for Purdua/NCK1U JAS

Puwdwe Universty US), Xatons Cheag Kurg University (NCKY, Taivan), sod Academia Sisica
(AS, Tadwan) will collaborate on the dasdgn and memadactare of “he mochandon] sIppors stractune
for the TOP dowctor s EMD. To st the roquinad prociaion aad nascisl bodget of TOP we-
surements, carbian fher comprmi @ materinds havw buvm progesed Cw syamafact aring the light. weght

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

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

* R&D with carbon fiber composite materials — reduce the
material budget by a factor of two or more

* High thermal conductivity, strength-to-mass ratio, radiation
tolerance

liequest for Project Eagineering and Cesign

Support for EPIC TOI' Detectors

Oslsar Hartheich (ORNL),
Ancreas Jurg (Pardu),
Po-Ju Lin (AS),

Y¥i Yeug [ NCKU),
Loy Ye (VIT
for the EPIC TOF growp.

Ociobwr 2022

1 Iotroduction

A sueiur of AC-LGAD detecion sestem aspects which coest tute projpct eag-
moeting vil soed 10 e addiessed ia time bor the UD2'3% nvier. This indudes
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

1442 woduks

nner radins 62 cm :‘z | : ,. \\\\\\
i \\\

Cuner racline A4 em

eRD112 FY23 Report and FY24 Proposal on EI1C AC-LGAD

R&D

BNL: Alessandro Tricoli (atricoliftbnl gov), Gabriele Giacomini (giacomini€ibnl gov
FNAL: Artur Apresyan (spresyan@fnal.gov)
NCEU: Y1 Yang (yviyang@nckw.edu.tw)
Purcue: Ancress Jung (anjung@purdue adu)
UCSC: Matthew Gignae [mgignacfiucse.edu)

UIC: Zhenyu Ye (vezhenyutiuic.edu)

3rd EIC Asia Workshop 26

2024/1/30




Mechanical Structure for TOF: Preliminary Design
and Analysis

Structure of prototype
Preliminary setup for thermal analysis

Facesheet

Cooling pipe

Adhesive “__ \

Foam material j—
Faceshet 'ss_‘
YYYYYY Wang NCKU @

Mode 3
Frequency : 128.9 Hz

Mode 2
Frequency : 85.4 Hz

Mode 1
Frequency : 70.3 Hz

Fixed point
Preliminary setup for frequency analysis  credit: Yu-Tang Wang, Yi Yang (NCKU)
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Mechanical Structure for TOF: Test Facilities @
NCKU

* Preparation for thermal test

» Compare results between simulation and test

credit: Yu-Tang Wang, Yi Yang (NCKU)
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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
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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

Started to contribute to detector simulation and performance
studies

Other possibilities: detector assembly with TIDC, more
contributions to TOF, computing, and so on

3rd EIC Asia Workshop 2024/1/30



* Backup
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Silicon Sensor QC @ NCU

All sSPHENIX silicon sensors CMS HGCal SQC
were measured here (2 8-inch sensors/day)
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High Precision Machine Shop @ AS

» All assembly tools are produced here

3rd EIC Asia Workshop 2024/1/30



Craterlake detector setup

» Additional MPGD layers added in all regions

» Shifted positions of some MAPS layers

* TOP layers provide solid tracking points and timing
information




