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You May Remember ...

 Reviewed various future collider projects at the 2019 KPS DPF
general meeting

e https://indico.cern.ch/event/844575/overview

* Today, | will focus on the progress on the projects in this year

e Mostly about the dual-readout it Ry

calorimeter detector R&D Future Collider Projects

e \We had the dedicated focus
session at 2020 KPS fall meeting

* https://indico.cern.ch/event/966662/

Meeting for long-term strategy of HEP in Korea
September 21¢, 2019


https://indico.cern.ch/event/844575/overview

FCC Project

* Programs in two phase

e Phase 1: FCC-ee (Z, W, H, tt) as Higgs, EW and

top factory
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e Precision measurements! => Higgs factory!

- PD (RF)
e Higgs factory (HZ): 108

e EW & Top factory

¢ 5x1072(Z), 108 (WW), 106 (tt)
* Flavour factory
PG (IP) e 5x102 (Z->bb, cc, tautau)

e QED, QCD, BSM, etc.



Roadmap of FC Projects

 Time flies very fast!

B Proton collider

Possible scenarios of future colliders B Electron collider
! Electron-Proton collider
wwsss Construction/Transformation

i 4 yours LA ILC: 250 GeV Preparation

= 20km tunnel 2 ab"

q
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.s
= { 100km tunnel
o
150-365 GaV

B years : 1.7 !
90/160/250 GeV

100km tunnel 150/10/5 ab

FCC hh: 100 TeV 20-30 ab?

FCC hh: 100 TeV 20-30 ab?

HL-LHC: 13 TeV 3-4 ab" ' HE-LHC: 27 TeV 10 ab*

CERN

2years  Gyears  LMeC: 1.2TeV
0.25-1 abt®

\\rcc«: 3.5TeV2ab!

3 years CLIC: 380 GeV 3 TeV
11 km tunnel S ab?

m tunnel

2020 2030 2040 2050 2060 2070 2080 2090



Recent Update

FCC Roadmap

5030 2037 2040 first

FCC roa d m a p start tunnel machine collisions

construction  installation

2028 approval
2026/7
ESPPU
2025/26
2014 FCC 2020 feasibility
study kickoff ESPPU 2020 FCCIS proof

2018 FCCCDR

2013 kickoff

ESPPU

today

2012 Higgs discovery announced

2011 circular Higgs factory proposal

Patrick Janot FCC Physics and Experiments General meeting
28 Sep 2020




FCC-ee Detector Concept

e Korean team led the design of the Dual-Readout Calorimeter (DRC) for IDEA detector

* |ncluded in the CDRs of both FCC-ee and CEPC, published at the end of 2018

e Current efforts from experimental side are concentrated on the DRC R&D

CLD

+ Consolidated option based on the detector design
developed for CLIC
a All silicon vertex detector and tracker
a 3D-imaging highly-granular calorimeter system

a Coil outside calorimeter system

+ Proven concept, understood performance

Released
November 2018

CEPC

Conceptual Design Report

Instrumented return yoke

Double Readout Calorimeter

e O

IDEA

+ New, innovative, possibly more cost-effective design

a Silicon vertex detector

a Short-drift, ultra-light wire chamber
a Dual-readout calorimeter

a Thin and light solenoid coil inside calorimeter system

Almost same detector concept for CEPC
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Dual-Readout Calorlmeter D

Signal generation: Scintillating & Cerenkov fibers

The dual-readout calorimetry

The major difficulty of measuring energy of hadronic
shower comes from the fluctuation of EM fraction of a
shower, f_em.

f_em can be measured by implementing two different
channels with different h/e response in a calorimeter.

e I
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Dual-readout calorimeter offers high-quality energy
measurement for both EM particles and hadrons.

Excellent energy resolution for hadrons can be achieved by
measuring f_em and correcting the energy of hadron
event-by-event.
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DRC Geometry and Module

Instrumented return yoke
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International Collaboration

Prof. Hyonsuk Jo (KNU)
Prof. Jason Lee (UoS)
Prof. Sehwook Lee (KNU)
Prof. Hwidong Yoo (YU)

Full-size
prototype 1y ofmme
&
detector J@ Déﬂ
®
g5 K

' Prof. Yuii Enari

Mechanical supporter [l 9.2x9.2cm modules: 9
3D-printing module Il 1/2 modules: 13 (Opt1)
M 1/2 modules: 11 (Opt2)

Big international collaboration
for Dual-Readout Calorimeter
is forming

- Regular meeting

- Compensated R&D options
- Combine efforts

@ Prof. Rong-Shyang Lu
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Bucatini Project




Goal of DRC R&D in Korea

* Primary goal: build a prototype detector for the detector design of FCC-ee experiment

5 year R&D funding supported by Korea NRF

Contain almost (97.5%) full hadronic shower energy

Demonstrate engineering aspects for full geometry detector

Optimize the performance of the detector Prototype Detector (2025)

5x5 (460 mm)

* Secondary goal: train next generations as experts of the (DRC) detector

2017-9  2020-1  2022-5

\ 4

Propose a design of Dual-Readout Calorimeter to IDEA
detector concept

Perform R&D (including engineering aspects) based on HW
& SW

Heile1y/o -8 Build 4x4 detector and perform test beams

Production micie Mechanical supporter [l 9.2x9.2cm modules: 9

3D-printing module [l 1/2 modules: 13 (Opt1)
10 ¥ 1/2 modules: 11 (Opt2)



Brief Roadmap in Korea

Phase 1 (R&D) Phase 2 (Production)

< >4 >

Module R&D

Cu forming R&D
Readout R&D

1 test module
2x2 & test beam
3x3 & test beam

fullsize & test beam

2020 2021 2022 2023 2024 2025

More details will be defined and decided on the way!
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Domestic Collaboration

H.S.Jo S.H.Lee S.W.Lee H.D. Yoo DR Cal. J. Hauptman

Steering YN NN Advisory YRS
Committee : Committee

Hardware Electronics Software

| FPGA exper
§ is welcome! |

Mechanical

Module s

Cu forming

Reco/plID

» Y.J. Lee
Trigger/ )TICE

Readout DAQ rea

Magnetic
We n eed you"' DD4HEP GEANT4 Performance Field



Physics Topics with DRC

* Considerable physics objects with DR Cal: (for example) Higgs->gg, bb, cc, TT, vy, 2y, ZZ, WW, invisible

* Physics object goals

@ 009F T T T T T T T T T T T T T =
S o.08f —Z -
e Hadronic channel > -w W H -
8 0.07F —H y 4 =
o W/Z/H mass separation: energy resolution 3-4% level g 0.06 —i
0.05 =
e 5D information: energy + hit (3D) + timing 0.04 _E
e Excellent jet flavour tagging 0.03 _;
0.02 =
e Need a co-work with VTX (tracking) detector R&D group 0.01 _f
0 5= g I ST O R T T * E
e Discriminate quark (u, b, c) and gluon jets with ML 60 80 100 120 140

M, [GeV]

Tau channel
Many more items possible!

o Clear separation gamma and pi® reconstruction

¢ Collimated topologies: separate gamma from close to hadronic showers

Related PID is quite important

* Need to check all necessary detector requirement for each physics topics (objects)
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List of Current On-going Effort

Topic Name Status
Module
Forming: , molding, cutting H.D. Yoo (YU) Sample produced
Absorber type: , Pb, W, Fe K.Y. Hwang (YU) _ _ _
On-going (simulation)
Length: 2.0 m vs. K.Y. Hwang (YU)
Electronics
SiPM design R&D B.B. Kim (KNU) On-going
Simulation/Performance
Calibration K.Y. Hwang (YU) On-going
EM energy resolution S.H. Ko (SNU), Preliminary
Pion & jet energy resolution K.Y. Hwang (YU)
Position and angular resolutions M.S. Kim (YU) Preliminary
Fast optical photon transport S.H. Ko (SNU) Preliminary
Magnetic field J.H. Lee (KNU) Started
Physics cases: W, Z, H K.Y. Hwang (YU) Started
SW infrastructure
Migration to Key4Hep S.H. Ko (SNU) Preliminary
ML-based application
Discrimination: electron vs. pion o
Y.J. Lee (UoS) Preliminary

Discrimination: quark vs gluon jets

GAN: fast simulation J.S. Park, D.Y. Kim (UoS) On-going




Module Building (2016)

e For 2016 test beam, two Cu modules were produced by cutting
e This technical approach has already been proved well by previous module building

e Testing innovative 3D printing for alternative possibility at 2020




New Module Design (2020)

* Produced samples using 3D metal printer F

[T
A
v
>

e Pure Cu density: > 99 (95)%
* Projective, rectangular
* ~1.0 (1.3) mm diameter hole for fibers

e ~0.5(0.7) mm separation between two holes

e Different size between front and end (projective shape)

Stack 50 pieces

(5 cm per each)

L 527
Jl}i}llh}llwll{ ll,"hhul Il ‘|‘I‘I}‘!\|I}[“I‘I”l‘|‘I]l‘l‘lk ‘vlmluﬂun!nllll\:!l\j!hr|l|‘||]|‘||‘h‘|1‘h.|ul.n)l‘
T il T *[ DETAILC(10:1)
\H\ \L“[ [ H H\ H H H JJ M \Hll\ \L\L
54.7 . sa7 v
< >
With 3D printing consultant company in Korea 9.5 x9.5cm

- have world-wide expert networking Typical structure

16 of wedge tower module



Status of 3D Printing

e Successful outcome for the test samples

* Prototype projective module using 3D printing under discussion
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DD4hep Migration

e Migrate dual-readout simulation framework to dd4hep

More details: S.H. Ko’s talk
in FCC workshop (link)

e DD4hep is the next-generation standard of detector description

e Preliminary version is already provided to FCCSW team

e Good agreement
with GEANT4

With CLIC tracker
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Standalone GEANT4 DD4hep FCCSW
DetectorConstruction() Mimic already existing intd¥fac&>enerators MDI codes link
LHES (el MDI formats
GEANT4 DD4hep Pythia HopEvt / MO format
Interface HepMC reader readers
GEANT4 |—>] Proto-EDM > \t \}/ Pileup / MDI overlay
Proto-EDM H  GeoSvc Yorface ' ' ' -
G4 Full / Fast DO4hep
I 3 Geometry
\L Reconstruction -
Analysis Analysis
EC EC
Entries 1000 Entries 1000
- Mean 20.08 < 180 Mean 20.11
@ 180 — Std Dev 0.9529 I E Std Dev 0.9628
C %2/ ndf 11.03/14 C %2/ ndf 16/15
1604 DD4hep Constant 169.4 £ 6.9 60— GEANT4 Constant 1705+ 6.7
C Mean 20.09 £0.03 - Mean 20.13+0.03
1a0— Sigma 0.9347 £ 0.0247 140(— Sigma 0.9226 = 0.0212
o ES F ES
L Entries 1000 120/— Entries 1000
120— Mean 19.92 E Mean 20.02
- Std Dev 0.8692 F Std Dev 0.8913
100[— %2 / ndf 13.44 /11 100— %2/ ndf 11/12
- Constant 177.3+6.8 E Constant 176.2£6.9
80— Mean 19.93+0.03 80— Mean 20.01£0.03
- Sigma 0.892 + 0.020 C Sigma 0.8968 + 0.0211
60— 60—
40 } 40—
201~ \\[ 20— \
0:....|....|....|_..|...|....|....|.... 0:....|....|..‘.| I IR U B R B
0 5 10 15 20 25 30 35 40 0 10 15 20 25 30 35 40
GeV GeV



https://indico.in2p3.fr/event/20792/contributions/81821/attachments/58705/78970/Software-Status-FCC-France-May2020.pdf
https://indico.cern.ch/event/932973/contributions/4062152/attachments/2141300/3608085/201112_FCCworkshop.pdf

(Semi-)Fast Simulation

* Full GEANT4 simulation of optical photon
tracking explodes CPU cost: O(h)/evt

* Developing fast simulation for optical
photon tracking: O(few mins)/evt

* Excellent consistency of the detector
performance with DD4HEP and Semi-Fullsim

EM validation

o/E
o
=

= 2000mm Wedge geometry EM energy resolution is measured with 5 different energy electron beams.
= Stochastic terms of energy resolutions are similar.

Kyuyeong Hwang (Yonsei Univ.) 2020. 11. 09 4

Important for a longitudinally
unsegmented calorimeter
2000mm Energy Resolution (MC TF) 2000mm DR EM Energy Resolution
0.09
C:0.178/VE+0. u - ™~ i z /YE+0.
b DDAHEP ||t <we'e et o [ceanta ]| HenmEn
N 52;‘0.1394:) WIE+§.01393 r * N : $:0 1302;»{8%‘0501497
,, Rt T S-S S K 0seel
Sum : 0.114/fE+0.00212 0'07: T N S C+5:0.119/{E+0.00229
TN ¥in:547/6 r ~— . %¥/n:3.152/3
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e -y 0.03—
1\"'\ 0.02]-
045 040 035 080 025 020 015 010 005 T T R KRN RN S ¥ T B X
1/{E 1VE

More details: S.H. Ko’s talk
in FCC workshop (link)


https://indico.cern.ch/event/932973/contributions/4062152/attachments/2141300/3608085/201112_FCCworkshop.pdf

o/E

Energy Resolution

* Production of calibration constant with full GEANT4 simulation is on-going

 Both barrel and endcap have been done

* Excellent EM and hadronic energy resolutions obtained by GEANT4 simulation
Calibration Constants

e EM energy resolution: ~11%/sqrt(E)

e Jet energy resolution: ~26%/sqrt(E)

.10 4

0.08 4

.06 4

0.04 4

0.02 1

C : 0.182/vE+0.007
S:0.130/vVE+0.015
C+S : 0.113/vE+0.003

EM Energy Resolution

0.00

T T T T T 1 T
0.45 0.40 0.35 0.30 0.25 0.20 0.15

1/VE

0.10

0.10

0.05 1

C :0.793+0.094//E+0.059+0.011
S :0.241+0.056/+/ E+0.026+0.007

Resolution

DR : 0.259+0.035/ VE+0.017+0.004 ||

\\

[ - —

Jet Energy Resolution

.14 0.13 0.12 0.11 0.10
UWE
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Scintillation Calibration constant
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res [mm]

Position Resolution

 Tested by e~ beams of 6 different energies Rear end —p iy
* 10, 20, 40, 60, 80 and100 GeV B G
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ML-based Application

ML will be used widely in dual-readout calorimeter R&D

Average scintillation energy images

More details:
Y.J. Lee’s talk
in CEPC workshop

v ¢  (link)
Quark Gluon 10 ROC curve
c 0.8 \
@)
2.0.6 ~80% gluon rejection
o at 80% quark efficiency
[0
— 0.4
C
-}
¢ ¢ S
O 0.2
Image data format under development Image - AUC:0.8752
Point cloud - AUC:0.8762
Sampling from 0%0 02 04 06 08 10
RedliEsameles ' Quark |et Efficiency
Geant4 IMG O
Real [ e*10,000events_GEANT4
D % CMS ECAL e+10,000events_GAN
Discriminator sike 2\
Based on CNN X A “
G . . . . [
R Coneroto foxe Average scintillation energy images |
mage 6 16
Latent Variables Baed on CNN SAN G
sampled from
Noise Distribution
GAN
——] GEANT4

Energy of shower (GeV)


https://indico.ihep.ac.cn/event/11444/session/8/contribution/135/material/slides/0.pdf

* Target to Nov. of 2021 (TBD), using SPS (CERN)

e Physics goal: 1) measurement of nuclear interaction length using
proton, 2) measurement of energy and position resolution

 R&D goal: 1) readout test (MCP vs. SiPM), 2) optical fibers
(various types), 3) time resolution (< 50 ps processing)

e Training goal: next generation experts for DRC HW
e Start rebuilding & upgrading two modules (under preparation)

e We will have a training program for beginners! (TBA)

e Brainstorming idea discussions just started!!

Nov. 2020 Mar. 2021 Jun. 2021 Sep. 2021 Nov. 2021

I I I I I
I I I I |
Rebuild Module Setup Electronics Test / Commissioning Shipping module Test Beam
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Preparation for Rebuilding

/Aug.2020  Dec. 2020 Feb. 2021 I
Ready for .
rebuilding

n of rebuilding (3600 fibers/module)

Module #2 (3x3)

e T oS 1] dower 2 450 S/ tower 200 S/ tower

gt 450 C/ tower 200 C/ tower

} flower 3 | Toweri4

i,
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Snowmass21 (SM2021)

e Excellent opportunity to
e [ntegrate US and world-wide research campaign

e Increase visibility our local activity to international
colleagues

e International dual-readout team prepared a single letter of
interest (Lol): overview of dual-readout activities

Dual-Readout Calorimetry Letter of Intent — Snowmass 2021 August 15, 2020

Dual-Readout Calorimetry

Letter of Intent

3 Authors:

Jinky Agarwalal’z, Nural Akchurin3, Sebastiano Albergo4’5, Massimiliano Antonello6‘7, Sunanda
Banerjees, Franco Bedeschi®, Mihaela Bezak'®, Massimo Caccia®’, Valery Chmill'®, Christo-
pher Cowden?, Jordan Damgov3, Sarah C. Eno'!, Roberto Ferrari?, Gerardo Ganis'2, Gabriella
Gaudio?, Paolo Giacomelli*®, Stefano Giagu“’ls, John Hauptmanlﬁ, Clement Helsens'2, Bob
Hirosky!”, Aneliya Karadzhinova-Ferrer'®, Sanghyun Ko'®, Shuichi Kunori®, Jason Lee!’, Se-
hwook Leezo, Yong Liu21, Marco Lucchinizz, Harvey Newman23, Toyoko Orimot024, Lorenzo
Pezzottil’z, Giacomo Poleselloz, Edoardo Proserpio6‘7, Jianming Qianzs, Manqi Ruan21, 2eljko
Samec'® Romualdo Santor06’7, Alan Sill3, Christopher G. TuIIy22, lacopo Vivarel|i26, Valentin
VoIkI12, Hwidong Y0027, Ren-Yuan Zhu®®

YUniversita degli Studi di Pavia; 2INFN, Pavia; >Texas Tech University; “Universita degli Studi
di Catania; *INFN, Catania; ®Universita degli Studi dell'Insubria; ’INFN, Milano; 3Fermi Na-
tional Laboratory; ’INFN, Pisa; '°Ruder Bogkovi¢ Institute; ! University of Maryland; ?CERN;
BBINFN, Bologna; “Universita La Sapienza, Roma; INFN, Roma I; lowa State University;
Yyniversity of Virginia; *Seoul National University; “*University of Seoul; 2Kyungpook Na-
tional University; 2 IHEP, Beijing; 22Princeton University; 2>California Institute of Technology;
Z4Northeastern University; 2>University of Michigan; 2°University of Sussex; 2’ Yonsei Univer-

sity.

e https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF6-008.pdf

e Additional 7 Lols related to the dual-readout calorimeter R&D project have been submitted

too!

e Various MC production such as multi-jets, Higgs and tau events are underway with GEANT4

+ DD4hep infrastructure

e Aim to deliver 1st set of MC samples during Nov.

e |[f interest using our MC samples, please contact us! (hdyoo@cern.ch)
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SM2021 with DRC in Korea

Feasibility study of combining a MIP Timing
Topic 1: Feasibility study of combining a MIP Timing Detector with the Dual-readout Calorimeter Detector with the Dual-Readout Calorimeter at
" . + - .
at future e+e- colliders (link) future e*e~ colliders

J.H. Yoo!, S.W. Lee, C.S. Moon?, S.H. Ko®, D. Stuart?, S.H. Lee®,
and J.W. Park, H.D. Yoo *¢

e Collaborators: D. Stuart (UCSB), C.S. Moon (KNU), J.H. Yoo (Korea Univ.) "Korea University, Republic of Korea

?Kyungpook National University, Republic of Korea
3Seoul National University, Republic of Korea
4University of California, Santa Barbara, USA

5University of Seoul, Republic of Korea

Topic 2: Heavy flavor tagging using machine learning technique with silicon vertex detector and ®Yonsei University, Republic of Korea
Dual-Readout Calorimeter at future e+e- colliders (link) August 30, 2020

Heavy flavour tagging using machine learning

o Collaborators: J. Huang (BNL), Q. Hu (LLNL), S.H. Lim (PNU) technique with silicon vertex detector and

Dual-Readout Calorimeter at future eTe™ colliders

J. Huang!, Q. Hu?, S.H. Lim®, S.H. Lee, Y.J. Lee?, and S.W. Kim,

Topic 3: tau reconstruction and identification using machine learning technique with Dual-Readout H.D. Yoo
Calorimeter at future e+e- colliders (link) *Lwtence Livenone Notional Laboratory, USA

3Pusan National University, Republic of Korea
4University of Seoul, Republic of Korea
®Yonsei University, Republic of Korea

e Collaborators: M. Murray (U. of Kansas), Y.S. Kim (Sejong Univ.), Y.J. Kwon (Yonsei Univ.)

August 31, 2020

Topic 4: Sensitivity study of H->Zgamma with Dual-Readout Calorimeter at future e+e- colliders (link)  + reconstruction and identification using machine

learning technique with Dual-Readout Calorimeter
at future ete™ colliders

e Collaborators: Y. Maravin (Kansas State Univ.), K.W. Nam (Kansas State Univ.)

Y.S. Kim?!, M. Murray?, and K.H. Kim, Y.J. Kwon, H.D. Yoo *3

1Sejong University, Republic of Korea
2University of Kansas, USA

Topic 5: Multi-object identification with Dual-Readout Calorimeter at future e+e- colliders (link) “Yonsel University, Republic of Korea

August 30, 2020

o Collaborators: P. Chang (UCSD)

Sensitivity study of H — Z+ with Dual-Readout
Calorimeter at future ee™ colliders

Topic 6: Dual-Readout Calorimeter for the future Electron-lon Collider (link) KW, Nam, Y. Maravin! and H.D. Yoo *2

'Kansas State University, USA
ZYonsei University, Republic of Korea

e Collaborators: S.H. Lim (PNU), H.S. Jo (KNU), Y.S. Kim (Sejong Univ.)

August 30, 2020

Topic 7: Fast optical photon transport at GEANT4 with Dual-Readout Calorimeter at future Multicobjoct identification with Dual-Readout Calorimeter
e+e- colliders (I|nk) at future e*e™ colliders

P. Chang?, S. K. Ha’, K. Y. Hwang®, H. D. Yoo

@ University of California San Diego, USA
b Yonsei University, Republic of Korea
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https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF6_IF3_Hwidong_Yoo-059.pdf
https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF6_IF3_Hwidong_Yoo-061.pdf
https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF6_IF0-EF1_EF0_Hwidong_Yoo-063.pdf
https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF6_IF0-EF1_EF2_Hwidong_Yoo-062.pdf
https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF6_IF0-EF1_EF2_EF3_EF4_Philip_Chang-024.pdf
https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF6_IF3-EF7_EF6_Hwidong_Yoo-081.pdf
https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF6_IF0-CompF2_CompF0_Hwidong_Yoo-060.pdf

MC Taskforce for SM2021

e Technical goal in our team: develop a proper MC sample infrastructure with
the DRC R&D project

* Practical goal for SM2021: provide physics MC samples with full GEANT4
simulation of the DRC detector (for the IDEA detector) to user groups

* We will help users can study the physics sensitivity under much more realistic
experimental environment

MC production checklist

GEN-lv  Matrix-element (H, Z, W, 1) kinematics (Pt, n, Parton kinematics Fermion(Z—ff) & y T decay particle kinematics
®) kinematics
Matrix-element particle mass Mono-boson invariant mass, Z boson invariant mass, Pt T invariant mass, Pt
Pt
MET kinematics Di-boson invariant mass, Pt H invariant mass, Pt T branching fraction

Final state lepton kinematics (leptonic channel)

Kinematics with Fastjet clustering (hadronic

channel)
SIM-Iv Total energy deposit Energy deposit with Fastjet clustering
MET kinematics
RECO- S, C, DR energy S, C energy with Fastjet clustering

v
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Korea National Contact for FCC

e FCC national contact: Prof. Pyungwon Ko (KIAS)

e Deputy: Prof. Hwidong Yoo (Yonsei Univ.)

* First kick-off meeting for FCC national contact held during FCC

workshop (link)

o G e n e ral i nt rO d u Ct i O n Of started early in 2020 and will conclude next Summer.

Coordinated the submission of FCC-ee LOls to inform and engage community. Work on LOls is ongoing.

eaC h CO u N t ry ,S C u rre nt Paper expected by March ‘21,

Under the leadership of Sarah Eno, formed of group (O(30) US Pls) interested in e+e- physics. Organized

e I I O rt lecture series to inform this group more broadly and share expertise.

We see this group as a seed for a future US - FCC-ee group. Considering an in-person workshop during the FCC ee E.ﬁ.’o rtS

Fall 2021.

US funding agencies have expressed support for CERN and its future projects Status In Korea

FCC-ee and the Snowmass’21 Process US FCC-ee EffO['tS

The Snowmass Process is organized by the Division of Particles and Fields (DPF) of the American Physical
Society. Snowmass is an opportunity for the entire HEP community to come together to identify and
document a vision for the future of particle physics in the U.S. and its international partners. Process

[ Inltlal Organlzatlon: EU |Joe|Buttler(FNAL)&MarkusKIute(MIT)l
countries, US, Korea

International Partners
in Category — 4
with FCC activities

G. Bernardi’s summary talk (link)

« Detoctor R&D activity prototype dual-readout calorimeter

* Organize Korea FCC consortium recently

3D printed copper block for

* Dual-Readout Calorimeter R&D since 2017
« Participate in the FCC-ee CDR published in 2019 (IDEA detector)

« Plan to build full size prototype detector

« Big national R&D funding: ~$2M/5y, 2020 - 2025)
« 4 faculties, 3 postdocs, and 11 students in the R&D team
« Potential participation: silicon tracker, RPC/GEM, trigger

« Experts from ALICE, BELLE, CMS experiments in Korea

* ML applications are under study using HPC and super-com

'I Prof. Pyungwon Ko (KIAS), Prof. Hwidong Yoo (Yonssi Univ., deputyyl

« Many other faculties join (from both exp. and th.)

1
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https://indico.cern.ch/event/932973/
https://indico.cern.ch/event/966926/contributions/4129362/attachments/2152755/3630254/FCC-countries-30-11-2020.pdf

Summary

e Dual-Readout Calorimeter R&D project for future e+e- collider in Korea is very active

Prototype Detector (2025)

5x5 (460 mm)

* Build and test full size prototype DRC detector by 2025

* HW R&D and simulation studies for performance and ML applications on-
going

* Test beam 2021 is under discussion and preparation

* Rebuild two modules for the 1st test-beam experiment Mschamcst aupperter. H 9.5:5.2om mockiles: 9

3D-printing module [l 1/2 modules: 13 (Opt1)
M 1/2 modules: 11 (Opt2)

e Various Snowmass21 plans are in pipeline

* \We welcome to join us: more opportunities waiting for you!

Doyoung Kim Yun Eo Kyuyoung Hwang

Sanghyun Ko
A g N
A , ;V

\

» e

v .
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Roadmap of DRC Prototype Detector

Prototype Detector (2021) Prototype Detector (2022) Prototype Detector (2023)

5x5 (460 mm) 5x5 (460 mm) ) 5x5 (460 mm)

Prototype Detector (2025)

Prototype Detector (2024)
5x5 (460 mm)

5x5 (460 mm)

-
-

Mechanical supporter [l 9.2x9.2cm modules: 9

3D-printing module M 1/2 modules: 13 (Opt1)
M 1/2 modules: 11 (Opt2)




Goal of Test Beam

Physics goal
 Measurement of nuclear interaction length using proton/pion

e Measurement of energy and position resolutions

R&D goal
e Readout system test (MCP-PMT & SiPM)

e Study of various type of optical fibers (scintillation) w.

e Time resolution ( < 50 ps processing)

Training goal

e Training next generation experts for DRC HW

Time line of test beam at SPS (CERN)

Aug. 2020 Nov. 2020 Mar. 2020 Jun. 2021 Sep. 2021 Nov. 2021
—_—
Preparation of Rebuilding Test / Shipping Test Beam
Test Beam modules DAQ setup Commissioning to CERN TBD
started

32



Two Modules for Test Beam

Cross sectional view of module Making grooves by cutting Single fiber on the plate
04 1.5 1.0 - | =

@ e e e e

e Ve ee el

Cerenkov (C)

Scintillation (S)

Cu:Te(Cu260,tellurium 0.35%)

Two modules (Full version)

Befbre shippinggo Koréa '\ Fibers with Cerenkov reflector

=P "60x60 _ wm




Configuration of Fibers for Test Beam

Front view of prototype detector . . .
prototyp Combination of fibers for Module#1
(4X4 modules)
- Tower #1 Tower #2 Tower #3 Tower #4
-------------- ! Scintillation ROt/md Roynd Roynd Sqt;are
v fibers Single cladding | Single cladding Single cladding
Module #1 Round Round Round Round
Cherenkov fibers / / / /
Tower# | Tower# Single cladding | Single cladding | Single cladding | Single cladding
1 2
2 PMTs
Tower# | Tower# Readait detactor or 2 MCP-PMTs 2 PMTs 2 PMTs
3 4 Radial direction (274 ch) 2 MPPCs
Combination of fibers for Module#2
: Tower #1~4 and #6~9 Tower #5
I
: Round Round
: Scintillation fibers / /
Single cladding Single cladding
I » Module #2
Round Round
Tower# | Tower# | Tower# Cherenkov fibers / /
! 2 3 Single cladding Single cladding
Tower# | Tower# | Tower#
Readout detector .
4 5 6
(400+16 ch) 16 PMTs 400 SiPMs
Tower# | Tower# | Tower#
e e e 8. L9 | Radialdirection o e e e o —— —
Characteristics of scintillation and Cherenkov fibers Kuraray product catalog
Fiber Cladding type
types . L . .
Light yp materials Refractive index Density (g/cms3) Single
types ) '
Square fiber Round fiber NIM A 762 (2014) 100, N. Akchurin et al.
Core Polystylene Absorber: Pb or Cu
(D=0.97 mm) (PS) 1.59 1.05 o o o e  lmm
Scintillation Single cladding Polymethylmethacrylate @)
(Kuraray) (2% of D) (PMMA) 1.49 1.19 o o
Extra cladding Fluorinated polymer
(2% of D) (FP) 1.42 1.43 X X 0]
. ____________________________________________ _______________________________________________ ___________________ ______________ ___________|
Polymethylmethacrylate
Core 1.49 1.19 X 0] X
Cherenkov (PMMA) PM | , = -
(Mitsubishi) ; PMMA Fluorinated P
Single cladding Fluorinated polymer 1.42 1.43 X 0 X
FP) 34




Virtual Lab

For future remote-collaboration circumstance T g

AR/VR 28 HZZHIX| 2|

Build up a solution for remote hardware work

rrrrrrrrr

2|44 g M B
PNEDB o (3DZY B3

e [For both domestic and international teams

Two different approach
e Professional activity
e Training beginners

Prototype version can be tested for the module rebuilding
e EXperienced experts are located remotely

e May need to train new comers remotely (or school via virtual lab)
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Current Idea: AR Training

MS HololLens 2

Workspace at YU

—— -

Their hands free to do the work.

e Show demonstration
e Explain details of hardware building
with live-streaming
e Via Zoom or Skype

e Record rebuilding => database

They can troubleshoot,
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Current Idea: Professional

e Need ultra high-quality live-streaming system

e To see and recognize “subtle” details
e Current “fancy” VR/AR (ex: HoloLenz2) can not provide suitable solution

e Key technology for the solution: NDI (network device interface), PTZ camera
(pan-tilt-zoom camera), and 4k UHD live-streaming

Remote lab [

= et

Full HD 1080p | | 4K Ultra HD




