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Future Collider Projects in HEP

* Many next generation experiments are under discussion

e Linear colliders: ILC (Japan), CLIC (CERN)
e Circular colliders: FCC-ee/eh/hh (CERN), CEPC/SPPC (China)

e HlI colliders: EIC (US)
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Updated News: ILC

e https://agenda.linearcollider.org/event/9211/contributions/49147/
attachments/37382/58558/ILCX Oct.2021.pdf

Message from MEXT (March 2021)

Message given by the MEXT Minister

- The ILC project needs to resolve its various challenges including its international cost
sharing and technical feasibility, as well as to obtain broad internal and external cooperation
not for its pre-laboratory but for the ILC project itself.

- Under the current situation that the perspective of broad internal and external cooperation
for the ILC project itself as well as its pre-laboratory is not promised, it is difficult to obtain
the people’s understanding in Japan for investing the pre-laboratory. It is necessary to
obtain the clear perspectives on financial contributions to the ILC project itself from the US
and European countries in prior considering the pre-laboratory.”

Three keys to move ILC forward given by MEXT:
1. Technical feasibility (¢ Prelab)

2. International cost sharing (¢ Governments, IDT, Phys. community)
3. Broad consensus in Japan (& Japanese phys. community)



https://agenda.linearcollider.org/event/9211/contributions/49147/attachments/37382/58558/ILCX_Oct.2021.pdf
https://agenda.linearcollider.org/event/9211/contributions/49147/attachments/37382/58558/ILCX_Oct.2021.pdf

Updated News: CEPC

e https://indico.ihep.ac.cn/event/15229/other-view?view=standard

» 2013-2025: Key technology R&D, from CDR to TDR, Site selection, Intl. Collab.
> ldeal situation: Approval in the 15 Five-Year Plan, schedule will be shifted accordingly
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Updated News: FCC

e FCC feasibility study organization

The PED Pillar Organisation - preliminary

FCC PED Study

Speakers Board, Editorial Board

Informal forumof | — | : : e N P L= s G
: Dissemination & Communication
National Contacts Coordination : Detector R&D
Secretariat Group
G. Bernardi, T. Lesiak G. Salam, P. Janot
Detector R&D
e e Femmmmmmm— e Group
. . a . Detector R&D
EPOL MDI Physics Software Physics Physics Detector Group
(FeC-ee) (FCC-ee) & Computing Programme Performance Concepts
IncIuding\ Detector R&D
J. Wenninger M. Boscolo G. Ganis M. McCullough P. Azzi M.Dam | magnets Gredp
A.Blondel  N.Bacchetta C.Helsens F. Simon E. Perez TBD
(—31/10/21) (-> 31/10/21) Detector R&D
\ 4 Group

Y
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Collaboration Steering Scientific
Board Committee Advisory Committee
\
FCC Study AIDAInnova
Coordination ECFA R&D Roadmap
CERN EP R&D Effort




Updated News: FCC

(=)  The PED Pillar Objectivesin2025 () Fcc

o  Mostly defined by the general (tight) timeline of the FCC project

Infrastructure and accelerator Physics, Experiments, and Detectors

Milestone / activity Target date | Possible timeline

First e*e” collisions in FCC-ee Early 2040’s | FCC-ee detector commissioning

Start machine installation 2037 Start FCC-ee detector installation

Tunnel completion 2035/36

Start tunnel construction 2030 Start FCC-ee detector construction

Project approval 2028/29 FCC-ee Detector TDR’s and approvals

Next European Strategy Update 2026/27 Next European Strategy Update (ESU)

Key prototypes (feasibility proof) : 2026 FCC-ee Proto-collaborations and Eol’s

PSR ety procd

(*) FSR = Feasibility Study Report ST Adapted from schedule in M. Benedikt's presentation
Patrick Janot Fgé:JYjvr?:l; 52121 g




Korea Future Collider Consortium

e Participants from various fields: accelerator, computing science,
experiment, phenomenology etc.

K"GEJFﬁ‘F?f@ﬁ‘t: 90 — OO km
Energy: 100 TeV (pp) 90-350 GeV (e*e)
Large Hadron Collider (LHC) KO rea FU tU re

Large Electron-Positron Collider (LEP) C o
ollig

Circumference; 27 km
Energy: 14 TeV (pp) 209 GeV (e*e)

Conso 0

Tevatron
Circumference; 6.2 km

The Standard Model in particle physics has successfully explained all the experimental data up to now. Nevertheless, our minds do not rest in
satisfaction because of the baffling questions such as the naturalness problem, the origin of CP violation, the baryogenesis, the non-zero neutrino
masses, and the identity of dark matter. We should carry on our journey to the final theory. One essential measure for one step forward is studying
future colliders, pushing the energy and intensity frontiers of particle colliders. In this regard, we put our minds together and launch the Korea

Future Collider Consortium.

Goal: collaborate scientific activities for future collider projects in Korea such as theoretical approaches, detector R&D, accelerator

R&D, communication etc.

https://sites.google.com/yonsei.ac.kr/korea-fc-consortium (contact to hdyoo@cern.ch if interested)
7
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KFCC Activities: Workshop

Kick-off workshop: Feb. 25 o Co et feetng (ko

Q@ Zoom only
& Hwi Dong Yoo (Yonsei University (KR)), Seung J. Lee (Korea University), pyungwon Ko (Korea Inst. for Advanced Study (KIAS))

Description - Kick-off meeting to discuss activities for future collier projects in Korea

e https://indico.cern.ch/event/1003237/

- consortium homepage: https://sites.google.com/yonsei.ac.kr/korea-fc-consortium

Summer workshop: Aug. 26 - 27

vid f = :
{decconierence =" Future Colider Monthly Meeting £ oiri

Registration
9 & You are registered for this event. L 56 m

e https://indico.cern.ch/event/1063839/ e Bamr

n Chin

ark Christophe Grojean ﬂ Dong Woo Kang ﬂ Dongwoon Kim u Doyeong Kim v
- . ™ a e M e ves

Informal meeting with CERN management: Sep. 3 [t s

26 Aug 2021, 10:00 — 27 Aug 2021, 20:00 Asia/Seoul
@ Zoom only

& Hwi Dong Yoo (Yonsei University (KR)) , Seung J. Lee (Korea University), pyungwon ko (Korea Inst. for Advanced Study (KIAS))

Description - consortium homepage: https://sites.google.com/yonsei.ac.kr/korea-fc-consortium

e https://indico.cern.ch/event/1065948/

organizers: Pyungwon Ko, Jaesik Lee, Seung J. Lee, Myeonghun Park, Minho Son, Jeonghyeon Son, Jaeyeok Yoo, Hwidong Yoo

Fall workshop: Nov. 12 - 14 (invited only) v

Registration e
9 & Youare registered for this event. Check details

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

e https://indico.knu.ac.kr/event/528/timetable/

KFCC brainstorming workshop: Research Trends with Future High-Energy
and Nuclear Physics Facilities

12 Nov 2021, 13:00 — 14 Nov 2021, 13:00 Asia/Seoul

T T 9 I (15) Gyeongju Hilton)
M a n y ta I kS a n d d I S C u S S I O n S We re re C O rd e d a n d M :widong Yoo ii:::twlr:t’;), Sehwook Lee (Kyungpook National University) , Yongseok Oh (Kyungpook National University)

Description # wifi information

available on the indico agenda!

passcord: wsww7w

Consortium Homepage: https://sites.google.com/yonsei.ac.kr/korea-fc-consortium


https://indico.cern.ch/event/1003237/
https://indico.cern.ch/event/1063839/
https://indico.cern.ch/event/1065948/
https://indico.knu.ac.kr/event/528/timetable/

KFCC Activities: Lol vO

Letter of Intent fofw
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Anyone interested, please join us Iin next version!
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KFCC Activities: Al Physicist|

Open for
any detector :* AIP = TRG + DQM + DAQ

SubDetector 1
Monitoring (DQM) 2§

SubDetector 2 :
Combined

FPGA/ASIC
SubDetector 3 Readout to
control multiple
sub-detector
systems

Al Physicist
controller

SubDetector 4

Trigger

SubDetector 5 e

DRC, RPC, GEM, HW HW/SW
MTD, PXL, etc.
(Anytime can join K-FCC program

if available) o (ML-based workflow)



KFCC Activities: Detector Desin‘

-2 Muon (RPC/GEM) Establish the detector design requirement
11



KFCC Activities: Integration

e (Experimental side) prepare at least one module for each subsystem and try “test-beam”
together in “local facility”

e Strategic partnership with accelerator community
e Define the AIP detector concept
e Several guideline sentences for the definition

e Reality with more details . - .
Y Anyone interested, please join us!

Particle beam
RPC

o
GEM




Extension of Collaboration

e Accelerator, civil engineering
CERN FCC Organization

Study Support

Experiments Technical and Organisation R

and Infrastructures Host State and Funding
Detectors Processes

Coordination

E )
R |
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= |
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O |
S Steering Scientific Advisory [
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xR Committee Committee :
B .
. . \
Coordination :
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= Group :
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Summary: KFCC

 Time to imagine!
31 o £C(;o o C

&QANYONE

-°é’?cAN

4 yoy MUST BE IMAGINATIVE, STRONG-HEARTED. YOU MUST
TRY THINGS THAT MAY NOT WORK, AND YOU MUST NOT LET
ANYONE DEFINE YOUR LIMITS BECAUSE OF WHERE YOU
COME FROM. YOUR ONLY LIMIT IS YOUR SouL."’

—GUSTEAU




Summary: KFCC
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Dual-Readout
Calorimeter R&D in Korea

On behalf of
the Korea Dual-Readout Calorimeter Team

Prof. Hyonsuk Jo (KNU)

NP Prof. Yongsun Kim (Sejong U.)

PP  Prof. Sehwook Lee (KNU)

Prof. Sanghoon Lim (PNU)
Prof. Jason Lee (UoS)

Prof. Hwidong Yoo (YU)

17



Intro: Dual-Readout Calorimeter (DRC)

* DRC offers high-quality energy measurement for both EM particles and hadrons \

O .
OROROROROROAORORORORORO)

 DRC consists of two different optical fibers (S, C) in a single component

* The main culprit of poor hadronic energy resolution is fluctuations of the

EM shower components of hadron showers (fem)

* femcan be determined using the measured values of
scintillation and Cerenkov signals

* Excellent hadron energy resolution can be achieved by
correcting the energy of hadron event-by event

S=Efemt (/h)s(l fem)]’ __ (n/e)c=(C/S)(h/e)s
- 1 (C/S)1—(h/e)s| —[1—(h/e)c]
C=E-fem+m(l_fem)]’
gE_>"%C
1l —y
. L 1 — (h/e)s
T e "

§7" Fiber pattern RD52

front view side view

CERN RD52 experiment

Leakage counters

18
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Signal generation: Scintillating & Cerenkov fibers
RO ¢ wop
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Scmtlllatmg fiber:
red light, random

Sci > Cer

Cerenko.\‘/' (cf'ear) fiber:
blue light, directional



Intro: DRC Geometry and Module

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

Double Readout Calorimeter

2T coil

e Included in the CDRs of both FCC-ee and CEPC, published at
the end of 2018 9.2 cm

<
A

Ultra-light Tracker

MAPS

Size of unit

9.2cm
module
IDEA
v (FED))
* Tower 1
Tower 40 T
G )
2.5m

2.5m

=

— —— E——0u——""1 Tower75

P | 0.25m _ R

N



Intro: DRC International Collaboration

Prof. Hyonsuk Jo (KNU)

Prof. Sanghoon Lim (PNU)
Prof. Jason Lee (UoS)
Prof. Sehwook Lee (KNU)
Prof. Hwidong Yoo (YU)

P
LK'mﬁl!
: ¥ QETEN
Full-size RHEK Y
prototype Prof. Yuji Enari
detector

5x5 (460 mm)

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

3D-printing module

[l 1/2 modules: 13 (Opt1)
M 1/2 modules: 11 (Opt2)

<20, gy Prof. Romualdo Santoro (Insubria)

Prof. Rong-Shyang Lu DRC with crystal

Segmented Crystal Option of IDEA

Segmented Crystal ECAL |
+ Precision Timing Layer |EZ
o

Prof. Chia Ming Kuo

Dual readout HCAL

(FE2)

AN
/

DREAM ror Furure

CEP )

y~ Prof. Sarah Eno

Prof. Chris Tully

Prof. Richard Wigmans

ﬁﬁ?@ Prof. John Hauptman

@FN Prof. Paolo Giacomelli (Bologna) Bucatini prototype

Prof. Roberto Ferrari (Pavia)
Prof. Franco Bedeschi (Pisa)

US

wveney  Prof. lacopo Vivarelli

OF SUSSEX

l| E Prof. Valery Chmill
20




Intro: Korea Prototype Detector

e Primary goal: build a prototype detector for the detector design of future collider projects

e 5 year (2020.Mar. - 2025.Feb.) R&D funding supported by Korea NRF ($~0.4M/year, total $~2M for
5 years) => 2nd year in this program

e (Contain almost (97.5%) full hadronic shower energy

e Demonstrate engineering aspects for full geometry detector

Prototype Detector (2025)

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

‘

2017-9  2020-1 2022-5 TBD

5x5 (460 mm)

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 @j=is; Mechanical supporter [l 9.2x9.2cm modules: 9

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




1. Two Module Production

 Two module buildings for initial R&D and upcoming test-beam experiment are on-going

* Various assembly steps are precisely being visited

Test-beam plan

e Qptical fiber treatments Details

Time resolution, shower depth, longitudinal shower

e PMT and electronics R&D Ve profile, light attenuation length etc.
ULULERN Position resolution, EM energy resolution, lateral

shower profile, uniformity etc.

* Housing and assembly kit design Readout test (MCP vs. SiPM)

Time resolution (< 50 ps)

Optical fibers (various types)

Next generation experts for DRC HW

1,0 depth 1,0 width 4,5 1,6 Cu thickness

Module #1 (2x2) Module #2 (3x3)

Specification of fibers

Y G
, SC/I] ) er
A(6:1 @) t’//at,bn fibe, NIM A 762 (2014) 100, N. Akchurin et al.
r

22



Optical Fiber Treatment

* Fibers delivered at early spring

* From Kuraray (S) and
Mitshbishi (C)

2000 grit

After step 3 After step 4 After step 5

23



1st Module Assembly

e We stacked copper plates which optical fibers were inserted for
1st module successfully!




Electronics R&D

Module #1 (2x2)

ower 4] tower 5] Tower 6

Wer 7| Tower 8| Tower 9

Combination of fibers for Module#1

25

Tower #1 Tower #2 Tower #3 Tower #4
Tower#1 Tower#2 o Round Round Fleune Square
Scintillation / / / /
fibers Single cladding | Single cladding Single cladding
Tower#3 Toweri#4 Chfgrenkov Round / Single cladding
ibers
Readout
detector 2 PMTs 2 MCP-PMTs 2 PMTs 2 PMTs
(2*4 ch)
Combination of fibers for Module#2
Toweri#1 Tower#2 | Tower#3 Tower #1~4 and #6~9 Tower #5
Scintillation . .
fibers Round / Single cladding
Cherenkov . .
Tower#4 Tower#5 Tower#6 fibers Round// Single cladding
Readout
detector 16 PMTs 400 SiPMs
(400+16 ch)
Tower#7 Tower#8 Tower#9




Electronics R&D

MCP-PMT: excellent timing performance

e 3 types of PMTs will be tested W oo | o | ae

size / pour size (Bialkali) (ns)

PLANACON scintillation ~7%
XP85012 5353  /25um  atssonm 2400 e ;
The biggest number of pixels (16675) have been chosen 2
: . . T g PLANACON Cerenkov ~21%
to avoid the saturation effect of photon counting for the scintillation lights. XP85112 710 um at400nm 2800 0.5
Photo- : : number : ; is.
— el pixel Ph?stf;- detection )eff. uof o https://www.photonis.com/products/planacon
size llicone resin .
ke pixels * PMT: window size and timing performance
$14160- 1.3x1.3 ~15% ~17% = QE.
13105 (169 mm?) O™ at4o0nm  atssonm 19673 @ Window | (Super bialkali, SBA)
size

Ck.

23x23 ~35%

R11265-100 s at 400 nm  at 550 nm

* Electronics are under production DRS Board

Preamp Board

— A —
S 424 input channels
from PMTs, MPPCs, MCP-PMTs, or SiPMs : - DRS Control PC
Wﬁ‘f sssss + extra inputs for trigger system (480ch) + storage

| Voltage inputs for 400 SiPMs I:

5,0 light shielding wall
200 fibers Fiber support o

Preamp board based on DRS4

L1

PDRS4 waveform

sampling board
(NOTICE)..
4 ] 3

l I Single SiPM

Will be delivered in next week 26

NIM A830 (2016) 119 H. Kim et al.



Supporter & Assembly Kit Design

Bottom base S —
Preamp board A .

Front

-

Footmaster caster

Preamp board A "1; NOTICE KOREA

preamp board B (1.6 mm PCB, 10 holes with 2.1 mm diameter) (
==> SiPM (2.63x2.1 mm~2, 0.85 mm height )

Light Shielding Wall (3.95 mm MC, 6 M2 taps, 14 holes with 2.1 mm diameter)

—

A
optical cookie (3.5x3.5 mm~2 and 3 mm thickness) \Lf PSK
yellow filter (3.5x3.5 mm#2 and 0.1 mm thickness)Kodak Wratten#9 j

25

Fiber Holder (2 mm hard sponge, 5x5 mm~2 at each corners) ==> 32 fiber holes (1 mm)

Filter Cover (5 mm Urethane, 14 holes with 2.1 mm diameter) ==> 32 fiber holes (1 mm)

Dr. Ha brought some pieces. (11/19) ’
- Fiber Frames for SiPM ——
- Two Fiber Bundle Cases for each modules . |

16 PMTs SiPM FEE board

Total weight: 450~500 kg _

©

Module Holder
Cerenkov Holders Dark Case Holder 1
g
ZMCP—/PMTs / /
Module (~150 kg x 2ea) & 6 PMTs SHV panel FEE for PMTs

W100 x L2500 x H100 mm3 - oo g e e AN e e e

Bottom Base (aluminum)
15 mm thickness (~89 kg)
W400 x L3200 x H100 mm3

Frames of Readout System

Universal Multichannel Power Supply System
SY4527Full (600W) 8U, 16 slots
AG7435SN (300 W) 24ch, 3.5 kV, 3.5 mA (9W/ch)

Foot Master Caster
Allowable load of GD-120-F
1000 kg / 1ea
2000 kg / 4ea

I-bolt M20
630 kg / 1ea

4528

cPU
Profile 50100 (13 kg x 2ea) '(Cefault)
W100 x L2600 x H50 mm?3

Delivery today! 27



2. Copper Forming

e \We tried many options (by John Hauptman et al in CERN RD52)

i Overview of Cold Spray

Dr. Mark F. Smith
Cold Spray Workshop
Albuquerque, NM
July 14-15, 1999

o w0 20 a0 a0 sw
Gas Temperature (C)

LI
S G
- e

mask slit width 300 pm 250 um 200 pum 150 um 100 um

‘igure 25: Water-jet grooved plates on the left (2.5 meters long) and the precision rolled
|orresponding grooves on the right.

R
e e e e
o
o
L LR K

s S o= e D (S

A A
J. Hauptman

RD52 Copper Forming (draft)

distribution

John Hauptman, Sehwook Lee, Fabrizio Scuri, Silvia Franchino,
Bobae Kim, Ryonghae Ye, Hyunsuk Jo, Richard Wigmans

15 March 2018

Contents
1 Three options: Rearrange, Remove, or Add Cu atoms

2 Rearranging Cu atoms

2], EXIruSion w.: cmowns siwis ame smens uwms o s Sas et @s 86 s 6w
22 Stamping =z v.55: a2 cEE 1 E0E SME SEE HAISEE SR S ¥
23 Molding . . . . .. ..
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n
: 4.2.2 Stacking wires and fibers . : ......................
43 3D Printing . . . .......... T S E SEE Le D et ShE S S

£ % R W OmS: SR RAY BN
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5.1 Reflectivity of Cerenkov fiber ends: R~ 0.87 . ... .............
5.2 Blacking of scintillation fiber ends: R~0 . .. ... ... ..........

Stacking and fiber management

A Existing modules

Cost comparison of chemical grooving and cutting

w

S Ot Ot ot Ot G

10
12
12
13
13

14
14
14
17
18
18
18
20
23
23

25
26
27

28
28
29
29
29
30
30

30
32
32

33

37

38



Cutting




Bucatini (INFN)
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Cu Forming R&D in Korea

* Precise forming with innovative technology: 3D metal printer

50000
o
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e Easy and cost-effective forming: Lego-like

/ \ / \\
/ \ / \
\ / \
N y f . s e . g
Cerenkov \| Copj Scintillation | Copper
\ fiber / shin \ fiber / shin
\ \ /
\ / \ /
\\7 / \\ yd
Copper shee
e R \ rd h \\
// \\ “/ \\
/ \ / \
[ Scintillation Coppe [ Cerenkov | Copper
\ fiber / shim \ fiber / shim
\ / \ /
\ / \ /
AN e \’\ //
Copper sheet

Figure 27: Direct stacking of copper shims and fibers. The

shims bear the load.

Scintillation |

f
Cerenkov \| Copper
fiber A\ wire
/

fiber )\ wire /\

\ / N/ ‘
[ Scintillation \], Copper [ Cerenkov ‘l"‘ Copper
\ fiber / l \ fiber A

Figure 28: Direct stacking of copper wires (1.05mm diame-
ter) and fibers on 0.5mm copper sheets. The slightly over-
sized copper wires carry the load.
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3D Metal Printing ™
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Quarter Tower
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Nowadays What | have done ...

e Straightening copper wires for lego-like
module (produced 300 wires for two

quarter-tower modules by myself)
NN




Toward Detector Construction

* For TDR, need to demonstrate feasibility of detector construction
IN engineering aspects

Production rate Performance

Forming Assembly Accuracy

Cutting Moderate Difficult Difficult

Bucatini Low Moderate Easy Excellent

3D printing Ultra high Easiest Easiest Perfect

LEGO-like Very low Easy Easy Good
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Supported by .

3. Software Development (%

e Many SW development are on-going!

e Migration to DD4HEP framework

e Faster simulation: developing optical photon transport in GEANT4

=> O(100) times faster

* Migration to Key4HEP framework

e Add digitization, reconstruction, calibration, etc.

Key4HEP migration

fullsim fastsim

EDM4hep

=] ﬂ events;1
| DRealo2dHits
| DigiCalorimeterHits
ﬁ DigiWaveforms
& DigiWaveforms_0
& DigiWaveforms_1
A RawTimeStructs
& RawTimeStructs_0
& RawTimeStructs_1
ﬂ RawCalorimeterHits
X SimCalorimeterHits
4 SimCalorimetertits#0
4| RawWavienStructs
& RawWavilenStructs_0
& RawWavilenStructs_1
HINCParticles
HIMCParticles#0
HIMCParticles#1
ﬂ Leakages
ﬂ Leakages#0
| Leakages#1

GEANT4

WGR16

A v

v0.0.1 V0.0.1_fast

Simulation flow

:l Pythia8 Particle gun |E

DD4hep

| SimG4FtfpBert |

Evolved into
Git_IDEA_CALO_FIBER

GenAlg +

EDM4hep SimG4OpticalPhysicsList |

V0.0.2.3

E | SimG4PrimariesFromEdmTool |: 'I SimG4FastSimPhysicsList | '

v : | SimG4SaveDRcaloHits | :f | SimG4FastSimOpFiberRegion | '

m Key4hep

! I SimG4SaveDRcaloMCTruth I : | SimG4DRcaloActions |

SimG4Alg SimG4Svc

+ EDM4hep
+ Gaudi

I
c
=g
©
c
=3

— Fully compatible with FCCSW at this stage
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With CLIC tracker

DD4HEP migration

DD4hep

Standalone GEANT4 FCCSW

DetectorConstruction()

Mimic already existing intdvisc&enerators MDI codes [link]
LHES il MDI formats
J GEANT4 DD4hep Pymios HopEvi/ 1O format
| - intertac HephiC reader readers
| GEANT4 Proto-EDM | :) Pieup | MDI overlay
Proto-EDM | G4 Full/ Fast DOMes
Geometry
Reconstruction
=

Faster simulation

2000mm Energy Resolution (MC TF)

0.1 A
= C:0.178/YE+0.00643 I
oo [ DD4HEP ||+ 707 |
E ¥ $:0.134//E+0.01393
0.08: ¥2/n:9.01/6
0.07: B - Sum : 0.114/YE+0.00212
E i ¥2in:547/6
o.msE g
00sE- P .
ooaf B \:\
04 e N w0
= ~—__ ~
E y = -
0.03F . S
0.02F T "\.‘.\
0.01F -
0:\ L L1l L1l L1l L1l L1l L1 11l L1
045 040 035 030 025 020 015 010  0.05
1lE
2000mm DR EM Energy Resolution
0.09 r
'ic‘ \t C:0.172/{E+0.00881
0.08 ~. Geant4 ¥2/n:2.006/3
’ ~ ) §:0.132/{E+0.01497
* \\\ %/n:0566/3
0.07' ~
~ C+5:0.119/{E+0.00229
2/n:3.152/3
0.06

o
=3
&

T[T IO [ TT T[T [ TTTT [T

0.04

0.03 . .
Important for a longitudinally

0.02

L R R R N B unsegmented calorimeter




Supported by

Simulation Studies

-

www.Kisti.re.kr

Calibration Constant

o Many S|mu|at|on Stud|es are On_gO|ng '(a) Scintillation Eq const. (b) Cerenkov Eq const.
* First full GEANT4 based simulation performance w
* Using various benchmark physics process (W, Z, Higgs) “F h
070‘ ‘10‘ ‘ IZO‘ 30‘ 40‘ ‘50‘ ‘60 * 70;‘;7w580r nuz ‘O(; 10 20 30 40 50 60 70 To":zr an;;l
E <~ 0.2
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VE EM Energy Resolution Jet Energy Resolution
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Jet identification with ML

Tau identification with ML

Confusion

matrix

0 ROC curve
Average scintillation energy images
Quark Gluon | ﬁ
£08
206 ~80% gluon rejection
Q . . z
o at 80% quark efficiency
[
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Supported by

3D Shower Profile

www.Kisti.re.kr

KiSTi

 Develop novel ideas to exploit timing for longitudinal & 3D

reconstruction

Reconstructed MC truth 3500 1 *hadronic showers often 3500 b
have additional “legs” ]
G Em'inl = 19'96 3000 _: e K Esr"l.nl = 17'29 3000 _:
. =20.84 ] ] . E. =10.22 ]
2500 - ceren 2500 2500 A ceren, 2500
; -'_ ..:sg;' EDR = 20.04 E 0
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£ Ft ’
1000 )0(C
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00 - L e al ) | o -l
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Bonus: Forward Detector for EIC

 |nitial design and feasibility study for ECCE is on-going

Collaboration with
nuclear physicists in Korea
* DRC pre-design is implemented in Fun4All framework

—— 2.5m Copper dual-readout calorimeter

e Absorber type: Cuvs. W 1.25m Copper dual-readout calorimeter

— 1.25m Tungsten compensation calorimeter

Energy resolution vy
c 0.08 1.05
§ | 0.116/VE+0.002 5 O
B oo 0.102/VE+0.007 | . G o4
2 @ =
& — 0.097/VE+0. 033 T g 1osf
0.06 : - T T NPT~ . s L0 PR GO T [T PRI Lo 1.02 =
C 1E
0.04 -
- 0.99F—
0.03F ; : 0.98 z_
- 0.97F—
m r/ 0.96 -
o i VIR U PP, P MW PR S T T PRI BT T B EP
' 0.1 0.15 02 . 025 0.3, 0.35 0.4 0.45 ) 20 40 60 80 100
1/sqrtE Energy
bede Jet energy resolution Hole (different radius per each fiber) mer
w 94or
B F —a— 0,840 0.070/VE + 0.084 = 0010~ Cherenkov
0.4F —=— Scintillation
- —%- 0.220+ 0.053/VE + 0.079 = 0.008_g— DR corrected
0.35 — 0.237+ 0.062/YE + 0.072 = 0.009 , ‘
- SiPM [ N \ f
C || Scintillation | ‘c\ {  Cherenkov
0.3F ‘ ; ‘
= u
0.25F
E Cladding_S
0.2F il
0.15F “ladding_C
0.1 M-
0. 05- PR SN SN S N TN TN S N T ST O T AN SO SO TN S AN SO Y N
0.05 0.1 0.15 0.2 0.25 0.3
1/VE [GeV"?

Beam view



Breaking News!

e US DRC collaboration rises!

CALVISION Collaboration
CALVISION
formed to pursue o
- Coordination International
calorimetry efforts on , [ —T | DN iy b
. 3. Full detector
. 1. Crystal ECAL ; 4. Blue Sky
multiple fronts: Lomalecal | [ g perboar | | iSRG sty — IbEA caorimetry
g Nural Akchurin Harris 2 Contact: Roberto
(UMich) (TTU) (Princeton, MIT) (Caitach) Ak Yoshids Ferarn
°
Cl'ySta| DRO EC3.| TR e 2. 4 pi detector a. C/S separation CALICE calorimetry
L Flber DRO HCAL crystals . integration || implementation H Steve Magill 1w |ODRNL Contact: Roman
. | Ren-Yuan Zhu H chuichi kunod Sarah Eno (Argonne) arcel Demarteau Paschl
* Full Detector studies (CafTech) S (umD)
b. Search for | t
° BIueSky R&D b. Single crystal tests :z:;ogzgec:)\tscos AL
| Junjie Zhu &. Technology b&::;:;dfn‘:z? M Itecians - P Merkel
e | | [doopmercomial | U i
. . ibers, sensors, FE, (Caltech)
Multi-year efforts proposed in e — o)
: Shuichi Kunori CALVISION co-Pls
each area. 1 s .
(U. Virginia) (Taxas Tach) c. Mechanical issues c.scir‘:\lglr:t‘i‘;:ef Alberto Belloni Harvey Newman Andreas Jung
P l — Chris Tully e el Chris Tully Ren-Yuan Zhu Marcel Demarteau
. Test beam planning " S . . : :
e (Princeton) i Chek Sarah Eno Jim Hirschauer Phil Harris
1St phase |S Sp”ng ‘22“ 5 1 an:i:g:dnt:z;:on serf:::::n:)nw Bob Hirosky Hans Wenzel Jim Freeman
S i Chek Ji i i Shuichi K i
Lower level R&D e e e
° S|ng|e modules’ small arrays —— Nural Akchurin Junjie Zhu
. . Simulations
« materials/technology e
evaluations (A A very high-level overview
* Scale up modules in next phase of planned activities follows

ollaboration meeting 17
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Summary: DRC R&D

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

e Build and test full size prototype DRC detector by 2025

e (Collaborate with EU and US teams | 5

e Both HW and SW R&D with all aspects are going well

e Build two modules with various R&D goals

e Design new electronics readout system and assembly kit
* Perform copper forming R&D with 3D metal printing and mechanical stacking methods

e Develop new SW framework to migrate DD4HEP and Key4HEP with fast GEANT4 simulation
e Study GEANT4 simulation and wide patrticle identification with ML technique

e Stay tune more interesting achievements in 2022!
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Roadmap of FC Projects

 Time flies very fast!

B Proton collider

Possible scenarios of future colliders B Electron collider
L] Electron-Proton collider

EIC (BNL
USA Cl ) wwsss Construction/Transformation
- 4 years EAALLN ILC: 250 GeV Preparation
§ 20km tunnel r . -
24
| —
= 100km tunnel
o

150-365 GeV

B years : 1.7 !
90/160/250 GeV

150/10/5 ab+

CERN

2years  Gyears  LMeC: 1.2TeV

0.25-1 ab 1@ (FCC-oh: 3.5 TeV 2 ab!

5 years

3 Tev
—p
11 km tunnel S ab?

m tunnel
[t Ll

2020 2030 2040 2050 2060 2070 2080
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Physics of Future ete- Colliders

e Precision measurements!
=> Higgs factory!

 Higgs factory (HZ): 106
e EW & Top factory

e 5x10'2 (Z), 108 (WW), 106 (tt)
* Flavour factory

e 5x10'2 (Z->bb, cc, tautau)

e QED, QCD, BSM, etc.
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ggH

VBF

Higgs x-sec & BR at HL-LHC

e Extrapolation from current Run2 results

H |11

Total

T T T

ATLAS and CMS
_ Statlst.lcal HL-LHC Projection
— Experimental
Theory Uncertainty [%]

S = ev, er experimen
Vs =14 TeV, 3000 fb™' per experiment

Tot Stat Exp Th

1.6 0.7 08 1.2
3.1 18 13 21
5.7 33 24 40
42 26 1.3 3.1

43 13 18 37

0 002 004

006 008 01 012 0.14
Expected uncertainty

S = ev, per experimen
s =14 TeV, 3000 fb™ iment

T T T T T T T

Total
— Statistical
—— EXperimental
—— Theory

\ Il \II lll lll l|| L

ATLAS and CMS
HL-LHC Projection

Uncertainty [%]

Tot Stat Exp Th
26 10 15 19

29 12 15 22
28 11 12 23
29 14 13 22
44 15 13 40

82 74 15 30

5 1

1 1 1 1

19.1143 3.2 122

005 01

015 02 025
Expected uncertainty



Higgs Couplings at FCC

e Goal is < 1% precision

Collider HL—LHC ILCQ50 CLIC380 LEP3240 CEPCz5o FCC—ee240+365
Lumi (ab™") 3 2 1 3 5 5240 +1.5365] + HL-LHC
Years 25 15 8 6 7 3 +4

6Ts/Tr (%) SM| 3.6 4.7 3.6 28 2.7 1.3 1.1
sgtzz/ 9uzz (90) 1.5 0.3  0.60] 0.32 0.25 0.2 0.17 0.16
S foiwrw (J0) 1.7 1.7 1.0 1.7 14 1.3 0.43 0.40
Sgttbb/gtn (%0) 3.7 1.7 2.1 1.8 1.3 1.3 0.61 0.56
5gttco/ grce (%) SM| 2.3 4.4 2.3 2.2 1.7 1.21 1.18
69t1ee/9tes (70) 2.5 2.2 2.6 2.1 1.5 1.6/ 1.01 0.90
Py p— (Y 1.9 1.9 3.1 1.9 1.5 1.4 0.74 0.67
sorpp/ gy (%) 4.3  14.1 n.a. 12 8.7 10.1 9.0 3.8
591y /9myy (%) 1.8 6.4 n.a. 6.1 3.7 4.8 3.9 1.3
SgHtt/ 9Ht (%) 3.4 — ] — ~ | o 3.1
BREexo (%) SM| <1.7 <2.1 <1.6 <1.2/<1.2 <1.0 <1.0
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Cross section (fb)

Why Higgs at Two Energies?

e Sensitivity to both processes very helpful improving the precision
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How Many IPs?

e |nitial studies (in CDRs) are
based on two IPs

e Strong physics driven
arguments for evolving to 4
IPs

e More data, sooner

e Systematic robustness f;i:";_‘r/f y w,.,,.wm
with redundancy g e Yo

e PBetter physics coverage
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Particle Flow Detector

* For particle flow, design requirement:
e Simplicity
o 3D granularity for all sub-detectors

e Large magnetic field (and large
tracking volume)

e Little material in front of the
calorimeters

 Redundancy of the measurements

e Full power (including future development)
of computing should be considered for FCC

e Including HPC and QC
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Detector Challenges

"Higgs Factory” Programme Ultra Precise EW Programme

* At two energies, 240 and 365 GeV, collect in total Measurement of EW parameters with factor ~300

e« 1.2 M HZ events and 75 k WW — H events improvement in statistical precision wrt. current WA
* Higgs couplings to fermions and bosons * 5x10%?Zand 10° WW
* Higgs self-coupling (2-4 o) via loop diagrams « my, Iz, iy, sin?0y°", R%,, Ry, ag, my, Ty, ...
* Unique possibility: measure electron coupling in s- * 106 tt

channel production ete— H @ V's = 125 GeV * Miop, Lop, EW couplings
Indirect sensitivity to new phys. up to A=70 TeV scale

Heavy Flavour Programme

* Enormous statistics: 10'2bb, cc; 1.7x10'1 vt
* Extremely clean environment, favourable kinematic
conditions (boost) from Z decays

Feebly Coupled Particles - LLPs
Intensity frontier: Opportunity to directly observe new
feebly interacting particles with masses below m,:
* Axion-like particles, dark photons, Heavy Neutral Leptons

* CKM matrix, CP measurements, “flavour anomaly” - Fopetres: len e frnese LU

studies, e.g. b = stt, rare decays, cLFV searches, lepton
universality, PNMS matrix unitarity
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