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Roadmap of FC Projects
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Korea Future Collider Consortium

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

K"GEﬁﬁ‘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
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ollig

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

Conso 0

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

ALarg on Cotdor Expermet

Major Experiments

 Major Korean groups for on-going collider experiments: ALICE, BELLE, CMS

* \We play a leading roles in various detector systems

e Many other detector R&Ds
KoALICE group K-BELLE group KCMS group

ITS Upgrade

' * LS1:RPC(2013-2014)
= RPC Gap & Chamber
=  Phase-1 RE4/2 installed

° |S2:GE11,iRPC (2019-2022)
=  GE11 construction (complete)
= jRPC gap production

e 1S3 :GE21, MEO (2024-2026)

o

The Phase-2 Upgrade of the

. CMS Data Acquisition and High Level Trigger

= GE21, MEO foil production

Technical Design Report

Beam pipe CMS Collaboration

Triggers

Pixel chip (ALPIDE) production and test flow

HIC construction sites need about 700 sensors / week Yonsei
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Dual-Readout Calorimeter

e $2M R&D funding (2020-2025): construction of a prototype detector

* Module production and many R&D are on-going, including simulation
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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

Run=56698

Vertex
Detector

. Inner Tracking
Chamber

. Time Projection
Chamber

Electromagnetic
Calorimeter

. Superconducting
Magnet Coil

. Hadron
Calorimeter

. Muon
Chambers

- Luminosity

Monitors

Evt=7455



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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Updated Roadmap for 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 proot

(*) FSR = Feasibility Study Report ST Adapted from schedule in M. Benedikt's presentation
Patrick Janot FggJ\:jv::; 52121 i
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Our Vision

* For future e+e- collider projects, we should obtain the knowledge how to design
the collider detector

 Beyond particle-flow detector, ML friendly detector should be essential

e Al Physicist: all detector subsystems should have sufficient granularity,
resolution, functionality with ML process

* Image-based process (+ end-to-end) should be strongly considered
* For advantage: compactness, low cost, fast timing resolution

* Metaverse should be able to plug in the design
Do you have a vision for young generation to attract them to HEP?

* Essential collaboration with: database expert, game expert, metaverse expert,
Al (computing science) expert, etc.
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Oth Idea of AIP Detector Concept

Muon (RPC/GEM) Establish the detector design requirement
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Initial Idea of Requirement

Need to have
e High performance on flavor tagging (b, c, s quarks), particle identification, timing resolution
Compactness
e Electronics: chip on board? Collaborate with silicon detector expert
* Wireless data transmission
Ultra fast timing resolution
e Real-time occupancy of subsystem is much lower than LHC
Al-friendly design
e high granularity (3D)
e Support end-to-end process
Metaverse: doing physics like metaverse game?
Higher energy

e Muon collider (Fermilab proposed) is initiated and needs a detector concept
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KFCC Letter of Intent: vO

Letter of Intent
from
the Korea Future Collider
Consortium
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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) s (ML-based workflow)
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Acquisition
Hlo|E 25 A=)
Auto-
mation Analysis
HIO|E X 2| A2k} Peoceccing
Visual-
Lol 24 L3} ization

Conventional Experimental Scientific Fast Detectors, High Capacity
Discovery : Model-Driven Law Emergence Storage Allow Opening of Data Floodgates
Model Physical Model Physical
Partial Law Partial Law
S:Iigc:iacin TreZtar;aent Asx:sdr::em success @ S:Iigcr:iatlan TreZtar;aenl Ass'\g?scrlvflent SUCCESS @J
Deep Deep
\VaVaVaVa\ Insight \VaVaVaVaVaVaVaVa Insight
\/\/ \/\/\/\/

Complete 1 Complete o
\/\/\/\/ Failure m] \/\/\/\/\/\/\/\ Failure [n]
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Summary

e \We will move forward!
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