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Roadmap of Future Collider Projects 
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Goal of Next Future Colliders 
•  Z, W, Higgs and top factory è precision measurements and beyond 

–  Very high luminosities in 100 km tunnel 
–  Very small beams and clean experimental conditions  
–  Unique precisions and sensitivities to rare processes 

•  Very mature technology with very large expertise in the world 
arXiv: 1906.02693 
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Higgs Couplings at FC 
•  Unique measurements at highest precision 

•  Uncertainties not limited by experimental or theoretical uncertainties 
with sufficient statistics 

arXiv: 1906.02693 
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Higgs Couplings at FC 
•  Unique measurements at highest precision 

•  Uncertainties not limited by experimental or theoretical uncertainties 
with sufficient statistics 

See Prof. SH Jung’s talk 
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FCC-ee Project 
•  Program in two phase 

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

–  Phase 2: FCC-hh (~100 TeV) as natural  
continuation at energy frontier (ion and eh options) 
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FCC-ee CDR 
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FCC Collaboration 

25 
Companies 

34 
Countries 

133 

Institutes 

EC   
H2020 
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FCC-ee Detector Concepts 
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Contribution of Korean Group 
•  Dual-readout calorimeter 

design has been included in 
the IDEA detector concept 

•  Korea team (S.W. Lee in 
KNU and H.D. Yoo in Yonsei 
Univ.) provided the design 
and played a leading role of 
the simulation study in the 
dual-readout collaboration 

•  Further studies are on-going 
toward TDR 
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Dual-readout Calorimeter 
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FC Dual-Readout Collaboration 
•  Current members 

–  Korea 
•  Yonsei Univ.: Hwidong Yoo 
•  KNU: Sehwook Lee 

–  USA 
•  Iowa State University: John Hauptman 
•  Texas Tech.: Richard Wigmans 

–  Italy 
•  INFN: Roberto Ferrari (Pavia) and many others 

•  Express interest and want to join this project 
–  Korea:  

•  Korea Univ.: Suyong Choi 
•  KNU: Chang-Seong Moon, 

          Hwanbae Park 
–  Japan 

•  University of Tokyo: Yuji Enari 

–  China 
•  (IHEP: Yifang Wang, Manqi Ruan) 

–  Taiwan 
•  NTU: Rong-Shyang Lu 
•  NCU: Chia-Ming Kuo 

–  UK 
•  Univ. of Sussex: Iacopo Vivarelli 

Please express your 
interest and join us!! 
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CEPC Project 
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CEPC CDR 
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CEPC CDR 
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CEPC Detector Concepts 
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Status of Dual-Readout Calorimeter 
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Timeline of CEPC 
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ILC Project 
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ILC Project 
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Current Status 
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Activities of Korean Group 
•  Had huge efforts more than a decade 
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Machine Learning in HEP 
•  All aspects of AI applications with ML and DL techniques are under  

development in HEP explosively 
 



September 21st, 2019                       H.D. Yoo, Yonsei Univ.                                                          slide   26 

Machine Learning in HEP 
•  All aspects of AI applications with ML and DL techniques are under  

development in HEP explosively 
 



September 21st, 2019                       H.D. Yoo, Yonsei Univ.                                                          slide   27 

Machine Learning in HEP 
•  HL-LHC: test partial/semi-supervised AI system 

–  L1/HLT triggering, offline object reconstruction, signal/background 
discriminant etc.  

•  Future Collider: playground to re-design all platform and frameworks 
based on AI friendly system 
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Things to Think Together 
•  Want to bring the following questions to K-HEP community with my 

personal keywords, based on Future Collider projects 
•  what kind of things can we (experimentalists) do? 

–  Ownership of a detector 
•  what kind of big physics question do we want to ask? 

–  Seek answers from talent our Korean theorists!! We can reflect this 
idea to the detector design 

•  which project, CEPC (China) vs FCC-ee (CERN)? 
•  Do not separate two projects between CEPC and FCC-ee (neither 

project has been accepted yet) 
•  Activities are well linked between two projects 
•  CEPC targets to start early (2030s, FCC-ee right after HL-LHC) 

•  who can work for the future project? 
•  We have abundant experts: combination of KCMS and KBelle 

collaborations 
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–  Ownership of a detector 
•  what kind of big physics question do we want to ask? 

–  Seek answers from talent our Korean theorists!! We can reflect this 
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•  which project, CEPC (China) vs FCC-ee (CERN)? 
•  Do not separate two projects between CEPC and FCC-ee (neither 

project has been accepted yet) 
•  Activities are well linked between two projects 
•  CEPC targets to start early (2030s, FCC-ee at 2040s) 

•  who can work for the future project? 
•  We have abundant experts: combination of KCMS and KBelle 

collaborations 
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KCMS Collaboration  
•  Biggest exp. collaboration in Korea 

–  9 institutions, 18 faculties, 20 post-docs,  
~70 Ph.D. students (+9 tech. staffs) 

•  Detector: RPC, GEM, trigger 

•  More than 30 papers during Run II  
(over 10% of entire CMS publications) 
–  EXO searches: Z’, heavy neutrino,  

excited lepton, SUSY 
–  Top quark property 
–  SM precision measurement 
–  Heavy ion 

•  Aggressive activities on ML 

Exp. In 2020 
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KBELLE Collaboration  
•  Very successful exp. collaboration in Korea 

–  9 institutions, 11 faculties, ~3 post-docs, 20-30 Ph.D. students  
–  Current Belle co-spokesperson (2018-present): Prof. Y.J. Kwon 

(Yonsei. Univ.) 
•  Former physics coordinator (2010-2018) 

–  Former Belle II IB Chair (2013-2015): Prof. E. I. Won (Korea Univ.) 
–  Hoam prize (2017): Prof. S.K Choi (Gyeongsang NU) 

•  Discover X(3872), Y(3940),  
Z(4430) particles 

•  Detector: trigger, DAQ and  
monitoring, vertex detector 

•  Exotic hadrons, dark-sector search,  
B and Charm rare decays etc.  
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Good Examples (and many more …) 

Millicharged DM 
arXiv:1903.12114 

CMS MIP  
Timing Detector 

- Time tagging tracks with 
30-50 ps resolution 
- 3Dà4D vtx reconstruction 
- LLP search for BSM 

Variational autoencoders 
for NP mining 

arXiv: 1811.10276 
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Cost Est.: Dual-Readout Calorimeter  
•  Total cost estimated: ~2000억원 
•  Aim to reduce current estimated cost (by half) by various R&D (optical 

fiber, SiPM, etc.): 1000 ~ 1500억원 
•  Korean contribution: about 25% of total cost (250~400억원) 

–  China: 50% (?) 
–  Other countries: 25% (?) 

•  Partial detector prodcution  
before mass production: 25억원 

•  Fruitful collaboration is expected  
with various industries in Korea  
for R&D and the production of  
components 
–  Need dedicated facilities 

to assemble the detector 
components 

–  Train young generations By R. Ferrari (INFN) 
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Summary 
•  It is obvious the collider-based experiment  

and future collider projects are unique and  
irreplaceable in the world 

•  Unique and abundant physics programs 
can be performed, particularly Higgs 
factory 

•  Based on successful achievements and 
well-trained person-power from KCMS  
and KBELLE collaborations, we should  
aim an ownership of a detector in future collider projects: heritage from 
previous experiments and their expertise!! 

•  AI will be a game changer => 4th industrial revolution 
–  Develop new system needed: future collider is a right playground  
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Back Up 
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FCC Tunnel 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 34 35 36 37 38 39 40 41 42 43 15 years operation 

Project preparation & 
administrative 

processes 

Geological investigations, 
infrastructure detailed 
design and tendering 

preparation 

Tunnel, site and technical 
infrastructure construction 

FCC-ee accelerator R&D and technical 
design 

FCC-ee detector 
construction, installation, 

commissioning 

FCC-ee 
detector 
technical 

design 

Permis-
sions 

Set up of international 
experiment collaborations, 
detector R&D and concept 

development 

FCC-ee accelerator construction, 
installation, commissioning 

Funding 
strategy 

Funding and 
in-kind 

contribution 
agreements 

FCC-hh detector 
construction, installation, 

commissioning 

FCC-hh detector 
R&D, 

technical design 

Update 
Permis
sions 

FCC-hh accelerator 
construction, installation, 

commissioning 

SC wire and 16 T 
magnet R&D, model 
magnets, prototypes, 

preseries 

16 T dipole magnet 
series production 

FCC-ee dismantling, 
CE & infrastructure 
adaptations FCC-hh 

Funding and 
in-kind 

contribution 
agreements 

~ 25 years operation 

FCC-hh 
accelerator R&D 

and technical 
design 

Superconducting wire and magnet R&D 

70 

           FCC integrated project timeline 

70 years seems like a long time! 
work is cut out for physics and detectors 

ESPP 
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FCC Cost Estimate 



9/20/19 Alain Blondel  FCC 
CDR presentation   
Outlook  

39 
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By Yifang Wang at Kaix workshop 
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