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• Three future collider submissions related to ee options
• CEPC
• FCCee
• ILC

• For hadron and eh options, plus FCCglobal plan see Monica’s talk 



 

The CEPC Input to the Particle Physics Advisory Panel1 
  

Adrian Bevana, Véronique Boisvertb, Daniela Bortolettoc, Jens Dopked, Brian Fosterc, Harald Foxe, 
Yanyan Gaof, Tim Jonesg, Roy Lemmonh, Bill Murrayi, Fabrizio Salvatorej, Craig Sawyerd, Ian Shipseyc, 

Jaap Velhuisk, Trevor Vickeyl, Iacopo Vivarellij 
 

a) contact person representing Queen Mary University London 
b)  contact person representing Royal Holloway University of London 

c) contact person representing University of Oxford 
d) contact person representing STFC RAL and STFC Particle Physics Division 

e) contact person representing University of Lancaster 
f) contact person representing University of Edinburgh 
g) contact person representing University of Liverpool 
h) contact person representing STFC Daresbury Lab 
i) contact person representing University of Warwick 
j) contact person representing University of Sussex 
k) contact person representing University of Bristol 

l) contact person representing University of Sheffield 
 
1.  Executive summary  
  
A future electron-positron collider, operating as “Higgs factory”, has been recognised as high priority by 
the 2020 update of the European Strategy for Particle Physics (ESPPU), together with a future hadron 
collider at higher energy frontier.  It represents an important experimental pursuit of fundamental physics. 
Several electron-positron colliders have been proposed internationally, including the International Linear 
Collider (ILC), Compact Linear Collider (CLIC), Future Circular Collider (FCC), and latest the Circular 
Electron Positron Collider (CEPC). These facilities have a significant overlap in scientific potential and 
share a large fraction of accelerator and detector R&D effort.   
 
The CEPC, with a main accelerator ring of 100 km in circumference, is a large international scientific 
project proposed by the Chinese HEP community soon after the Higgs boson discovery in 2012. It is 
designed to operate at three centre-of-mass energies, including 91.2 GeV as a Z factory, at 160 GeV around 
the W pair production threshold, and 240 GeV as a Higgs factory. In its planned ten-year operation with 
two detectors, the CEPC will deliver integrated luminosities2 of about 16, 2.6, and 5.6 ab-1 for the Z, W and 
Higgs operation, respectively, producing close to one trillion Z bosons, 20 million W bosons and over one 
million Higgs bosons. This will allow for detailed studies of the Higgs boson, connected with the 
fundamental fabrics of the universe, with an unprecedented precision. Its clean collision environments 
provide access to many new exciting experimental signatures that are otherwise difficult to trigger on or 
reconstruct at hadron colliders. The decays of the vastly produced Z, W, and Higgs bosons also offer 
excellent opportunities for flavour physics, tau-lepton physics, and QCD physics.    
 

 
1 The corresponding authors for this document are: h.fox@lancaster.ac.uk and yanyan.gao@ed.ac.uk  
2 The accelerator study group is investigating options to increase the luminosities by a factor of 2-3.  
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CEPC: context
• 100 km circular e+e- collider proposed for China
• Operation at 3 centre-of-mass energies: Z peak, WW threshold, 240 GeV 

(Higgs factory)
• $5B project
• CEPC Conceptual Design Report published in 2018 
• 1100 signaturies from 24 countries
• Decision on construction could come as soon as 2022
• Accelerator construction to take 5 years with running in 2030s



CEPC: UK interests and plans

• UK holds roles on the International Advisory Committee
• Opportunities for UK involvement in Accelerator R&D
• International collaborations starting to form on Calorimetry and Tracking

• UK has leadership in the tracker and potential to utilize and build-on existing expertise 
in commercial CMOS silicon pixel technology from ATLAS/ALICE /mu3e

• Dual readout calorimeter with high efficiency and 1 ns timing planned. R&D needed in 
collaboration with industry for low-cost SiPM

• TDAQ work building on generic R&D work in AIDA2020 



CEPC: take home

 

  
3. Timeline and international organisation 
  
The current priority of the CEPC project is to secure its position in the Chinese large international science 
initiative.  The accelerator Technical Design Report (TDR) is identified as the next milestone target, to be 
completed around 2022.  Site selection processes have started in 2015; six qualified locations emerged after 
preliminary geological studies with strong regional support. In parallel, a call for detector Letters of Interest 
is planned.  Two detectors will be selected, and international collaborations will be formed accordingly. 
Two international committees are established during the R&D phase: the Accelerator Review Committee 
that advises on the accelerator design and R&D including the Machine-Detector Interface and upgrade 
capabilities, and the Detector R&D committee that reviews and endorses international proposals. 

  
Though initiated and to be hosted in China, international collaboration has been identified as vital since the 
beginning. Over 1100 authors from 24 countries participated in the CDR, with 29% coming from institutes 
outside of China. Active collaborations have been established on the accelerator and detector R&D, as well 
as physics analyses. A new organisational structure, the Institution Committee, was proposed in 2019 to 
further promote and integrate international participation in nearly all aspects of the CEPC project. 
International workshops took place in several places in Europe and the US. The CEPC community has 
submitted numerous inputs and letters of interest to the 2020 ESPPU and the ongoing US Snowmass 2021 
process, with special emphasis on international collaboration.  

  
4. UK participation and opportunities 
 
UK particle physicists are members of many scientific committees of the CEPC. Professors Brian Foster 
and Ian Shipsey have served on the International Advisory Committee. Professor Bill Murray served on the 
CDR review committee. Professor Brian Foster serves on the International Accelerator Review Committee. 
Professor Dave Newbold chairs the International Detector Review Committee. The second CEPC European 
workshop, chaired by Professor Daniela Bortoletto, was hosted at Oxford in 2019. 
  
International collaborations have started on CEPC detector R&D, on the tracking detector and the 
calorimeter, with contributions from many UK institutes, including Bristol, Edinburgh, Lancaster, 
Liverpool, Oxford, Queen Mary University London, STFC RAL PPD and Daresbury lab, and Sussex. Dr 
Harald Fox was chosen as the international contact for the CEPC tracker. QMUL and Lancaster have 
contributed significant computing resources to the CEPC simulation. Sussex has contributed significantly 
in test beam and simulation for the R&D of a dual-readout calorimeter of one of the CDR detectors.  
 
The UK participation during the R&D phase in the next 3-5 years can focus on two main aspects, accelerator 
studies to explore the intellectual and industrial opportunities, and detailed detector R&D in key subsystems 
to identify challenges and opportunities for the UK industry and academia. Both can be pursued in 
collaboration with other electron-positron collider projects.  
 
Construction of the CEPC will require a large group of experienced accelerator physicists and engineers 
outside of China. Involvement from those with a wide range of experience in accelerator design and 
construction, including large-scale project management, beam dynamics, magnet and vacuum systems, will 
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PPAP roadmap input: FCC-ee 
Physics strengths and R&D opportunities for UK particle physics 

October 2020 
Submitted on behalf of FCC-UK1 (representing: Birmingham, Bristol, Cambridge, Cockcroft, 
DaUeVbXU\, DXUhaP, EdLQbXUgh, GOaVgRZ, IPSeULaO, JRhQ AdaPV IQVWLWXWe, KLQg¶V CROOege, 
Lancaster, Liverpool, Manchester, Oxford, QMUL, STFC Rutherford Appleton Laboratory, Royal 
Holloway, Sheffield, Southampton, Sussex, UCL, Warwick) 

Introduction 
This brief document follows the June 2020 European Particle Physics Strategy Update (EPPSU) 
[1] and the discussions that took place at the FCC-UK kick-off meeting [2] and PPAP Community 
meeting in September 2020. We hereby review the opportunities for UK engagement in detector 
development, phenomenology and accelerator contributions, and areas where the UK has key 
competitive advantages and can play a leading role in this international project. We also 
emphasise the great synergies that exist with the R&D required for other possible Higgs factories. 
 
FCC-ee would be a state-of-the-art accelerator with a number of technical challenges to be 
overcome in order to maximise luminosity performance and minimise technical risk and/or cost. 
There are many overlaps with UK expertise on linear colliders and light sources, e.g. dynamics of 
intense low-emittance beams, beam instrumentation, feedback and control, vacuum systems, 
magnet technologies and RF systems, as well as design of the machine-detector interface. In all 
cases there is the opportunity for strong UK industrial engagement in design, development and 
supply of large-scale systems. 

Physics opportunities 
The UK has been leading many of the highest-profile physics areas at the current generation of 
colliders, so is ideally placed to continue with a strong involvement at future colliders. 

Higgs Physics  
The proposed operating strategy for FCC-ee is that it will run with large Higgs yields for seven 
years, of which three will be at a centre of mass energy of 240 GeV and four at 365 GeV. The 

 
1 FCC-UK (along with other FCC national groups from France, Italy, Spain, Poland, etc) report at the Future 
Circular Collider Physics & Experiments Steering Group about activities and planning at the national level. 
The UK institute contacts for FCC are: D. Charlton (Birmingham), J. Goldstein (Bristol), C. Potter 
(Cambridge), P. Ratoff (Cockcroft), R. Lemmon (Daresbury), M. Spannowsky (Durham), C. Leonidopoulos 
(Edinburgh), A. Buckle\ (GlasgoZ), G. DaYies (Imperial), P. BurroZs (John Adams Institute), J. Ellis (King¶s 
College), H. Fox (Lancaster), J. Vossebeld (Liverpool), T. Wyatt (Manchester), G. Wilkinson (Oxford), S. 
Zenz (QMUL), J. Dopke (STFC Rutherford Appleton Laboratory), V. Boisvert (Royal Holloway), T. Vickey 
(Sheffield), S. Moretti (Southampton), A. De Santo (Sussex), M. Campanelli (UCL), W. Murray (Warwick). 

22 institutes signing the contribution 



FCCee: Context
• The recent update of the European Strategy for Particle Physics (ESPPU) 

identified an electron-positron Higgs factory as the highest-priority next 
collider and recognised the importance of R&D towards a future hadron 
collider of the highest achievable energy 
• FCCee is the e+e- option for the FCC program at CERN
• Operation at centre-of-mass energies from 90 to 350 GeV
• Timeline

• 2021-25 Physics studies
• 2025/2026 TDR
• 2028 Project approval
• 2030 - 2037 tunnel construction
• 2040 First collisions



FCCee: UK interests and plans

• Recent FCCee-UK kickoff meeting
• UK interests in:

• CMOS technology for tracking building on UK’s existing strength and expertise
• Calorimetry: UK has had leadership in the CALICE project since its inception and more 

recently led development of dual readout technology
• Trigger/DAQ
• ParticleID (exploiting FCCee as a flavour factory)
• Accelerator R&D



FCCee: take home

 
Prominent among motivations for BSM physics is the problem of dark matter, and FCC-ee and 
FCC-hh will both provide new opportunities for experimental probes of its composition. UK 
theorists are prominent in proposing dark matter candidates, and in understanding their possible 
signatures. The interpretation of FCC data will require precise understanding of QCD, and the UK 
theory community has world-leading expertise in higher-order perturbative calculations, the 
development and deployment of simulation tools and lattice calculations. The latter will underpin, 
in particular, the interpretation of the high-precision flavour data that will be provided by FCC. 
These UK theoretical strengths are complemented by expertise in phenomenological analyses 
made in conjunction with experiments as well as supporting phenomenological work. 

Timeline & Resources 
The next 5 years will be devoted to physics benchmark measurements and R&D studies by the 
international community in order to establish the feasibility of the FCC-ee project and lay out the 
detector requirements. The feasibility study will involve the possibility of construction of such a 
large infrastructure in the vicinity of CERN, the financial plan to complete the project, and the 
operational plan and governance in cooperation with international partners.  
 
A provisional timeline of the next steps of the FCC-ee project is as follows: 

Ɣ 2021 - 2025: Physics performance studies  
Ɣ End of 2025: CDR/TDR (feasibility proof) 
Ɣ 2025/6: FCC-ee proto collaborations and LoI  
Ɣ 2026-27: Next ESPPU  
Ɣ 2028: Project approval  
Ɣ 2030: Start of tunnel construction  
Ɣ 2035/36: Tunnel completion  
Ɣ 2037: Start machine installation  
Ɣ 2040: First e+e- collisions in FCC-ee  

It is crucial that the UK HEP community has a very strong engagement in these studies in order 
to place ourselves in a position to claim central roles in detector building, civil construction, and 
optimise the "juste retour". This is particularly important given that starting with the project 
construction, the UK is expected to be contributing a large monetary amount, of the order of tens 
of £M per year for more than a decade.  
 
The priority for the initial, 5-year period will be on Physics studies, software/computing 
development, phenomenological work for measurement projections, and detector/accelerator 
R&D. Aspects of this R&D work will require involvement with industry. We provisionally expect a 
ramping up from an initial 10 FTE to approximately 20 FTE by the time of the CDR/TDR 
submission.  

A more detailed breakdown of requested resources will be prepared in the weeks ahead.  
 
[1] June 2020 update of the European Strategy for Particle Physics  
[2] FCC-UK community kick-off meeting, 11 September 2020 
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UK participation in the International Linear Collider 

Submission to the PPAP 16/10/20 

LCUK Collaboration 1 

(Contacts: P.N. Burrows, A. Robson) 

 

Introduction 

The 2020 update of the EXURSHDQ 6WUDWHJ\ IRU 3DUWLFOH 3K\VLFV UHFRPPHQGHG: µAn 
electron-positron Higgs Factory is the highest-priority next collider¶ DQG QRWHG WKDW µThe 
timely realisation of the electron-positron International Linear Collider (ILC) in Japan would 
be compatible with this strategy and, in that case, the European particle physics 
community would wish to collaborate.¶ HHUH ZH SURYLGH D EULHI XSGDWH RQ WKH ,/C VWDWXV 
and outline possible UK participation and contributions to the project. 

 

The International Linear Collider 

The International Linear Collider is an energy-frontier electron±positron collider proposed 
for construction in Japan. 

7KH ,/C ZLOO UXQ LQLWLDOO\ DV D µHLJJV FDFWRU\¶ DW 250 GH9, DQG VXEVHTXHQW HQHUJ\ VWDJHV 
could include the top threshold at ~350 GeV and 500-600 GeV for ttH and HH production, 
with an ultimate energy reach up to ~1 TeV. UK physicists have played leading roles in the 
development of both the ILC accelerator and detector/physics studies, and the UK has a 
very strong scientific, technological, and industrial base for making a significant 
contribution to the project. 

The ILC TDR [1] was completed in 2013.  Subsequently the ILC has been prepared by a 
team led by KEK for implementation at a site in the Tohoku region in northern Japan, the 
ILC science case has been validated by the Science Council of Japan (SCJ), and the 
Japanese government ministry MEXT and SCJ have reviewed the project. In February 
2020 the Japanese Government signaled its interest in hosting the ILC in Japan and 
indicated its intent to proceed with discussions with potential overseas funding partners 
WRZDUGV UHDOL]LQJ WKH ,/C. ,Q AXJXVW 2020 DQ µ,QWHUQDWLRQDO DHYHORSPHQW 7HDP¶ (,D7) ZDV 
VHW XS E\ ,CFA, WDVNHG ZLWK VHWWLQJ XS DQ ,/C µ3UH-ODE¶ E\ 2022.   CRQVWUXFWLRQ FRXOG 
commence around 2026 with first beams around 2035, such that the facility could run in 
parallel with HL-LHC and thereby provide a physics programme that is both 
complementary and synergistic to that of HL-LHC. 

 

Physics motivations 

The ILC would provide a next-generation facility for precision Higgs physics, giving 
measurements of the Higgs boson branching ratios that are in many cases a factor 5-10 
better in precision than those achievable at the HL-LHC.  Furthermore, a number of 
measurements unique to the ILC would represent a step change in our understanding of 
the nature of the Higgs boson and the search for Beyond-Standard-Model (BSM) physics, 
including: the model-independent determination of Higgs couplings (rather than ratios of 
                                                   
1 The LCUK consortium includes 22 UK groups, whose ILC interests are listed in Annex 1. 
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1 The LCUK consortium includes 22 UK groups, whose ILC interests are listed in Annex 1. 

Birmingham, Bristol, Brunel, Cambridge, Daresbury, Durham, Edinburgh, Glasgow
Imperial College, Lancaster, Liverpool, Manchester, Open University, Oxford, QMUL
RAL, RHUL, Sheffield, Southampton, Sussex, UCL, Warwick



ILC: UK interests and plans
• First phase of the ILC. Higgs factory at 250 GeV, later phases expanding reach 

to 1 TeV
• Cost of first phase machine $5B
• ILC TDR completed in 2013
• February 2020 the Japanese Government signaled its interest in hosting the 

ILC in Japan 
• August 2020 an ‘International Development Team’ (IDT) was set up by ICFA, 

tasked with setting up an ILC ‘Pre-lab’ by 2022 ‘EOIs’
• 2022- 2025 Preparation phase. Complete R&D, design and preparatory work 

for setting up the ILC Laboratory. LOIs ~ 2023, TPs 2026
• Construction could start by 2026, with running by 2035



ILC: UK interests and plans
• UKRI infrastructure bid submitted to UKRI in April 2020 and attached to the 

contribution
• Identifies scope and scale of UK investment in the preparation and construction phase
• For the Preparation Phase, an IAC investment of order £30M plus 80 staff years on the 

accelerator, and £10M plus 50 staff years on the detector is laid
• Silicon Tracker, Calorimeter, and DAQ/data-handling are areas where UK has 

leadership and considerable, internationally leading expertise 
• Possible accelerator contributions, building on existing work and expertise 

(e.g. LCABD collaboration, work for ESS)
• ~10 % of cryomodules 
• UK expertise in, e.g. the Beam Delivery System, Damping Rings, and Positron Source 

offers the prospect of both intellectual and technical leadership 



ILC: Take home

4 
 

deliverables during the Construction Phase. For the detector(s), a call for EoIs could be 
made during the IDT period, with LoIs due at the end of 2023 and Technical Proposals in 
2025.  
We note the strong overlap of interest and technical capabilities of LCUK institutes in CLIC 
as well as in many aspects of the circular e+e- Higgs factory approach pursued via the 
FCCee and CEPC studies. This applies not only to physics studies but also to detector 
R&D, where many technical issues in e.g. development of advanced silicon tracking 
systems and calorimeters are of common interest, as well as to some aspects of the 
accelerators, e.g. RF systems, beam dynamics and instrumentation.  

 

 
 
Table 1: ICFA indicative timescale for implementation of the ILC project, showing the 
nominal project phases, the respective ILC activities, and the required UK actions 
commensurate with this plan. 
 

Timeframe ILC project phase ILC activity UK actions 
2020-21 IDT  Identify remaining technical 

issues and potential project 
partners for Preparation Phase. 
SHW XS ILC µPUH-ODE¶ KRVWHG E\ 
KEK. 

Engage with IDT. 
Identify relevant technical areas 
and opportunities for UK 
participation in Preparation 
Phase, and resources required. 

2022-25 Preparation  
(µPUH-ODE¶) 

Complete R&D and 
design/preparatory work. 
Prepare formal international 
agreements for contributions to 
the Construction Phase via the 
ILC Laboratory. 

Contributions to ILC final R&D 
and design. Identify areas of 
leadership and responsibility 
and the resources required for 
delivery in the Construction 
Phase. Negotiate terms of 
agreement with ILC Laboratory 
for UK deliverables. 

2026-35 Construction 
(µILC LDERUDWRU\¶) 

Construction of accelerator and 
detector, managed through the 
ILC Laboratory. 

Production and delivery of UK 
agreed contributions to the 
accelerator and detector. 

>2035 Operation Commissioning and physics 
running 

Physics exploitation.  

 

 
 

  

Possible UK actions commensurate with this timeline and project phases are
indicated in the final column of the table. We recommend that PPAP note the
timeline and the UK actions that are required in order to secure a leading role 
in the ILC project
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