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Status and Progress - abroad

Particle Physics at the Energy Frontier 



A bit of history
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Future?

ILC/CLIC,

FCC, CEPC, 

Muon collider,

……

Innovations, higher energies, (more advanced instrument, larger community) 
 discoveries, deep understanding of nature 



keys to success
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 Innovations in technology and in design

 Organization + leadership

 Planning and execution of the plan

 Intensive theoretical development

 Creative mind, dedicated professionals, and many 
very bright young scientists in the pipeline

 Strong government support and continuous funding

 ……



Landscapes and National Roadmaps

particle physics at the energy frontier 
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Europe
Landscapes and national roadmaps
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The LHC physics program the most  active energy frontier experiments

Upgrades to the detectors at the (HL-)LHC 

The LHC accelerator upgrade towards to the HL-LHC

China is deeply involved in both physics and technologies



Europe - Landscapes and national roadmaps
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Higgs coupling vs. 
mass of final state 
quarks & leptons

The LHC Physics Program

remarkable test of 
the Standard Model

particle mass
October 11, 2021
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• HL-LHC will start in ~ 2027

• Instantaneous luminosity 7.5×1034 cm-2s-1 , 5~7.5x 
increase 

• Average number of interactions per bunch crossing (pile-up
events) reach  200

Europe - Landscapes and national roadmaps

The LHC and HL-LHC Experimental Program

progressive, well-planned upgrades of the 
accelerator, detectors, computing-infrastructures 

October 11, 2021
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Challenging detector upgrades by ATLAS & CMS - examples

CMS muon/trigger …

ATLAS HGTD Timing Detector

ATLAS Inner Tracker

CMS HG Calorimeters

substantial contributions from Chinese institutes
October 11, 2021
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ATLAS High granularity timing detector (HGTD)

Mini-modules by IHEP

ATLAS China made major contribution in HGTD project approval

• Leading 3 m2 detector production（~1/2 of HGTD）

• Developed domestic radiation-hard LGAD ultra-fast sensors

• Reach 50ps up to fluence 2.5x1015 Neq /cm2

• Aim to be the first domestic silicon sensor in LHC experiment

• Leading HGTD peripheral electronics

IHEP-IME sensor wafer USTC-IME sensor wafer

strong leadership by & contribution from Chinese institutes



Europe
Landscapes and national roadmaps
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Future Accelerators 

FCC(ee,hh), CLIC and muon collider

the physics program
the design, the technology and much more 

European Particle Physics Strategy Update, June 2020

Roadmaps and R&D rollout – with strong funding

development in parallel with CEPC 



The FCC integrated program at CERN

Comprehensive cost-effective program maximizing physics opportunities
• Stage 1: FCC-ee (Z, W, H, tt) as first generation Higgs factory, EW and top factory at highest 

luminosities.

• Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion and eh options.

• Complementary physics
• Integrating an ambitious high-field magnet R&D program 
• Common civil engineering and technical infrastructures

• Building on and reusing CERN’s existing infrastructure.
• FCC integrated project plan is fully integrated with HL-LHC exploitation                                                        

and provides for seamless continuation of HEP.

FCC-hhFCC-ee

October 11, 2021 12



Physics program at the Future Circular Collider (FCC)

SUSY search

Two operations :  240/365 GeV (The latter for top measurements), 100TeV

 FCC(ee)



FCC(pp)

enormously rich physics and
discovery potentials

October 11, 2021 13



Snowmass Oct 2020 / CLIC / Steinar Stapnes

1
4

CLIC - Compact Linear e+e– Collider

The Compact Linear Collider (CLIC)

• Timeline: at CERN (~2035 Technical Schedule)

• Compact: Novel and unique two-beam accelerating 

technique with high-gradient room temperature RF 

cavities (~20’500 cavities at 380 GeV), ~11km in its 

initial phase

• Expandable: Staged programme with collision 

energies from 380 GeV (Higgs/top) up to 3 TeV

(Energy Frontier)

• CDR in 2012. Updated project overview documents 

in 2018 (Project Implementation Plan). See 

resource slide.

• Cost: 5.9 BCHF for 380 GeV (stable wrt 2012)

• Power: 168 MW at 380 GeV (reduced wrt 2012), 

some further reductions possible 

• Comprehensive Detector and Physics studies 

Accelerating structure 

prototype for CLIC: 

12 GHz  (L~25 cm)
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AccelerationLow EMmittance Muon 
Accelerator (LEMMA): 
1011 µpairs/sec from 

e+e− interactions.  The small 
production emittance allows lower 
overall charge in the collider rings 
– hence, lower backgrounds in a 

collider detector and a higher 
potential CoM energy due to 

neutrino radiation.

Broad Applications:
• Neutrino Factories
• Colliders from ~100 GeV to 

10s of TeV scale
• Secondary Beams

Potential Sources:
• Proton-driver with ionization 

cooling
• Positron-driver with low emittance

Muon Accelerator Design Status
• Full conceptual designs for NFs
• Key feasibility tests from MAP/MICE 

completed successfully!
• Now ready for a more detailed 

collider conceptual design study

Muon Collider Option for a Higgs Factory 
Based on a Proton Driver Source

A Muon Collider at CERN

October 11, 2021 15



Physics at Compact Linear Collider (CLIC)
 Three stage:  380 GeV (updated from 350 GeV for ttbar coupling measurement), 1.5 TeV,  3.0 TeV.
 Physics

 380 GeV run :  Higgs measurement, top mass scan, top coupling measurement. 
The precisions of Higgs parameters are 1-5% and can reach 1% or better combining 1.5/3 TeV runs
Top mass measurement can reach tens of MeV

 1.5,3 TeV runs :  Higgs self coupling, top-Yukawa coupling, search for BSM new physics. 
Di-Higgs (Heavy Higgs), ttH
SUSY, Z’, etc.

Physics at Muon Collider  (MuC)
 Larger mass of the muon allows a smaller foot print and higher energies compared to e+e- counterparts, although 

suffering from major challenges of finite lifetime and cooling.
 Physics:

 Higgs factory at ~125 GeV :  line-shape  scan of the Higgs boson, simultaneous measurement of the Higgs boson 
mass, width and muon Yakawa at unprecedented precision. 

 High Energy runs up to 100 TeV to probe :
Top Yukawa coupling, Multi-Higgs, possible new physics contributed to Muon g-2
Moun has a structure
Vector boson machine
WIMP dark matter

October 11, 2021 16



High efficiency klystron: 3 prototypes are under the 
development. 
The 1st is for the test; 2nd is the high efficiency klystron in the true sense; 3rd is the new 

design with Multi Beam Klystron (MBK) technique.

Linac: S-band prototype for high power RF load, 80MW 
Superconducting RF system
CEPC Magnets
MDI SC magnet
Progress of Electro-static Magnetic Deflector 

Design and R&D of critical systems

Collider Ring （180GeV for tt mode）
Booster Ring
Linac & Damping ring
MDI changes

Plus detector systems, …..         supported by strong funding from EU

October 11, 2021 17



欧洲粒子物理战略规划更新

“The successful completion of the high-luminosity upgrade of the machine 
and detectors should remain the focal point of European particle physics, 
together with continued innovation in experimental techniques….“

“The full physics potential of the LHC and the HL-LHC, 
including the study of flavour physics and the quark-gluon 
plasma, should be exploited.”

October 11, 2021 18

European Particle Physics Strategy (EPPS)

The 2020 European Particle Physics Strategy Update (EPPSU) 

effort  was launched in 2018, and was completed in June 2020.

LHC, HL-LHC



New Strategy 2020 新规划
High-priority future initiatives

a) An electron-positron Higgs factory is the highest-priority next collider. For 
the longer term, the European particle physics community has the ambition 
to operate a proton-proton collider at the highest achievable energy. 
Accomplishing these compelling goals will require innovation and cutting-edge 
technology:

b) Innovative accelerator technology underpins the physics reach of high-energy and 
high-intensity colliders. …. must intensify accelerator R&D and sustain it with adequate 
resources…… A roadmap should prioritise the technology, should be defined in a timely 
fashion and coordinated among CERN and national laboratories and institutes.

October 11, 2021 19

Europe’s  funding  for future energy frontier collider projects (2021-2025):  
FCC 20 MCHF/year

CLIC 5.5 MCHF/year

muon collider 2 MCHF/year

SC magnet 190 MCHF/10 years; detector 90 MCHF/11 years



FCC at CERN
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FCC-Feasibility Study

To deliver a Feasibility Study Report (FSR) by the end of 2025, with a primary focus 
on the tunnel and the surface infrastructures. 

The Feasibility Study has a budget of 100 MCHF from 2021 to 2025.

Main deliverables of the Feasibility and heir timelines



Europe

Landscapes and national roadmaps
in the making 流程
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Dave Newbold @ EPS2021



Europe

Landscapes and national roadmaps
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Phill Allport at EPS 2021

注意



Europe

Landscapes and national roadmaps
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Europe
Landscapes and national roadmaps
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United States
Landscapes and national roadmaps
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Recommendations5 Science Drivers

Since 2014



United States
Landscapes and national roadmaps
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(HL-)LHC physics, upgrades 

ILC was not approved in the
time frame, continued 
participation without major
funding investment

Continuing investment in
critical and new technologies
(RF cavity with N2 doping, 
plasma acceleration, nm beam,
quantum computing, ML,AI,…)



United States
Landscapes and national roadmaps
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Unconstrained budget scenario – two additional high priority activities



United States
Landscapes and national roadmaps
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N2 doping
High Q RF

laser-plasma 
accelerators

Fermilab

BELLA group
Berkeley Lab

Quantum Computing - quantum support vector 
machine (QSVM), detects Higgs bosons at the LHC. 
The algorithm run both on quantum simulators and 
on physical quantum hardware (on Google 
Tensorflow Quantum, IBM Quantum and Amazon 
Braket, ~20 qubits and a 5K-event dataset,)

quantum algorithm for the parton
shower by LBNL theorist
PhysRevLett.126.062001

Innovations



SNOWMASS 2021

美国高能物理规划
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① Define the most important questions for HEP & related fields
② Identify the most promising opportunities to address these questions in a global context

The Snowmass community planning 

exercise, that had been delayed since 

January 2021 due to the COVID-19 pandemic, 

resumed the full activity in September 2021
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SNOWMASS 2022

美国高能物理规划
The Snowmass community planning exercise - the full activity from 

September. 

1. Snowmass Day: To get on a new starting point, …., host of a half-day 

zoom meeting: the “Snowmass Day”, on September 24, 2021. 

We envision a virtual meeting recording available

Plenary: 2 hours, 12:00pm - 2:00pm EDT. Short presentations from all on 

plans for the upcoming activities. 

Breakout sessions: 2:30pm EDT. This is the opportunity to discuss 

frontier's status and future plans in details, to conduct cross-talk and 

interconnections between frontiers. 

2. CSS: The dates for the Snowmass Community Summer Study (CSS) to 

be held the University of Washington-Seattle have been fixed at July 17-27, 

2022.

https://snowmass21.org/start
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SNOWMASS 2021

美国高能物理规划

White Paper submission to arXiv: by March 15, 2022. 

Late submissions and updates are likely not to be incorporated in the working group 
reports, but will be included in the Snowmass on-line archive documents.

• Preliminary reports by the Topical Groups due: no later than May 31, 2022.

• Preliminary reports by the Frontiers due: no later than June 30, 2022.

• Snowmass Community Summer Study (CSS): July, 2022 at UW-Seattle.

• All final reports by TGs and Frontiers due: no later than September 30, 2022.

• Snowmass Book and the on-line archive documents due: October 31, 2022. 

Update of P5 will follow, to be coordinated by DOE, DPF and labs

https://snowmass21.org/start



United States
Landscapes and national roadmaps
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Possible energy frontier focal points:

Continued participation in the (HL-)LHC program

Emphasize on innovations and tech. breakthroughs (QC,AI, green lab, new…)

Muon collider design + R&D

Strong hand in the ILC (especially if Japanese government moves forward)

Cooperation with the FCC (ee,hh) group in key technologies

Push the field to find ways to probe the Universe and strive for discovery

plus lots of “frontiers” and “considerations” to watch out for



Japan
Landscapes and national roadmaps
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Japan’s Strategy for Energy Frontier

 Current HE research concentrates on (HL-)LHC

“… continuing studies of new physics should be pursued 
using the LHC and its upgrades.”

 Future HE project in Japan is the ILC

“… construction of the International Linear 
Collider with a  collision energy of 250 GeV should 
start in Japan immediately without delay so as to 
guide the …. through the research of the Higgs 
particle ….”
Final Report by the Committee on Future Projects in High Energy Physics, September 2017

http://www.jahep.org/files/20170906-en.pdf
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Japan
Landscapes and national roadmaps
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2020.08.02 ICFA announces a new phase towards preparation for the International 
Linear Collider. ICFA approved the  formation of the ILC International Development 
Team as the first step towards the preparatory phase of the ILC project, with a 
mandate to make preparations for the ILC Pre-Lab in Japan.

2020.08.31 Snowmass2021 LOI "Update of the Japanese Strategy for Particle Physics“

2020.10.28 The ILC Steering Panel was established by the Japan High Energy Physics 
Committee (HEPC) of the Japan Association of High Energy Physicists (JAHEP). “Leading 
the high energy physics community in Japan toward a timely realization of the ILC”

2021.01.16 The JAHEP ILC Steering Panel released a report "Recent Progress Towards 
the Realization of the ILC in Japan: Cooperative Efforts by Academia, Industry, and 
Local Region".

2021.06.02 The ILC International Development Team has released "ILC Preparatory 
Laboratory proposal". http://www.jahep.org/files/input_JapanHEPC_20191213.pdf
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open to Chinaclosed to China
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The ILC

Toshinori Mori
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Toshinori Mori
MEXT is cautious



Collaboration and geopolitical realities
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Collaboration:

Continued collaboration and coordination among Europe, US and Japan 

Shared R&D on critical technologies  (nano beam, design and components,…)

Close organization association and consultation, with funding agency invovelment

Europe and US have strong roles in the ILC 

Cooperation with the FCC (ee,hh) group in key technologies

Push the field to find ways to probe the Universe and strive for discovery

Geopolitical realities:

National interest and  politics can get in the way, sometimes

Some HEP technologies may be restricted 

Scientific exchange would be more challenging implication for the necessity 
of R&D and innovation in China
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 The present energy frontier, centered around LHC, is very active & productive

 Europe, Japan and US all have their own HE frontier strategies, and have 
updated them or will come up with updates in the near future

 Europe, Japan have plans for future energy frontier accelerators; US may 
come up with a muon collider program; they all aim high and have a dream

 Energy frontier remains global and requires sustained R&D and innovations

 Expected from the energy frontier, there are many important scientific questions 
to answer, technological challenges to solve, and issues-barriers to overcome

 Going for the future, will there be a HE accelerator beyond the HL-LHC in the world?

our colleagues in Europe, Japan, US are working hard to ensure a positive outcome

Comments & Summary
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Additional Slides
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Europe

Landscapes and national roadmaps
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Dave Newbold @ EPS2021

in the making



SNOWMASS 2021

美国高能物理规划
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https://snowmass21.org/

https://snowmass21.org/
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Input to Snowmass 2021: Letters of Interest & Contributed Papers

Letters of Interest (submission period: April 1, 2020 – August 31, 2020)

Letters of interest allow Snowmass conveners to see what proposals to expect and to encourage the community to begin 
studying them. They will help conveners to prepare the Snowmass Planning Meeting that will take place on November 4 -
6, 2020 at Fermilab. Letters should give brief descriptions of the proposal and cite the relevant papers to study. 
Instructions for submitting letters are available athttps://snowmass21.org/loi

SNOWMASS 2021

美国高能物理规划

Index to LOI, Submitted Papers, by Frontier
Energy Frontier (EF) (0)
Neutrino Physics Frontier (NF) (2)
Rare Processes and Precision Measurements (RF) (0)
Cosmic Frontier (CF) (1)
Theory Frontier (TF) (0)
Accelerator Science and Technology Frontier (AF) (1) 
Instrumentation Frontier (IF) (1)
Computational Frontier (CompF) (0)
Underground Facilities and Infrastructure (UF) (0)
Community Involvement (CommF) (0)

Contributed Papers (April 1, 2020 – July 31, 2021)

Contributed papers will be part of the Snowmass 
proceedings. They may include white papers on specific scientific 
areas, technical articles presenting new results on relevant physics 
topics, and reasoned expressions of physics priorities, including 
those related to community involvement. These papers and 
discussions throughout the Snowmass process will help shape the 
long-term strategy of particle physics in the U.S. 

Contributed papers will remain part of the permanent record of 
Snowmass 2021. Instructions for submitting contributed papers 
are available at https://snowmass21.org/submissions/

Participation by scientists from (I am aware of)
LOI + CP: CEPC accelerator, detector, BESIII physics, young theorists active
Other: Energy Frontier Physics Questions, CEPC updates, advising and convener roles

https://snowmass21.org/loi
https://snowmass21.org/submissions/ef
https://snowmass21.org/submissions/nf
https://snowmass21.org/submissions/rf
https://snowmass21.org/submissions/cf
https://snowmass21.org/submissions/tf
https://snowmass21.org/submissions/af
https://snowmass21.org/submissions/if
https://snowmass21.org/submissions/compf
https://snowmass21.org/submissions/uf
https://snowmass21.org/submissions/commf
https://urldefense.proofpoint.com/v2/url?u=https-3A__snowmass21.org_submissions_start&d=DwMFaQ&c=gRgGjJ3BkIsb5y6s49QqsA&r=CnB2dBRzp3ZQiG1vkO-oJGY8azYsEgbQJbmToKEYQmhK7oN0lyxOx7pCbGAjND7G&m=Bt_lrl0_witJ0Tj8ItqhJlX1inwlFe2N--7tHlM_Ht0&s=9_x3VueZ-laeUbEhCPmMm-zn0OChG2iOJdaDynq1X6k&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__snowmass21.org_submissions_&d=DwMFaQ&c=gRgGjJ3BkIsb5y6s49QqsA&r=CnB2dBRzp3ZQiG1vkO-oJGY8azYsEgbQJbmToKEYQmhK7oN0lyxOx7pCbGAjND7G&m=Bt_lrl0_witJ0Tj8ItqhJlX1inwlFe2N--7tHlM_Ht0&s=7icJ5oHHGOzzSxsrtk8OF2SJzdWZGkwt13_1qBfazfo&e=


United States
Landscapes and national roadmaps
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Europe
Landscapes and national roadmaps
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Dave Newbold @ EPS2021



SNOWMASS 2021  2022

美国高能物理规划
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DPF Community Planning Process - Community-wide meetings and workshops include

• Snowmass Kick-off Town-Hall meeting (virtual): April 18, 2020 (during the

2020 APS April Meeting)

• Snowmass Planning Meeting (virtual): 4 days during the 

week of Oct. 5, 2020 (9am-2pm PDT, 12pm-5pm EDT)

• Snowmass Mid-term Assessment: during 2021 APS April Meeting 

(April 17-20, 2021)

• Snowmass Summer Study: July 11 - 20, 2021 at UW Seattle

Various Frontier-level and Topical-group-level workshops have been organized by 

Conveners since April 2020 and these will continue through Spring 2021.

Workshop locations will be chosen to maximize “inclusiveness” based on accessibility and 

economic consideration. 

For all the meetings and workshops, we will make sure that we are inclusive to those who 

participate remotely and we will have a special session to discuss APS efforts for openness 

and the importance of open international collaboration.

Likely China will have 
a chance to present 
“HEP in China” talk.

Invitation to 高能分
会 is expected

The Snowmass community planning 

exercise, that has been delayed since 

January 2021 due to the COVID-19 pandemic, 

will resume the full activity from 

September 2021
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Japan
Landscapes and national roadmaps

The ILC
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The ILC


