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Energy Frontier 

Large Experiments

Snowmass Community Summer Study (CSS)

Seattle, July 17-26, 2022

Laura Reina (FSU), Meenakshi Narain (Brown U.), Alessandro Tricoli (BNL)
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Snowmass EF wiki: https://snowmass21.org/energy/start

https://snowmass21.org/energy/start


Energy Frontier: explore the TeV energy scale and beyond 
Aims at investigating open fundamental questions and exploring the unknown, using various 

probes to discover and characterize the nature of new physics, through the breadth and 

multitude of collider physics signatures
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Which machines?
Muon 

Collider

CEPC 

SppC

CLIC

ILC

LHeC

- e+e-

- hadron-hadron

- hadron-electron

FCC

+CCC /HELEN

➢ Looking for indirect evidence of BSM physics 
○ Need factories of Higgs bosons (and other SM 

particles) to probe the TeV scale via precision 
measurements

➢ Search for direct evidence of BSM physics at 
the energy frontier

○ Need to directly reach the multi-TeV scale

HL-LHC



Energy Frontier Benchmark Scenarios

Higgs-boson factories 
(up to 1 TeV c.o.m. energy) Multi-TeV colliders 

(> 1 TeV c.o.m. energy)
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Indicative scenarios of future 
colliders [considered by ESG]

2020 207020402030 2050 2060

Ja
p

an
C

ER
N

ILC: 250 GeV 
2 ab-1

CepC: 90/160/240 GeV

100/6/20 ab-1

500 GeV
4 ab-1

FCC-ee:  90/160/250 GeV 

-150/10/5 ab-1

C
h

in
a

SppC: 75-125 TeV, 10-20 ab-1

Proton collider
Electron  collider
Muon  collider

2080

Construction/Transformation

2090

Original from ESG by UB
Updated  July 25, 2022 by MN

UB

350-365 
GeV 1.7 ab-

1

20km tunnel 

100km tunnel 

100km tunnel, installation 

50 km tunnel 

FCC hh: 100 TeV ≈ 30 ab-1 

1 TeV
≈ 4-5.4 ab-1

31km tunnel 40 km tunnel 

5 years

Preparation / R&D

29 km tunnel 

2038 start physics

2035 start physics

2048 start physics

LHC              HL-LHC (14TeV, 3 ab-1) 
(13.6TeV, 450 fb-1 )

installation 



Proposals emerging  from this Snowmass for a US based collider

CCC

Muon Collider

• Timelines technologically limited
• Uncertainties to be sorted out

• Find a contact lab(s) 
• Successful R&D and feasibility demonstration for CCC and Muon Collider
• Evaluate CCC progress in the international context, and consider proposing an ILC/CCC  

[ie CCC used as an upgrade of ILC] or a CCC only option in the US.            
• International Cost Sharing

• Consider proposing hosting ILC in the US.

Possible scenarios of future 
colliders

2020 207020402030 2050 2060

Proton collider
Electron  collider
Muon  collider

2080 2090
UB

Preparation / R&D
U

SA

CCC: 250 GeV 
2 ab-1

550 GeV
4 ab-18 km tunnel 

2 TeV
≈ 4 ab-15 years

muC:Stage
1
3 TeV

OR 4km+6km km ring 

Stage2
10 TeV; 
≈ 10 ab-1

13 years

RF upgrade

10km & 16.5 km tunnels

4km & reuse Tevatron 
ring Note: Possibility of 

125 GeV or 1 TeV at Stage 1

2045 start physics

2040 start physics

Original from ESG by UB
Updated  July 25, 2022 by MN

Construction/Transformation



Large Projects
Project Construction 

Start date (yr)
Construction End 
date (yr)

Construction 
Cost B$

Higgs Factories

CepC 2026 2035 12-18

CCC (higgs Fac) 2030 2040 7-12

ILC (higgs Fac) 2028 2038 7-12

CLIC 2041 2048 7-12

FCC-ee 2033 2048 12-18

Multi-TeV Colliders

Muon Collider (3 
TeV)

2038 2045 7-12

Muon Collider (10 
TeV)

2042 2052 12-18

SppC 2043 2055 30-80

HE CCC 2055 2065 12-18

HE CLIC (3 TeV) 2062 2068 18-30

FCC-hh 2063 2074 30-50

Cost estimates from the ITF report by AF. 
Please refer to the document for 
explanations now they were  
estimated and associated caveats

Link to the report on AF wiki

https://indico.fnal.gov/event/54953/sessions/20614/attachments/156153/205983/ITFreportDRAFT-July19.pdf


Medium Project Scale R&D requests

Project R&D Start 
date (yr)

R&D End 
Date (yr)

R&D cost
M$

Higgs Factory 
detector 
R&D

now 2035 ~100-150

CCC higgs 
factory

2024 2028 ~100

CCC High Energy 2045 2050 ~200

Muon Collider 
(1-3 TeV)

now 2040 ~300

Muon Collider
(10 TeV)

2040 2047 ~200

Estimated US Contributions
In the spirit of Snowmass 
numbers are very 
preliminary.  They give an 
approximate scale.

Need to be vetted further. 



Accelerator & Detector 
R&D Needs
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Higgs Factories Multi-TeV Machines
Support a fast-start for construction of an e+e- Higgs 
Factory

Viability of Facilities and Challenges (from AF) 

● ILC: 
○ Ready to go, polarization
○ Long, e+ source, 
○ consider CCC technology for upgrades

● FCCee & CEPC :
○ Ongoing feasibility study 
○ Longest, $$, power consumption

● CLIC:
○ Lowest power needs, shortest
○ 2-beams (or klystrons?), tolerances 

● Cool Copper Collider or HELEN:
○ new proposals from Snowmass
○ lower cost option to ILC/CLIC
○ large gradients at least 70MV/m (HELEN)  CCC 

capability up to 120-155 MV/m 
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Support for R&D for EF multi-TeV colliders

Viability of Facilities and Challenges (from AF)

● CLIC-3 TeV :
○ Established CDR, demo facilities
○ Long, $$$, huge power consumption

● FCChh-100 TeV:
○ Re-use FCCee tunnel, high-L, LHC exp.
○ 20(?) yrs for 16 T magnets, $$$, power

● SPPC-125 TeV:
○ Re-use CepC tunnel, ep 0.12+62.5 TeV
○ (N) yrs for 20 T magnets, $$$, power

● Muon Collider-10(14) TeV:
○ Potentially lowest cost, best Lumi/TWh
○ 6D cooling R ,  D on many subsystems



Detector R&D Needs 
Preparation of a Technical Design for a Detector needs an R&D program
• Highly segmented detectors with good resolution were simulated to make the case 

for physics studies for Higgs Factories & Multi-TeV Colliders.
• We do need complex/cutting-edge detectors to meet the ambitious physics 

goals! The needs extend beyond generic R&D.

• Address the specific detector challenges for e+e– colliders. 

• Such a program needs to start now 

• to explore the technology to build a full-scale e+e– collider detector 

• It takes about 10 years from CD0 to end of construction of a collider 
detector.

• Thus investment in targeted detector R&D for a Higgs Factory has 
to start soon!
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Summary
• An opportunity for US to take leadership in colliders

• US EF community strongly supports 
1. A fast start of construction of an e+e- Higgs Factory (FCC-ee, ILC, C3, CLIC)  

[Large Project]
2. Request for targeted detector R&D for Higgs Factory [in the range of small 

project costs]
3. Request for investment in R&D towards lowering of costs for Higgs Factory 

[lower end of medium project costs]
a. interest in new technologies from early career scientists

4. Request for investment in R&D towards multi-TeV colliders
a. significant interest for adding muon collider R&D. [lower end of medium 

project costs]
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News de l’IN2P3 

• Le timing des Master Projets n’est pas encore finalisé

• Plus d’informations en Septembre

• Laurent sera présent lundi 21/11, premier jour de FCC-France-Italie

• Un post-doc ATLAS-FCC attribué à l’APC (embauche urgente)
- Search for HH in bbyy or bbtautau on ATLAS
- L.Argon simulation and Higgs Physics on FCC

• Demandes Postdocs  pour 2023

Master-Projets

Post-Docs



Demandes ressources financières



Demandes ressources humaines

En 2022: 3 Postdocs LHC-FCC attribués:

IPHC : CMS / FCC   (tracking for FCC)

LLR    : CMS / FCC  (Calice for FCC)

APC   : ATLAS / FCC (L.Argon simulation for FCC)

Demandes 2023 ??

LPSC : Etudiant ATLAS / FCC

APC : Etudiant ATLAS / FCC

?







Préparation FCC France-Italie 21-23 Novembre à Lyon

• Première discussion informelle avec les italiens sur une possible organisation:
Gregorio Bernardi, Didier Contardo, Suzanne Gascon, Angeles Faus Golfe, Giacomo Cacciapaglia,

Franco Bedeschi, Roberto Tenchini, Aleandro Nisati, Manuela Boscolo, Fulvio Piccinini

• Lundi 21/11 démarrage à 12h30 avec lunch commun, puis session plénière introductive.

• Mardi 22/11 2 sessions parallèles:  PED (incluant theorie) et Accélérateurs

• Mercredi 23/11 Session plénière de conclusion

Plus de discussions à la FCC week la semaine prochaine

Plus de Francais et d’Italiens dans l’organisation.
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1.Silicon tracking detectors
a. Both France and Italy have large communities involved, but the impression is that they are pretty much 

decoupled. We could have a couple of talks covering the current scenario in both countries followed by 
a discussion on the potential for future work. For Italy the ARCADIA project and R&D on 
ATLASPIX3 are presently connected with FCC work, but other experts currently busy with LHC upgrade 
could also enlarge the picture.

2.Gas trackers
a. Also here there are large communities involved in large gas trackers with a preference for TPC in France 

and one for drift chambers in Italy. There is also a wide community on muon trackers RPC and 
chambers of many types. An important topic is the use of large trackers for PID using cluster counting 
or dE/dx and the associated electronics. Also in this case a couple of overview talks followed by a 
guided discussion could be a way to proceed.

3.Calorimeters
a. Here our two countries are high polarized: France for PF and Italy for Dual Readout, but in the end 

things a becoming more and more related. Indeed DR with timing could become a good PF detectors 
and there are many common electronics issues to deal with the enormous number of readout 
channels. For instance the development digital SiPM could be of interest to both.

b. A crystal based EM calorimeter could be of common interest and there are already strong collaboration 
for CMS and its upgrade.

c. Since calorimetry is so complex I think we should take more time and separate the hadronic and EM 
with two overview talks each and guided discussion.

4.Simulation and physics case studies
a. This is another are of interest where reaching a critical mass is important. 

F. Bedeschi : specifically for the detectors I see some obvious macro-areas that we may want to cover
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