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Collider Proposals at Snowmass

D. Schulte                        Future Collider Projects, CHIP/CHART June 2023 

Implementation Task 
Force (ITF) lookedat 
manydifferent 
proposals

Cannotcoverthem all

Select accordingto
European view
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http:// cds.cern.ch/record/2721370 

Åά9ǳǊƻǇŜΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƛǘǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǇŀǊǘƴŜǊǎΣ ǎƘƻǳƭŘ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ 
technical and financial feasibility of a future hadron collider at CERN 
with a centre-of-mass energy of at least 100 TeVand with an electron-
ǇƻǎƛǘǊƻƴ IƛƎƎǎ ŀƴŘ ŜƭŜŎǘǊƻǿŜŀƪ ŦŀŎǘƻǊȅ ŀǎ ŀ ǇƻǎǎƛōƭŜ ŦƛǊǎǘ ǎǘŀƎŜΦ ά

Åά¢ƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴŎƭǳŘŜ high-field magnets, high-
temperature superconductors, plasma wakefieldacceleration and other 
high-gradient accelerating structures, bright muon beams, energy 
recovery linacs.
The European particle physics community must intensify accelerator 
R&D and sustain it with adequate resources. 

2020 Update of the European Strategy for Particle Physics



Åά9ǳǊƻǇŜΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƛǘǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǇŀǊǘƴŜǊǎΣ ǎƘƻǳƭŘ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ 
technical and financial feasibility of a future hadron collider at CERN 
with a centre-of-mass energy of at least 100 TeVand with an electron-
ǇƻǎƛǘǊƻƴ IƛƎƎǎ ŀƴŘ ŜƭŜŎǘǊƻǿŜŀƪ ŦŀŎǘƻǊȅ ŀǎ ŀ ǇƻǎǎƛōƭŜ ŦƛǊǎǘ ǎǘŀƎŜΦ ά

Åά¢ƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴŎƭǳŘŜ ƘƛƎƘ-field magnets, 
high-temperature superconductors, plasma wakefieldacceleration and 
other high-gradient accelerating structures, bright muon beams, energy 
recovery linacs.
The European particle physics community must intensify accelerator 
R&D and sustain it with adequate resources. 

ÅA roadmap should prioritise the technology, taking into account 
synergieswith international partners and other communities such as 
photon and neutron sources, fusion energy and industry. 

ÅDeliverables for this decade should be defined in a timely fashion and 
coordinated among CERN and national laboratories and institutesΦά
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https:// arxiv.org/abs/2201.07895

2020 Update of the European Strategy for Particle Physics



FCC Project Overview

CepC and SppC is a similar approach in China
5

FCC-ee at Z, WW, ZH and tt
FCC-hh at 80-116 TeV, depending on magnet 
technology (Nb3SN vs HTS)

Comprehensive long-term program maximizing physics opportunities
Å stage 1: FCC-ee (Z, W, H, ÔӶÔ) as Higgs factory, electroweak & top factory at highest luminosities

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

Å complementary physics

Å common civil engineering and technical infrastructures, building on and reusing CERNôs existing infrastructure

Å FCC integrated project allows seamless continuation of HEP after completion of the HL-LHC program

2020 - 2040 2045 - 2060 2065 - 2090
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ŘƻǳōƭŜ ǊƛƴƎ ŜҌŜπŎƻƭƭƛŘŜǊΣ  ǿƛǘƘ ŦǳƭƭπŜƴŜǊƎȅ ōƻƻǎǘŜǊ 
ĄǘƻǇπǳǇ ƛƴƧŜŎǘƛƻƴ ƳŀŎƘƛƴŜ

н ƻǊ п ƛƴǘŜǊŀŎǘƛƻƴ Ǉƻƛƴǘǎ

ŜŦŦƛŎƛŜƴǘ LŦǊƻƳ ½ ǘƻ ὸὸ

ǘƘŀƴƪǎ ǘƻ ǘǿƛƴπŀǇŜǊǘǳǊŜ ƳŀƎƴŜǘǎΣ ƘƛƎƘπv {wCΣ 
ŜŦŦƛŎƛŜƴǘ wC ǇƻǿŜǊ ǎƻǳǊŎŜǎΣ ǘƻǇπǳǇ ƛƴƧŜŎǘƛƻƴΣ ŜǘŎΦ

ҔнΦр ŀōπмǿƛǘƘ лͯΦрȄмлсI κ Lt όоȅύ 

Ҕтр ŀōπмǿƛǘƘ нͯȄмлмн½ κ Lt όпȅύ

enormous performance increase:

collects LEP data statistics in few minutes

luminosity vs. electricity consumption

highest lumi/power of all H fact. proposals

Nature Physics 16, 402ï407 (2020)

FCC-eehighest luminosity



efficient RF power sources
(400 & 800 MHz)

efficient SC cavities 

ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘǘǿƛƴ ŀǇŜǊǘǳǊŜ ƭƻǿ ŦƛŜƭŘ ŀǊŎ ŘƛǇƻƭŜǎ

I. Syratchev

A. Milanese

under study: HTS CCT and CF magnets

800 MHz 5-cell Nb
prototype / JLAB, 2 K

F. Marhauser

400 MHz 
1-,2- & 4-
cell 
Nb/Cu , 
4.5 K

FPC & HOM coupler, cryomodule, thin-
ŦƛƭƳ ŎƻŀǘƛƴƎǎΧ

. !ǳŎƘƳŀƴƴΣ aΦ 
YƻǊŀǘȊƛƴƻǎ

FCC-eeAccelerator R&D program



regulararc interaction region

FODO lattice, many -I sext pairs; 
periodic unit cell length ͯ260 m

hybrid FODO lattice,
with few sext. families,
periodic unit cell lengthͯ 300 m

5 sext.sper final focus, 
modular

άмΦрέ sext.sper final focus,
asymmetric

YΦ hƛŘŜK. Oide

P. RaimondiP. Raimondi

C. Garcia (EPFL), R. Tomas (CERN), L. van der Veken, T. Pieloni

optimisation goals:

Å reduced power consumption
Å lower SR energy loss
Å increased momentum acceptance
Å relaxed tolerances
Å larger dynamic aperture
Åsimplified powering schemes

FCC-eeOptics and beam dynamics baseline and evolution(s)



regulararc ƛƴǘŜǊŀŎǘƛƻƴ ǊŜƎƛƻƴ

FODO lattice, many -I sext pairs; 
periodic unit cell length ͯ260 m

hybrid FODO lattice,
with few sext. families,
periodic unit cell lengthͯ 300 m

5 sext.sper final focus, 
modular

άмΦрέ sext.sper final focus,
asymmetric

K. OideK. Oide

P. RaimonditΦ wŀƛƳƻƴŘƛ

C. Garcia (EPFL), R. Tomas (CERN), L. van der Veken, T. Pieloni

optimisation goals:

Å reduced power consumption
Å lower SR energy loss
Å increased momentum acceptance
Å relaxed tolerances
Å larger dynamic aperture
Åsimplified powering schemes

FCC-eeOptics and beam dynamics baseline and evolution(s)

The beam stability represents an important challenge!



ÁArc half-cell: most recurrent assembly of mechanical 

hardware in the accelerator (~1500 similar FODO)

ÁMock-upĄ Functional prototype(s) Ą Pre-seriesĄ Series

ÁBuilding a mock-up allows optimizing and testing 

fabrication, integration, installation, assembly, transport, 

maintenance

ÁWorking with structures of equivalent volumes, weights, 

stiffness

Arc half-cell mock-up + IR mock-up

F. Carra 
et al.

C//πŜŜƳƻŎƪπǳǇǎ ŦƻǊ !ǊŎǎ ŀƴŘ Lw

M. Boscolo 
et al.



FCC-eepositron source

P3: PSI e+ production experiment - HTS 
solenoid -at SwissFELplanned for 2024/25

FCC-eepre-injector layout

CHART collaboration PSI & CERN with partners CNRS-IJCLab(Orsay), INFN-LNF (Frascati), 
KEK/SuperKEKBas observer,  INFN-Ferrara ςradiation from crystal, CEA (FCCIS ςbooster design)

P. Craievich, I. Chaikovska, A. Grudiev,  
C. Milardi, et al.



Key technology: high-field magnets

FNAL dipole 

demonstrator

4-layer cosJ

14.5 T Nb3Sn     

in 2019

from 

LHC technology 

8.3 T NbTi dipole

via 

HL-LHC technology 

12 T Nb3Sn quadrupole

oͯrder of magnitude performance increase 
in both energy & luminosity wrt LHC

1ͯ00 TeVcm collision energy                                   
(vs 14 TeVfor LHC) 

20 ab-1 per experiment over 25 years                
of operation (vs 3 ab-1 for LHC)

HTS 

technology

Hybrid           

Nb-Ti/HTS

FCC-hh option and technology challenge



CERN budget for high-field magnets doubled in 

2020 Medium-Term Plan (~ 200 MCHF over ten 

years)

Main R&D activities:

Ç materials: goal is ~16 T for Nb3Sn, at least ~20 T 

for HTS inserts

Ç magnet technology: engineering, mechanical 

robustness, insulating materials, field quality

Ç production of models and prototypes: to 

demonstrate material, design and engineering 

choices, 

industrialisation and costs

Ç infrastructure and test stations: for tests up to ~ 20 

T and 20-50 kA

Detailed deliverables and timescale being defined 

through Accelerator R&D roadmap under development

L. Bottura, F. Gianotti, A. Siemko, B. Auchmann

In parallel to FCC studies, 

High Field Magnet development program as long-term separate R&D project

HFM R&D program



HFM developments in the colliders landscape

FCC Week ςJune 2023 A. Ballarino ςHTS Developments

Dipoles Quadrupoles Undulators/Wigglers Detectors Field (T)

FCC-ee IR Quad ³ < 3 T

CEPC IR Quad ³ < 5 T

ILC ³ ³ ³ ³ < 2 T

CLIC ³ ³ < 2.5 T

FCC-pp ³ ³ ³ 16 T -20 T 

SppC ³ ³ ³ 12 T- 24 T

Muon 
Colliders ³ ³ ³

Solenoids 
> 10 T-20 T 

HTS Beneficial Technology
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Exploration at lower fields: possible reduction of cryopower, lighter 
ƳŀƎƴŜǘǎΣ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ƻǇǘƛŎǎ ŘŜǎƛƎƴΧΚ

LTS and HTS Enabling Technology

14High field beyond Nb3Sn
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lRF/2
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W. Kaabi, 
A. Bogacz, 
O. Bruning, 
M. Klein

arXiv:1705.08783

LDG ERL report

V. Litvinenko et al.

Principle of Energy Recovery Linac(ERL)

ERL landscapeLHeCand FCC-eh: twin machines

άǎǘŀƎŜ нō ƻǊ ǎǘŀƎŜ оέ(FCC-eh, ERL-based) 
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e- Source

e+ Main Liinac

e+ Source

e- Main Linac

Damping Ring

Beam dump

Interaction point

Physics Detectors

Bunches of ~1010 e+/e-

Å Creating particles Sources

Å polarized elections/positrons

Å High quality beam                   Damping ring

Å low emittance beams

Å Acceleration Main linac

Å superconducting radio frequency (SRF)

Å Collide them    Final focus

Å nano-meter beams

Å Go to                                       Beam dumps

Undulator positron source

Electron driven positron source

The ILC250 accelerator facility

SHINE (under construction)

-75 cryomodules
-~600 cavities
- 8 GeV (CW)

ILC
-900 cryomodules
-8,000 cavities
-250 GeV (Pulsed)

-100 cryomodules
-800 cavities
-17.5 GeV (Pulsed)

-35 + 20 cryomodules 
-280 + 160 cavities 
- 4 + 4 GeV (CW) 

Euro-XFEL
Operation started from 2017

SLAC

DESY

LCLS-II + HE (under construction)

SINAP
KEK

LAL/Saclay

INFNFNAL
JLab

Cornell

International Linear 

Collider (ILC) (Plan)

LCLS-II 

14.03.23 Recent talks (with more references): eeFACT-I1 and eeFACTI2Steinar Stapnes- Linear Colliders

https://agenda.infn.it/event/21199/contributions/168888/attachments/96229/132492/ILC_AFG_v1.pdf
https://agenda.infn.it/event/21199/contributions/178820/attachments/96634/133146/eeFACT_ILC-Power_List_220916.pptx
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Recent progress:

A subset of the technical activities of the full ILC preparation phase 

programme have been identified as critical. Moving forward with these is 

being supported by the MEXT (ministry) providing increased funding. 

European ILC studies, distributed on five main activity areas, is foreseen to 

concentrate (for the accelerator part) on these technical activities :  

A1 with three SC RF related tasks

Å SRF: Cavities, Module, Crab-cavities  

A2 Sources 

Å Concentrate on undulator positron scheme ïfast pulses magnet, 

consult on conventual one (used by CLIC and FCC-ee) 

A3 Damping Ring including kickers

Å Low Emittance Ring community, and also kicker work in CLIC and FCC

A4 ATF activities for final focus and nanobeams 

Å Many European groups active in ATF, more support for its operation 

expected using the fresh funding 

A5 Implementation including Project Office 

Å Dump, CE, Cryo, Sustainability, MDI, others (many of these are 

continuations of on-going collaborative activities) 

Personnel with interest and skills in European 
labs/Univ., local infrastructure

Material funds as 
estimated (major/core 

part from KEK), in some 
cases complemented by 

local funding 
EAJADE, MC exchange project 

supporting Higgs factory 
personnel exchange to Japan 

and the US 

CERN LC, project 
office (~within 

existing LC 
resources at CERN) 

Technical work in progress ïEuropean focus 

EAJADE MC: Information at LINK
14.03.23 Steinar Stapnes- Linear Colliders

https://agenda.linearcollider.org/event/9762/contributions/50949/attachments/38269/60112/20220715.EAJADE.ILC-EU.pdf


CLIC

18

Drive beam allows compactness, 
limited cost and power

Stages possible: 0.38, 1.5 and 3 TeV

Optimised for cost 
and power



CLIC Work

19

Project Readiness Report as a step toward a TDR 
Assuming ESPP in  ~  2026, Project Approval ~ 2028, Project (tunnel) construction can start in ~ 2030.



LCs towards much higher energies 

20

CLIC is highest energy (3 TeV) detailed proposal 
with a CDR

Rough rule of thumb Linear Colliders:
Å cost proportional to energy (need disruptive 

technologies for a LC going much beyond ς
much higher gradients) 

Å power proportional to luminosity - need higher 
power efficiency 

No convincing study of improving lum/P ratio for 
LCs at multi-TeVenergies well above 3 TeV, even 
maintaining it is hard. 

Going beyond 3 TeV(with other RF methods) 
would require very small beams, extreme 
requirements for stability, improved wall-plug to 
beam efficiency, etc. 
It is not only a question of gradient.

20Steinar Stapnes - Linear Colliders



Muon Collider Overview

Short, intense 
proton bunch

Ionisationcooling 
of muonin matter

Acceleration to 
collision energy

Collision

Would be easy if the muonsdid not decay
Lifetime is ̱ = ɹ x 2.2 ˃ ǎ

Protons produce pions
which decay into muons
muonsare captured

21

aǳƻƴ ŎƻƭƭƛŘŜǊ Ƙŀǎ ōŜŜƴ ǎǘǳŘƛŜŘ ƛƴ ǘƘŜ ¦{ όάa!tέύΣ ŜȄǇŜǊƛƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘŜ ¦Y όάaL/9έύ ŀƴŘ ǎƻƳŜ 
ŀƭǘŜǊƴŀǘƛǾŜǎ ƘŀǾŜ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ŀǘ LbCb όά[9aa!έύ

Renewed interest thanks totechnology and design advances and 
new goal of very high-energy, high-luminosity lepton collisions



Muon Collider Overview

Short, intense 
proton bunch

Ionisationcooling 
of muonin matter

Acceleration to 
collision energy

Collision

Would be easy if the muonsdid not decay
Lifetime is ̱ = ɹ x 2.2 ˃ ǎ

Protons produce pions
which decay into muons
muonsare captured
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aǳƻƴ ŎƻƭƭƛŘŜǊ Ƙŀǎ ōŜŜƴ ǎǘǳŘƛŜŘ ƛƴ ǘƘŜ ¦{ όάa!tέύΣ ŜȄǇŜǊƛƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘŜ ¦Y όάaL/9έύ ŀƴŘ ǎƻƳŜ 
ŀƭǘŜǊƴŀǘƛǾŜǎ ƘŀǾŜ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ŀǘ LbCb όά[9aa!έύ

Renewed interest thanks totechnology and design advances and 
new goal of very high-energy, high-luminosity lepton collisions

Key work
ÅDesign of critical beam complex
ÅAddress technologies
ÅPrepare demonstrator



Key Challenges

23

D. Schulte                        Future Collider Projects, CHIP/CHART June 2023 

3) Costand power consumption limit energy reach
e.g. 35 km accelerator for 10 TeV, 10 km collider ring
Also impacts beam quality

4) Drives the beam quality
MAP put much effort in design
optimiseas much as possible

1) Dense neutrino flux
mitigated by mover system 
and site selection

2) Beam-induced 
background

0) Physics case

23



Muon Collider R&D Examples

M. CalvianiMuon production/cooling 
demonstrator
CERN example:  PS beam
Å 1013 p at 20 GeV every 1.2 s
Å Could use SPL beam

24

Detector studies
Å 10 TeV design
Å Beam-induced background
Promising but more work required

Siting/environemental impact
Å Want negligible impact on environnement

HTS solenoids

Cooling Cell Design
Cooling in matter demonstrated 
in MICE
In magnetic field RF need 
demonstrator

  

Rect ilinear Cooling Channel
A1 A4

B1 B8

Beam

Beam

MAP study

20 T target solenoidin HTS
ITER 13 T LTS solenoidcouldalreadywork

40 T HTS solenoid



Conclusions
Colliders due to their ambitious goals and pushed parameters represent one of the mayor drivers for 
advancements in accelerator physics and technology

It is not about scaling from previous machines Ąmany open questions are still greefields

All projects have pros and cons, different levels of promises and of risks

All projects are pushing technology R&D in many ways
Å Re-thinking classical designs (Nb3S cables), enbracing new materials (HTSs) and/or exploring advanced 

concepts ERLs, plasma acceleration, beam dynamics (cooling of muons)
Å Design better with new constrains and challenges Ą impact on enviroment, power consumption, 

efficiency, impact to society and synergies to different fields
Å Need to educate and train the next generation of Accelerator physisicst and engegneers

Now, there are several opportunities for younger researchers to contribute in a tangeble and 
important manner to the design of the next collider!



So which one will be the next future collider?

Certainly it will depend on so many aspects: technology, politics, cost 
estimates, timescales, enviromental impact, efficiency, power 
ŎƻƴǎǳƳǇǘƛƻƴΧΧandPhysics cases!



https://www.forbes.com/sites/chunkamui/2017/04/04/7-
steps-for-inventing-the-future/?sh=b7c989c33bf9

é.the best way to predict the future is to create/invent it! 
(Alan Kay ringleader of the ARPA-inspired scientists )

1. Smell out a Need/challenge
2. Apply favourable Exponentials
3. Project the need 30 years out and imagine what might be possible in the context of the 

exponential curves
4. Create a 30 -year vision
5. Pull the 30-year vision back into a 10 to 15-year lesser vision

6. Compute/design in the future
7. Crawl your way there

That is a future worth inventing Ą If Society invests in a future project, it is investing in you!

So which one will be the next future collider?



Timelines in Snowmass Energy Frontier summary I 
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Comments: 
ÅTimelines are technologically 

limited ςexcept the CERN 
projects that are linked to 
completion of the HL-LHC
ÅCEPC and ILC schedules are 

mature, but the projects need to 
pass approval processes in the 
near future to maintain these 
schedules
ÅA clear wish to develop options 

for future US sited EF colliders    
ÅFrom Meenakshi NarainEF 

summary Snowmass
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Proposals	emerging		from	this	Snowmass	for	a	US	based	collider	
				

		CCC	
	

	
		Muon	Collider	

	

	

	

	

Å Timelines	technologically	limited	
Å Uncertain es	to	be	sorted	out	
Å Find	a	contact	lab(s)		
Å Successful	R&D	and	feasibility	demonstra on	for	CCC	and	Muon	Collider	
Å Evaluate	CCC	progress	in	the	interna onal	context,	and	consider	proposing	an	ILC/CCC		

[ie	CCC	used	as	an	upgrade	of	ILC]	or	a	CCC	only	op on	in	the	US.													
Å Interna onal	Cost	Sharing	

	
Å Consider	proposing	hos ng	ILC	in	the	US.	

Possible	scenarios	of	future	colliders 

2020 2070 2040 2030 2050 2060 

Proton	collider 
Electron		collider 
Muon		collider 

2080 2090 

UB	

Prepara on	/	R&D 

	U
SA

 

CCC:	250	GeV	 
2	ab-1	

550	GeV 
4	ab-1	8	km	tunnel	 

2	TeV	
Ғ	4	ab-1 5	years 

muC:Stage1 
3	TeV		

OR	4km+6km	km	ring	 

Stage2 
10	TeV;	 
Ғ	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	

Construc on/Transforma on 

Interest in the US to host a high-energy frontier project

Muon collider considered a plan B for CERN

Timelines in Snowmass Energy Frontier summary II 



Questions? 

Comments?



Some references to get inspiration

Seminar series: General information seminars on Future Colliders current activities
Propose to the organizers topics on which you would like to know more details about!

Organizers: 

Å Å Å Å Å Å 

M. Aleksa (FCC PED Coordination Board)

J. List (ILC Exec Board)

M. Mangano (FCC Coord Board)

D. Schulte (Study Leader, International Muon Collider Collaboration IMCC) 
S. Stapnes (ILC Exec Board and chair of IMCC steering board) 

F. Zimmermann (FCC deputy leader) 

https://indico.cern.ch/category/16478/


8 km footprint for 250/550 GeV CoM 70/120 MeV/m
ǒ 7 km footprint at 155 MeV/m for 550 GeV CoMςpresent Fermilab site

Large portions of accelerator complex are compatible between LC technologies 
ǒ Beam delivery and IP modified from ILC (1.5 km for 550 GeV CoM)
ǒ Damping rings and injectors to be optimized with CLIC as baseline
ǒ Reliant on work done by CLIC and ILC to make progress

C3 studies 
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6

Understanding the Physics of Breakdown at High Gradients has 

Established the Limits of Normal-Conducting Copper Structures

Å Controlling material properties produced dramatic improvements in 

achievable accelerating gradient Ÿ impacting accelerators and injectors

V. Dolgashev, S. Tantawi

Cryostat assembly

Bead Pull Test

Å Material properties determine the performance of accelerating structures

Å Dislocations caused by stress from fields form protrusions

Å Reduced in higher strength materials and at lower temperatures

Å Extreme surface fields (500 MV/m) require new models including emission

Cahill, PhD Diss., 2017

Cahill, et al. PRAB 21.6 (2018): 061301.

Rosenzweig, et al. NIMA (2018).

Cahill, et al. NIMA 865 (2017): 105-108.

Nonlinear Q M odel

Cryo-cooled copper cavity, SLAC

Cryo-cooled copper pulsed dc 

electrodes, Uppsala/CERN

14.03.23 Steinar Stapnes - Linear Colliders
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Modern Manufacturing
Prototype One Meter Structure

Preliminary Alignment and 
Positioning 

High Accelerating Gradients
Cryogenic Operation

Integrated Damping
Slot Damping with NiChrome Coating

Copper in high electric field region

Implementation

HTS in high magnetic field region

3 or 12 GHz for 
high power test in 
CLIC test stands. 

A key open question is how the 
HTS will behave at high-power. Can 
it be even put in the high electric 
field region?

Cryogenic systems extended: Combining 
high-gradients in cryo-copper and high-

temperature superconductors for high-

efficiency and reduced peak RF power 
requirements.

C3 - 8 km Footprint for 250/550 GeV



Project concepts exists and need to be further checked and developed. Practical work concentrated on smaller 
facilities (e.g. PEARL, bERLinProΣ 9¦tw!·L!Σ CƭŀǎƘŦƻǊǿŀǊŘΣ /[!w!Σ !²!Y9 ΧΧύΦ Lƴ ŀŘŘƛǘƛƻƴ ƻŦǘŜƴ ƳƻǘƛǾŀǘŜŘ ōȅ ǳǎŜ 
outside particle physics ςhowever some plasma acc. ideas for injectors. Several energy recovery concepts were 
presented foe Snowmass. 
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Energy recovery and Plasma 

Both are part of the LDG acc. R&D roadmap, illustrations from PECFA reports on Plasma and Energy Recovery 


