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Discussions with Angeles Faus-Golfe, Steiner Stapnes

Caveat: Material is heavy on cold copper as that is what I am most familiar with, LC vision report will include more 

details from relevant experts
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https://web.slac.stanford.edu/c3/

Aim to Elicit Discussion on Pathways for Upgrades

C3

CLIC
ITF Report

https://web.slac.stanford.edu/c3/


What’s Next for the Energy Frontier?
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Wish list beyond HL-LHC:
1. Establish Yukawa couplings to light flavor ⟹ needs precision
2. Establish self-coupling ⟹ needs high energy 

Decades Long Program of Higgs Physics and Discovery



Higgs Production at e+e-
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ZH is dominant at 250 GeV

Above 500 GeV 

● Hvv dominates 

● ttH opens up

● HH production accessible 

with ZHH

Global Vision for a Linear 

Collider Facility: 

Full Higgs Factory Program

● 91 GeV to TeV scale

● BSM reach 100 TeV



Linear vs. Circular
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Linear e+e- colliders: ILC, C3, CLIC

● Reach higher energies (~TeV), and 

can use polarized beams

● Relatively low radiation

● Collisions in bunch trains

Circular e+e- colliders: FCC-ee, CEPC

● Highest luminosity collider at 

Z/WW/ZH

● limited by synchrotron radiation 

above 350 – 400 GeV 

● Beam continues to circulate after 

collision

Infrastructure, Technology and People Provide a Pathway for Future Discovery



Linear colliders maintain power efficiency with energy

Sustainable Scaling with Energy

Snowmass ITF comparison of collider 

parameters 

Inputs from 2021

Sustainability is an increasing focus 

of our community

Need community updates for EPPSU
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Note: Includes proven and early-
stage technologies



Linac Proposals or Technologies for Future Upgrades?
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250 GeV Center of Mass Superconducting RF Linear Accelerator

ILC Baseline

Established technology for main 

linac

Reusable Infrastructure:

• 2X 7.4 km large bore tunnel

• Electron and positron 

sources

• Damping rings

• Cryogenics

• Beam transport & turn 

arounds

• Beam delivery & final focus 

– upgradable or replaced

Existing HW reutilized (e.g. FELs)

8LC Vision Community EventWhy change technology? Energy Reach or Efficiency/Luminosity

DESY-22-045, “The international linear collider: Report to snowmass 2021”



Pathways to Higher Energy
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Assuming ILC 0.25 TeV – 20.5 km (2X 7.4 km for linac)

Approaches assume replacing main linac hardware 

0.5 – 1 TeV

→ SRF Materials and SRF Design

1 - 2 TeV

→Cold Copper and NCRF Design

→ Two-Beam Accelerators

O(10) TeV

→Wakefield Accelerators



ILC provides a large tunnel suitable for multiple technologies

Constraints Imposed by Tunnel Dimensions
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Cryomodule Unit - 9 m 
(630 MeV/1 GeV )

ILC
Usable Tunnel Width - 11 m

C3

Usable Tunnel Width - 9.5 m



Damping ring represent a large investment in collider complex

Bunch Format and Damping

ILC TDR ~5 GeV damping ring

Bunch spacing within trains is approximately 8 ns 

Sets the limit for the rise and fall time for the 

injection and extraction kicker systems

For the luminosity upgrade this number reduces 

to ∼4 ns

R&D on fast kickers has progressed significantly

Minimum spacing set by injection kicker
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ILC TDR Damping Ring



Solid-State High-Voltage Switches 

Fast Kickers

Significant effort developing kickers for injection / 

extraction, orbit correction at light sources

High repetition rates possible 100s kHz - > R&D for storage 

rings

Nanosecond rise times demonstrated and in operation

Example of operational LCLS kicker
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Kicker aperture: 20 mm

Length: 300 mm

Kicker filling time: 1 ns

Transvers kick: 307 keV

2 ns

A. Krasnykh, SLAC



Baseline Parameters for Damping Ring

Damping Ring for C3

Smaller circumference than ILC 

Slightly lower energy 

Initial bunch spacing 3-5 ns

Ultimate bunch spacing as low as 

1 ns

Adoption of existing ILC 

damping ring likely to only 

require modification of (fast) 

injection and (slow) extraction 

kickers
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Parameter Value

Energy (GeV) 4.6

Rep-rate (Hz) 60

Stored bunch trains 2

Bunches per train 266

Bunch train length (m) 423

Circumference (m) 1190  

# TME cells 248

#FODO cells 30

Horizontal tune 120.44

Vertical tune 52.28

Damping time (ms) 4.2

Nt 7.9

Hor. Normalized 
natural emittance 
(nm)

170 

TME section

FODO section

Matthew Andorf, Cornell

✅

✅

✅

✅



C3   Cool Copper Collider

14HEP Seminar

C3 is based on a new rf technology

● Dramatically improving efficiency and 

breakdown rate

Distributed power to each cavity from a common 

RF manifold

Operation at cryogenic temperatures (LN2 ~80-K)

Potential for High gradient: 155 MeV/m

Scalable to multi-TeV operation

C3 Prototype One Meter Structure

High power Test at RadiabeamC3 - 8 km Footprint for 250/550 GeV



Exceeding Gradients and Pulse Lengths Required for C3
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● Measured and modeled response for single cell cavity

C3 - 250

C3 - 550

700 ns

250 ns

C3 - 2000

200 ns



Energy Upgrade of ILC 250

Cryoplants replaced or 

modified 

Injectors and damping rings 

reusable with fast kickers 

and extraction of bunch 

trains

Sustainability: Adoption of 

lower repetition rate, 

higher beam loading will 

improve power 

consumption (~200 MW 

site power at 2 TeV)
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High gradient achievable with CLIC accelerator technology

CLIC Two Beam Acceleration

Efficient high power and low energy drive linac

Power extraction parallel to the main linac

17LC Vision Community Event arxiv.org/pdf/2203.09186



CLIC modules operate at 100 MeV/m and fit easily in ILC main linac tunnel

CLIC Gradients for TeV Upgrade

Additional drive beam turnaround one possible complication

18LC Vision Community Event arxiv.org/pdf/2203.09186

Nominal CLIC Parameters



Conclusions

Fundamental strength of a linear collider facility is the ability to increase energy

Achievable with the same technology and extension of length

Achievable improvement or replacement of main linac technology

• e.g. ILC 250 GeV with 20 km footprint can reach 2 TeV with C3 technology

Vigorous Accelerator R&D needed to unlock this potential 

• e.g. Efficient rf sources, structure and cryomodule development 
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RF Source R&D Overview:
Efficient RF Sources Workshop 
2024
https://indico.cern.ch/event/14
07353/
I.FAST

Cold Copper Accelerator Technologies and Applications
https://indico.slac.stanford.edu/event/9387/
Jan. 13-14th, 2025

Damping, LANL

Alignment, NIKEF

Cryomodule

PPM Klystron

https://indico.cern.ch/event/1407353/
https://indico.slac.stanford.edu/event/9387/

