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Various Higgs Factory Proposals for Next Collider
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ILC
250/500 GeV 250/550 GeV

… > TeV

CEPC
240 GeV

CLIC 380/1000/3000 GeV

FCC-ee
240/365 GeV



C3   Cool Copper Collider
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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 (LN
2

 

~80-K)

Robust operations at high gradient: 120 MeV/m

Scalable to multi-TeV operation

High Gradient Operation at 150 MV/m

Cryogenic Operation at X-band

C3 Prototype One Meter Structure

High power Test at Radiabeam

Gradient



Cryo-Copper: Enabling Efficient High-Gradient Operation 
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Cryogenic temperature elevates performance in 

gradient

Material strength is key factor

Impact of high fields for a high brightness injector may 

eliminate need for one damping ring

Operation at 77 K with liquid nitrogen is simple and 

practical

● Large-scale production, large heat capacity, 

simple handling

● Small impact on electrical efficiency  Cahill, A. D., et al. PRAB 21.10 (2018): 102002.

Cryogenic temperature elevates performance in 

gradient

● Increased material strength is key factor

● Increase electrical conductivity reduces pulsed 

heating in the material



           Accelerator Complex
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8 km footprint for 250/550 GeV CoM ⟹ 70/120 MeV/m

● 7 km footprint at 155 MeV/m for 550 GeV CoM – present Fermilab site

Large portions of accelerator complex are compatible between LC technologies 

● Beam delivery and IP modified from ILC (1.5 km for 550 GeV CoM)

● Damping rings and injectors to be optimized with CLIC as baseline

● Costing studies use LC estimates as inputs
C3 - Investigation of Beam Delivery (Adapted from ILC/NLC) C3 - 8 km Footprint for 250/550 GeV



Two Meter Raft and Quad w/ BPM

Cryomodule Design and Alignment
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Up to 1 GeV of acceleration per 9 m cryomodule; ~90% fill factor with eight 1 m structures

Main linac will require 5 micron structure alignment

● Combination of mechanical and beam based alignment

Pre-alignment warm, cold alignment by wire, followed by beam based

● Mechanical motor runs warm or cold – no motion during power failure

● Piezo for active alignment

Investigating support and assembly design

Cryomodule 
Concept

Large-Range Mover 
with Micron Precision

Beam-Based Fast 
Feedback Piezo (LCLS-II)



Tunnel Layout for Main Linac 250/550 GeV CoM
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Need to optimize tunnel layout – first study looked at 9.5 m inner diameter in order to match ILC costing model

● Must minimize diameter to reduce cost and construction time

Surface site (cut/cover) provides interesting alternative – concerns with length of site for future upgrade

Usable Tunnel Width - 9.5 m
(Same tunnel width as ILC)

Cryomodule Unit - 9 m 
(630 MeV/1 GeV )



C3 Demonstration R&D Plan
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C3 demonstration R&D needed to advance technology beyond CDR level

Minimum requirement for Demonstration R&D Plan:

● Demonstrate operation of fully engineered and operational cryomodule

○ Simultaneous operations of min. 3 cryomodules

● Demonstrate operation during cryogenic flow equivalent to main linac at full liquid/gas flow rate

● Operation with a multi-bunch photo injector - high charges bunches to induce wakes, tunable delay witness 

bunch to measure wakes

● Demonstrate full operational gradient 120 MeV/m (and higher > 155 MeV/m) w/ single bunch 

○ Must understand margins for 120 -  targeting power for  (155 + margin) 170 MeV/m

○ 18X 50 MW C-band sources - off the shelf units

● Fully damped-detuned accelerating structure
● Work with industry to develop C-band source unit optimized for installation with main linac

This demonstration directly benefits development of compact FELs, beam dynamics, high brightness guns, etc.
The other elements needed for a linear collider - the sources, damping rings, and beam delivery system – more 

advanced from the ILC and CLIC – need C3 specific design

● Our current baseline uses these directly; will look for further cost-optimizations for of C3



C3 Demonstration R&D Plan timeline
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High Energy Physics: Caterina Vernieri caterina@slac.stanford.edu  
Accelerator Science & Engineering: Emilio Nanni nanni@slac.stanford.edu   

C3  R&D, System Design and 

Project Planning are ongoing

● Early career scientists 

should help drive the agenda 

for an experiment they will 

build/use

● Many opportunities for 

other institutes to 

collaborate on:

○ beam dynamics, 

vibrations and 

alignment, cryogenics, 

rf engineering, controls, 

detector optimization, 

background studies, 

etc.

mailto:caterina@slac.stanford.edu
mailto:nanni@slac.stanford.edu


The Complete C3 Demonstrator
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Demonstrate fully engineered cryomodule

~50 m scale facility

3 GeV energy reach

Answer technical questions needed for CDR



Conclusion
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Next C3 Workshop in Planning - May 17-18th @ Fermilab (https://forms.gle/QoepjKu1j9AuDf6j8) 

C3 can provide a rapid route to precision Higgs physics with a compact 8 

km footprint

● Higgs physics run by 2040

● Possibly, a US-hosted facility

C3  time structure is compatible with SiD-like detector overall design 

and ongoing optimizations.

C3 can be quickly be  upgraded to 550 GeV 

C3 can be extended to a 3 TeV e+e- collider with capabilities similar to 

CLIC

With new ideas, the C3 lab can provide physics at 10 TeV and beyond

More Details Here (Follow, Endorse, Collaborate): 
https://indico.slac.stanford.edu/event/7155/   

https://forms.gle/QoepjKu1j9AuDf6j8
https://indico.slac.stanford.edu/event/7155/


XCC
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XCC – Near Term R&D  -  1nC/pulse 120 nm-rad RF Gun
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XCC – Near Term R&D  -  Production & Focusing of 100 mJ/pulse 1 keV X-rays
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XCC – Near Term R&D  -  Accelerator design and beam dynamics
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XCC
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Transformation of SRF Accelerator Technology with 
Distributed Coupling Topology & Materials Research
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High gradient, higher temperature of operation, lower power consumption



Questions?
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