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    Cool Copper Collider
• Target gradients of 70 MeV/m for C3-250 and 120 MeV/m at 550 GeV
• Beam parameters initially optimized to match the ILC luminosity within the same time frame 
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One word on Sustainability

○ Polarization and high energy to account for physics reach
○ Construction CO2 emissions → minimize excavation and concrete with cut and cover approach
○ Main Linac Operations  → limit power, decarbonization of the grid and dedicated renewable sources

3

PRX Energy 2 047001 

Construction + operations CO2 emissions per % sensitivity on couplings

https://journals.aps.org/prxenergy/abstract/10.1103/PRXEnergy.2.047001
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New “sustainable” parameter set ?
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~700ns ~8ms
C3 Trains at 120Hz, 1 train 133 bunches 
Bunches are 5 ns apart

C3 Trains at 60Hz, 1 train 266 bunches 
Bunches are 5 ns apart

~1.4µs ~16ms
Double-flat top

Baseline

C3 Trains at 60Hz, 1 train 266 bunches 
Bunches are 2.65 ns apart

Double-flat top
+

Halved bunch spacing

~700ns ~16ms

Constant luminosity 

C3 250 Bunch Format
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New “sustainable” parameter set
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An improvement of around 40%  while BIB is maintained at approximately the same levels.

Optimized parameter sets
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Phys. Rev. Accel. Beams 27, 061001, 2024

Studies on going to re-evaluate the BIB for the sustainability parameter set

https://arxiv.org/abs/2403.07093
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An improvement of around 40%  while BIB is maintained at approximately the same levels.

Optimized parameter sets
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Phys. Rev. Accel. Beams 27, 061001, 2024

Beam parameters optimized for C3 luminosity without increasing beam-beam background rates

Studies on going to re-evaluate the BIB for the sustainability parameter set

https://arxiv.org/abs/2403.07093
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An important first step towards multi-structure operations

Quarter cryomodule
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Order placed and expected delivery by Fall 2024
• Outfit for alignment and vibration testing
• Follow-on experiments with structures at 

high gradient and beam acceleration
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The Complete C3 Demonstrator

• Demonstrate fully engineered cryomodule
• ~50 m scale facility
• 3 GeV energy reach
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QCM

Stage-2 : injector+ CM
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P5 Town Hall

Demonstration R&D Plan Timeline *
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* Technically Limited

Area Recommendation 
8 P5 report
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Stage 1/2 will answer the most pressing technical questions - beam loading, damping, 
alignment, required to assess technical risks

* Technically Limited

Area Recommendation 
8 P5 report

Stage-2, Faya Wang
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QCM
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• Accelerator R&D could enable new capabilities to boost “sustainably” collider performance
•  C3 technology could play a key role in current HF proposals

• C3 accelerating structures have been successfully tested at high gradient
• Damping slots have been tested and to be included in the next fabrication iteration

• R&D is on going and progress has been made to evaluate alignment and vibration tolerances.
• First Quarter Cryomodule, with two structures, will assess them in detail  

• Expected delivery later this fall 
• Stage 1/2 will answer the most pressing technical questions: beam loading, damping, 

alignment

Conclusions & Next steps



thank you!
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HEP Seminar

Acknowledgements
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https://sites.google.com/view/ec4c3 

Next Meeting at LCWS July. 12th ’24 @ Tokyo Univ.  

WEBSITE web.slac.stanford.edu/c3/

Community Workshops:
Virtual, Fermilab, SLAC, LANL & 

Cornell University
220 Participants 60 Institutions

https://sites.google.com/view/ec4c3
http://web.slac.stanford.edu/c3/
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C3 is a new linac normal conducting technology

First C3 structure at SLAC

Recap: the Cool Copper technology

• Distributed power to each cavity from a common RF manifold
• modern super-computing for solution
• Seemingly complex structure can easily and inexpensively be built with modern CNC Machines

• Cryogenic temperature elevates performance in gradient
• Operation at 77 K with liquid nitrogen is simple and practical
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arXiv:2110.15800

Electric field magnitude for equal power from RF manifold

PRAB 23.9 (2020) 092001

web.slac.stanford.edu/c3/

https://arxiv.org/abs/2110.15800
http://web.slac.stanford.edu/c3/
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Why cool?

• Cryogenic temperature elevates performance in gradient
• Increased material strength for gradient
• Increase electrical conductivity reduces pulsed heating in the material

• Operation at 77 K with liquid nitrogen is simple and practical
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Cahill, A. D., et al. PRAB 21.10 (2018): 102002.
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A couple of highlights 
• S-Band injector linac development: low emittance for up to 14 nC bunches while accelerating them at 18 MV/m

• Targeting Efficient Acceleration of High Charge Bunches
• S-Band structure assembly and tuning is complete

• Prototype C3 Linac with a resistive heater was used to test vibration within LN up to 2 kW
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More in Ankur's talk

Preliminary

https://agenda.linearcollider.org/event/10134/contributions/54207/
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Luminosity optimization  

Machine CLIC NLC C3

Freq (GHz) 12.0 11.4 5.7
a (mm) 2.75 3.9 2.6
Charge (nC) 0.6 1.4 1
Spacing 6 16 19
# of bunches 312 90 75

https://clic-meeting.web.cern.ch/clic-
meeting/clictable2010.html
NLC, ZDR Tbl. 1.3,8.3

Beam Power

Luminosity

https://arxiv.org/abs/1711.00568
https://arxiv.org/abs/1608.07537

arXiv:1412.2928
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Rapid Construction with a Surface Site 

HEP Seminar

Vertical pins

First level precast elements installation

Gasket

First level  
precast element 
 Type C

Joint between base and  
first level precast 

elements (Types A &C) 

● “Cut and cover” construction 

● Precast concrete housing elements made on site 

● Limited waster material – reuse material to cover 
tunnel 

● Requires low density site e.g. Hanford
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Snowmass

Power Consumption and Sustainability
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250 GeV CoM - Luminosity - 1.3x1034 

Parameter Units Value
Reliquification Plant Cost M$/MW 18
Single Beam Power (125 

GeV linac)
MW 2

Total Beam Power MW 4
Total RF Power MW 18

Heat Load at Cryogenic 
Temperature

MW 9

Electrical Power for RF MW 40
Electrical Power For 

Cryo-Cooler
MW 60

Accelerator Complex 
Power

MW ~50

Site Power MW ~150

Temperature (K) 77
Beam Loading (%) 45
Gradient (MeV/m) 70

Flat Top Pulse Length 
(𝜇s) 

0.7

Cryogenic Load (MW) 9
Main Linac Electrical 

Load (MW)
100

Site Power (MW) ~150

Highview Power

Compatibility with Renewables 
Cryogenic Fluid Energy Storage

Intermittent and variable 
power  production from 
renewables mediated with 
commercial scale energy 
storage and power 
production


