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• I am a hadron collider physicist

• >10 years on ATLAS/LHC: ~0 years on  colliderse+/e−

• Snowmass has led me to consider what our next collider should be

• I will attempt to make the case for a linear  Higgs Factorye+/e−

• (I know this is a hadron crowd: please no tomatoes!)

• There are many new ideas out there: check out LCWS2023!

Disclaimers

2

https://indico.slac.stanford.edu/event/7467/overview
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3

European Strategy

Broad consensus that
a Higgs factory should be

the next collider

Nathaniel Craig 

Many fundamental
questions we can answer

with detailed Higgs studies

https://cds.cern.ch/record/2721370/files/CERN-ESU-015-2020%20Update%20European%20Strategy.pdf
https://indico.slac.stanford.edu/event/7467/contributions/5704/attachments/2793/7869/Craig_LCWS23.pdf
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The Higgs touches everything in the SM:
probably also BSM too!

Snowmass Implementation Task Force

And: we know how 
to build Higgs Factories
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380 GeV: can produce Higgs 
pairs for self-coupling

• Polarized beams can aid physics 
sensitivity

• Smaller tunnel: less $$$ and less 
carbon
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Pros for Linear:
• No synchrotron radiation: 

significantly smaller accelerator
• No trigger needed
• Bunch structure leads to “power 

pulsing” for detector: no cooling, 
less material, greater precision

• Energy is upgradeable beyond 
380 GeV: can produce Higgs 
pairs for self-coupling

• Polarized beams can aid physics 
sensitivity

• Smaller tunnel: less $$$ and less 
carbon

Cons for Linear:
• Low luminosity (and only 

1 IP) compared to 
circular machines

• Less control over beam 
energy (due to 
beamstrahlung effects)

• No potential for tunnel 
re-use for hadrons

• (Potentially) more 
difficult to tune
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Detectors

6

Robust designs for detectors already exist

ILD: use TPC for tracking, moderate magnetic field

SiD: all silicon, high magnetic field

Both: PFlow-style calorimetry, vertex detector, muon detectors, etc.

Minimal material, precision-oriented detectors
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Producing Higgs

7

Caterina Vernieri, Energy Frontier Report 

 cross-section peaks 
at 250 GeV: natural first
target for Higgs factories 

ZH

 production peaks
at 550 GeV: natural second 
target for Higgs factories

ZHH

https://indico.slac.stanford.edu/event/7467/contributions/5338/attachments/2787/7856/C3-LCWS.pdf
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Higgs Self-Coupling

8

Nathaniel Craig 

The Higgs potential will remain moderately measured (~50%) at the LHC

Linear colliders can provide ~20% (550 GeV) or ~10% (1 TeV) accuracy!

https://indico.slac.stanford.edu/event/7467/contributions/5704/attachments/2793/7869/Craig_LCWS23.pdf
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A Word on Costs

9

Snowmass Implementation Task Force

Linear collider options typically <<$$ compared to circular

More on this later!

https://indico.fnal.gov/event/22303/contributions/245261/attachments/157255/205819/2022%2007%2018%20ITF%20Snowmass%20talk.pdf
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consideration for our next projects

“ktCO2e per Higgs” is a 
reasonable metric…

But construction carbon
can significantly outweigh

operational carbon

https://indico.slac.stanford.edu/event/7467/contributions/5902/attachments/2851/7968/ARUP_CERN_LCA_LCWS_-_2023.pdf
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Another Cost: Carbon

10

Suzanne Evans 
Carbon footprint is an important

consideration for our next projects

“ktCO2e per Higgs” is a 
reasonable metric…

But construction carbon
can significantly outweigh

operational carbon

Here see an analysis for 11km
CLIC tunnel… 90 km FCC

tunnel will be ~9x greater in
construction “cost”!

https://indico.slac.stanford.edu/event/7467/contributions/5902/attachments/2851/7968/ARUP_CERN_LCA_LCWS_-_2023.pdf
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Success at SLC

11

As I am a SLAC alumni,
would be remiss for me to 
not mention the world’s

first linear collider!

SLAC-PUB-5240 

https://www.slac.stanford.edu/pubs/slacpubs/5000/slac-pub-5240.pdf
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The Old Guard The New Kids

ILC

CLIC

HALHF

C3

XCC
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Even after decade(s) of delay, ILC is 
still the fastest path to a Higgs factory
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ILC: Still the Fastest Path

13

Snowmass Implementation Task Force

Even after decade(s) of delay, ILC is 
still the fastest path to a Higgs factory

That story has been told, without apparent success :( 

Today, I will focus on the new kids instead

https://indico.fnal.gov/event/22303/contributions/245261/attachments/157255/205819/2022%2007%2018%20ITF%20Snowmass%20talk.pdf
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HALHF

14

Plasma wakefield acceleration
is extremely promising: 

> 1 GeV/m gradient seems
plausible (FACET experiments)

Huge challenge in accelerating positrons

Give up on positrons: collide
500 GeV  and 31 GeV e− e+
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HALHF

15

HERA

Boost factor of :
significantly less than HERA.

Physics shouldn’t be a problem!

γ = 2.13 HOWEVER: requires >decade
of R&D on PWFA (but this

also benefits other accelerator
users, who have more $$)

Extremely optimistic cost (driven
by huge civil cost savings: 

only a 3.3 km tunnel!)
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C3: Cool Copper Collider

16

A serious proposal for a 8 km 550 GeV collider (starting at 250 GeV)

250 GeV could even start at just 3.7 km long

Huge cost savings from reduced tunnelling
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C3: New Tricks

17

1. Supercomputer optimized 
cavities, improved copper 
machining

2. Cryogenic temperatures 
lower resistance: higher 
performance

3. 70-120 MV/m (or 
beyond?) is now possible!

arXiv:2110.15800 

https://arxiv.org/abs/2110.15800
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C3: Locations
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Electrons at FNAL?
Heresy?

Lots of space at Hanford:
room for TeV and beyond?



M. Swiatlowski (TRIUMF) May 21, 2023

C3: Locations

19



M. Swiatlowski (TRIUMF) May 21, 2023

C3: Locations

19

A truly international project?
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C3 Timeline

20

Demonstration facility is the next step: one “cryomodule” unit

R&D needed, but feasibility will be clear from demo

Potentially ~$1b in cost savings, with “moderate” risk!



M. Swiatlowski (TRIUMF) May 21, 2023

XCC:  Collisionsγγ

21



M. Swiatlowski (TRIUMF) May 21, 2023

XCC:  Collisionsγγ

21

How to save even more $$$? Go below 250 GeV!



M. Swiatlowski (TRIUMF) May 21, 2023

XCC:  Collisionsγγ

21

How to save even more $$$? Go below 250 GeV!



M. Swiatlowski (TRIUMF) May 21, 2023

XCC:  Collisionsγγ

21

How to save even more $$$? Go below 250 GeV!

Accelerate electrons to 31 GeV, spin off half to a X-FEL, 
accelerate the rest to 62.6 GeV



M. Swiatlowski (TRIUMF) May 21, 2023

XCC:  Collisionsγγ

21

How to save even more $$$? Go below 250 GeV!

Accelerate electrons to 31 GeV, spin off half to a X-FEL, 
accelerate the rest to 62.6 GeV

Scatter electron beam from 1 keV laser: produce 62.5 GeV  γ



M. Swiatlowski (TRIUMF) May 21, 2023

XCC:  Collisionsγγ

21

How to save even more $$$? Go below 250 GeV!

Accelerate electrons to 31 GeV, spin off half to a X-FEL, 
accelerate the rest to 62.6 GeV

Scatter electron beam from 1 keV laser: produce 62.5 GeV  γ
Collide these  instead of electronsγ



M. Swiatlowski (TRIUMF) May 21, 2023

XCC:  Collisionsγγ

21

How to save even more $$$? Go below 250 GeV!

Accelerate electrons to 31 GeV, spin off half to a X-FEL, 
accelerate the rest to 62.6 GeV

Scatter electron beam from 1 keV laser: produce 62.5 GeV  γ
Collide these  instead of electronsγ

Huge cost savings from tunnelling and no positrons
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Tim Barklow 

Physics at XCC compatible with ILC: even better for self-coupling!

https://indico.slac.stanford.edu/event/7467/contributions/5559/attachments/2911/8098/XCC_Barklow_17may2023.pdf
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XCC Costs and Timelines

23

Costs of this device are
potentially substantially
lower than every other 

Higgs factory: ~$5B

Substantial R&D (C3 
cavities, XFEL undulators
and mirrors) to be done,
but could be shared with 

other communities

>15 year outlook
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A Radical (?) Vision

24

Why haven’t we 
built the ILC?

Is it cost?

We have cheaper alternatives,
but they all trade $$ for time

If this is the reason, renew R&D 
on accelerator technologies ASAP!

Is it physics?

C3 and XCC provide affordable,
staged paths to Higgs precision

If the community doesn’t want
Higgs precision, skip to μC or

FCC-hh right away?
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My Personal Dream

25

Make a linear collider for
a Higgs factory now

Invest in R&D for a future 
discovery machine: Muon 

Collider? Plasma Wakefield?
Straight to hadrons?

$$$ matters: linear 
saves costs!

Remember the costs:
~$30b for FCC-hh, 
~$15b for a μC?
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arXiv:1801.02840 

arXiv:1708.08912 

Linear and circular have fairly similar reach

https://arxiv.org/pdf/1801.02840.pdf
https://arxiv.org/pdf/1708.08912.pdf

