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Other accelerator concepts beyond the previously well established ones (ILC,
CLIC, FCC-ee/CEPC) are being explored for electron-based Higgs factories.

These include C3, HELEN, Fermilab Site-Filler/LEP3, XCC, and circular (CERC),
and linear (ERLC, ReLiC) energy recovery concepts.

With Snowmass 2021 - many such ideas emerging. Would ILD be suitable?
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Snowmass 2021

Initial deadline for Snowmass white papers was 15-Mar-2022. Many white papers
are appearing on Higgs Factory accelerator concepts including ILC.

Much of this talk is orientation to some of these ongoing broader initiatives and
related presentations. I tried to identify detector related issues for ILD - but to a
large extent the main differences are time structure.

Some related forums.

Snowmass Agoras on future colliders

Higgs factory considerations paper

Snowmass Implementation Task Force (T. Roser chair)

Recently formed Snowmass e+e− collider forum

Snowmass Energy Frontier workshop next week (hybrid)

Graham W. Wilson (University of Kansas) ILD strategy discussion part II March 22, 2022 2 / 24

https://arxiv.org/pdf/2203.07622.pdf


Snowmass Agoras on Future Colliders

Monthly extended seminar/discussion organized by the Snowmass Accelerator and
Energy Frontier.

1 Linear e+e− colliders: ILC, CLIC, C3

2 Circular e+e− colliders: FCC-ee, CEPC, Small Circular, ERL based

3 Muon colliders

4 Circular pp and ep colliders

5 Advanced colliders (plasma wakefield etc.) on April 16th
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https://indico.fnal.gov/event/52161/
https://indico.fnal.gov/event/52534/
https://indico.fnal.gov/event/53010/
https://indico.fnal.gov/event/53473/


Higgs Factory Considerations White Paper (2203.06164)

Prepared by members of the Americas Linear Collider Committee

1 Large circular: FCC-ee, CEPC

2 Linear colliders: ILC, CLIC, C3

3 Energy recovery: CERC, ERLC,
ReLiC

4 FNAL Site Filler: circular, linear

5 Muon Collider

Considerations related to physics, technical, and general project issues with
sections on US and global considerations.
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https://arxiv.org/pdf/2203.06164.pdf 


Fermilab Future Colliders White Paper (2203.08088)

Extensive discussion by Fermilab authors of many possibilities. Common theme:
location, location, location! Three of most relevance to us:
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https://arxiv.org/pdf/2203.08088.pdf 


The Cool Copper Collider (C3)(2203.07646)

More details in (2110.15800)

1 New NC RF technology

2 New power distribution scheme

3 Cool - operation at liquid Nitrogen temperatures

4 Much improved efficiency and breakdown rate
over NLC

5 High gradients possible - 120 MV/m

6
√
s = 550 GeV with 8 km footprint

7 Potential path to much higher energies

Has engaged a large community including LHC in a linear collider opportunity.
Also seen as a potential upgrade path for ILC especially to higher energies.
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https://arxiv.org/pdf/2203.07646.pdf 
https://arxiv.org/pdf/2110.15800.pdf 


C3 parameter table

For ILD, main difference with ILC is the bunch spacing and higher rep. rate
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C3 timeline and cost estimate

Needs a demonstrator

10 years ahead of FCC

Detector timeline soon

Upgrade to 550 GeV
assumes advances in RF
source cost
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Higgs-Energy LEptoN (HELEN) Collider (2203.08211)

Fermilab, Stony Brook, Brookhaven, Oak Ridge, Cornell, JLab authors
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https://arxiv.org/pdf/2203.08211.pdf 


HELEN parameter table

HELEN is basically ILC, but with much higher gradient.
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HELEN gradient and extendability

Baseline choice is the traveling wave option with RF cavities double the length of
the TESLA cavities. With 12 km footprint can extend to 500 GeV with IP (just)
within Fermilab site.
R&D still necessary - estimated 26% main linac cost saving compared with ILC.
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Small circular e+e− colliders

See Eliana Gianfelice’s talk and Chapter 5 in (2203.08088)
While obviously limited in energy scope, and luminosity, the small circular e+e−

collider approach, is much more affordable than 100 km class concepts.

Needs larger circumference to match LC luminosity (L scales as radius for fixed SR
power loss) at

√
s = 240 GeV. Note only 1 IP for Fermilab Site Filler.
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https://indico.fnal.gov/event/52534/contributions/231348/attachments/150863/194951/agora_talk.pdf
https://arxiv.org/pdf/2203.08088.pdf 


Compare circular e+e− colliders at
√
s = 240 GeV

LEP3 is the obvious Plan-B in this class of collider. Existing tunnel but currently
occupied!, leading to a potential physics start pushed to beyond 2050.

SiteFiller cost estimate is not small: 5B$.

Time between bunches is LEP-like at
√
s = 240 GeV for LEP3, Site-Filler.
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XCC (2203.08484)
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https://arxiv.org/pdf/2203.08484.pdf 


XCC γγ Luminosity Spectrum

(Top: X-rays, Bottom: Optical) (X-rays. Different polarizations)
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XCC Features

Very interesting ideas.
Has potential for lower cost, (estimate 2.3 B$ compared to 3.7 B$ for C3-250
using same cost model).
Needs substantial R&D, with many technical challenges, and has more limited
physics scope than 250 GeV e+e− as a “Higgs factory”.

With X-rays can achieve much narrower γγ luminosity spectrum than
conventional γγ collider (OCC) concepts based on optical wavelength lasers.
Leads to lower backgrounds to Higgs production compared to OCC.

Can produce Higgs in the s-channel (γγ → H) at
√
sγγ = 125 GeV, and

measure σ(γγ → H)B(H → X ) ∼ ΓγγΓX/Γ2
tot.

Use eγ → eH at
√
seγ = 140 GeV to measure Γγγ independent of Higgs

decay mode to extract absolute partial widths (with current baseline need to
dedicate 2/3 of running time to the eγ mode) with paltry 4.1 fb eH
cross-section...

My take: worth pursuing further to see if a more attractive future γγ option as a
LC addition emerges. At present - not compelling as the Higgs factory.
Would benefit from improved performance and broader physics scope.
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The ultimate e+e− collider?

e+e− colliders with energy recovery have received attention. Conceptual ideas are
CERC (ERL boosted FCC-ee), ERLC (Twin LC - V. Telnov), and the latest
Recycling Linear Collider (ReLiC) by the same author team as CERC.

*Plot from ReLiC paper

Scope for much
higher lumi and/or
power savings

Really explore HH
production

Potential for high L
performance at
high energy
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https://arxiv.org/pdf/2203.07358.pdf
https://arxiv.org/pdf/2105.11015.pdf
https://arxiv.org/pdf/2203.06476.pdf


CERC in more detail (FCCee with ERL)

This is the 30 MW SR version.

Lumi numbers summed over 2 IPs?
Total AC power estimate at 600 GeV is 215 MW.
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ERLC in more detail
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ReLiC in more detail

Alternate trains of electrons and positrons in the same linac. Bunch-trains overlap
longitudinally only on separators.

Two detectors is a crucial part of the concept! - related to optics for flat beams
considerations. Final focus optics similar to FCCee.
Beamstrahlung by design (ultra-flat beams) a lot less than ILC.
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ReLiC Parameters (not much detail yet in writeup)

PAC estimates of 300/800 MW for 240/3000 GeV. (3 TeV looks not credible ...)

Detailed technical validation needed. Gradient (12.5 MV/m with 500 MHz RF).
Looks extremely interesting if it is as elegantly simple as it appears.
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Accelerator Parameters for e+e− colliders near ZH peak
Lumi/IP is in units of 1034 cm−2s−1. Lumi/IP/BX is in µb−1.

Parameter ILC C3 HELEN SiteFiller LEP3 FCCee√
s [GeV] 250 250 250 240 240 240

L (C) [km] 20.5 8 7.5 16 27 91
nIP 1 1 1 1 2 4
∆t (ns) 554/366 5.3 554 26000 22000 1230
Lumi/IP 1.35/2.7 1.3 1.35 1 1.1 7.26
nBX/s 6560/13125 15960 6560 38460 45000 815000
Lumi/IP/BX 2.1 0.81 2.1 0.26 0.24 0.089
σz (mm) 0.3 0.1 0.3 ≥ 2.9 ≥ 2.3 6
Rep rate (Hz) 5 120 5 NA NA NA
PAC (MW) 111/138 150 110 SR100+ SR100+ 282

FCCee numbers from Table 2 of 2203.06520
CERC/ERLC/ReLiC parameters omitted from the comparisons; concepts are ideas
at this point and designs likely to evolve.
Note linear/circular lumi numbers would be about 4%/13% less at 240/250 GeV
in a more apples-to-apples comparison.
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https://arxiv.org/pdf/2203.06520.pdf


Summary

There are a number of alternative collider concepts that are worth keeping an
eye on beyond the well established e+e− collider concepts.

A number of them are not that novel, and quite feasible, namely C3, HELEN,
small circular (SiteFiller/LEP3).

Some emerging new ideas include new approach to γγ colliders (XCC) and
especially new concepts for applying energy recovery to high energy e+e−

colliders.

Having at least two detectors for all these concepts is not guaranteed.

Graham W. Wilson (University of Kansas) ILD strategy discussion part II March 22, 2022 23 / 24



Concluding Remarks

ILC has basically been around for more than 30 years. We are confident that ILC
can be built, and should continue to support it as the current most feasible path.
But ILC and the prospect for e+e− colliders in general are
challenged/confronted/delayed/enriched by

the considerable cost of any such machine

the current lack of a willing host
the appearance of other approaches differing in maturity that claim either
higher L at low E, higher E, reduced costs, or even high L, high E and low P

the continual interest to explore new ideas

the limited direct new physics potential of the first stage ILC250

While continuing to support efforts on LCs in general, it seems that the HELEN
initiative and C3 are well aligned with advancing R&D that furthers a LC.

It should be relatively easy to propose an ILD-like detector for either.

ILD should also still work well with a TPC for the smaller circular collider
possibilities (SiteFiller/LEP3). Note these are not pushed for now...

We should consider future-proofing: evolving to a concept with options that
can work well for any of these potential e+e− colliders.

Any near-term funding opportunities are likely to promote more generic
studies for e+e− Higgs factory detectors.
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Backup Slides
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