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Reminder: CLIC working group
on novel accelerator techniques

• The working group is mandated to consider how an initial CLIC 
machine can be extended in energy using novel accelerating schemes

• Provide a report well in time for the CLIC implementation plan to be 
submitted to the next European Strategy process

• Current members: Erik Adli (chair), Daniel  Schulte, Patric  Muggli,
Steinar  Stapnes, Walter Wünsch, Alexej Grudiev, Igor Syratchev, 
Roberto Corsini, Steffen Doebert, Andrea Latina, Jürgen Pfingstner,
Rogelio Tomas, Philipp  Roloff, Edda Gschwendtner, 
Massimo Ferrari, Jens Osterhoff

• Open meetings (every 3-7 weeks) on Fridays at 9:00: 
http://indico.cern.ch/category/8905/

http://indico.cern.ch/category/8905/


14/05/2018 Philipp Roloff Update on physics considerations 3

Novel accelerator techniques (1)
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Novel accelerator techniques (2)

Patric Muggli, 23/03/2017
Erik Adli, 21/04/2017
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Overview: physics considerations

Previous talk during the CLICdp general meeting on 15/05/2017 
(http://indico.cern.ch/event/591066/):

• Physics at an e+e− collider above 3 TeV
• Comparison to e−e− and γγ collisions (mainly for a Higgs factory)
• Impact of asymmetric collisions

Main topics of this presentation (in response to questions by the 
accelerator experts):

• How much luminosity is needed at 10 (and 30) TeV?
(Direct searches, double/triple Higgs, precision measurements)
• Is there a physics case for a very high-energy photon colldier?

http://indico.cern.ch/event/591066/
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Current benchmark parameters

First iteration of benchmark parameters:

1.) e+e− collider at 10 TeV with options:
• L = 2 • 1033 cm−2s−1

• L = 1034 cm−2s−1 (default)
• L = 5 • 1034 cm−2s−1

• L = 1034 cm−2s−1, 80% electron beam polarisation

Assuming 10 years of running including ramp-up in the first years:

→ L
int

 = 150 fb-1, 750 fb-1 (default) and 4 ab-1

NB: 1 year = 107 seconds

2.) γγ collider at 10 TeV: 
photon energy spectra provided by Edu Marin Lacoma
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Direct searches for new physics in e+e− collisions

• Direct observation of new 
particles coupling to γ*/Z/W
→ precision measurement of 
new particle masses and couplings

• The sensitivity often extends up to 
the kinematic limit
(e.g. M ≤ √s / 2 for pair production)

• Very rare processes accessible 
due to low backgrounds (no QCD)
→ Electron-positron colliders especially suitable 
for electroweak states

• Polarised electron beam and threshold 
scans might be useful to 
constrain the underlying theory
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Electroweak states at 10 TeV

• Examples 
for electroweak
pair production

• L = 4 ab−1: O(10’000) events
→ precision measurements of the 
new particle properties

(NB: this corresponds to 
4.5 less events than the 
3 TeV SUSY studies in the CDR)

• L = 150 fb−1: few hundred events
→ discoveries possible (depending 
on the scenario)



14/05/2018 Philipp Roloff Update on physics considerations 9

Electroweak states at 30 TeV

• Examples 
for electroweak
pair production

• Precision studies would require 
tens of ab−1

• Discoveries possible for 
about 1 ab−1
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Double Higgs production

e+e− → HHv
e
v

e
:

• Allows simultaneous extraction of 
triple Higgs coupling, g

HHH
, and quartic 

HHWW coupling

• Cross section 4.1 times larger at 
10 TeV compared to 3 TeV

Phys. Rev. D 88, 055024 (2013)



14/05/2018 Philipp Roloff Update on physics considerations 11

Double Higgs production at 10 TeV

Δg
HHH

/g
HHH

 = 1.5 • Δσ/σ at 3 TeV
Δg

HHH
/g

HHH
 = 2.5 • Δσ/σ at 10 TeV

Conclusions:

• CLIC results extrapolated to 4 ab−1 at 10 TeV:
Δg

HHH
/g

HHH 
= 11% from σ (7% from templ. fit?)

• Precision comparable to FCC-hh would require
8 - 16 ab−1

Collider Δg
HHH

/g
HHH

HL-LHC (3 ab−1) 50%?

CLIC 3 TeV
(3 ab−1)

16% (from σ)
≈10% (templ. fit)

FCC-hh (30 ab−1) 3.5 - 5%
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What about triple Higgs production?

• At 10 TeV the triple 
Higgs cross section is 
3 orders or magnitude 
smaller compared to the 
double Higgs cross section!

• No measurement of g
HHHH

 

even at 10 TeV

NB: New physics might 
enhance the cross section 
significantly (to be studied)
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Single Higgs production

Higgsstrahlung: e+e− → ZH
• σ ~ 1/s, dominant up to ≈ 450 GeV

WW fusion: e+e− → Hv
e
v

e

• σ ~ log(s), dominant above 450 GeV
• Large statistics at high energy
• Cross section 1.7 times larger at 
10 TeV compared to 3 TeV

→ no significant gain expected in 
“kappa” framework from 3 to 10 TeV
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BSM potential of Higgs production & e+e− → W+W−

Standard Model

Scale of new 
decoupled physics

Dimension-6
operators

• Model-independent framework for probing indirect signs of new physics
→ very useful for comparison of future collider options

• Input to fit: Higgs measurements using WW-fusion and Higgsstrahlung, 
e+e− → W+W−

Effective Field Theory:
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CLIC sensitivities to dimension-6 operators

individual 
operators global 

fit

Sensitivity enhanced by higher centre-of-mass energy

Ellis, PR, Sanz, You, JHEP 1705, 096 (2017)

Individual CLIC energy stages
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Extrapolation to 10 TeV

Work in 
progress

• The 3 TeV CLIC projections for 
Higgs and WW production were
extrapolated to 10 TeV
(assuming the luminosity 
spectrum at 10 TeV has the 
same shape as at 3 TeV)

• Benefit of very high energy 
visible

• More results in progress

L = 4 ab−1
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Light-by-light scattering (γγ→γγ)

13 events!



14/05/2018 Philipp Roloff Update on physics considerations 18

Standard Model cross section

Cross section for γγ → γγ including W and top loops:

The photon angular distribution peaks in the forward/backward 
direction except near massive thresholds

Ellis, Mavromatos, 
Ph.R., You (in progress)
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γγ → γγ at a 10 TeV photon collider

• A high energy photon collider would be 
ideal to study light-by-light scattering

• Estimated the sensitivity to two 
dimension-8 operators c

1
 and c

2
:

• Example: Born-Infeld theory (nonlinear extension of QED)
c

1
 = -1/(32M4), c

2
 = 1/(8M4)

95% CL limit: M > 12.2 / 13.6 / 15.1 TeV for 150 / 750 / 4000 fb−1

→ only small dependence on integrated luminosity

For comparison: M > 100 GeV at ATLAS 

• Other models under study

10 TeV

Ellis, Mavromatos, 
Ph.R., You (in progress)

arXiv:1703.08450
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Summary and outlook

• The reach of an e+e− collider for new phenomena increases strongly
with the centre-of-mass energy

• The variation of the luminosity within the considered range has a 
large impact on the physics potential

• One opportunity for a 10 TeV photon collider was shown, 
more work is needed to understand the benefit of this option

NB: A yellow report on the CLIC BSM physics potential is being prepared 
collecting input from the theory community. We are suggesting to 

extend the studies beyond 3 TeV where appropriate.
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