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Consider general scaling from EFT operators:


CMS, Nature ‘22

𝒪D=6 ∼ H†H𝒪NP
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Consider general scaling from EFT operators:


Δκ
κ

∼
v2

Λ2

Δκ
κ

∼
1

(4π)2

v2

Λ2

Tree Level Loop Level

For  Precision∼ 𝒪( % )

Λ ∼  10 TeVΛ ∼  TeV

CMS, Nature ‘22

𝒪D=6 ∼ H†H𝒪NP
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HIGGS PRODUCTION

CLiC Summary Report

e+e− → ZH

e+e− → Hνeν̄e
e+e− → He+e−W

W

Z

Z

 Higgs𝒪(106)

 Higgs𝒪(104 − 105)

Number of Higgs is smaller, but 
background is cleaner 

Z
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250 GeV ℒ ∼ 1 ab−1



HIGGS PRODUCTION

ILC ‘22

LHC:  MeVΓh = 3.2+2.4
−1.7

HL-LHC:  MeVΓh = 4.1+0.7
−0.8

} h → ZZ * → 4l
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Higgs couplings can be studied in a novel way compared 
to the (HL)-LHC




HIGGS PRODUCTION
Higgs couplings can be studied in a novel way compared 

to the (HL)-LHC


 collisions are cleane+e−

ILC ‘22

LHC:  MeVΓh = 3.2+2.4
−1.7

HL-LHC:  MeVΓh = 4.1+0.7
−0.8

δΓh/Γh ∼ 2 %

} h → ZZ * → 4l
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HIGGS PRODUCTION

CLiC Summary Report
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HIGGS PRODUCTION

CLiC Summary Report

W
W

Z
Z

Z

e+e− → tt̄H

Measurement of 
top Yukawa
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HIGGS PRODUCTION

CLiC Summary Report

1 TeV ℒ ∼ 2 − 5 ab−13 TeV

W
W

Z
Z

W
W

e+e− → Hνeν̄e
e+e− → He+e−

 VBF Higgs𝒪(106+)

e+e− → HHνeν̄e

Higgs self-couplings
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Gauge Couplings

OVERVIEW OF UNCERTAINTIES

Topical Group for Higgs Physics ‘22

Energy Frontier Benchmarks Integrated Staging

≤ 𝒪(10−3) 𝒪(0.01) 𝒪(0.1) 𝒪(1)

No Study

> 𝒪(1)
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LOW-ENERGY DELIVERABLES
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HIGGS PHYSICS @ 250 GEV

Reach of  Higgs can be 
up to an order of magnitude 
more precise than HL-LHC

𝒪(106)

11 Cesarotti
Forslund & Meade ‘23



HIGGS PHYSICS @ 250 GEV

Difference in production 
mechanisms can improve 

sensitivity 
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HIGGS PHYSICS @ 250 GEV

Better measurements on 
quark Yukawa

HL-LHC

ILC

de Blas, Du, Grojean, Gu, Miralles, Peskin, Tian, 
Vos, Vryonidou ‘22

SMEFT fit
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TOP YUKAWA (550 GEV)

T. Barklow, J. Brau, K. Fujii, J. Gao, J. List, N. Walker, K. Yokoya ‘15

No mixing with  leads to cleaner measurement ggh

yt yt

Impossible to reach with circular 
collider
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No mixing with  leads to cleaner measurement ggh

yt yt

Impossible to reach with circular 
collider

x2 improvement with only +50 GeV!
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HIGGS POTENTIAL

Slide Credit: P Meade, N Craig, R. Petrossian Byrne

LHC

13 Cesarotti




HL-LHCLHC

HIGGS POTENTIAL

δκλ ∼ 𝒪(1)

+ 250 GeV e+e−
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HL-LHCLHC

HIGGS POTENTIAL

3 TeV

Towards a Muon Collider ‘23
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Slide Credit: P Meade, N Craig, R. Petrossian Byrne
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HIGGS AT HIGH ENERGY

Buttazzo, Franceschini, Wulzer ‘21

High energy processes can be a precision probe of new physics
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HIGGS AT HIGH ENERGY
High energy processes can be a precision probe of new physics
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Consider double Higgs production

κW

κWW

κW κλ

Buttazzo, Franceschini, Wulzer ‘21
Contino et al. ‘13

Precision
S/B

More energy more precision!



BSM EXAMPLE: SCALAR MIXING

D. Buttazzo, D. Redigolo, F. Sala, A. Tesi ‘18

Benchmark model: New singlet S mixes with Higgs

h = h0 cos γ + S sin γ

ϕ = S cos γ − h0 sin γ
V(S, H) = aHSS |H |2 +

λHS

2
S2 |H |2 +

aS

3
S3 +

λS

4
S4 }
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BSM EXAMPLE: 2HDM

Egaña-Ugrinovic, Homiller, Meade ’19 & ‘21

Benchmark model: Additional SU(2) Scalar Doublet to SM
Representation and couplings can lead to remarkably different 

phenomenology and flavor-dependent couplings

Particles: h, H, A, H±
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coupling measurements
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Egaña-Ugrinovic, Homiller, Meade ’19 & ‘21

Benchmark model: Additional SU(2) Scalar Doublet to SM
Representation and couplings can lead to remarkably different 

phenomenology and flavor-dependent couplings

Example: SFV 2HDM

Only s couples to H

Particles: h, H, A, H±
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Improvement in  with 
Drell-Yan production

s

λHss̄
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BSM EXAMPLE: WIMP DM

...
χ+

χ0

χ−

...

n-plet

 GeVΔm ∼ 𝒪(100)

Bottaro, Buttazzo, Costa, Franceschini, Panci, Redigolo, Vittorio ’21, ‘22
Han, Liu, Wang, Wang ‘20 n-plet

m
χ [

Te
V

]

Electroweak multiplets which can arise in SUSY scenarios

Predicted at  TeV scale∼

Thermal Mass

SM

SM

DM

DM

W, Z, γ
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BSM EXAMPLE: WIMP DM

Bottaro, Buttazzo, Costa, Franceschini, Panci, Redigolo, Vittorio ’21, ‘22
Han, Liu, Wang, Wang ‘20

Electroweak multiplets which can arise in SUSY scenarios

SM

SM

DM

DM

W, Z, γ

Can cover Higgsino at 
3 TeV

48
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FUTURE COLLIDER COMPARISON
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FUTURE COLLIDER COMPARISON

 Higgs can’t measure rare 
decays precisely…

106

…but more energy improves our 
measurements

& collider R&D should be 
prioritized as we enter the 

energy frontier
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OUTLOOK
Now is the time for a precision collider program

- Fastest (and cheapest?) to construct

- Inform future high-energy machines

Consider landscape of collider community

- Existence of other colliders should inform run parameters

- Colliders are moving target, so a flexible plan is desirable

The benefit of a linear collider is the flexibility in 
physics program

- Measure specific observables, then upgrade energy
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Collider R&D is a priority for both precision & energy frontier
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BACKUP SLIDES
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100 GeV

10 TeV

Run 3 HL-LHC 

2020 2030 2040 2050 2060 2070 2080

Lin. e+e- @ Higgs
FCCee

FCChh

1 TeV

3 TeV MuC 

10 TeV MuC 

̂s

FUTURE COLLIDER TIMESCALES
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ℒ
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am
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erμ+μ−
e+e− 10 ab−1

1 ab−1

ℒ ∼
Nμ

bunch
× E2

∼
1
s

COMPARISON OF LEPTON COLLIDERS

The higher the energy, the 
larger the luminosity
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