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Future Colliders Physics Prospects - Part 1 

Higgs factories and 
high energy lepton colliders

Daniel Jeans, KEK/IPNS

Physics in LHC and Beyond, Matsue 2022 / 5 / 12-15
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Higgs
boson

composite ?
one of many ? 

exactly SM ?

CPV ?

a unique window

dark sector ?

Higgs as a 
tool for discovery



3

Deviations in Higgs couplings in BSM models
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Higgs decay mode
different BSM models induce different deviations
measured deviations → distinguish BSM models
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Deviations in Higgs couplings in BSM models
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For new physics around TeV-scale, 
typically few-% deviations in Higgs couplings
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LHC is doing fantastic job in
in exploring Higgs properties

H(125) looks SM-like

current coupling 
precision >> 1%

blind to few-% modifications

+/-20%
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predicted Higgs coupling precisions: HL-LHC + e+e- (ILC)

→ HL-LHC will struggle to reach 1% coupling precisions
→ HL-LHC + e+e- Higgs factory can achieve ~1% or better
→ resolve signs of new physics

1 %

HL-LHC
~100 M Higgs
+ ILC250
~0.5 M Higgs
+ ILC500

~2 M Higgs
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Higgs production in electron-positron collisions
associated 

Higgs production
top quark Yukawa

H
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Higgs studies can start at 250 GeV
full set of Higgs measurements:

require ~1000+ GeV

250       500       1000 GeV
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Higgs cross-section ~ 102 time smaller @ e+e-
Higgs / total cross-sections: LHC~1010 , e+e- ~ 102
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Higgs @ LHC Higgs @ e+ e-
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thanks to its simple & clean experimental environment
an electron-positron collider 
can achieve significantly improved Higgs precision

even with a rather small number of produced Higgs 
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How to build such a e+ e- Higgs factory ?

(beam energy)4

power loss ~ ---------------------------------------
(particle mass)4 (ring radius)2

beam energy and particle mass* decided

to control required power, need large radius ring

* see later for μ collider
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Large ring
FCCee, CEPC

* radius ~ 100km / 2π

* multiple IPs / experiments

[see next talk P. Azzi]

or

Linear collider
ILC, CLIC, C3

* radius ~ infinite

* beam polarization
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ILC : superconducting RF acceleration CLIC : 2-beam acceleration

C3: normal conducting 
@ liquid N2 

Linear collider : different accelerating technologies
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250 GeV

linear

Low energies → Circular collider
High energies → Linear collider
Cross-over around Higgs threshold region

LHC~150 MW

Luminosity limited by assumed 
available electrical power

All projects propose to operate at
several CM energies

circular
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Physics highlights
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Higgs-strahlung

key to model-independent 
measurement of Higgs couplings

known initial 4-momentum – measured Z 4-mom
 → recoil 4-mom → “recoil mass”
detect Higgs boson without reconstructing its decay

measure σ(e+ e- → Z H), independent of Higgs decay
unbiased sample of Higgs bosons
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Higgs decay to invisible final states
Higgs-strahlung sensitive to any Higgs decay:

e.g. invisible final states ~ dark matter ? 

additional background suppression by beam pol.

arX
iv:19 09.075 37

measure Γinvisble to ~ 0.5%
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Top quark

δmtop (MS) ~ 20 MeV (stat.) / 70 MeV (total)

Much closer to “pole mass”
→ easier to interpret

Wilson coefficients of various CP-conserving couplings

top quark EW couplings 
benefit from being above threshold

arXiv:1907.10619

mass & width from threshold scan
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Higgs self-coupling λ

Cross-sections vs. λ

precision on λ

direct sensitivity

indirect sensitivity

500 GeV &
1000 GeV
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indirect (di-Higgs)   ~20~50 %
direct (single-Higgs) ~10~35 %

Ideally test consistency

Higgs self-coupling λ
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Stéphane Willocq @ Snowmass Agora
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Searches for BSM particle production
Kinematic reach limited by collider energy,
modest total event rates → very loose triggers, or none

→ collect even the softest or most unexpected signatures

χ1
±,0

χ1
±,0

χ0

χ0ISR

soft SM

C
harginos  @

 
Δ

M
 = 1.6 G

eV

Neutralinos @ 
ΔM = 0.77 GeV

e.g. small mass-splitting SUSY:
cover all kinetically-available parameter space 
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Electro-weak physics
precision EW measurements

orders of magnitude more data than LEP(2) / SLC

in some cases with beam polarisation
left- and right- are very different in E-W

better detectors

QCD

Clean samples of QCD systems of varying mass:

Quark jets of all flavours

** Gluon jets from Higgs

Z’

high energy 250 ~ 1000 GeV
radiative returns to Z
Z pole

L, R
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More futuristic possibilities

many open conceptual and/or engineering issues
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SRF lin
ac 

1 SRF linac 2

Damping 
positron 

ring

Damp 
electron 

ring

 
Energy recovery linacs

Recover & reuse (e+, e-) beam energy
→ operate linac “in reverse” 

on collided beam
 
Promises greatly increased 

energy efficiency at both 
circular and linear colliders
→ higher luminosity

ReLiC CERC
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Muon colliders
       (beam energy)4

power loss ~ 
     (particle mass)4 (ring radius)2

High energy lepton collisions,
in a modest footprint
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Plasma wakefield accelerators

Overcome current limits on 
accelerating gradient 30~100 MV/m

laser or particle beam induces wakefield in plasma

wakefield accelerates particle bunch: 
1~10 GV/m   >>   30-100 MV/m

Compact, high energy linac



28

Summary
Higgs is a unique tool to probe BSM physics

<1% precision to probe TeV-scale models

e+e- Higgs factory can achieve this precision
many other opportunities in E-W, BSM, QCD physics

a few proposals for “short/mid”-term realisation of Higgs factory
→ we should realise at least one!

several intriguing ideas for the far future
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backup



30arXiv:1903.01629
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arXiv:1905.03764
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staged operation
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35Stéphane Willocq @ Snowmass Agora
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W mass in e+e-

G. W. Wilson / Kansas
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