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Dark Matter

Baryon Asymmetry

Vacuum Stability

Hierarchy Problem

Flavour Puzzle

Neutrino Masses

Open Problems in 
Particle Physics
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The Current Picture: SM
V(H) = μ2H†H + λ(H†H)2







μ2 = − λSMv2

λ = λSM =
m2

H

2v2

Requiring  and  as measuredmH v

Gives fixed Higgs trilinear and 
quartic couplings after EWSB

V(h) =
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λSM
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The Current Picture: BSM
V(H) = μ2H†H + λ(H†H)2+C6

λSM

v2
(H†H)3


μ2 = − (1 −
3
4

C6) λSMv2

λ = (1 −
3
2

C6) λSM

Requiring  and  as measuredmH v

Correlated shifts of Higgs tri-linear 
and quartic couplings after EWSB

LHC: 
−1.2 ≤ κλ ≤ 7.2

ATLAS Collaboration, 
2406.09971
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How do we measure it at a CEPC?

6

e

e

Z

H

Z
H

Z

H

T1P1N32

H

e

e H

H

W

W H

H

H

e

⌫e

e

⌫e

e

e

Z

H

H

Z

H

T1P1N2

e e → Z H H

Z

Z

H

H

e 

e 
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McCullough 1312.3322, 
Di Vita et al. 1711.03978

At low energies, loop contribution is most sensitive probe!
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https://arxiv.org/abs/1312.3322
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ℒEFT(φl, ∂μφl) = ∑
k

δk ∑
i∈Sk

CiOi(φl, ∂μφl)

Standard Model Effective Field Theory
Effective Field Theory: 


• Non-renormalizable QFT with clear separation 
between UV and IR modes and a power counting 
parametrised by 


• Separation of scales:


• Operators: IR interactions


• Size of WC: UV physics

δ

BSM Physics

Λ

μ



Standard Model Effective Field Theory
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Parametrise New Physics!
Scale Dependent Couplings!

BSM Physics
IR physics, always the same

ℒ = ℒSM + ∑
i∈S2

( 1
ΛUV )

2

ci(μ)Oi + 𝒪(Λ−3)

Warsaw Basis

Λ

μ

SMEFT: 

1. Light fields: SM fields


2. Power counting: Mass dimension 


3. Symmetry:    
( + Global Symmetries)

[Oi]

SU(3)C × SU(2)L × U(1)Y
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Projected sensitivity 
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Conclusion
• Leading Probe of the Higgs-Self Coupling at NLO for a low energy CEPC


• Meaningful bound requires consistent inclusion of all new physics effects 
appearing at the same order


• Higgs Self-Coupling bound robustly to at a CEPC within the 
SMEFT


• Insensitive to generic Flavour assumptions 

• True strength lies in the complementary exploration of the Electroweak 
sector!

δκλ ≲ 30 %
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Conclusion
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Thank you!

• Leading Probe of the Higgs-Self Coupling at NLO for a low energy CEPC


• Meaningful bound requires consistent inclusion of all new physics effects 
appearing at the same order


• Higgs Self-Coupling bound robustly to at a CEPC within the 
SMEFT


• Insensitive to generic Flavour assumptions 

• True strength lies in the complementary exploration of the Electroweak 
sector!

δκλ ≲ 30 %

Any further Questions?

Feel free to email me:


 
victor.maura_breick@kcl.ac.uk

mailto:victor.maura_breick@kcl.ac.uk
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Warsaw Basis
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Real Singlet Scalar

Above-pole
On-pole
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• Real Singlet Scalar with -symmetry





• Only generates  and  at NLO


• Simplest extension of the SM that allows 
for a first order EW phase transition


• Hardest “loryon” to probe experimentally


• Z pole covers Loryon parameter space!

ℤ2

ℒ ⊃
1
2 (∂μϕ)

2
−

1
2

m2
ϕϕ2 −

1
2

κϕ2 |H |2 −
1
4!

λϕ4

CH CH□
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Banta et al. 2110.02967, Crawford and Sutherland 2409.18177 
(or next talk by Graeme!)

Jiang et al.1811.08878 , Haisch et al. 2003.05936   



• Higher dimensional 
Representations of 




• Could be Dark Matter


• Can significantly 
improve upon HL-LHC 
constraints

SU(2)L

ACE in action: WIMPs
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Custodial Quadruplet
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On-pole
Combined
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