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Form of the Higgs potential and trilinear Higgs coupling 

Vacuum expectation value

➢Brout-Englert-Higgs mechanism = origin of masses of 
elementary particles ...
… but very little known about the Higgs potential 
causing the electroweak phase transition (EWPT)
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Form of the Higgs potential and baryon asymmetry

➢Brout-Englert-Higgs mechanism = origin of masses of 
elementary particles ...
… but very little known about the Higgs potential 
causing the electroweak phase transition (EWPT)

➢Trilinear and quartic Higgs self-coupling, λ
hhh

 and 

λ
hhhh

, crucial to understand the shape of the potential

➢Among Sakharov conditions necessary to explain 
baryon asymmetry of the Universe via electroweak 
phase transition (= electroweak baryogenesis): 
➢ Strong first-order EWPT (SFOEWPT) 

→ barrier in Higgs potential
→ O(30-100%) deviation in λ

hhh
 from SM prediction

if SFOEWPT along Higgs field direction
see e.g. [Kanemura, Okada, Senaha, ‘05], [Grojean, Servant, Wells, 
‘06], [Biekötter et al., ‘22] (2HDM), or [JB, Heinemeyer, Pulido 
Boatella, Verduras Schaeidt ‘25] (RxSM)  

Existence 
of a 

potential 
barrier 

depends 
on λ

hhh
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Form of the Higgs potential and trilinear scalar couplings

Figure by [K. Radchenko Serdula ‘24]

Beyond-the-Standard-
Model theory, here with 2 
scalar states (as an example)

Extended scalar sectors
→ more complex Higgs potentials
→ more trilinear scalar couplings 
needed to reconstruct potential

h ≡ h
125 

[discovered Higgs boson]
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Probing New Physics with the trilinear Higgs coupling 
➢ Large effects from New Physics possible in λhhh due to 

radiative corrections from extra scalars,
e.g. at leading order

→ “mass splitting effects”

➢ Comparing latest exp. bounds 

 

with precise theory predictions for λ
hhh

 provides a powerful 

new tool to constrain BSM models

➢ BSM deviations in κ
λ
 also motivated from the point of view 

of early-Universe evolution (e.g. SFOEWPT)

➢ Quartic Higgs coupling is less constrained, but receives even 
larger radiative corrections, see e.g. [JB, Kanemura ‘19]

 

[ATLAS & CMS
Run 2 combination ‘25]

← from [JB, Kanemura ‘19](see [Kanemura et al. ‘02, ‘04])

[Bahl, JB, Weiglein Phys. Rev. Lett. ‘22]

[ATLAS +CMS ‘25]
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Experimental constraints and theoretical interpretations

Limits from di-Higgs: [ATLAS+CMS Run 2 comb ‘26]
Limits from triple-Higgs: [CMS ‘26]
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One-loop example

,
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Effective potential calculation of Higgs self-couplings

[Ford, Jack, Jones ‘92], [Martin ‘01], [Weiglein ‘94]

see e.g. [Brivio et al. ‘14, ‘16]
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Effective potential calculation of Higgs self-couplings

[Kanemura, (Kiyoura,) Okada, Senaha, Yuan ‘02, ‘04], [JB, Kanemura ‘19, ‘19], [Bahl, JB, Gabelmann, Paßehr ‘25]
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Higher-order effects captured

In our 
effective 

setup

In some BSM 
model

(thick lines = 
BSM scalar Φ)
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Theoretical considerations

[Stylianou, Weiglein ‘23]

[Di Luzio et al. ‘17], [Stylianou, Weiglein ‘23]

See e.g. [Brivio et al. ‘19], [Aebischer et al. ‘25], [Dittmaier et al. ‘26]
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1D results using two-loop calculation of κ
λ

[ATLAS+CMS 
Run 2 combination ‘26]BSM prediction 

at one or two 
loops

BSM prediction 
including also 
higher order 

effects
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2D results using two-loop calculation of κ
λ

[Stylianou, Weiglein ‘23]
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2D results using two-loop calculation of κ
4

[Stylianou, Weiglein ‘23]
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Combined effect on current limits at LHC
Combining limits from searches for di- and triple-Higgs production and from perturbative unitarity

Bounds on κ
λ
: [ATLAS+CMS Run 2 combination ‘26]

Bounds on κ
4
: [CMS ‘26]

Perturbative unitarity: [Stylianou, Weiglein ‘26]

[JB, Naskar, Weiglein ‘26]

higher order effects.
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Expected bounds at HL-LHC
Combining limits from searches for di- and triple-Higgs production

Prospect limits on κ
λ
 (for varying κ

λ
) from di-Higgs searches: [ATLAS+CMS HL-LHC highlights ‘25]

Prospect limits on κ
λ
 and κ

4
 (only available for κ

4
=1) from triple-Higgs searches: [Stylianou, Weiglein ‘23] + 

[ATLAS ‘25] 
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Implementation in public code: check_kappas
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Summary
➢ The trilinear and quartic Higgs self-couplings can receive large corrections from BSM 

physics, even for points allowed by state-of-the-art theoretical and experimental constraints

➢ In our work, we pointed out and calculated a well-defined class of higher-order BSM 
contributions, which can lead to sizeable modifications of κ

λ
 and κ

4

➢ Reliable interpretations of double- and triple-Higgs searches must account for all 
numerically relevant higher-order contributions to constrain the BSM parameter space

➢ The residual renormalisation-scale dependence highlights the need for a consistent assessment 
of theoretical uncertainties at fixed physical input observables, and for careful interpretation of 
limits from experiments in terms of underlying parameter space of the BSM models

What lies ahead?

➢ Moving from rectangular bounds, to including correlations between double- and triple-Higgs 
production in the determination of κ

λ
, κ

4
 → public tool check_kappas

➢ Connection with realistic models (consistently)
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Numerical differences in κ
λ
: one- and two-loop results
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Full one- and two-loop expressions for κ
λ
 in the OS scheme

with

i.e. OS scheme for m
h
 and t

h
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Full one- and two-loop expressions for κ
4
 in the OS scheme

with

i.e. OS scheme for m
h
 and t

h
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Expressions for κ
λ
 and κ

4
 in the MS scheme

i.e. MS scheme for m
h
 and t

h
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Coupling/Order 0L 1L 2L 3L

g
hhhh

g
(h)hΦΦ

-

g
(h)HΦΦ’

[g
(h)GΦΦ’

 case similar]
- -

g
ΦΦΦ’Φ’

[2 BSM scalars of 
species Φ, 2 of species 

Φ’]

- -

Examples of scalar contributions to λ
hhh

 in aligned 2HDM

→ no further type of coupling entering after 2L
→ for each class of diagrams, perturbative convergence can be verified! 

e.g. in [Bahl, JB, Weiglein PRL ‘22]

[NB: 1 h can be 
replaced by a VEV]

subleading

subleading subleading

BSM scalars:
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One-loop mass-splitting effects
➢ Leading one-loop corrections to λ

hhh
 in models with extended sectors (like 2HDM):

                                           SM top quark loop                              BSM scalar loops 

: BSM mass scale, e.g. soft breaking scale M of Z
2
 symmetry in 2HDM

: # of d.o.f of field Φ

➢ Size of new effects depends on how the BSM scalars acquire their mass: 

First found in 2HDM:
[Kanemura, Kiyoura, 
Okada, Senaha, Yuan ‘02]

Huge BSM 
effects possible!
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