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Higgs boson in SM or SM EFT

Couplings to 
EW gauge 

bosons

Self-
Couplings

Couplings 
to fermions

Ensures unitarity of 
 VV->VV scattering

Ensures unitarity of 
 VV->ff  scattering

Ensures unitarity of 
 VV->hh scattering

(no Higgs)

What are 
self-couplings for?

It is clear what goes wrong when 
self-couplings are modified in 

framework of SM EFT where SM 
Lagrangian is extended by 

higher-dimensional operators.
New scale M suppressing D>4 

operators sets maximum validity 
range Λ of SM EFT

E.g. hh→hhh or VLVL→hhh scattering 
loses perturbative unitarity at scale Λ
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Here I address a different question: what goes wrong in a theory where only triple Higgs   
coupling is deformed away from SM and no other interactions are affected 

(in particular, there’s no h^5 or h^6 terms in the Lagrangian)

h^3-deformed SM
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Answer: multibody VLVL→(n×h)(m×VL) (and crossed) scattering with n+m>2 
loses perturbative unitarity around the scale Λ∼4πv∼3 TeV

Consider VLVL→hhh which depends on triple and other Higgs couplings.
Diagrams with one triple Higgs vertex contribute 

Triple Higgs vertex Longitudinal
polarization Propagator

In SM, various contributions that go like E^0 cancel against each other
so that full amplitude behaves as 1/E at high energy, 

consistently with perturbative unitarity
However, as soon as δλ3≠0, cancellation is no longer happening, 

and then tree level VLVL→hhh cross section explodes at high energies 

Perturbative unitarity of VLVL→hhh is lost at scale

hhWW
vertex
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multi-Higgs production in h^3-deformed SM
For small δλ3, stronger bound on Λ 

may be obtained by demanding  
perturbative unitarity of multi-h and 

multi-VL scattering. E.g. for m=0:

So far, best limits from
(error in SM EFT column in previous version of slides

corrected thanks to Fabio and Christophe)

For small |δλ3|, cutoff approximately 

in practice, never parametrically above 4πv

|��3| ⇤ [TeV] nbest ⇤SMEFT [TeV]
0.01 4.5 9 160
0.1 3.9 6 50
1 3.1 4 16
10 2.0 2 5.0
20 1.6 1 2.8
40 1.1 1 1.4

Table 3: The perturbative unitarity bound on the cut-o↵ scale ⇤ in the cubic-Higgs-
deformed SM. We show ⇤ set by the [GG]0hn ! [GG]0hn process for 4 di↵erent values
of |��3|, and also the value of n = nbest that gives the most stringent bound. We also
show the maximum ⇤ in the SM EFT framework where the corresponding ��3 is induced
by the dimension-6 operator |H|6, obtained by demanding perturbative unitarity of the
[GG]0h ! [GG]0h, [GG]0 ! [GG]0h and [GG]0 ! [GG]0h2 processes.

2.4 Summary

To summarize, here is the answer to the question we kicked o↵ with. The SM values
of the Higgs boson cubic and quartic self-couplings are unique to maintain perturbative
unitarity of the theory up to very high scales. If they are perturbed away from the SM,
there are exist tree-level amplitudes with a wrong UV asymptotics. Namely,

• If ��3 6= 0 then the tree-level amplitudes VLVL ! VLVLhn with n � 1 and VLVL !
V 2n
L with n � 2 asymptote to a constant in the UV;

• If ��4 6= 0 then the tree-level amplitudes VLVL ! hn with n � 3 and VLVL !
VLVLhn with n � 2 asymptote to a constant in the UV.

3 A UV picture

Is there any UV theory who’s low energy contains the square root non-analytic terms
in Eq. (2.1)? They certainly need to arise from integrating out particles whose masses
vanish in the limit v ! 0. I could come with the following examples.

3.1 Model A

Consider a modulus scalar field � coupled to the Higgs such that the scalar potential of
the system reads

V (H,�) = m2
H(H

†H) + �(H†H)2 +M�(H†H) +
↵M5

2�
. (3.1)

This is clearly non-renormalizable so strictly speaking I don’t have a UV completion of
the

p
H†H term. The above may or may not be embedded in a UV complete theory -

I’ll think about it later.
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The h^3-deformed SM (the theory with the SM field content and interactions except 
for the triple Higgs boson coupling deformed away from the SM value) is similar to 
Higgsless theories in that it loses perturbative unitarity around the scale 4πv, even if 
the deformation is small. Same conclusions if the quartic Higgs coupling is deformed

Such set-up does not belong to the SM EFT class, and is not an effective theory 
obtained by integrating out heavy BSM particles. In fact, it corresponds to an effective 
theory where masses of integrated-out particles vanish in the limit of no electroweak 
symmetry breaking

For precision studies of small and moderate deformations of the cubic Higgs couplings 
deformations, it is safer to use the regular SM EFT framework, as it allows one to 
control the validity range.  If the deformations are large, δλ3>10, it is not completely 
clear if the new degrees of freedom, which necessarily have to appear near 1 TeV scale, 
would not always introduce comparable corrections to the precision observables  

Similar discussion applies for other Higgs couplings deformations that are not described 
by SM EFT

Summary
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