Adam Falbowsl

C : rS
|:-:|
g

=

Three slides on
triple Higgs couplings
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Based on work in progress with Riccardo Rattazzi
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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 N\ of SM EFT
drv  2v E.g. hh—>hhh or V.V.—hhh scattering

~ 63| ™ loses perturbative unitarity at scale A

Wednesday, December 14, 16 2

< A4AnM =




h”3-deformed SM

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, theres no h™5 or h"6 terms in the Lagrangian)

g

loses perturbative unitarity around the scale A~4mv~3 TeV

Consider V.VL.—hhh which depends on triple and other Higgs couplings.
Diagrams with one triple Higgs vertex contribute
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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 dA3#0, cancellation is no longer happening,
N and then tree level Vi.Vi—hhh cross section explodes at high energies

Perturbative unitarity of V.V.—hhh is lost at scale
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multi-Higgs production in h”3-deformed SM
For small dA3, stronger bound on A

may be obtained by demanding
perturbative unitarity of multi-h and
multi-VL scattering. E.g. for m=0:

Lo 2
(VLVL — hn) ~ n.Th O
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So far, best limits from

(error in SM EFT column in previous version of slides
corrected thanks to Fabio and Christophe)

h"Vi Vi = h"Vi Vg,

|(5)\3’ A [TGV] Mpest ASMEFT [TGV]
0.01 4.5 9 160

0.1 3.9 50

1 3.1 16

10 2.0 5.0

20 1.6 2.8

40 1.1 1.4

For small IdA3|, cutoff approximately

In practice, never parametrically above 4mv
4



Summary

® 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 4mv, even if
the deformation is small. Same conclusions if the quartic Higgs coupling is deformed

® Such set-up does not belong fo 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, dA3>10, it is not completely
clear if the new degrees of freedom, which necessarily have fo 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
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