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Motivation: Trilinear Coupling

[Bahl, Braathen, Gabelmann, Weiglein 2305.03015]

e Trilinear Higgs coupling determines the
shape of the Higgs potential:

o crucial for understanding dynamics of
electroweak phase transitions
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« sensitive to BSM physics
A
- exp. limit: 1.2 < —gv5 <7.2 at95%CL. g

[ATLAS, 2406.09971] hhh
[CMS, 2407.13554]
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Singlet Extension of the Standard Model (SSM)

[Bahl, Braathen, Gabelmann, Weiglein 2305.03015]

« we consider the real singlet extension of the SM

A A :
V(®,S) = pu?|®|+ 5 O + kgp (OTD) S + % (2T®) S* + %52 -+ %Sf‘ — 754
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Singlet Extension of the Standard Model (SSM)

[Bahl, Braathen, Gabelmann, Weiglein 2305.03015]

« we consider the real singlet extension of the SM

2 A t AsH t ) Me o | kS 3 AS 4
V(®,5)=p yq>\+§\<1>y + kgp (P <I>)S+7 (®T®) S +7S +?S +7S
o after symmetry breaking: & — L( V26T ) S =53+
©F T V2 \wth+iG — ST Us
e the fields mix to 2 CP-even eigenstates h172 5 new independent parameters

» the Lagrangian parameters are traded for m, ,m,_ ,«a,v,vs, ks, ks

v Vs

ope . 3 -3
- trilinear coupling at tree level: A, ,p, = 3m?, (cos o | sin a)
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Motivation: Precision Calculations

e reliable and numerically stable theoretical

predictions of physical observables are hq
Imperative L
« important for comparison with he -7
experimental data .
) . hl ----- g | hl
 needed for consistent constraints on O
parameter space of BSM models hy
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Problem: Precision Calculations

e integrals over loop momenta diverge
extracted by dimensional regularisation Q

D=4-2¢ poo
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Problem: Precision Calculations

e integrals over loop momenta diverge

extracted by dimensional regularisation @ P i
D=4-2¢ 7
h2 , :
e final expression contains divergence for D—4 A
. . h _____ N ’ ! h
absorbed in renormalised parameters @ ! S o
ho "~
understanding of renormalisation scheme " hy

dependence needed
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Choice of Renormalization scheme

On shell renormalisation

e renormalised parameters
correspond to measurable
guantities

e impose a renormalisation
condition — this subtracts the
divergence
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Choice of Renormalization scheme

On shell renormalisation Minimal subtraction renormalisation
« renormalised parameters * no conditions — only divergent
correspond to measurable part is subtracted

guantities

« impose a renormalisation 5m2 — CI% -+ %6

condition — this subtracts the
divergence * u dependence — running of

parameters

mp = mMS(u) + 6mMS (1) = mOS + §mOS
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Predicting the Trilinear Coupling: anyH3

[Bahl, Braathen, Gabelmann, Weiglein; 2305.03015] . , -
e Python code a.nyH3 allows O Q

fast computation of Axnh ‘ ‘

at full one-loop level trectovel: X0, oneparticle treducible: 30

L] ) 1 1
® C u Sto m I Ze : tadp()lesz 6t(a)d \VFFﬁhhh—i_(séaépolcsAhhh

. parameters/couplings
e renormalisation
° tadp0|e treatment external leg corretions: 5£p\1,r)1:3)\hhh

— N
~ N
4 " J/
J— <S "~

.. 1
V renormalisation: § é% Ahhh
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Scheme Dependence of the Trilinear Coupling

e implemented conversion

 varying Q provides an
estimate of size of
higher order effects

« MS band contains OS
values
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Comparison of different schemes
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Summary

e trilinear Higgs coupling as an important observable
e first tests of renormalisation scheme dependence in SSM

 further steps: investigate full parameter space, criteria definition for
the schemes, extension to other BSM models

Goal: find algorithmic criteria for which
scheme to use depending on region in

parameter space — deliver a robust,
consistent prediction for A\,
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Tadpole Treatment

e Tadpole-free MS scheme:

Ty = th + 6ty =0 = t), = —6Wt), = — 27

min
e OS tadpole renormalisation:

th =0 5ty = —0Wty,

« MS tadpole renormalisation at the tree-level minimum (FJ):

trn = 0 and MS renormalised tadpoles
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Renormalisation Schemes for SSM

e full OS scheme:

> p’=m?_ )4+X p?=m? 5(1)t 5(1)th
S =1 it h;) 21h2( i) dVg = COS « 2 4 sin o L
m, —mp. nth ﬂlhl

« MS scheme: all parameters renormalised MS

« hybrid scheme: OS masses and VEV but MS mixing angle

5(1)15 5(1)t
2 +sin« 2|
h2 mhl

dVg = COS &
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Analytic Formulas

2 2
)\05,(1) __ hggV
hhh

= G2 120 [604777%2(—4 +V3m)vg — 2KgHV5V
2

— (=3 +V37) (2k5v5 — 3&5Hv2)]

\MS(1) _ 1

hhh 4

= 6am’ v + 6rgyms viv
64m%b27r2vsv2{ fia =5 ha =5

2 2 4
— 6argpus(—2my, + Ksvs)vt — 2k usv” + 9akd yo°

2 2 9 2
— 6 [KJSHmthSU(thUS — Kggv”)

6 3 2 200 2 2
+ a(my,ve + 2kspmy, ve(2m;,, — Ksvg)v

mZ
+ K%HUS(9m%L2 — 2%35’05)?)4 + 31{3?9111)6)} . ln( 22) }
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Change of BSM mass
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Change of singlet VEV
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Dependence on the mixing angle
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Reparametrisation of Lagrangian

2 9 2 9
CoMp, —+ SaMh, t¢

(87
A= V2 R
2 2
Aenr — (M, —mi,) CaSa Ksn
VVUg Usg
2 2 2 2 2 2
Mo — (mh1 + mh2) vg + (mh2 — mhl) VsCaq — 2ts — 2K5VG + KSHV
8ve
2 2 2 2 2 2
A2 — Ots — KsgV” — 2KgVE — (mh1 + th) vg + (mh2 — mhl) (VS9q — V5Caq)
S 4?)5
3t 1 1 v
2 ¢ 2 2 2 2 S 2 2
ILL = - — —K,SHUS - = (mhlca _|_ thSa) - % (mhl - th) CaSa.

2v 2 2
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