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Motivation

e \Why BSM models? V
o BAU, dark matter, neutrino masses...
e \Why trilinear Higgs couplings?
o Not measured: good portal for new
physics
o We don't know the shape of the
Higgs potential
o It has an impact in the history of the
universe: BAU and SFOEWPT

Di-Higgs production as a tool to probe
trilinear Higgs couplings
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v = 246 GeV
Taken from J. Braathen
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Real singlet extension of the SM (RxSM)
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Real singlet extension of the SM (RxSM): Tadpoles
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One-loop corrections: NOTATION
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Diagramatic one-loop corrections
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Index

(0)
e Tree level: )‘z'jk
- . s
e Genuine one loop: ijk
CT
e One-loop counter term: 0 )\z'jk
e Genuine tadpole contribution: CSTAD)\Z-]-;,C
e External leg corrections: 5WFR)\Z.]. ;
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Tree level triple Higgs couplings
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Index

= )‘S)ZJ
- | OB\
e Genuine one loop: ijk
CT
e One-loop counter term: 0 )\ijk
e Genuine tadpole contribution: 5TAD)\Z-]-k
e External leg corrections: 5WFR)\Z.]. ;
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Genuine one loop

Computation of the 1Pl one-loop diagrams that contribute to the three point function
using the codes and

[Bahl, Braathen, Gabelmann, Weiglein, ‘23]
[Bahl, Braathen, Gabelmann, Radchenko Weiglein, WIP]
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Index

= )‘S)ZJ
VNSV VS 5(1),\7-7%—
e One-loop counter term: 5CT}\¢3

e Genuine tadpole contribution: 5TAD)\Z-jk

e External leg corrections: 5WFR)\Z.]. ;
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One-loop counter term
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Renormalization scheme: m;,m%,

We first renormalize the fields, then the two-point function and finally imposing the OS conditions
we obtain the mass and the field counterterms

Re[09Tm?2] = Re[Spn(m?)]

Re[éCTm%I] = Re[EHH(m%I)]

2
5Zhh = —Re Lzhh(p )
8]?2 p2=m?2
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Renormalization scheme: v
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TOEM

The vector boson masses and the fine structure constant are
automatically renormalized OS by anyH3
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Renormalization scheme: vg

The one-loop RGE of the singlet vev does
therefore the singlet vev counter term does not introduce a Q
dependence in the trilinear

We define an MS counter term equal to 0

5CT’US =0
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[S.Kanemura, Y. Okada,E. Senaha, C.P. Yuan, ‘04]
[S. Kanemura, M. Kikuchi, K. Yagyu, ‘15]
KOSY scheme

Renormalization scheme: o

e Rotate the bare fields and switch to the renormalize fields:
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e Equate the fields renormalization matrices:
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Renormalization scheme: 4,5
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Renormalization scheme:xs, ksy

MS kappas and no RGE running:
Mit = Aga (@) 4 6D A5 (6O + 5T N5 (1), 65 k)
MS kappas and RGE running:
Mt = AGh(FRSE(Q) + M Aijk (K@) + 8T i (6, 65 k)
OS kappas:
At = A0EO) + 8D Ak (59) + 67T Aiji (), 655 R)
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Renormalization scheme:xs, ksy
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Renormalization scheme:xs, ksy
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Renormalization scheme:xs, ksy
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Renormalization scheme:xs, ksg
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Renormalization scheme:xs, ksg
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Renormalization scheme: OS scheme

Masses: mi,m?%

EW VEV: v

Singlet VEV: vs
Mixing angle: «
Tadpoles: 4, ts

Kappas: Ks,RKSH
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Index

= )‘S)ZJ
VNSV VS 5(1),\7-7%—
—Ore-oor-cotntertert 5(1@\2-]-16

e Genuine tadpole contribution: 5TAD)\Z-jk

e External leg corrections: 5WFR)\Z.]. ;
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Genuine tadpole contribution
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NO genuine tadpole contribution
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Genuine tadpole contribution
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Index
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LI ] L)

oo -
— 5(1),\777@—- -
—Cre-toortotte—tetar Sgiﬁwk

o - i STAD \
e External leg corrections: 5WFR)\Z.]. ;
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External leg corrections
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Renormalization scheme: Q dependence
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Computed with anyH3 [Bahl, Braathen, Gabelmann, Weiglein, ‘23]
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One loop correctionstox, &, =
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One loop corrections to \,.u

Difference between one loop

One loop value
and tree level P
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Total di-Higgs production cross section at HL-LHC

oA — oA Total cross-section value in the
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Di-Higgs invariant mass distributions
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Conclusions

We defined a full of the
trilinear Higgs couplings Apnn, Anng for the non Z2 symmetric RxSM.

We observed for both couplings that the

We observed a of the one-loop corrections to the trilinear
Higgs couplings
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Renormalization scheme:xs, xsg
MS kappas and not RGE running
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Renormalization scheme:xs, xsg

MS kappas with RGE running at tree level
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Loop correction set-up

Theoretical > One-loop > Experimental > Cross section
constraints corrections constraints calculation
. anyH3 Hi
| Tool
POtel:“_:laI [Bahl, Braathen, [Ba%lge?alof)ZQS] HPAIR
stability Gabelmann, i i [T. Plehn, M. Spira, P.M.
_ Weiglein, 23] nggSBounds Zerwas, ‘96]
Coupling anyBSM [Bechtle et al., "20] [S.Dawson, S.Dittmaier,
pertubativity [Bahl, Braathen, HiggsSignals M.Spira, ‘98]
[Li, Ramsey-Musolf, Gabelmann, [Bechtle et al., ‘21] [Abouabid et al., ‘22]
Willocq, ‘“19] Radchenko
Weiglein, WIP]
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Taken from J. Braathen
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