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Motivation
SM predicts the same amount of particles and antiparticles
Where are the antiparticles?
Electroweak Baryogenesis can explain it

What do we need for Baryogenesis?
SFOEWPT

How can we obtain it?
BSM models that modify the Higgs sector of the SM

Which ones?
The simplest Higgs extended sector that allows a SFOEWPT: RxSM



Objectives

 Define a that allows a for the RxSM.

* Check if the RxSM can be distinguished from the SM in the HL-LHC

via the and

 Check the for the

total and differential di-Higgs production cross sections.



Real Singlet Extension

S) = —p + + = + + +
V(H,S) 2(HIH) + MHIH)? + (’HT’H)S L HtH)S? 623? 6353 b434

2

— / 2 2
h\/—g‘) mh;S T

S

m2 m2 h\ [ cosf sinf h'
0 h' h's H) \—sin® cosé s



Real Singlet Extension

Triple Higgs couplings
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Real Singlet Extension: Constrains

as b

22 ; zf az > —21/ Aby BSM Higgs boson searches
ao by 125 GeV Higgs boson measurements
5 7 < 47



Reference points

Benchmark T A a; (GeV)  as by (GeV) by Ex  AhhH
Bl 60.9 0.17 -490 2.65 -361 0.52 1.42 0.25
B2 59.6  0.17 -568 3.26 -397 0.78 1.40 0.31
B3 54.6  0.17 -642 3.80 -214 0.16 1.41 0.34
B4 47.4  0.18 -707 4.63 -607 0.85 1.47 0.38
B5 40.7  0.18 =744 5.17 -618 0.82 1.47 0.37
B6 40.5  0.19 -844 5.85 -151 0.08 1.48 0.42
B7 36.4 0.18 -898 7.36 -424 0.28 1.43 0.48
B8 32.9 0.17 -976 8.98 542 0.53 1.41 0.54

Ref: Hao-Lin Li, Michael Ramsey-Musolf, and St'ephane Willocq. Probing a scalar singlet-catalyzed electroweak phase transition with resonant
di-Higgs boson production in the 4b channel. Phys. Rev. D, 100(7):075035, 2019, 1906.05289.
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Experimentaly excluded:

2020 ATLAS search for a
resonance of a heavy Higgs
boson, which decays into
two Z bosons and ultimately
Into four leptons



HPAIR

HPAIR is a private, model-dependent
code that computes the production cross
section of two neutral

Higgs bosons at the HL-LHC and LHC by
gluon fusion

Fortran library | HPDFG has been used
to perform the PDF calculations

Thanks to M. Muhlleitner (KIT) for developing
the code
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CMS/ATLAS
ANALISIS

ONLY CONSIDER HEAVY HIGGS
S-CHANNEL CONTRIBUTION TO
THE CROSS SECTION
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Di-Higgs production cross section

Full calculation: H resonant contribution:
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Experimental Uncertainties

Smearing: 15% and bin size: 50 GeV
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my,;, distribution: results

P1

[
o
o

do/dmhh (fb/GEV)

[
o
w

-=- SM
—— s channel contribution

4 mi = 459.7 GeV
. r = 46,3 GeV
Ang = 0.36
k= 1.47

400 600 800 1000 1200
mpp( GeV)

15



my,;, distribution: results
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Conclusions

c A plane has been defined that allows

 TJaking into account the FULL CALCULATION

 Limits obtained considering only resonant contributions are not reliable

for the real model, cannot be used by theorists to interpret their data.
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Real Singlet Extension i
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Benchmark points

Id mpy (GeV) 0 r (GeV) b4 Mwg kx o 'y (GeV) JE}TSM (fb)  Color
P1 459.2 0.178 46.3 0.89 0.36 1.47 2.07 44.15 red

P2 464.9 0.176 46.3 0.45 0.35 1.46 2.07 41.26 blue

P3 469.4 0.174 47.4 0.00 0.32 1.43 2.02 37.35 orange
P4 529.8 0.153 41.9 0.00 0.38 1.43 2.38 27.09 cyan
P5 577.5 0.139 37.5 0.78 0.45 1.45 2.72 22.88 pink
P6 531.7 0.152 40.8 045 040 1.45 2.46 27.72 oreen
PT7 642.9 0.125 34.2 0.11 0.49 1.44 2.89 18.73 purple
P8 657.9 0.122 33.1 0.78 0.52 1.44 3.10 18.2 black

24



Triple Higgs coupling definition
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R parameter
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Benchmark points
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Benchmark points
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