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The 2HDM
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Recipe of a FOEWPT in the 2HDM

We need relatively large quartic couplings — large mass splittings

mao —mpgo 2 v and M ~ mpgo ~ v

e Electroweak precision observables:
a0 ~ TN+

e Flavor observables:

mp+ > 600 GeV in Type II 2HDM
e Smoking gun collider signature AO _ ZHO
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Triple Higgs coupling as a probe of the vev thermal evolution
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GW and triple Higgs coupling: precision at future colliders

L SM
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FOEWPT and direct searches
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Conclusions

2HDM type II

Primordial GW background in reach of LISA confined to contrived regions of the parameter
space.

These regions of the parameter space imply the observation of new physics at energy scales
accessible at the LHC:

e Direct searches

e Triple Higgs coupling

Absence of any indications for new-physics at the LHC, in particular HL-LHC
puts severe limitations on the prospects of a detection of a GW background at LISA



Thank you!

Any questions?
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Maximum energy scale of a perturbative 2HDM
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Gravitational waves in the 2HDM
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Introduction

Mysteries of EWSB FOEWPT
* How did the EW symmetry break in the early universe? « EW baryogenesis
« Could we rescue the FOEWPT? « GW production
* New physics at the EW scale
_107% /7 1070 "\ 1078 10-° 10° 10* 10
EW phase QCD phase
transition transition \ ZHDM
Leptogenests WIMP Big Bang e Canrealise a FOEWPT
Gravitinos freeze-out Nucleosynthesis

| (Dorsch et al. 17’, Gongalves et al. 21’, Aoki et al. 21’)

/Our study
« Tripple Higgs coupling as a probe of:
- FOEWPT: critical view on the complementarity
/ between colliders and GW experiments.
- Non-standard vacuum thermal evolutions.
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The cosmic evolution of the vacuum in the 2HDM
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The cosmic evolution of the vacuum in the 2HDM
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Gravitational waves in the 2HDM
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Gravitational waves in the 2HDM

ma [GeV]

0.0

log10(SNR(v,, =0, 6)7yrs)
0.5 1.0 1.5

2.0

1000 A

950 -

900 A

850 A

800 A

750 -

700 -

650 A

600 A

Let's zoom in
in this region!

600 700
my [GeV]

800 900

1000

1000

900

700

600

Th

75 100 125 150 175 200 225

T 400 500 600 700 800 900 1000

mey [GeV]



Recipe for a FOEWPT in the 2HDM

1. Add an enerqy barrier

a. Tree-level barrier — Not possible due to gauge invariance

b. Barrier from radiative and thermal corrections:

/Example:

i : 2 _ 2 2
Boson with tree-level mass:  m; = ug + Aggh”

Large quartics enhance the effective cubic term needed for the barrier

\Large quartics — Large splittings between the scalar masses

2 2
Generates a term in the effective potential of the form: = 75~ [Ms + Amsh” + s
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