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2HDM+a belongs to the so called Next generation simplified model:

LHC Dark Matter Working Group: Phys. Dark. Univ. 27 (2020) 100351

(see also e.g. M. Bauer et al. JHEP 05 (2017) 138, T. Robens Symmetry 13 (2021) 12, 2341)
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Good compromise between theoretical consistency and predictivity (still limited number of
free parameters);

Benchmark for a large variety of collider studies;

Interesting Dark Matter phenomenology.

Possibility of triggering First Order Phase Transition (FOPT).
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Conventional (Z, symmetric )2HDM Potential
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95 GeV Excess

CMS Collaboration JHEP 07 (2023) 073
CMS Collaboration Phys. Lett. B793 (2019)
ATLAS Collaboration ATLAS-CONF-2023-035
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G.A., G. Busoni, D. Cabo-Almeida, N. Krishnan
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G. A., G. Busoni, T. Hugle and V. Tenorth; JHEP 06 (2020) 098

Giorgio Arcadi New Physics Directions in the LHC era and Beyond



Connection with g-2
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To have a sizable Aa, we need g,,,, X tanf.We need to go for Type-Il or Type-X configurations.
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g-2 in the Type-X 2HDM+a

Viable parameter space limited by lepton
_Ma=300 GeV universality in decays of Z-boson and 7 lepton
140 (see next slides).
120 Abe et al. JHEP 07 (2015) 064
E. Jin Chunetal JHEP 07 (2016) 110
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G.A. and A. Djouadi, Phys.Rev.D 106 (2022) 9, 095008 M.[GeV]
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DM Phenomenology
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Benchmark for g-2

Bounds from lepton
Aa, 1o

universality in Z and 7 decays
(exclusion above the lines)

m,=150 GeV,g,%0.15,sin6=0.5,M=500 GeV
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Parameter of the scalar potential fine-tuned to set Br(h » aa) = 0
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One-loop thermal effective potential

One loop quantum corrections

Verr(h®, HO, T) = Vy + Vey + Ver

Counterterms (to compensate the shift from
Vew to the vevs)

> Tree-level potential
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GW Signal

GW background is typically the (linear) combination of three kinds of contributions

C. Caprinietal JCAP 04 (2016) 001

» Contribution from sound wave overlap

h?Qew = h*Qeo + M2 0, + 120
GW col SW turb Contribution from
Magneto-

Hydrodynamical (MHD)

turbolence
> Contribution from bubble collisions
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Conclusions

The 2HDM+a is very interesting BSM benchmarks which can be used to interpret very
different experimental signals.

We have considered the capability of interpreting the 95 GeV excess at LHC.
We have shown the possibility of reproducing the g-2 signal.
We have explored the possibility of GW signhals from FOPTs in the Early Universe.

Connections with DM have been considered.
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