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2HDM-+a belongs to the so called Next generation simplified models

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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2 Higgs Doublet Sector

SM Singlet Mediator
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Mass Mixing

Good compromise between theoretical consistency and predictivity (still imited 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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Self Interaction lagrangian

v
, 1 Singlet Doublet Interaction Lagrangian
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Vao,2upm (D1, P2, a0) = K(i ao¢f¢2 + h. C-) + Alpa(z)¢f¢1 + Azpagqb;rﬁbz

Giorgio Arcadi TAUP 2023



(P1) =
(¢2)

(%1

(%)

Uy
— = tanf
51

EW Symmetry Breaking
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DM Phenomenology
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One-loop thermal effective potential

One loop quantum corrections

Veff(ho, HO, T) — VO + VCW + VCT

Counterterms (to compensate the shift from V.,
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. Caprini et al JCAP 04 (2016) 001

» Contribution from sound wave overlap

hz-Q'GW = hz'Qcol + hZ‘Q'SW + hzﬂturb : :
Contribution from

Magneto-Hydrodynamical
(MHD) turbolence

> Contribution from bubble collisions
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Conclusions

The 2HDM+a is an economical but consistent extension of the SM.
It features viable DM phenomenology and can accommodate a FOPT

with a potentially detectable signal for some regions of the parameter
space.
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Constraints from decay of the Higgs
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Collider Constraints

Applied constraints:

o > H A > 17 pp > H > ZA,Za (A,a = xx)

pp > A - ha(a - xx)
pp > a—>utu”

pp > A— ZH,Zh

pp - H—> ZA,Za (A,a - SM)
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GW Signal

hZQGW = hzﬂcol + hZ‘Q‘SW + hzﬂturb

hzﬂcol(f) — hzﬂpeakscol(f)
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