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Dark Higgs boson as origin of spin-1 portal

M. Duerr, A. Grohsjean, F. Kahlhoefer, B. Penning, K. Schmidt-Hoberg, C. Schwaneberger JHEP 04 (2017) 143
see also
F. Kahlhoefer, K. Schmidt-Hoberg, T. Schwetz and S. Vogl, JHEP 02 (2016) 016, JHEP 09 (2016) 042.
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Mixing with a Dark Higgs
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Direct Detection
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B-L Majorana, M,=500 GeV, sin6=0.1, gx=1
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B-L Vector-like Fermion

B-L Vector-like Fermion g=0.1
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Connection with GW
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2HDM+U (1)
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2HDM+U(1)3_L, gx=1 2HDM+U(1)3_L, U,=0.1
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Dark Matter from gauge symmetry

Mediator sector

Extended Higgs
sector (SM+dark
sector)

Visible sector Dark sector

New gauge symmetry
spontaneosly broken:
massive vectors and
new higgses.

SM states

T. Hambye and M. Tytgat, PLB683 (2010) 39-41
C. Gross, O. Lebedey, Y. Mambrini, JHEP 08 (2015) 158
G.A., C. Gross, O. Lebedey, Y. Mambrini, S. Pokorski, T. Toma, JHEP 12 (2016) 081
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Vector DM from U(1)

U(1) spontaneosly broken
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U(1) Vector DM

U(1) Vector DM
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Dark SU(3) dark symmetry
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Vector (and Scalar DM) from SU(3)

In a simplified limit we can define the following Lagrangian:
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Single component DM Multi component DM

CP-violated tiny violated CP-conserved

Z,xZ,” acts only on the vector states. Z,xZ,’ extends also to the scalar
sector.
We can distinguish CP-even and CP-

odd states but x is unstable. Two cases of multicomponent DM:

Spin-0/Spin-1 (V,x)
Single component Dark Matter with
increased annihilation channels Spin-1/Spin-1 (V,V3)
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SU(3) Vector DM, Single Component DM
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SU(3) DM W/V"? sin6=0.1,M,,,=600 GeV,g=1

Two component scalar/vector DM
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Consistency of the correlation plot for Higgs-to-invisible search
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S. Baek et al. JHEP 05 (2013) 036 75
S. Baek et al. Phys. Rev. D90 (2014) 107
055015 1053 1053
10703 05 1 510 50 100 1070 1 05 1 510 50 100
Mpy[GeV] Mpw[GeV]

Giorgio Arcadi Roadmaps of Dark Matter for LHC Run 3



Correlation plots for Vector DM
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Conclusions

We have provided an overview of theoretical models based on the existence of Dark Higgs
Bosons.

Two main scenarios considered:

- Dark Higgs boson of an abelian symmetry dynamically generating the mass of thea Z’
mediator and fermionic DM.

- Dark Higgs boson from Abelian/non Abelian symmetry dynamically generating mass of
vector DM.

Giorgio Arcadi Roadmaps of Dark Matter for LHC Run 3






sin6=0.1,M,=1000 GeV

) 10
Fermion DM
Ly ==Yy XxS
1.
0.1}
sin6=0.3,M4,=300 GeV sin6=0.05,M4,=60 GeV
10 10
0.01 . 2 2 » . 3 2 § 5 1
1 23 5 10 2030 50 100 200 5001000
M,[GeV] 1
1k
2 2 0af
0.1}
0.01
0 S S S S S — : 0.001 b—1— L :
1 23 5 10 2030 50 100 200 5001000 1 23 5 10 203050 100 200 5001000

M, [GeV] M,[GeV]

Giorgio Arcadi Roadmaps of Dark Matter for LHC Run 3



Singlet Extension Fermionic DM
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Connections
with GW

Signals




FOPT and GW in the 2HDM+a

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. Capriniet al JCAP 04 (2016) 001

-~ Contribution from sound wave overlap

h2Qcyw = h%Qqp; + h*Qg + h2 Q000 Contribution from

Magneto-

Hydrodynamical (MHD)
turbolence

> Contribution from bubble collisions

Giorgio Arcadi
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LISA

BBO,
£ DECIGO

[

107® 107% 1072 109 102 104
fpeak [HZ]
G.A, N. Benincasa, A. Djouadi, K. Kannike, Phys.Rev.D 108 (2023) 5, 055010
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95 GeV Excess



O5 GeV Excess

CMS Collaboration JHEP 07 (2023) 073
CMS Collaboration Phys. Lett. B793 (2019)
ATLAS Collaboration ATLAS-CONF-2023-035
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Interpretation within the
2HDM+a.
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2HDM+s, Type-|

2HDM=+s, Type-I|
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Interpretation within the
2HDM+s,
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’ -7 Connection with g-2



Interpretation of g-2 in the 2HDM+PS

4 2
a m M 11
Aal—loop ~ — . K gz [108( >
H 81 sin? Oy, M2,M2 7+ m 6

2
2—loop __ a
Aa, ~ 8nZsin? 6, M3, gauuzgaffN Qf ( )

[t log(r) — log[x(1 — x)]
F(r)—jodx r—x(1—r)

To have a sizable Aa, we need g,,,  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
—2=300 GeV universality in decays of Z-boson and 7 lepton
140 (see next slides).
120f Abe et al. JHEP 07 (2015) 064
E. Jin Chun et al JHEP 07 (2016) 110
M4=500 GeV
120 v v
100}
25 30 35 40
M,[GeV] E‘ 80}
Aa,(10)
60}
0 5 20 25 30
G.A. and A. Djouadi, Phys.Rev.D 106 (2022) 9, 095008 ! ! oo
L[Ge
Giorgio Arcadi
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As can be imagined, for My, > My,
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Perturbative Unitarity
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Dark SU(3) dark symmetry
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Scalar mass spectrum H, ~ cosOH — sin O,
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Higgs Portal Embedding in Dark SU(3)

We can reduce the model to an extended Higgs portal in the limit:

Vg < Vg < 1
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Third Scenario:Dark Higgs coupled 2HD
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Dark Matter Phenomenology

2HDM+S 2HDM+PS

G.A. et al; JCAP 03 (2018) 042
N. Bell, G. Busoni, I. W. Sanderson; JCAP 08 (2018) 017 F. Ertas and F. Kahlhoefer; JHEP 06 (2019) 052

T. Abe, M. Fujiwara and J. Hisano, JHEP 02 (2019)

P-wave dominated annihilation cross-section. S-wave dominated annihilation cross-section.

Sizable (tree-level) Spin Independent DM/nucleon

Very suppressed (Spin Dependent-like) tree level cross-
cross-section.
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2HDM+s Model S-originates from a Dark Boson
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DM Phenomenology of the 2HDM+a
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