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• Higgs Portal, rise and fall
• Escapes form the direct detection constraints:

• ‘Pseudoscalar portal’
• ‘Resonance portal’

• ‘Thermal portal’
• Thermal effects of primordial plasma at the freeze-out
• A minimal model
• Conclusions

Motivation & outlines
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DM in the Standard Model?
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Higgs portal?
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Higgs portal

In this talk, the favourite is…
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The (simplified) portal DM

𝛘

𝛘 fSM

fSM

S/A
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𝛘 𝛘

fSMfSM

S/A

The portal provides
a good old WIMPy scenario!
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Freeze-out

Higgs portal, a realization
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Accelerator: mono-jet
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The model killer, Direct Detection
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See arXiv:1608.07648, etc



So, after LUX/Pandax there is just one problem —
the model is ruled out?

Escudero et al, arXiv:1609.09079

Scalar Pseudoscalar
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the model is ruled out?
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Scalar Pseudoscalar

‘Resonance portal’

‘Pseudoscalar portal’
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Escudero et al, arXiv:1609.09079



A note added

One has to be careful comparing very different 
energy scales — running!

 D’Eramo, Kavanaghc & Panci, arXiv:1609.09079
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‘Pseudoscalar portal’
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𝛘

𝛘

A

𝛔SI ∝ v2

Galactic Centre Excess — Bohm et al, 1401.6458; Berlin et al, 1404.0022; 
Constraints from flavour physics — Dolan et al, 1412.5174 
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Pseudoscalar portal

fSM

fSM



Bohm et al, 1401.6458
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Pseudoscalar portal

• Fits the 2-5 GeV gamma-ray excess at GC



[Chang et al, hep-ph/0009292]

‘Leptophilic’ Coy DM,
Hektor & Marzola, arXiv:1403.3401
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Pseudoscalar portal & muon g-2

arXiv:1507.05096



Pseudoscalar portal & 𝜸-ray line

𝛘
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m𝛘 < mt
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Pseudoscalar portal & 𝜸-ray line

𝛘

𝛘 b

b

A

+

𝛘

𝛘

t
A

𝜸

𝜸

• Loop suppression, ~10-2…10-3

• Sensitivity of line/broader distribution search, ~102
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Ratio of the 𝜸-ray line and bb signal
 25

Fermi-LAT

1506.00013,

1503.02641



The 𝜸-ray line and the Galactic Centre Excess
 26

Calore et al,

1411.4647
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The 𝜸-ray line and the Galactic Centre Excess
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‘Resonance portal’
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1. Yes
2. No. There can be theoretical motivation, e.g.  

hep-ph/9207234, hep-ph/9704403, hep-ph/
9804231

Is ‘Resonance Portal’ very tuned?



Interesting phenomenology for indirect section!
 30
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Interesting phenomenology for indirect section!
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Interesting phenomenology for indirect section!
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Real life is

more complicated!



‘Thermal portal’
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 34
Thermal effects on the DM production
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Higgs-scalar mixing,
the freeze-out diagram

Thermal effects of the portal?

𝛘

𝛘 SM

SM

S h

⟨h⟩

Typical assumptions at the freeze-out:
⟨h⟩ ≃ const(vacuum) > 0

⟨S⟩ ≃ const(vacuum) > 0 or =0

Direct detection

𝛘𝛘

S

h

⟨h⟩

q q
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Higgs-scalar mixing,
the freeze-out diagram

Thermal effects of the portal?

𝛘

𝛘 SM

SM

S h

⟨h⟩

Typical assumptions at the freeze-out:
⟨h⟩ ≃ const(vacuum) > 0
⟨S⟩ ≃ const(vacuum) > 0

Direct detection

𝛘𝛘

S

h

⟨h⟩

q q

But ⟨h⟩ and ⟨S⟩ are not constants,
they are the functions of temperature!
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What about this?

What is ‘thermal portal’?

𝛘

𝛘

S

h/S

⟨S⟩

Due to thermal corrections (T >~ mh, mS)
NB! ⟨h⟩T =~ 0, ⟨S⟩T > 0

(but in vacuum: ⟨h⟩T=0 > 0, ⟨S⟩T=0 = 0)

h/S

But the direct detection 
remains same!

𝛘𝛘

S

h

⟨h⟩

q q
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Masses

vevs

⟨S⟩

⟨h⟩

mS

mh

If the freeze-out

happens here?

Thermal running of the masses and vevs
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Thermal running of the masses and vevs

Masses

vevs

⟨S⟩

⟨h⟩

mS

mh

𝛘

𝛘

SM

⟨S⟩

SM

𝛘 𝛘

SM

⟨S⟩

SM

Freeze-out, T>Tc

Direct detection, T<Tc



Let’s build
a ‘thermal portal’ model
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 41
Considerations
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Considerations
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The minimal model
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The thermal corrections
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The thermal corrections



 46
Phase transition



 47
Phase transition



 48
Annihilation channels



 49
Relict density & parameter space
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Relict density & parameter space
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Direct detection



 52
Gravitational waves



 53
Barogenesis

?



 54
Takeaway messages



Thank you!


