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Motivation & outlines

- 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
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In this talk, the favourite is...
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@ The (simplified) portal DM

S/A
| S/A
gOSsz _(aIJS) _%mgsz‘FX(la mx)x ngxx gSMSZ Yf ff
1 1
Zopsy = 5 () = ZmaA + (i —my)x —ig AXY X~ zgSMAZ \y/f, rr

The portal provides
a good old WIMPy scenario!



Q[—? Higgs portal, a realization

Freeze-out

Direct detection

14



@ The model

killer, Direct Detection
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See arXiv:1608.07648, etc

Cylindrical Surface rejection still needs to
be satisfactorily demonstrated

WIMP Mass [GeV/c?]
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WIMP-nucleon cross section [pb]
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@ S0, after LUX/Pandax there is just one problem —
the model is ruled out!?
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Escudero et al, arXiv:1609.09079
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@ S0, after LUX/Pandax there is just one problem —
the model is ruled out!?

Scalar Pseudoscalar

R S & |

4
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‘Resonance portal’

Escudero et al, arXiv:1609.09079

Escudero et al, arXiv:1609.09079 Pseudoscalar portal



Mediator mass my [GeV]

A note added

One has to be careful comparing very different
energy scales — running!
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‘Pseudoscalar portal’

Pseudoscalar
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% Pseudoscalar portal

G € v2

— —mgA*+ X (id —my) X —igy AXY X — zgSMAZ ffysf

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
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Pseudoscalar portal & muon g-2

| Hektor & Marzola, arXiv:1403.3401 |
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. Muon g — 2 and Galactic Centre ~-ray ;
:  excess in a scalar extension of the !
2HDM type-X

arXiv:1507.05096

Andi Hektorr,‘l’1 Kristjan Kannike” and Luca Marzola®®
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@ Pseudoscalar portal & y-ray line
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Pseudoscalar portal & y-ray line

24

Loop suppression, ~102...10-3
Sensitivity of line/broader distribution search, ~10?
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@ The y-ray line and the Galactic Centre Excess
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§ Andi Hektor, Luca Marzola, and Taavi Tuvi
¥ Phys. Rev. D 95, 121301(R) — Published 16 June 2017
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‘Resonance portal’
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% Is ‘Resonance Portal’ very tuned!?

. Yes
2. No.There can be theoretical motivation, e.g.
hep-ph/9207234, hep-ph/9704403, hep-ph/

9804231

Scalar

(R NN NSO NS A
;\\ W \\

"N

101 {‘\_-‘ NN \
A

P
’<

10*2; AR AR

103}

104

107 102 107 104
m, (GeV)

‘Resonance portal’

29



Interesting phenomenology for indirect section!
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6 = 0.0001
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Interesting phenomenology for indirect section!
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scalar

pseudo-
scalar

Interesting phenomenology for indirect section!
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| Difference of

two orders magnitude!
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Real life is

more complicated!



“Thermal portal’
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@ Thermal effects on the DM production

Recent interest in thermal effects on dark matter:

forbidden’ channels, D'Agnolo & Ruderman 150507107
cannibal DM, Pappadopulo, Ruderman & Trevirsan 1602.04219

VEV flip-flop Baker & Kopp 160807578




@ Thermal effects of the portal?

Higgs-scalar mixing,
the freeze-out diagram

Direct detection

Typical assumptions at the freeze-out:
¢h) = const(vacuum) > 0
(§) = const(vacuum) > 0 or =0

35
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% Thermal effects of the portal?

Higgs-scalar mixing,
the freeze-out diagram

Direct detection

Typical assumptions at the freeze-out:
¢h) = const(vacuum) > 0
(§) = const(vacuum) > 0

But <h) and {S) are not constants,
they are the functions of temperature!



@ What is ‘thermal portal’?

But the direct detection
What about this? remains same!

h/S

Due to thermal corrections (T >~ mp, ms)
NB! <h)t =~ 0,{57> 0
(but in vacuum: <h)1=0 > 0, ($)1=0 = 0)
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@ Thermal running of the masses and vevs
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@ Thermal running of the masses and vevs

Freeze-out, T>T.

X SM

(S)

Direct detection, T<T.
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Let’s build
a ‘thermal portal’ model



. . 41
@ Considerations

m Dark matter tself cannot be thermal
due to Iits freeze-out: mpm > T

m Fermion dark matter X S|
with a thermal scalar }’/
m Only one scalar does not work:
t-channel annihilation works
N any phase



@ Considerations

m Dark matter tself cannot be thermal:

it has to freeze out: mppm > T

m Fermion dark matter
with a thermalised scalar singlet

m Only one scalar does not work:
t-channel annihilation works
N any phase

m Must have two scalars: light §; with
yi1 = 0 and heavy 5; (my > my)

42



@ The minimal model

_ | |
L D xdx + ‘DMH‘z T §(8HS|)2 + i(ausﬁz
— MyXX — Y13IXX — Y252xX — V,
where

| | |
V= palHI* + 51305 + 1015152 + 514025,

+ | HY + Ao | HIZSE + A1 [HI?S) S
+ Aoz [H|%S5 + AaoST 4 43,5755 + A925%55
+A135155 4 10455
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@ The thermal corrections

Thermal corrections to mass terms are given by

2 g Om{
omjj ;24a¢a¢ "

where g, = ny for bosonic degrees of freedom
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% The thermal corrections

/le—l — /.1,2_/ -+ CHT27
Wo — Hag + 20T,

where

|
H = 75 — (24M\y + 38 4+ 9% + 12y7 + 4\o),

|
C20 = Ag0 + §)\I—I20

= The contributions to the terms u?f, 5SS, and
2,(10252 are approximately zero due to the high
mass of S
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@ Phase transition

51
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é—? Phase transition
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@ Annihilation channels
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Relict density & parameter space
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% Relict density & parameter space
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@ Direct detection
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@ Gravitational waves

m Gravitational wave proc
model of the SM with a

N EW sin

uction similar to the

olet

Vaskonen 161102073 — WOrk In progress
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@ Barogenesis
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Takeaway messages

m Non-zero temperature can have effect
on dark matter freeze-out

m We have constructed a minimal model with
freeze-out before phase transition

m While direct detection cross-section Is negligible,
there can be a gravitational wave signal
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Thank you!



