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Our starting point Chemical eq.
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The WIMP dillution

Singlet scalar WIMP DM: & D — A |H % S2

50
Casas et.al 1701.08134 mg (GeV)

‘Remaining’ parameter space around
Higgs resonance mg ~ m, /2
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The WIMP dillution

Singlet scalar WIMP DM: & D — A |H % S2

What now?

50
Casas et.al 1701.08134 mg (GeV)

‘Remaining’ parameter space around
Higgs resonance mg ~ m, /2
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A
Simple realisation: %453 + Egb4

['5_,>1,_; leads to ‘self-annihilation’

Explains amount of DM in the

universe solely through self
number changing reactions!

@\A

O  Self interaction -0

Conservation of energy leads to faster moving (hotter) DM states;

i.e.; the DM fluid exchanges number density for kinetic energy!
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Self Interacting Dark Matter

Hot DM behaves like radiation, erasing the formation of large
structures! Tracking its temperature evolution is essential!
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Self Interacting Dark Matter

Hot DM behaves like radiation, erasing the formation of large

O Initially DM is relativistic (Tpy, >> mpy,);

O During freeze-out the dark sector uses its rest mass as fuel to keep itself warm;
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Self Interacting Dark Matter

Hot DM behaves like radiation, erasing the formation of large
structures! Tracking its temperature evolution is essential!

O Initially DM is relativistic (Tpy, > mpy,);
O During freeze-out the dark sector uses its rest mass as fuel to keep itself warm;

O The system decouples and behaves as a non-relativistic gas.

& Relativistic DM (radiation) ‘Cannibalisation’ period Freeze-out

p = Ty Ly ~ my T, << my,
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Internal Freeze-out
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Internal Freeze-out
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Internal Freeze-out
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Reconciling portals to matter

If A, 2 O(10™%), we get a WIMP (excluded by experimental data);

6/16



Reconciling portals to matter

If A, 2 O(10™%), we get a WIMP (excluded by experimental data);

SO we assume 4, S 10~7 , @ is a Feeble Interacting Massive
Particle (FIMP);

6/16



Reconciling portals to matter

If A, 2 O(10™%), we get a WIMP (excluded by experimental data);

SO we assume 4, S 10~7 , @ is a Feeble Interacting Massive
Particle (FIMP);

—> both sectors are almost secluded (cannibal sectors are
completely secluded);

6/16



Reconciling portals to matter

If A, 2 O(10™%), we get a WIMP (excluded by experimental data);

SO we assume 4, S 10~7 , @ is a Feeble Interacting Massive
Particle (FIMP);

—> both sectors are almost secluded (cannibal sectors are
completely secluded);

To address detectability, let us break the Z, symmetry,
allowing DM to decay:;

6/16



Reconciling portals to matter

If A, 2 0(107%), we get a WIMP (excluded by experimental data);

SO we assume 4, S 10~7 , @ is a Feeble Interacting Massive
Particle (FIMP);

—> both sectors are almost secluded (cannibal sectors are
completely secluded);

To address detectability, let us break the Z, symmetry,
allowing DM to decay:;

/h/

A
Vig+v,) D 3—40 + 4—40 + Higgs mix.—7,, strongly constrained
by observations.
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The freeze-in mechanism

Consider an initial cold-low populated dark sector:; TgM = 100 Tli)M
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Decaying Dark Matter
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Decaying Dark Matter
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Stable DM with unstable mediator

Next natural generalisation: A complex (z, stabilised) DM candidate
S with a real singlet mediator ¢:
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Stable DM with unstable mediator
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Stable DM with unstable mediator

Next natural generalisation: A complex (z, stabilised) DM candidate
S with a real singlet mediator ¢:

1 A /1455
L2 =S+ (S = IS = AP ISI = —=¢|SI" = By | HI
DM self interactions thermalisation between Portal
¢ and S

Portal to the visible sector: B,¢|H|* induces mixing between ¢
and the Higgs post-EWPT"

o — Pp+0h
hoh—0g 6 is called the ‘mixing angle’

—4 ¢ couples to matter as a second Higgs
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Dynamics
DM dynamical evolution
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Dynamics

— Freeze-in (populating the dark sector)
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Dynamics

— Freeze-in (populating the dark sector)

DM dynamical evolution — DM-mediator interactions
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Dynamics

— Freeze-in (populating the dark sector)

DM dynamical evolution — DM-mediator interactions
- DM self-interactions
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Dynamics
Benchmark point with
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Dashed lines display the evolution without self interactions
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Dynamics
Benchmark point with
my, < mg and parameters that
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Constraints on mediator

During Big Bang Nucleosynthesis (T, ~ 150 MeV) nucleons
combined. Presence of mediators may expoil BBN observations:
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During Big Bang Nucleosynthesis (Tg,, ~ 150 MeV) nucleons
combined. Presence of mediators may expoil BBN observations:

cd
T3

(no/n)l,

Amount of ¢'s

107

104

10°°

10°°

107

10°®

107

10°

Constraints on mediator

[ T TTTTTTI [ T TTTTITI [ T TTTTITI [ T TTTTTII [ T TTTTITI [ T TTTTITI
o [ ] 5
R, s ms > My |5 m¢[MeV]
Z". 0 00®g _]
p? o‘(t cn’. ' |
i‘.:.qu ‘.:.: "! ° 2 2 H. . — 30
% R ) ) S — 2¢ efficient
= BUSAL K, -, =
[ .Q. * :‘ ‘\'}'h‘ ;'e.‘.:*' (] ..:‘ 'Y ]
- e R tiamti i T N ]
IR e BEe 25
: SR e D s :
¢ :‘0‘ "‘;«:o 4... r‘ .“90‘; ® 3
= Y te . "%-’:} .90‘ ’\:\ 2 =
= RS Y R ARG -
L e .:.: ..a.".. 3&8&5\\ _]
L e el .”’” O ..\:. ~ ®o_ — 20
£ 10 »'S Q"s Py o S |
T S e T fa ".%.‘Qt.‘.oo ~
<o oy U 4 NG
= e, . el e > ﬂ{ —
= & '-: Y ol ".... ‘.\ _— ~ \@V —
- ~e My G Thae Tl
[ //__,ka?i‘_ T‘i"\“\_\ \\\ \g 15
L P » éo,'&., ;“LL: Ny L \.\.\ - . = -
- ///"'.s'. & Ve 0'-";\\\\ ':\\ =~
— // - o . \\\ >~ —
= 29 % }:..‘- o ‘..‘0 o ° $ -~ T ~F
= 7 // ¢ .". o ¢ o ¢ \.\:
: // :% o ’:o ® i 10
L 7 e L R _
30 - ‘.
-
B : >
o Excluded by BBN
— 100
R YA [ L L [ [ [ L L [

107

10° 10° 10" 10"

1012

Ty [8] e Decay into visible matter

12/16



Reversing the mass hierarchy (mg < m,) leads to less constrained

results

Constraints on mediator
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Indirectly observing DM

If DM is heavier, it can efficiently annihilate into mediators leading
to detectability via telescopes:
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Summary

O In the Freeze-in mechanism, we have explicitly shown that self
interactions lead to a colder dark sector, while boosting the
production of DM;
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Summary

O In the Freeze-in mechanism, we have explicitly shown that self
interactions lead to a colder dark sector, while boosting the
production of DM;

O my > m, exacerbate the cosmo constraints, while they are
ameliorated otherwise;

O my > my, leads to signatures in Planck, the latter in PIXIE and
MATHUSLA;

O Interactions between the DM and the mediator lead to
different phenomenology.

Thank you for your attention:)
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