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MODEL PARAMETERS:
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» No Z, = scalar is unstable but cosmologically viable for small 4,
and m; ~ keV — MeV.

» Parameters to keep in mind:

» Mass: m, = /2 AV,
» Mixing: 4,,, determines freeze-in abundance.

» Self-coupling: 4, determines scalar self-interactions and
phenomenology after freeze-in.
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» Phenomenology different before and after Electroweak
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» No mixing between s and H
» No coupling to SM fermions

Note: At T' 2 Tgy, temperature corrections to the
Higgs mass are important!



THE MODEL

WHEN SYMMETRIES (anp caccuranions) BREAK DOWN. ..

» Phenomenology different before and after Electroweak
Phase Transition (EWPT).
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Before EWPV \After EWPT

L D —Avvsh
» No mixing between s and H

» No coupling to SM fermions > Mixing determined by 6
» Coupling to SM fermions

ST Ap VoV

Note: At T 2 Ty, temperature corrections to the ~
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Higgs mass are important!



THE FIVE STAGES OF FREEZE-
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- MB statistics
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Y, ~ (722 x 10%) A7,
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BE/FD statistics
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Freeze-in during electro-
 weak symmetry breaking

Inverse temperature of SM bath






THE FIVE STAGES OF FREEZE-IN

STAGE IV: DARK SECTOR THERMALISATION

» The presence of
number changing
processes implies
that the DM number
density can change
after freeze-in has

ended.
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CONSTRAI
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PHENOMENOLOGY: CONSTRAINTS

Bullet Cluster constraint

More details: 1809.09849!
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PHENOMENOLOGY: CONSTRAINTS
DECAYS:

» lkeV <m, < 100 MeV, relevant decay
modess — yyors — ete".
» To satisfy CMB constraints, m; < 1 MeV

» § — yy gives a striking search
signature: mono energetic photon line.

Bullet Cluster constraint

More details: 1809.09849!



PHENOMENOLOGY 17

PHENOMENOLOGY: CONSTRAINTS
DECAYS:

» lkeV <m, < 100 MeV, relevant decay
modess — yyors — ete".
» To satisfy CMB constraints, m; < 1 MeV

» § — yy gives a striking search
signature: mono energetic photon line.

ASTROPHYSICAL CONSTRAINTS:
O, 047

y Self-interactions: — =
m, 327xm;]

» Bullet cluster: 6/m < 1 cm?/g More details: 1809.09849!

Bullet Cluster constraint




PHENOMENOLOGY 17

PHENOMENOLOGY: CONSTRAINTS
DECAYS:

» lkeV <m, < 100 MeV, relevant decay
modess — yyors — ete".
» To satisfy CMB constraints, m; < 1 MeV

» § — yy gives a striking search

Bullet Cluster constraint

signature: mono energetic photon line.

ASTROPHYSICAL CONSTRAINTS:

. o, 9
y Self-interactions: — =
m, 32zxm)
» Bullet cluster: 6/m < 1 cm?/g More details: 1809.09849!

We can accommodate the 3.5 keV line and have sizeahle dark-matter self-interactions!
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TEMPERATURE CORRECTIONS TO THE HIGGS MASS:

» Finite-temperature corrections to the Higgs potential:

T
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LAGRANGIAN AFTER PHASE TRANSITION:
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PHENOMENOLOGY: TOTAL ABUNDANCE
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» Small 4, = 2 < 3 processes inefficient, relic abundance set by freeze-
In

» Increasing 4, = 2 < 3 processes efficient, relic abundance set by dark
sector freeze-out
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DARK MATTER SELF-INTERACTIONS:
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Structure formation?
» Diffusion length: determines length scales 2 & J NR da
© ), Ha’ng(ov)

over which energy transfer is efficient.

» Matter power spectrum remains 107" Mpc
unaffected on visible scales for 4, > 10719, s A,




