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A simple example: fermion DM + Pseudoscalar mediator + SM CY-FRSINSY
4x 8x 4x

Let us assume that the DM particle is a
fermion X, which connects to SM particles X(p2) b(ps)

through the exchange of a pseudoscalar A
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Is it viable? X(p1) b(ps)

e Is the relic density correct?
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A simple example: fermion DM + Pseudoscalar mediator + SM

This results in

X(p2) b(ps)
(gx90)? \/1 mz/m2
(ov) ~ 5 Ak
27 (4m2—mA) + m4T% . (k) .
19,y —— gy
x(p1) b(p4)

Using the expression of the relic density
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A simple example: fermion DM + Pseudoscalar mediator + SM

This results in

gxgb \/1 mz/m2
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Tension in some simplified models

The singlet scalar Higgs portal is extremely constrained by a combination
of direct-indirect-LHC constraints
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e Best bounds are from direct detection
(LUX, XENONIT)

e Future LZ completely explores it below
~1TeV

e |ndirect constraints from Fermi-LAT to
explore resonance region
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Casas, DGC, Moreno, Quilis 1701.08134
See also GAMBIT 1705.07931



Tension in some simplified models

This tension can be alleviated with the inclusion of a second scalar Higgs
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Freeze-in paradigm

If the DM-SM coupling is extremely small, the
annihilation rate is insufficient for thermal
equilibrium.

However, annihilations or decays of particles in the
bath can produce DM particles (that are out of
equilibrium)

See e.g. Hallet al. 0911.1120

One can solve the associated Boltzmann equation
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The abundance of FIMPs builds up and eventually stabilises
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One can also have "mixed” scenarios in which a particle that has
decoupled decays (late) into the DM
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The relic density of species B, is 5 o MpMm
“tfransferred” to the DM Q DM h* = QBﬁ
(conserving number density)

The DM therefore can have
“thermal” and “non-thermal”
conftributions
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