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Lecture 2.

Different types of Dark matter models. Dark matter models based on
Higgs portal.
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Neutral “portals” to the SM

Let us classify possible connections between Dark sector and SM

H'H (A8 +A4S8)  Higgs-singlet scalar interactions (scalar portal)

- JEN g “Kinetic mixing” with additional U(1)’ group

(becomes a specific example of J ' 4, extension)

LH N  neutrino Yukawa coupling, N — RH neutrino

J,/ A, requires gauge invariance and anomaly cancellation

[t 1s very likely that the observed neutrino masses indicate that
Nature may have used the LHN portal...
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DM classification

At some early cosmological epoch of hot Universe, with temperature
T >> DM mass, the abundance of these particles relative to a species of
SM (e.g. photons) was

Normal: Sizable interaction rates ensure thermal equilibrium, NpwN,=1.
Stability of particles on the scale ¢, ... 18 required. Freeze-out calculation gives the
required annihilation cross section for DM --> SM of order ~ | pbn, which points
towards weak scale. These are WIMPs. Asymmetric DM is also in this category.

Very small: Very tiny interaction rates (e.g. 10-'° couplings from WIMPs). Never in
thermal equilibrium. Populated by thermal leakage of SM fields with sub-Hubble rate
(freeze-in) or by decays of parent WIMPs. [Gravitinos, sterile neutrinos, and other
“feeble” creatures — call them superweakly interacting MPs|

Huge: Almost non-interacting light, m< eV, particles with huge occupation numbers
of lowest momentum states, e.g. Np/N,~10". “Super-cool DM™. Must be bosonic.
Axions, or other very light scalar fields — call them super-cold DM.
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DM classification

At some early cosmological epoch of hot Universe, with temperature
T >> DM mass, the abundance of these particles relative to a species of
SM (e.g. photons) was

Normal: Sizable interaction rates ensure thermal equilibrium, Npw/Neol.
mf particles on the scale 7;,,,.,.. 18 required. Freeze-out calculation gives the
required annihilation cross section for DM --> SM of order ~ | pbn, which points
towards weak scale. These are WIMPs. Asymmetric DM is also in this category.

Very small: Very tiny interaction rates (e.g. 10°'° couplings from WIMPs). Never in
thermal equilibrium. Populated by thermal leakage of SM fields with sub-Hubble rate
(freeze-in) or by decays of parent WIMPs. [Gravitinos, sterile neutrinos, and other
“feeble” creatures — call them superweakly interacting MPs|

Huge: Almost non-interacting light, m< ¢V, particles with huge occupation numbers
of lowest momentum states, e.g. Np/N,~10'. “Super-cool DM™. Must be bosonic.
Axions, or other very light scalar fields — call them super-cold DM.
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Normal: Sizable interaction rates ensure thermal equilibrium, Npy/ Nl .

Eﬁuﬁlili? of particles on the scale ¢,,,,,,.. 1 required. Freeze-out calculation gives the
required annihilation cross section for DM --> SM of order ~ | pbn, which points
towards weak sc b [ gory.

- TR An s PRSP o
& [E B ~ saeAs | Delete [ Copy Linkto Paragraph | Order Picture
Very small: Very tiny interaction rates (e.g. 10" couplings from WIMPs). Never in

ar equirium. Populated by thermal leakage of SM fields with sub-Hubble rate
(freeze-in) or by decays of parent WIMPs. [Gravitinos, sterile neutrinos, and other
“feeble” creatures — call them superweakly interacting MPs]

Huge: Almost non-interacting light, m< eV, particles with huge occupation numbers
of lowest momentum states, e.g. N,,,/N,~10".“Super-cool DM". Must be bosonic.
Axions, or other very light scalar fields — call them super-cold DM.

WIMP (= DM freeze-out ) mechanism
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Let us classify possible connections between Dark sector and SM
H'H(AS+A4S8) Higgs-singlet scalar interactions (scalar portal)
2 I8 “Kinetic mixing” with additional U(1)’ group
(becomes a specific example of /4, extension)

LH N  neutrino Yukawa coupling, N — RH neutrino

J,/A, requires gauge invariance and anomaly cancellation

[t 1s very likely that the observed neutrino masses indicate that
Nature may have used the LHN portal...
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