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How was dark matter produced?

When was dark matter produced?

How can we test it?




Freeze-Out vs. Freeze-In




Scattering on the Back of an Envelope
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UV vs. IR Production
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Production from Oscillations
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ROMP Framework
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Mixing in Medium
effective mass generated by forward scattering:
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Oscillations at High Temperatures
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Oscillation Temperature
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Quantum Kinetic Equation
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(Landau-Zener if non-adiabatic)



I|. Sterile Neutrino DM



Dodelson-Widrow Mechanism
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Sterile Neutrino Parameter Space
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https://arxiv.org/abs/2203.07377

Shi-Fuller Mechanism

large lepton asymmetry allows for dimension-6 operator to dominate forward scattering

Shi, Fuller, astro-ph/9810076

ma = GpT(ne —ne) ~ Grp(AL) T*

m1/2
— —4 Vs
D HT o I’ T ose ~
1/4
:1—10 GF/ AL1/4
=
A,
ap-11
S * necessary lepton asymmetry:
—12¢ — —
Y, - Y, ~107°% - 107"
—13F ==+ SDSS (10 bins)
— SDSS (12 bins) Qpyv < 0.26
y — SDSS+XQ+HR * observed baryon asymmetry:
— Lo 10!

my, [keV [ — (nVe —nae)/S YB — YB — 8.7 X 10_11

Baur et. al., 1706.03118


https://arxiv.org/abs/1706.03118
https://arxiv.org/abs/astro-ph/9810076

Ill1. Oscillations from BSM
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ROMP Recipe

1) select one or more operators that couple ¢ to the thermal bath
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« dark matter can be stable

heavier DM
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ex) sterile neutrino

- | decays (after decoupling) contribute to
DM abundance

« dark matter is unstable

« U contributes to DM or dark radiation

Feng, Rajaraman, Takayama, hep-ph/0302215
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ex 1) vector 4-Fermi
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ex 1) vector 4-Fermi
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ex 1) vector 4-Fermi
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ex 1) vector 4-Fermi

non-resonant production
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ex 2) scalar 4-Fermi
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Take Away

- Dark Matter could be a ROMP (= Rapidly Oscillating Massive Particle)
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- ROMPs allow for DM produced by a higher dim. operator,

insensitive to reheating dynamics N )
oscillations

uv IR

- ROMPs pick a new cosmic epoch: n
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- many possible realizations, that differ vastly from sterile neutrinos



