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he Nature of Dark Matter

- Electrically (almost) neutral

- Stable on cosmological timescales

- Non-relativistic at structure formation

- Present density : 106 GeV/cm3

- (Self-interaction)
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MeV Dark Matter as an Attractive Candidate




Dark Matter Present Density

DM density can be explained by Freeze-out mechanism
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2. Same mechanism as BBN
3. Requires a sizable interaction strength
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Dark Matter Self-scattering | ﬂﬂ]u

Some observations indicate that the
central DM density is lower than the
cuspy NFW profile.

(Core-cusp problem)
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Stringent CMB Bounds on MeV Dark Matter

DM annihilation into photons or electrons can reionize neutral hydrogen
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» We focus on a scnario in which DM annihilates mainly into neutrinos
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Model

Introduce a U(1)g., .,y gauge symmetry(V) and a charged scalar DM (¢).

Three right-handed neutrinos are required to cancel gauge anomaly.

X =%Lsu + Loy T Zoms

SU(3)C SU(Z)L U(l)Y U(l)B-L+xY
New Higgs (S) 1 1 0 2
Right-handed
neutrino (N) 1 1 | !
DM (o) 1 1 0 Y
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L agrangian below the Electroweak Scale

We focus on x =~ —1/ cos? 8y,

» After mass diagonalization of the gauge bosons (my; > m,),
gauge boson(Z') couples to SM fermions via

Lew D —gff}/“f Z;, gr~(B;—L;—Q()g (Q; :electriccharge)

For charged lepton and proton, B—L—-0Q =0.

When DM is lighter than charged pion (m, < 140 MeV),
DM annihilates mainly into neutrinos (Neutrmophlllc DM)
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Constraints on Neutrinophilic Dark Matter

| S—

- DM self-scattering (core-cusp problem)

— | Condition

- DM density

J\

- Collider experiment

- Cosmological constraint > | Constraint

- Indirect detection



DM Self-scattering Condition

For each galaxy and galaxy cluster, the relative velocity and the dark matter
self-scattering cross section are estimated from the central cored region.
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Self-scattering is enhanced at 0
<v>~100km/s.
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It can be realized by the s-channel }
resonance through Z' pole.
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Dark Matter Density Condition

DM annihilation into neutrinos can also be enhanced by s-channel resonance.

» Kinetic decoupling occurs before DM density is fixed, and Tpy, # To.

» Calculate two Boltzmann equations for density and temperature.
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Collider Experiment

The Z' couplings to charged leptons and proton are highly suppressed.

» Z' can't be efficiently explored in many collider and beam-dump experiment.

- CEVvNS — § <1x107* (m,/ /100 MeV) (m, > 100 MeV)
K¥f->n*+7 — § <2x107*(m, /100 MeV) (0 <m, <100 MeV)

Cosmological Constraint

- e.g., v —vinteraction, v — DM interaction in the early universe

- Effective number of relativistic degrees of freedom (N )
Given the Hubble tension, we conservatively adopt N < 3.57.

» mpy = 6 MeV 11
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sSummary

- We realize the neutrinophilic thermal dark matter model around MeV
scale by introducing U(1)g_ |,y (x = —1/cos? 0y,).

- Since this model can evade severe bounds from electron-based
experiments, we find that a wide viable region of parameter space still

remains. And the part of this region can be probed by neutrino indirect
detection searches.

- The parameter region where DM can solve the core-cusp problem also
remains, and it can be probed by future CMB observation.
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