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1. INTRODUCTION
There exists a class of models—christened the “neutrino portal” models—wherein the dark sector
“sees” the standard model exclusively through its interactions with neutrinos. We investigate a
particular example of such a model, wherein a fermionic light dark matter (DM) candidate, with an
O(10 MeV) rest mass, couples to the neutrinos via a heavy vector mediator (mV & O(GeV)).

2. DM-ν VECTOR PORTAL
We consider a vector-mediated model of DM-neutrino interactions, with an effective Lagrangian

L = LSM + χ
(
i/∂ −mχ

)
χ+ εν (νγµν)Vµ + εχ (χγµχ)Vµ, (1)

where χ is the DM fermion and V is a U(1)′ vector mediator. Models where the mediator couples to
the full lepton doublet are more tightly constrainted. In order for the mediator to couple exclusively
or almost exclusively to the neutrinos, interactions with charged leptons must be suppressed. This
can be accomplished, e.g., by introducing a right-handed neutrino which couples to the mediator
and mixes with the active neutrinos, or through higher dimensional operators.

3. DARK MATTER ANNIHILATION AND RELIC ABUNDANCE
In this model, DM is produced in the early universe via neutrino pair annihilation: νν̄ → χχ̄,
and equilibrates via DM-ν or DM-DM scattering. The DM abundance is set when the rate of the
pair-annihilation process, χχ̄ → νν̄, drops below the expansion rate of the universe, resulting in a
“freeze-out” of the DM distribution. The relic abundance is then set by the freeze-out temperature.

If DM particles are nonrelativistc at the time of freeze-out (relativistic freeze-out leads to overabun-
dance unless there is prodigious entropy-dilution thereafter), the relic abundance is given by

Ωχh
2 ≈ 4× 105 gχ

x
3/2
F e−xF

g∗s,F

( mχ

10 MeV

)
, (2)

where xF = mχ/TF is the ratio of DM mass to the freeze-out temperature, and gχ and g∗s,F are the
DM spin degrees of freedom (including particle and antiparticle), and the effective entropic degrees
of freedom at freeze-out, respectively. Setting Ωχh

2 = 0.12 (observed value) yields xF ≈ 18.5, which
in turn constrains the velocity-averaged DM annihilation cross-section 〈σannv〉:

〈σannv〉 ≈ 1.3× 10−14 MeV−2
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where, g∗,F is effective number of energetic degrees of freedom at freeze-out. In general, a larger
〈σannv〉 leads to a later DM freeze-out epoch, and consequently a lower relic abundance.

Using the Lagrangian from Eq. (1), the cross-section for χχ̄→ νν̄ can be calculated:
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χε
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ν), (4)

wheremV is the mediator mass, and s is the center-of-mass energy squared. Inserting the expression
for the total mediator decay width, Γ, the velocity-averaged cross-section for non-relativistic DM is
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× 10−14 MeV−2. (5)

εν , εχ ∼ 1 leads to the correct DM relic abundance for mχ ≈ 10 MeV and mV ≈ 10 GeV. Note that
〈σannv〉 cannot increase indefinitely with the coupling strengths because of the dependence on Γ.
That is why, for very heavy mediators it becomes impossible to satisfy the relic density criterion,
e.g., for mV = 100 GeV, the maximum 〈σannv〉 is ∼ 10−16 MeV−2, resulting in DM overabundance.

4. IMPLICTAIONS IN A CORE-COLLAPSE SUPERNOVA
Light DM can be produced in core-collapse supernovae DM through νν̄ → χχ̄ process. The cross-
section for this process is given by the same expression as Eq. (4), except with labels ν and χ reversed.
The emissivity [Energy/(time × volume)] is given by

ĖV =

∫
d3p1 d

3p2

(2π)6
f1f2(E1 + E2)σνν̄→χχ̄v. (6)

If the DM particles were to free-stream out of the protoneutron star, then the requirement that the
luminosity in DM particles not exceed the neutrino luminosity leads to the Raffelt criterion:

ĖM = ĖV /ρB < 1019 erg g−1s−1. (7)

This results in an upper bound on the couplings as a function of the mediator mass. However, if the
couplings are too large, then the DM becomes diffusively trapped and cannot free-stream—and then
the energy-loss constraint does not apply. The two criteria taken together result in the exclusion of a
band of coupling strengths as a function of mediator mass. The couplings that yield the correct relic
abundance lie well above this exclusion region (between the blue and orange lines in the figure).
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OUTLOOK AND FUTURE WORK
Because of the large values of the coupling
constants εν and εχ required for satisfying the
DM relic abundance criterion, the strength of
the ν-ν and ν-DM interaction in this model
can be considerably stronger than the standard
weak interaction (for comparison, the weak-
interaction cross-section between neutrinos is
σweak ∼ 10−20 MeV−2 for typical energies of
O(10) MeV). This can have potential implica-
tions for the physics of neutrino decoupling in
a supernova environment, which we plan to in-
vestigate. A comparison with other terrestrial
and astrophysical constraints on such secret in-
teractions is also warranted.


