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We propose a novel mechanism to generate sterile neutrinos 𝜈𝑠 in the early Universe, by converting
ordinary neutrinos 𝜈𝑎 in scattering processes 𝜈𝑠𝜈𝑎 → 𝜈𝑠𝜈𝑠 . After initial production by oscillations,
this leads to an exponential growth in the 𝜈𝑠 abundance. We show that such a production regime
naturally occurs for self-interacting 𝜈𝑠 , and that this opens up significant new parameter space
where 𝜈𝑠 make up all of the observed dark matter.
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1. Introduction

A sterile neutrino with a mass 𝑚𝑠 ∼ 10 keV and a mixing angle 𝜃 with Standard Model (SM)
neutrinos is an excellent dark matter (DM) candidate [1]. In the early Universe, it is produced by
the interplay between oscillations and scatterings. This Dodelson-Widrow mechanism yields an
abundance [2]

Ω𝑠ℎ
2 ≃ 0.1

(
sin2 2𝜃
10−8

) ( 𝑚𝑠

1 keV

)2
, (1)

where ℎ is the Hubble parameter in units of 100 km s−1 Mpc−1. Sterile neutrino DM can decay to
a SM neutrino and a photon at the one-loop level, resulting in an X-ray line [3]. Unfortunately,
searches for such a line restrict the mixing angle to such small values that the Dodelson-Widrow
mechanism cannot produce the entirety of the observed DM [4].

As a consequence, a lot of alternative production mechanisms have been considered, involving
resonant production in the presence of a large lepton asymmetry [5], scalar decay [6–11], new
interactions of the SM neutrinos [12–15], an extended gauge sector [16–18], or interactions between
the sterile neutrino and a new scalar [19–21].

2. Model Setup

Here we present a model [21] that realizes the idea of DM production via exponential
growth [22] (or Pandemic Dark Matter [23]) and can generate the correct amount of DM with
only a single new ingredient in addition to the DM candidate itself. This second ingredient is a
gauge singlet scalar with mass 𝑚𝜙 ≳ 2𝑚𝑠. It couples to the sterile neutrino gauge eigenstate 𝜈′𝑠,

Lint
𝜙 =

𝑦

2
𝜈′𝑐𝑠 𝜙 𝜈′𝑠 + h.c. (2)

In the mass eigenstate basis, the scalar couples to all neutrinos, but with a suppression by the
tiny mixing angle in terms containing the light eigenstate 𝜈𝑎 (considering the 2-flavor case for
simplicity),

Lint
𝜙 =

𝑦

2
𝜙

(
cos2 𝜃 𝜈𝑐𝑠 𝜈𝑠 − sin 2𝜃 𝜈𝑎𝜈𝑠 + sin2 𝜃 𝜈𝑎𝜈

𝑐
𝑎

)
+ h.c. (3)

Scalar self-couplings and Higgs portal couplings are taken to be sufficiently small to be negligible.

3. Production of Sterile Neutrino Dark Matter

After a small initial sterile neutrino abundance is produced by the Dodelson-Widrow mechanism
in the early Universe, the phase of exponential growth starts when the rate of the conversion process
𝜈𝑠𝜈𝑎 → 2𝜈𝑠 mediated by scalar exchange exceeds the expansion rate of the Universe. Exponential
growth ends when the temperature drops below the scalar mass, which leads to a decrease of the
conversion rate.

The evolution of the densities of the sterile neutrino and the scalar is governed by the Boltzmann
equations

¤𝑛𝑠 + 3𝐻𝑛𝑠 = 𝐶𝑛𝑠 ,

¤𝑛𝜙 + 3𝐻𝑛𝜙 = 𝐶𝑛𝜙
, (4)

¤𝜌 + 3𝐻 (𝜌 + 𝑃) = 𝐶𝜌 ,

2



P
o
S
(
N
O
W
2
0
2
2
)
0
9
0

Curing Sterile Neutrino Dark Matter with a Dark Force Jörn Kersten

10−4 10−3 10−2 10−1 100 101

ms/Tν

10−28

10−26

10−24

10−22

10−20

10−18

10−16

10−14

10−12

10−10

10−8

R
at

e
[k

eV
]

Dark

Thermalization

→

H
νsνs ↔ φ

νsνα → φ

BP1

10−19

10−17

10−15

10−13

10−11

10−9

10−7

10−5

10−3

m
n
/s

[k
eV

]

Dark

Thermalization

→

Ωsh
2 = 0.12 νs

φ

10−4 10−3 10−2 10−1 100 101

ms/Tν

10−2

10−1

100

T
d
/T

ν

BP1

Figure 1: Evolution of reaction rates (left), abundances (top right), and neutrino temperature ratio (bottom
right) in the early Universe for 𝑚𝑠 = 12 keV, 𝑚𝜙 = 36 keV, sin2 2𝜃 = 2.5 · 10−13, and 𝑦 = 1.905 · 10−4. For
comparison, the expansion rate 𝐻 (left) and the observed DM abundance Ω𝑠ℎ

2 = 0.12 [25] (right) are shown
as well. The exponential growth of the sterile neutrino abundance happens around 𝑚𝑠/𝑇𝜈 ∼ 100.

where 𝐻 is the expansion rate, 𝑛𝑠 and 𝑛𝜙 are number densities, and 𝜌 and 𝑃 are the energy
density and pressure of the dark sector particles 𝜈𝑠 and 𝜙, respectively. The right-hand-sides of
the equations contain the collision operators involving all relevant reactions. To determine the
initial sterile neutrino density from Dodelson-Widrow production we used the results of [24]. The
calculations are simplified by the fact that decays and inverse decays of the scalar, 𝜙 ↔ 2𝜈𝑠,
quickly thermalize the dark sector. The results are shown in figure 1 for a benchmark point with
𝑚𝑠 = 12 keV, 𝑚𝜙 = 36 keV, sin2 2𝜃 = 2.5 · 10−13, and 𝑦 = 1.905 · 10−4. This demonstrates
that the observed DM abundance can be reached even though the mixing angle is so small that
Dodelson-Widrow production accounts only for a small fraction of the sterile neutrino density.

4. Viable Parameter Space

The model is constrained by X-ray line searches [26] in exactly the same way as the standard
sterile neutrino DM scenario without the new scalar. In addition, observations of the Lyman-𝛼
forest probe the distribution of matter on relatively small cosmological scales, which is affected
by sterile neutrino scatterings before their kinetic decoupling and by free streaming after kinetic
decoupling; this leads to a lower limit on the DM mass [27]. Finally, DM self-interactions at late
times have an impact on the matter distribution in galaxies and galaxy clusters [28], which results
in an upper limit on the Yukawa coupling to the scalar, limiting the exponential growth of the DM
abundance; consequently, the sterile neutrino density from Dodelson-Widrow production cannot
be arbitrarily small if the correct DM density is to be reached, which implies a lower limit on the
mixing angle.

Parameter space regions consistent with these constraints are shown in white in figure 2.
For every point, the Yukawa coupling is chosen such that the sterile neutrino density matches the
observed DM density [25]. The figure also shows estimates of sensitivities (dashed and dotted lines)
that can be expected from future X-ray searches and improved observations of cosmic structures.
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Figure 2: Viable parameter space regions (white) for two different mass ratios of scalar and sterile neutrino.
Colored regions are ruled out by X-ray searches, Lyman-𝛼 observations, and constraints on DM self-
interactions, respectively. Dashed and dotted lines indicate projected future bounds. The benchmark point
considered in figure 1 corresponds to the upper red star in the left plot. Taken from [21].

5. Conclusions

We have arguably presented the most minimal viable model for sterile neutrino DM. The
correct DM abundance is obtained in a phase of exponential growth that drastically increases a
small initial abundance from Dodelson-Widrow production. Much of the viable parameter space
will be probed in the foreseeable future. Apart from the constraints from X-ray searches, the
Lyman-𝛼 forest, and DM self-interactions discussed here, potential probes include supernovae [20],
the astrophysical neutrino flux (which could be suppressed by the reaction 𝜈𝑎𝜈𝑠 → 𝜙), and 21 cm
observations.
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