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Sterile Neutrino as Dark Matter

Fourth mass eigenstate: V4 = V€080 + v, sin0 = v

The mixing angle s small and the sterile neutrino never reaches

thermal equilibrium with the primordial plasma

[t can be detected through decay tnto radiation
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[n the early unmiverse, an active neufrino can oscillate to a sterile

neutrino, with probability

ln SM: Vp ~ T°
. 9 A2 sin? 26 [~ 7T°
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A = mS2/2E \ Tlf\erma( Poﬁemf[a(
Quantum Zeno effect (damping)

Result: A non-thermal abundance of sterile neutrinos by solving the

Boltzmann 2quation

dfu,(x,z) T
dlnz — E S111 Qeeff f;/(af)

z=MeV/T



Dodelson-Widrow Mechanism

Ruled out by X-ray experiments and phase-space considerations
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How to generate enough sterile neutrino DM within the allowed region?
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Dodelson-Widrow Mechanism + new neutrivo self-tnteractions
De Gouvéa, Sen, Tangarife & Zhang PRL (2020)

LD %Vaya¢+h-c- >"’<

[t can enhance the tnteraction rate while keeping a small mixing angle

/ /

df;/ (QT,Z) r . 9 . 9 - A? sin® 26
d%ln - — E S111 296& fy(x) S1I1 Qeeff — AQ Sin2 20 + (F/2)2 n (A cos 20 — VT)2

The new tuteraction also contributes to the thermal potential Vr

Similar works Koop et al. (2014), Mirizzi et al. (2015),
Friedland et al. (2016), Johns et al. (2019), ...
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Heavy mediator [imit: my > T

Va Va

Compare to SM+DW  Hv |
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Light mediator (imit: my, <L T

The scalar can be produced on-shell tn the plasma

Va

A positive thermal potential allows for a resonance
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Light mediator [imit: my, <L T

The scalar can be produced on-shell tn the plasma

Va

A positive thermal potential allows for a resomance

A? sin? 26
A2sin? 20 + (T'/2)2 + (A cos 20 — V)2

sin? 20 ~

Now let's proceed to integrate the Boltzmann «quation
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Stertle neutrino relic density
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Current and future constraints
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Can we produce enough sterile neutrino DM 1 the

early universe?

Yes! Sterile neutrinos can be produced non-thermally from active-

neutrino oscillations.

A vew scalar-mediated tnteraction for the active neutrinos helps
alleviate teusions with the Dodelson-Widrow mechanism.

This model can be probed tn upcoming neutrinos experiments such as

DUNE

/ . . . .
We re working on the generalization to vector mediators

Kelly, Sen, Tangarife & Zhang, to appear soon

Thank you!
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