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Can we produce enough sterile neutrino DM (n the

early universe?
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Sterile Neutrino as Dark Matter

Fourth mass eigenstate: V4 = Ugc0s0+ 1,80 = v

The mixing angle 15 small and the sterile neutrino never reaches

thermal equilibrium with the primordial plasma

[t can be detected through decay tnto radiation

e[ sin?20 m, \’
7 X 10_11 7 keV Ve Vo ! Vg

e.g. Pal & Wolfenstein (1982),
Abazajian, Fuller & Tucker (2001), ...

How to produce (t?

Two (aW\omg Sevem{) ProPosafS:
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DOO(-Q{SOM—Wl.o(YOW N\ecl«am l.SW\ Dodelson & Widrow (1994)

[n the early unmiverse, an active neutrino can oscillate to a sterile

neutrino, with probability
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Thermal potential
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Quantum Zano effect (damping)
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DOO(Q{SOM—-W[O(YOW N\ecl/\awfsm Dodelson & Widrow (1994)

[n the early unmiverse, an active neutrino can oscillate to a sterile

neutrino, with probability

ln SM: Vp ~ T°
. 9 A2 sin? 26 [~ 7T°
sin” 20.g ~ —5
A?sin” 20 + (I'/2)? + (A cos 20 — V)? A~ T

A = m2/2E / \

Thermal potential
Quantum Zano effect (damping)

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

Boltzmann 2quation
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Dodelson-Widrow Mechanism

Ruled out by X-ray experiments and phase-space considerations
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How to generate enough sterile neutrivo DM within the allowed region?



Dodelson-Widrow Mechanism + new neutrino self-interactions
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Dodelson-Widrow Mechanism + new neutrino self-interactions

De Gouvéa, Sen, Tangarife & Zhang PRL (2020)
Kelly, Sen, Tangarife & Zhang PRD (2020)
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[t can enhance the tnteraction rate while keeping a small mixing angle

/ /
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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), ...



Heavy mediator (imit:
VCL VCL
VCL VS

Compare to SM+DW
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Production peaks at a lower femperature
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Light mediator (1mit: my < T

The mediator can be produced on-shell in the plasma

Va

A positive thermal potential allows for a resonance n

AZ sin” 26
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Now let's proceed to infegrate the Boltzmann «quation
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Stertle neutrino relic density
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Stertle neutrino relic density

QO h=0.12

m, =7.1keV, sin*20 =7 x 107"
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Stertle neutrino relic density
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Current and future constrants: Scalar mediator
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Expected sensitivity of DUNE:
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Kelly & Zhang (2019)

14



Current and future constratnts: Scalar mediator
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Current and future coustratnts: Neutrinophilic U'(1)
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A new Higgs tnvisible decay: h — v, 0,V
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v vyn — Vup® the emission of a light DUNE (5 yrs)

vector has a longitudinal enhancement ~E?/m?,
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Current and future coustratnts: U(l)Lﬂ_LT and U(1)g_;
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Can we produce enough sterile neutrino DM n the

early unmverse?

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

neutrino oscillations.

A new tnteraction, via a scalar or a vector, for the active neutrinos

helps alleviate tensions with the Dodelson-Widrow mechanism.

This model can be probed tn upcoming neutrino and collider

experiments such as DUNE, SHiP, NALG-u, and HL-LHC.

Among the three gauge interactions that we studied, the U(1)g_; ts
the most strongly counstrained and the neutrophilic vector is the (east
constratned.

Gracias!
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