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Sterile Neutrinos

_ _ M: _
0L = N]’I:a”"}/“NI - Fa[ LaN](I) — 71 NfN[ + h.c.

Standard model gauge group singlets N, 1=(1,2,...)
Can explain:

1. Neutrino masses

a. Require 22 sterile neutrinos to explain 2 mass squared splittings
2. Smallness of neutrino masses (seesaw mechanism)
3. Baryogenesis (vMSM) Asskaé

Shaposhnikov PLB
2005

keV mass range: dark matter candidate



Sterile Neutrinos as Freeze-in Dark Matter

e Sterile neutrino(s) imply additional

‘mostly sterile’ mass state(s)
o mass/flavor mixing

e Scattering-induced decoherence

production in early universe:
o Negligible initial abundance
o  SM neutrinos acquire small sterile
component via oscillations
o ‘measurement’ — collapse to sterile state
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Sterile neutrino distribution function f(p,T)
generated by scattering-induced decoherence
for m = 50 keV, sin*(26) = 10"
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Dodelson-Widrow Mechanism ) :ﬁ? Y M

Va W+ Vi

Abazajian, Fuller, Tucker APJ 2001

e Dodelson-Widrow (DW) Radiative decay mode
mechanism: scattering-induced L0
decoherence makes all the dark o7
Matter (podeison and widrow, PRL 1994) .,
e X-ray constraints rule this out \
e Structure formation constraints: < N
o  Warm dark matter " 107 B
o  Current bound: m >92 keV Zakoatal TR %
10:72 %
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Non-zero lepton number implies
additional matter potential
Resonance in mixing angle:

production boost s ruierpre 10se
o Advantage: cooler spectrum

o Current bound: m >16 keV ~ Zetkoetal

PRL 2022

Narrowing parameter space
allowed by x-ray constraints
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Resonant Production (Shi-Fuller Mechanism)
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Other Models of Sterile Neutrino Dark Matter

e Non-oscillation based production:
o e.g. Higgs singlet decay KusenkoPRL 2006

e Self-interactions among SM neutrinos e coues PrL 2010
e All require additional degrees of freedom



Multiple Sterile Neutrinos
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e Previously outlined mechanisms: one sterile neutrino + its mixing
o But require 22 sterile neutrinos to explain 2 mass squared splittings

e Do multiple sterile neutrinos allow for new interplay in production?
o No in minimal model

e Yes if sterile neutrinos have self-interactions



Self-interacting Sterile Neutrino: One Sterile Only

Heavy mediator: new resonance —
difficult to produce correct abundance
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Relic abundance when resonance is triggered
(solid) vs not (dashed)

Lighter mediators: Possible to
produce correct abundance
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Self-interactions Among Multiple Sterile Neutrinos

Our model: two sterile neutrinos and
heavy scalar mediator ¢
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Idea:

e Produce heavy N, through
scattering-induced decoherence
e Transfer energy (via
self-interaction) to light N,, (DM)
e Only N, mixing is relevant

Self-interactions:
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SM neutrino scattering:

I'sm = C(p, T)G%pT*



Small Coupling: 2—2 Thermalization and Decay

N, (heavy): Populated through scattering-induced decoherence
N, (light): Populated through self-interactions with N, becomes dark matter
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Large Coupling: Full Thermalization

p (MeVv?)

N, (heavy): Populated through scattering-induced decoherence

N, (light): Populated through self-interactions with N, becomes dark matter

1021

1017.

1013

109 4

10°

101.

1073

i 5 o

104 103 102 10! 10°

— Psm
Pn1
— Pn2

TSM (M eV)

Rate (Hz)

1023
1019
1015

1011

107 i

—
—
—
~~

Hubble rate~

103 .
10-1. 5153
10—5 i
104 103 102 101 100
Tsm (MeV) PRELIMINARY

G¢/GF=1OOO, m,,=1 MeV, sin?(28)=10""°. Rates at fixed p/T=3.

11



Full Thermalization: Parameter Space

Light Sterile Neutrino Mass Dark Sector Temperature
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Discussion and Conclusion

Key features:

e Not excluded by x-rays
o  Production is NOT based on DM sterile’s mixing with SM
o Could show up in x-ray searches at smaller mixing angles: Athena, XRISM, eROSITA

e Cooler spectrum = relaxed free streaming bounds (smaller allowed
masses)
e Other constraints and observational handles

o Lab experiments: heavy sterile mixing
o Bullet cluster: bounds on self-interacting dark matter strength

e Multiple light steriles: could decrease temperature further
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Backup
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Production

where
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