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Introduction

@ WIMP Dark Matter theoretically appealing but not observed
@ Alternative: sterile neutrino vs with mass mg ~ keV

@ Mixing angle 6 with

@ Dodelson-Widrow production by oscillations in early Universe

.2 2
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Introduction

@ WIMP Dark Matter theoretically appealing but not observed
@ Alternative: sterile neutrino vs with mass mg ~ keV

@ Mixing angle 6 with

@ Dodelson-Widrow production by oscillations in early Universe

.2 2
2 sin® 20 Mg
s 0.1 ( 10-8 ) (1 keV)
@ Decay vs — 15+ at 1-loop level

I sin® 20 mg°

~~ Bounds from searches for X-ray line
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Dodelson-Widrow Mechanism Cannot Produce All DM
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Alternative Production Mechanisms
@ Resonant production in presence of lepton asymmetry

@ Scalar decay

@ New interactions of

@ Extended gauge sector

@ (Insert your favorite model here)
@ New interactions of sterile neutrinos
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@ Standard Model neutrino v4

@ Sterile neutrino vg, mass ms ~ keV, right-handed spinor

@ Scalar singlet ¢, mass my 2 2 ms

@ Yukawa coupling y between scalar and gauge eigenstate v

=2 YVE v+ hee.



Model Setup

°
@ Sterile neutrino vg, mass ms ~ keV, right-handed spinor

@ Scalar singlet ¢, mass my 2 2 ms

@ Yukawa coupling y between scalar and gauge eigenstate v}

cint — %?qﬁy; +he.

@ Rotation to mass eigenstate basis by mixing angle ¢
~» Neutrino-scalar interactions

Lot = %gf) (cos2 0 vSvs — sin 20 Tavs + sin® 9’7a’/ac) +h.c.
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Model Setup

°
@ Sterile neutrino vg, mass ms ~ keV, right-handed spinor

@ Scalar singlet ¢, mass my 2 2 ms

@ Yukawa coupling y between scalar and gauge eigenstate v}

cint — g?qﬁyg +he.

@ Rotation to mass eigenstate basis by mixing angle ¢
~» Neutrino-scalar interactions

Lot = %gf) (cos2 0 vSvs — sin 20 Tavs + sin® 9’7a1/ac) +h.c.

@ Assume scalar self-interactions and Higgs portal to be irrelevant
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One Model, Three Conclusions

°

o my ~ 10% keV

e Number-changing interactions (e.g., in scalar potential)

e Viable vg Dark Matter for ms ~ 4 keV or lepton asymmetry
°

o my >1GeV

e Interactions affect in-medium neutrino potential

e Either no impact or runaway production for T ~ 102 MeV
°

e My 2 2ms
o Viable vs Dark Matter due to exponential growth of abundance
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Conversion of heat bath particles ' to DM particles x
~» phase of exponential growth

1079 =
Qb2 = 0.12 1
k|
1072F — A, =45x107 my=1GeV  J
QX —_— A =50x1077 my/my=2]
&£ —_— Ay =55x1077 k|
X X Ny i
S — /]
b
> 107 e B!
3
2
Y X s A
1
0 . . L L
1077 102 1077 107 10" 10?
xy =my/T

Bringmann, Depta, Hufnagel, Ruderman, Schmidt-Hoberg, PRL 127 (2021)




Exponentially Growing Sterile Neutrinos

@ Heat bath particle: | =
@ Dark Matter particle: x = vg
@ Conversion via scalar ¢ (almost on-shell ~~ s-channel dominates)

Vs Vs
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Exponentially Growing Sterile Neutrinos

@ Heat bath particle: | =
@ Dark Matter particle: x = vg
@ Conversion via scalar ¢ (almost on-shell ~~ s-channel dominates)

Vs Vs
Vs

@ Small initial vs abundance produced by Dodelson-Widrow
@ Freeze-in production — vsvs Negligible due to tiny mixing
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Calculation of Dark Sector Densities

@ Initial condition: v abundance from Dodelson-Widrow mechanism

@ vsus <> ¢ ~~ dark sector thermalizes
@ Boltzmann equations for number and energy densities
ns + 3Hns = Cp,
ng +3Hny = Cy,
p+3H(p+ P)=C,

Vs Vs Vs ¢ Vs Vs

Vs Vs Vs o) Vs
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ms =12keV, m, = 36keV, sin?20 =2.5-10713, y = 1.905- 104
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ms =12keV, m, = 36keV, sin?20 =2.5-10713, y = 1.905- 104
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T, < my ~ transmission inefficient ~» exponential growth ends




ms = 20 keV, m, = 60 keV, sin20 = 3.0- 1015, y — 1.602- 102
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ms = 20 keV, m, = 60 keV, sin20 = 3.0- 1015, y — 1.602- 102
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Constraints

@ X-ray searches ~- upper limit on ¢ as function of ms
@ Lyman-« forest ~ lower limit on mg as function of §

e vs—vs scatterings before kinetic decoupling
e s free-streaming after kinetic decoupling

@ DM self-interactions ~» upper limit on y ~ lower limit on ¢
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my [keV]

Yukawa coupling y chosen to yield observed Dark Matter density




my [keV]

Yukawa coupling y chosen to yield observed Dark Matter density




Conclusions

@ Sterile neutrinos: well-motivated, straightforward extension of SM
@ Mass ~ keV ~~ excellent Dark Matter candidate

@ Automatically produced in early Universe

@ Testable by X-ray searches ~~ simplest scenario ruled out

@ Minimal extension: addition of scalar singlet
~ viable model with qualitatively new production mechanism
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Conclusions

@ Sterile neutrinos: well-motivated, straightforward extension of SM
@ Mass ~ keV ~~ excellent Dark Matter candidate
@ Automatically produced in early Universe
@ Testable by X-ray searches ~~ simplest scenario ruled out
@ Minimal extension: addition of scalar singlet
~ viable model with qualitatively new production mechanism

@ Future tests

e More sensitive X-ray searches

e Better understanding of Ly-« forest

e Stronger lower limit on mg from 21 cm observations

e Stronger constraints on Dark Matter self-interactions

e Suppression of astrophysical neutrino flux via v, vg — ¢

e Impact on supernovae?

Jorn Kersten Curing Sterile Neutrino DM 14/14



DW production ~ ps ~ p. but ng < 1,
~» negative chemical potential yus < — T4
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