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The Dodelson-Widrow (DW) scenario

« SN are produced in the early universe
through oscillations

* The mixing with the SM also allows
for late decay into an X-ray photon

L,

How to extend DW?

Bringmann et al. 2206.10630

: _ | .
Self-interactions { Johns and Fuller 1903.0829 }

ﬁint = Y UslVs®.



Production of sterile neutrinos

The evolution of the phase-space density of sterile neutrinos is given by
the Boltzmann equation

of, of, T w? sin”(20)
~ Hp® =
ot dp 4 \ w2sin?(20) + Zt + [wcos(26) — Veg]

2) [fa o fs]—|_cs
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Production of sterile neutrinos

The evolution of the phase-space density of sterile neutrinos is given by
the Boltzmann equation

8f af _ L 2 sin”(20)
a 4 2 9 [,fa T fs] —|_ Cs
\ p w? sin (29) + [w cos(26) — Vg] /n /
Sterile’s I
distributi Hubble's rate I - \ Active’s Sterile-sterile
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Production of sterile neutrinos

The evolution of the phase-space density of sterile neutrinos is given by
the Boltzmann equation

8f af _ L w? sin”(20)
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Sterile’s I
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Production of sterile neutrinos

The evolution of the phase-space density of sterile neutrinos is given by
the Boltzmann equation

of, of, T w? sin”(20)
~ Hp® =
ot dp 4 \ w2sin?(20) + Zt + [wcos(26) — Veg]

2) [fa o fs]—|_cs

Transition Probability

(Pp(v, ¢ vs))
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Production of sterile neutrinos

The evolution of the phase-space density of sterile neutrinos is given by
the Boltzmann equation

0fs ofs 1} w? sin?(26)
—H — a Js Cs
ot g dp 4 (w2 sin”(26) + I‘f + |w cos(260) — Veff]z) o= Lot

\—'—I

In-medium effective mixing angle

sin“(26,,)
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Production regimes

What kind of behaviour can we expect from the system?
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Production regimes

What kind of behaviour can we expect from the system?
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Production regimes ms § Mg Y

What kind of behaviour can we expect from the system?

0fs —Hpafs _ [ w? sin”(20)

ot dp 4 (w2 sin?(26) + j + |w cos(260) —

2) [fa o fs]—|_cs
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The are four parameters controlling the behavior of the system

« The mass of the sterile neutrinos
 The mixing angle me > 1 [Vi < O}
e The mass of the mediator )

m¢<<T u>0

* The size of the Yukawa coupling
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Thermalization of the system

What role does the sterile collision term play?
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Thermalization of the system

What role does the sterile collision term play?

afs _Hpafs _ I w? sin (29) 2) [fa — f5]+CS
Vs

ot dp 4 (w2 sin?(26) + j + |w cos(260) — /

4 )

2
]-_‘VSV,g{—)qéqé fs (]— — ; )
N .

)
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Thermalization of the system

What role does the sterile collision term play?
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ot Py T " | Va = Sl H G
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The parameter space
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The parameter space
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One heavy-mediator benchmark

M My Y sin®(26)
12keV | 1.5 GeV [6.92x 1072 |5x 10713

= wcos(20) =V, +V, =~ 0

The resonances are
regulated by
guantum damping
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A benchmark with partial thermalization

ms
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For lighter mediator masses, we
expect the # changing processes
to be important
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A benchmark with partial thermalization

ms
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sin®(26)

10 keV

150 keV |7.5x107*
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A benchmark with partial thermalization -

m m sin?(20 For lighter mediator masses, we
2 ¢ Y - ( _)15 —) expect the # changing processes
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Overview of production regimes
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Overview of production regimes
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800 MeV S my S 3GeV

Full Boltzmann equation
Regulated resonances

This work 2307.15565

my > 3 GeV }

Non-regulated resonances
Runaway production

Johns and Fuller 1903.08296
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Conclusions

o Sterile neutrinos are attractive BSM candidates
« The canonical DW mechanism is mostly excluded

 Self-interactions among the sterile neutrinos can open new portions of parameter
space

V- Vs
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The rates

The rates are computed in the following way

1

Fys veirkk — 2E1 dHQdH3dH4(2ﬂ)464( )‘M‘ysys Hkk‘fs

The nine integrals can usually be reduced to two integrals that must
be solved numerically

Y2 2
3y4T2 s T3m¢ qb 4K 3m¢
els -+ e 4pTs ' Ts ply >
2m3p 2mp? 57 2V/10
FL/SI/SHUSUS — 4 " 2T m‘;zb " 3 2
371'3 T 27rp — 924/10

Mo
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The potential

The potential modifies the dispersion relation of the SN

m2

2|p|

E = |p|- - Vet

In the limiting cases the potential takes the form

ZWQ;QT_S TS > My
Vi(p) = .
1%5? ens T, < myg
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sin?(26)

The parameter space @

....'l.a.-.. 1 I 2
M31 Dwarf Galaxies e Dy Integral mS o111 (29)
1010} . e, : _
12 keV 1x10713
I ) e NuStar BRELY
eROSITA ‘\::\Q(MM—Newton ‘ : : w T
N - Tl 0.100F7===F=s=zzzzsmmzssznzsnnonsesansnananerans
A= XTP K Aftiena 1 :
0.010¢
5 10 50 100 ‘N'Q I
m [keV] S 0.001:
' ' ' 1074 ¢
A heavy mediator implies a ; { 1 GeV }
relatively large Yukawa :
10—5 1 ! 1 1 1 ! 1 1 1 ! 1 1 1 ! 1 1 1 !
0.02 0.04 0.06 0.08 0.10
Yy
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Observational constraints

X-ray searches Structure formation

 The easiest observable decay for the ¢ Sterile neutrinos are warm dark

SN is a one-loop process. matter candidates.
r sin(20) ms \°  + Structure will be smeared on scales
decay ™ 10-7 1 keV below the free-streaming length of
neutrinos.

" For keV sterile neutrinos, )
L. | the resultant photon is in 43
the X-ray band

- )

 There are several searches for this
type of decay
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