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STERILE NEUTKING DPARKK MATTER

Three Generations Three General tions
of Matter (Fermions) spin % of Matter (Fermions) spin %

Bosons (Forces) spin 1

[M. Shaposhnikov, J. Phys. Conf. Ser. 408 (2013)]

SM +(sterile)neubrinos

B~ g

Only interacting (mixing) with the active neutrinos:

e qood Dark Matter candidate (mg O(keV)) DODELSON - WIDROW *
e produced thanlks to Eke/mixm; "///‘? mechanism

via oscillations and collisions
e | T it L FULLER ™
¢ detectable (hape“fu,i.i.j) through the mixing

mechanism

*[Dodelson and Widrow, Phys. Rev. Lett. 72 (1994) 17-20] **[Shi and Fuller, Phys. Rev. Lett. 82 (1999) 2832-2835]
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STERILE NEUTKING ABUNDANCE CONSTRAINT

Underproduction Overproduction

Problem wikh Prodm‘:&on through
oscillakion and collisions:

the Line that represents the combination
of mass and mixing that gives
the right amount of DM today
is too far from the region where

we expect hear future experiments to be sensitive
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Solukion: consider nown sktandard scenarioc where
skerile neubkrino dark matker produal‘:aom skarted ok

CRITICAL TEMPERATURE T, < Thmax
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X-RAYS CONSTRAINT

Constraint on sin?(20y7) and ms

QG2 |, = 3 from the non observation

iy 102474 20} m, of the monochromatic Line
in the x-ray band

The constraint is relaxed if the decay rate OBSEQV’ABLE Flux of photons
is reduced: f |M|? is reduced.
This can be achieved if we consider the I
contribution of two diagrams
with the same initial and final state and such that

Mol M= ML LM et | M2 = M MoT < M2

/dldeDM (1,8)

4T 4

Particular realizakion:

Adding a heav'j scalar and 3 new Farame&ers A\ mys

— AN\ mem2 ?
of sin9:< 5 )m L [Log(m§)+1]
39 Mg M3, ms.
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DODELSON-WIDROW PRODUCTION SCENAKRIC
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decay rate reduced by factor
X-ray total

disfavoured by the MW satellites coun\
and phase space arguments

sin2(26’)

[CB, V. Brdar, M. Lindner, W. Rodejohann,
Phys. Rev. D 100 (2019) 11, 115035]
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DODELSON-WIDROW PRODUCTION SCENAKRIC

- ~§“

decay rate reduced by factor
X-ray total

disfavoured by the MW satellites coun\

and phase space arguments

sin2(26’)

[CB, V. Brdar, M. Lindner, W. Rodejohann,
Phys. Rev. D 100 (2019) 11, 115035]
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DODELSON-WIDROW PRODUCTION SCENAKRIC

decay rate reduced by factor
X-ray total

disfavoured by the MW satellites cou

and phase space arguments
107" 10717 10°°
sin2(29)

[CB, V. Brdar, M. Lindner, W. Rodejohann,
Phys. Rev. D 100 (2019) 11, 115035]
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Primordial
as:jmmeErv
th kthe
LQPEOM sector
L (ny — nw)
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Cristina Benso

SHI-FULLER PRODUCTION SCENAKRIO

and phase space argumeng

[CB, V. Brdar, M. Lindner, W. Rodejohann,
Phys. Rev. D 100 (2019) 11, 115035]
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SHI-FULLER PRODUCTION SCENAKRIO

aCtor 4 x 10*
ac 10*

1 < 102

decay rate reducefl by TaCligs

X-ray totg

/

disfavoured by the MW satell\eq coupnts

10712 10710 1078 107° 10~ 1072
sin®(20)

[CB, V. Brdar, M. Lindner, W. Rodejohann,
Phys. Rev. D 100 (2019) 11, 115035]
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CONCLUSIONS

© Cownstraints coming from the X-ray observations and measured (pnr can
cause Probiems in the detection ab TERRESTRIAL EXPERIMENTS of keV
sterile neutrine dark matter produced through oscillation and collisions

* Ik is possible to efficiently RELAX THE X-RAY BOUND both in the Dark
Matter Cocktail scenario and in the case of two (or more) decay
channels for the keV sterile neubrino

¢ The introduction of a CRITICAL TEMPERATURE, in a non standard
cosmological scenario or related to a new scale concerning the sterile
neutrine mass, allows to have larger values of mixing angles

* The combination of these two methods sebs available again the region of
the parameter space in which we expect the TERRESTRIAL EXPERIMENTS
to become sensitive in the near future to signals of keV sterile heubrino
dark matter produced through both the Dodelson-Widrow and the
Shi-Fuller mechanism,
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BACKUT? SLIDES

Cristina Benso XIX International Workshop on Neutrino Telescopes - Venice, 26.02.2021




‘?rcduttcom E’.hrc}mqh s&:me and collisions:

the neutrino fields oscillate bebween the electron and the sterile
state while propagating in the plasma; when they interact with Eke

other fields in the bath, the wave function has probability o sin *(2021)
ko {:OLLQF.'S@. i the sterile stake

Evolution of the distribution function f.(p,t) described bv the
BOLTZMANN EQUATION:

0 0 e
g f20t) —Hp 5 fs(0,1) ~ 5 (Pnlve = vs;p, 1) felp, )

ce(p,T)GEpT*

(B (vt s v ipit)h — sin” (D0 st(?}jt) ~

*[Dodelson and Widrow, Phys. Rev. Lett. 72 (1994) 17-20]

sin?(207)
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2 2 m
(52) sin?(26) + S + [

THERMAL POTENTIAL

Wi,ZO

W, U, U,
(a) bubble diagram

(b) tadpole diagram

I ——
[Abazajian et al.,
Phys. Rev. D 64 (2001) 023501]
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2 2 m
(52) sin?(26) + S + [

THERMAL POTENTIAL

Wi,ZO

W, U, U,
(a) bubble diagram

(b) tadpole diagram

" : (nVa e nva)

[Abazajian et al., since L,/a = = (
Phys. Rev. D 64 (2001) 023501] Fy
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/‘Tin : Mpy )
- 1.66 /g 1°

Som

For nown relakivistic relic h2Q =
pc/h?

Yo

where the yield is Y = %

—  Skerile neubrine darke makker abundance
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l HF” Lye 7é 0

— ci.epemdiv\g on the sign of the asymmetbry, the production of
sterile neutrinos or antineutrinos was enhanced for specific
values of p and T as & cohsequence of the resonance in the

denominator o{ sin (29M)

pc/h? (2m)* 1.66 g*s\/gi i T+ 1

2
S

Betr; T)( T) sin”(26)

2 2 2
) sin?@0) + () + (55 - Vi

8\/§Gpp 8\/§GFP

2¢(3)T° np
— 2G = v v —
+V2Gr 2 4 3m?, (pve + po.) 3m#,

3
V3G 2T s 8V2Grp o 8V3Grp

2 2 2
T 4 ms, SmW

Vo, (p) = —

**[Shi and Fuller, astro-ph/9810076]
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NEW SCALE in the Primavat universe

LOW REHEATING TEMPERATURE

The production of sterile neutrinos started at lower temperatures

thawn bthe peale one because bhe universe never reached T_mwax
2

SCALE OF THE DYNAMICAL CHANGE OF mg

2
mp

with mp >~ 0m,

Sin2 (29]\/[) =

e PHASE TKRANSITION CASE :

m2, + [cTo E/ms + ms/2)°

c~ 63
I'o(p) = ca (T)G%TLLP

mgT>Tc) o O

o MISALIGNMENT MECHANISM CASE : [miT>Te) » mboday

[Bezrukov et al., JCAP 06, 051 (2017)]
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