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INTRODUCTION - DARK MATTER

| ROTATION CURVES

OF GALAXIES
DARK MATTER represeu&s / |
a PULZZLE k;sEornCaLL:j arisen AT LA(&GE SCALES | < » | VELOCITY DISPERSION

b L \ IN GALAXIES
Likely requiring SOLUTION at very small scales, | LARGE igiﬁpig:cw%s
coming FROM PARTICLE PHYSICS o SR
| GRAVITATIONAL

[Bertone et al., hep-ph/0404175]  [Clowe et al., astro-ph/0312273]
LENSING

THE UNl\/ERsE (A PE CHART)

546 STUFF WE KNOW
(INCLUDING PES)

Combined cosmological and astrophysical
AW observations made us aware
MATTER” .

of the conbtent of the universe

(Borrowed from J. Cham and Daniel Whiteson)

Observations of galaxies, gravitational lensing phenomena
and large scale structures
provided hints about the features of a qood DM candidate
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“sterile” because singlets with respect to any Standard Model interaction

G00D DARK MATTER CANDIDATE| | keV STERILE NEUTRINO

NO EM nor STRONG INTERACTION by definition

MASSIVE O(keV)

STABLE own ktime scales aomga\rabte depev\div\g on iks mixing
with the age of the universe with the active species
prmduaeci i the eo\ri.j universe with
LOW ENOUGH VELOCITIES to be

ComPaELbL@. with the L.s.s. formation

dependims on khe
prodm‘:&ich mechanism
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SEARCHES IN TERRESTRIAL EXPERIMENTS

Differential decay rate (a.u.)

—_— 20 dr (02
cos @E_(mﬂ)

f 20 dT (2
sin G)E(ms)

©

o

o
1

—— with sterile neutrino
= = no sterile neutrino
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Energy (keV)

(Borrowed fromVS. Mertens lecture in Bad Honnef)

1070}

— —- no sterile neutrino
— my=2keV, U,,° =0.5

|
0.0 05 1.0 1.5 20

Energy / keV

25 3.0

—
[M. Drewes, JCAP 1701 (2017) 025]
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http://old.inspirehep.net/author/profile/Drewes%2C%20M.?recid=1421898&ln=it

SEARCHES IN TERRESTRIAL EXPERIMENTS

—— with sterile neutrino
= = no sterile neutrino

— —- no sterile neutrino
— my=2keV, U,,° =0.5
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) Energy (keV) — ——
(Borrowed from S. Mertens lecture in Bad Honnef) [M. Drewes, JCAP 1701 (2017) 025]
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s o (&Md Vg & ve) W‘\EﬁXE«V\S

Produckion through oscillation and collisions:

the neutrino fields oscillate between the elecktron and the sterile
state while propagating in the plasma; when they interact with F:he.

other fields in the bath, the wave function has probability o sin *(202r1)
ko toitapse 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-(Pulve = vs;p ) felp, )

where  T'o(p) = co(p, T) G5 pT*

(P(Ve = vg;p, 1)) = sin®(20r) sz(th) ~

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

sin?(207)

1
2
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2
(Zf) sin?(26) + —FeZ(p) o [Zf COS

tHEQMAL POTENT IAL

Wi,ZO

v, U, U,
(a) bubble diagram

——

=%

Z
I

N 1 N
L( [ 4
0, 0,

[e%

(b) tadpole diagram

[Abazajian et al.,
Phys. Rev. D 64 (2001) 023501]
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2
(Z”E) sin?(26) + —FeZ(p) o [Zf COS

tHEQMAL POTENT IAL

Wi,ZO

v, U, U,
(a) bubble diagram

——

=%

Z
I

N 1 N
L( [ 4
0, 0,

(b) tadpole diagram

o PR e, N n (0% 35 n_O’,

[Abazajian et al., sutncCe L,/a = ( z = ) —=3)
Phys. Rev. D 64 (2001) 023501] i
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We are able to the Boltzmoann equation and get

o i : E T)( §T>2sin2(29)
fsm_/ dT( ) (%) sin20) + (%)° + (3

ot 1.66 \/gx T3

Som

For non relabivistic relic h%2Q = 0
pe/h?

where the yield is Y = i
S

—  Skerile neubrine darke makker abundance
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Critical Temperature

L
5\\- ’%"-t-.-
o e

' 10-14 ' 10-12 ' 'i"(')”—l'o' e 10—8 ' 10—6 | "ib—4
sin“(20)
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Critical Temperature

Underproduction

TSR

sin?(20)
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NEW SCALE in the Primavat universe

LOW REHEATING TEMPERATURE

The production of sterile neutrinos started at lower temperatures

than the peal one because the universe never reached T_max

SCALE OF THE DYNAMICAL CHANGE OF mg

2
mp

with mp >~ 0m,

Sin2 (29]\/[) =

o PHASE TKANSITION CASE :

m2, + [cTo E/ms + my/2)°

c~ 63
I'a(p) = ca (T)G%T4p

mgT>TC) D O

o MISALIGNMENT MECHANISM CASE : |m{T>7Te) > mboday

[Bezrukov et al., JCAP 06, 051 (2017)]
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2
G2 5 B 9« TREE ot 5
91g 7'('H3LS sin?(26) 5 — 094 54 Sin (260) m?

1 m o Mg\
= : in2(20 Sk —22 2( s ) =
0 (50 keV) SOF ) e

l l

Upper bounds on mass and mixing angle

FI/S—>3I/ =

from the X-rays observations
Exp: XMM-Newton, Chandra, Suzaku, Swift,
[Adhikari et al., JCAP 01, 025 (2017)] INTEGRAL, HEAQ-1, Fermi/GBM

50 keV>

ms

e 2 1()‘7(

Cristina Benso Progress on Old and New Themes in cosmology - Avignon, 09.12.2020



OBSERVABLE : Flux of photons = / dl dQ) ppa (1, €2)

The first possibility to get a relaxed constraint
from the X-rays observations is to hypothesize that
ONLY A FRACTION OF THE DARK MATTER cowntent of the universe
ts CONSTITUTED BY STERKILE NEUTRKINOS

Ps < PDM allows Llarger Sin2(29) and M

| B

Secondary advantage:
multicomponent dark matter allows in principle more freedom also
from other constraint coming for example from large scale structures
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Phys. Rev. D 100 (2019) 11, 115035]

[CB, V. Brdar, M. Lindner, W. Rodejohann,

X-ray bound for h*Q=

1
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T.=10GeV
X —ray bound for h*Q)
X-ray bound for /0% 0.1\86

' X-ray bound for h*§,= 000

1

Cristina Benso




I11/ 14
OBSERVABLE : Flux of photons =i / dl dQ) ppa (1, €2)
4dmrmg

The second possibility to get a relaxed constraint
from the X-rays observations is to hypothesize that
the DECAY RATE determined by the mixing angle and the mass
IS REDUCED

I' < [dPhase| M| reduced f |M|? reduced

This can be achieved f we consider the contribution of two diagrams
with the same initial and final state and such that

M = My + M; ohers M2 < |[Mq + Ms|?

L
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Adding a he.avv scalar 2 and 3 new parame&ers )\, X, my

It is possible to have partial or even complete cancellation if
AN 3 2 2
sinf = ( 2 ) e {Log(m§> +1}
3g Ms M5 ms,

Warning: > must not reach the thermal
equilibrium in the early universe

By i
or
\TRH < mx ~1TeV
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Consbkraint Relaxakion - Reduced

9
|

decay rate reduced by factor ¥
X-ray total

disfavoured by the MW satellites coun\
and phase space arguments

sin“(26)

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

Cristina Benso Progress on Old and New Themes in cosmology - Avignon, 09.12.2020




HF’: Lue 7é 0

— d@;pemdw\g on the sign of the asymmetry, the of
sterile neutrinos or antineubrinos was for specific
values of p and T as a i the
denominator o{: SiIlQ(Q@M )

Ssoms 45 / / L dT
h?Q, = dr r?
pe/h? (2m)* 1. 66 9*8\/9* Tin

2
S

ol T)( T) sin2(20)

2 2 2
) sin?(20) + (5)° + (=% - Vi, )

e oy 8v2G

(Pve
w2 4 3m?,

2¢(3)T2ng  8V2Grp
\/§GF 7_(_2 A 3m22 (/01/@

Vo, (p) = —

*[Shi and Fuller, astro-ph/9810076]
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aCtor 4 x 10*

and phase space argumen{ \

| 10—12 1'0'”—1'0" 16—6' 16—4"""” 1072

[CB, V. Brdar, M. Lindner, W. Rodejohann,
Phys. Rev. D 100 (2019) 11, 115035]
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Hp: L, 70
Hp: because of CPT symmetry violation,
Us ¢ Ue mixing but Vg ¢ g

tompased bj

that experienced a
of a lepton asymmetry that on the contrary would enhance

7%\ Fresemce

the production of sterile neubrinos.

2
s

3 4 in T
hQQSZSOmQ 54 / dr r* / g £
pc/h (27-‘-) ]. 66 g*sw/g* Tf m2 F_
T 2

wikh

2C(3)T3 773 8\/§GFp
Vo, (p) = —V2Gp — (o
T2 4 SmZZ
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Hp: L, 70
Hp: because of CPT symmetry violation,
Us ¢ Ue mixing but Vg ¢ g

tompcsed bj

that experienced a
of a lepton asymmetry that on the contrary would enhance

the production of sterile neubrinos.

7%\ Fresemce

p 2
soms 45 / / dT ( T) sin”
dr 12
Ttin

~ pe/R2 (2m)1 1.66 g*s\/gT* ( m? r,\2
o & 2

\/5 Grp 8\/§ Grp
5 (p’/e iz /01766 37,2 (Pe—
W

Im?,
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decay rate reduced by facto
X-ray total

disfavoured by the MW satellites counts

and phase space arguments

sin2(29)

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

* Cownskraints coming from the X-ray observations and measured Qpiscan
cause problems in the detection at TERRESTRIAL EXPERIMENTS of keV
sterile neutrine dark matter Froducec& through oscillation and collisions

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

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

* The combination of these two methods sets available again the region of
the parameter space i which we expect the TERRESTRIAL EXPERIMENTS
to become sensitive in the near fubture to signals of keV sterile neubrino
dark matter produced through both the and the
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