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DM accretion in NS \Over{/iew and motivations

Symmetric Dark Matter
Boltzmann equation:
dN
X = Cp — AgN; — EgN,
dt !
Indirect DM signature!

d® Iy dN,
dE, 4nd% dE,

e. g. Solar Neutrino flux:

e. g. Reheating NS surface:

dT N —€y — € + €PN
dt Cy
- t Extensively studied!
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DM accretion in NS \Over{/iew and motivations

symmetric Dark Matter

Boltzmann equation:

dN ‘
th — O@ — Af. I\Ii — E@NX
}

Accumulate more DM particles!

Helioseismology constraints on DM properties:

Black hole formation and collaspe of the star:

- t Extensively studied too!...
But accretion rate
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DM accretion in NS ' Overview and motivations

1 Orders of magnitude for capture

Best case scenario for capture: O =0 geom

R\ (M
SUN A —35 2 * ©,
Ogeom ~ 1.3 X 107" cm (R@> (M*) :

o ~1.3x 1073 cm?.

geom

oV~ 2 % 107% ecm?.

geom

The capture rate is proportional to the

Geometrical cross-section: interaction probability:
o
Ogeom
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DM accretion in NS \Over{/iew and motivations

1

Orders of magnitude for capture

The capture rate is proportional to:

Ox

C, ~ Th* X Voo PDM X

0 geom

Gravitational cross-section:

= (1 + QGM) R?
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DM accretion in NS . Overview and motivations

Orders of magnitude for capture

The capture rate is proportional to:

Compact objects accrete DM more efficiently !
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DM accretion in NSF | Overview and motivations

Thermalisation of DM

Through succesive collisions, DM losse energy
and accumulate in the star center.

sun _ o 15 g [ Leore Y2 11GeV\ Y /102 g.cm3\ /2
r = .
& 2\ 107K My Peore

Toore \ 2 (1CeV\ V2
=0t L) (19)
X

Thermal radius 7'tk of the core: ( T, ) 1/2 ( 1GeV> 1/2
ri® =43 m -

3 G M., (1) My 105K my

= kb Tcore =

2 T'th

Small DM core!
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DM accretion in NSF Overview and motivations

3 Two conditions to collapse into a Black Hole
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DM accretion in NS; * : Over\‘/iew and motivations

3 Two conditions to collapse into a Black Hole :
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DM accretion in NS \I‘Over\'/iew and motivations

from black hole formation
For a given O-X and mX

Compute the total number of DM particles accreted.

Assume DM particles have thermalized.

Compare with black hole formation condition s.

Accretion time Tacc to @&l
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DM accretion in NS \I‘Over\'/iew and motivations

from black hole formation
Constraintson O x for mX

Compute the total number of DM particles accreted.

Assume DM particles have thermalized.

Compare with black hole formation conditions.

Observation of old NS in DM-rich environment.

Tad = 10Gyr
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DM accretion in NS EOver\'/iew and motivations

from black hole formation
Constraintson O %

Compute the total number of DM particles accreted.

Assume DM particles have thermalized.

Compare with black hole formation conditions.

Observation of old NS in DM-rich environment.

Tad = 10Gyr
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DM accretion in NS# ,* , \New formalism for capture

Capture rate formalism:

00 ve(r)
CY= m ( i ) fo. () w(r)/ R; (w — v)dv
mX uX 0 A. Gould 1987
R(w w — u|f,(E,, 7)1 — fy(E, + q,7))d°u

] . Garami, YG, Hambye, 2018
tering on a degenerate Fermi gaz

10 : ' Yoann Genolini



%

DM accretion in NS ,* | M\New formalism for capture

Capture rate formalism:

Ve (1)
CY= m ( Px ) fo. () w(r)/ R; (w — v)dv
mX uX . A. Gould 1987
R(w w — u|f,(E,, 1)1 — fy(E, + q,7))d°u

tering on a degenerate Fermi gaz

Highly degenerate fermi gaz !
T ~107° GeV

\ pp” ~ 0.5 GeV
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DM accretion in NS#

,* | M\New formalism for capture

Capture rate formalism:

00 ve(r)
CY= m ( Px ) fo. () w(r)/ R; (w — v)dv
mX uX 0 A. Gould 1987
R(w w — u|f,(E,, 1)1 — fy(E, + q,7))d°u

tering on a degenerate Fermi gaz
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R
DM accretion in NS h\New formalism for capture

Neutrons
Benchmark A: BSK-20-1 —_— T 105K

py =1 GeV/cm?
Oy-n=107% cm?

== T=10°K
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DM accretion in NS h\-\New formalism for capture

el

Realjstic neutron star models : Potekhin etal A&A 560 2013

Neutrpns |
Benchmark A: BSK-20-1 —_— T 10%K

Py = 1 GeV/icm? == T=10°%
Oy-n=107% cm?

11 Yoann Genolini



R
DM accretion in NS h\New formalism for capture

Neutrons
Benchmark A: BSK-20-1 —_— T 10%K

py=1 GeV/§5m3 ,
Oy-nN= 10 cm \ = Geometric

== T=10°K
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DM accretion in NS# . \New formalism for capture

Capture rate formalism:

ve (1)
Ol w(r)/ R; (w — v)dv
0
R(w lw —u fo(E,, ) (1 — fy(E, + q,7))d°u

ttering on a degenerate Fermi gaz
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R
DM accretion in NS h\New formalism for capture

Neutrons
Benchmark A: BSK-20-1 —_— T 10%K

py=1 GeV/§5m3 ,
Oy-nN= 10 cm \ = Geometric

== T=10°K
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R
DM accretion in NS h\New formalism for capture

Neutrons .
Benchmark A: BSK-20-1 —_— T 10%K

py =1 GeV/cm?3 == T=10°%
Oy-n=107% cm?

Regime li
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DM accretion in NS# . \New formalism for capture

Capture rate formalism:

ve (1)
Ol w(r)/ R; (w — v)dv
0
R(w lw —u fo(E,, ) (1 — fy(E, + q,7))d°u

ttering on a degenerate Fermi gaz

Regime |l
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DM accretion in NS# . \New formalism for capture

Capture rate formalism:

ve (1)
Ol w(r)/ R; (w — v)dv
0
R(w lw —u fo(E,, ) (1 — fy(E, + q,7))d°u

ttering on a degenerate Fermi gaz

Regime |l

- . - EE
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R
DM accretion in NS h\New formalism for capture

Neutrons .
Benchmark A: BSK-20-1 —_— T 10%K

py =1 GeV/cm?3 == T=10°%
Oy-n=107% cm?

Regime li
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DM accretion in NS

18

Neutrons
Benchmark A: BSK-20-1
pX =1 GeV/cm?3

ny=107%> cm?

R
h\New formalism for capture

— T =10°K
== T=10°K
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DM accretion in NS# * , \New formalism for capture

Capture rate formalism:

Co “(w — v)dv
R(w lw —u f,(E,,7)(1— fy(E,~+ qo, r))d3u

ttering on a degenerate Fermi gaz

Regime Il

m W -
——
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DM accretion in NS h\-\New formalism for capture
d i

Realjstic neutron star models : Potekhin etal A&A 560 2013

NeutrQns
Benchmark A: BSK 20-1 —_— T 105K

| _
by =T GeVlcm? S e
\ ——- McDermottet.al.[16]

—45
Oy-N= =10~ Cm \ = = Geometric

Using heuristic
argument
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DM accretion in NS m\New formalism for capture

Novel

o
'

Self-gravitaion condition

1174 NS
C." X Tyqd = Nsay

BSK-20-1
Without BEC
t=10yrs
T=10K

BH evaporates too fast

pA Yoann Genolini



DM accretion in NS_

With BEC ™
t=10rs
T=105K

AY

22

m\New formalism for capture

Novel

'

Nuj < N

S

%74 NS boson
C* X Told — C'han
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DM accretion in NS_

23

m\New formalism for capture

Strong complementarlty W|th dlrect
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DM accretion in NSF | Ill- Revisiting Dark Matter thermalisation

Thermalisation time of DM

Through successive collisions, DM losses
energy and accumulates in the star center.

The orbits are shrinking
/ and reach :

o T \"* [1GeV\
Tth gt 10°K My

Differential scattering rate in energy :

dI’ m2 “m, [
=0
db;, A 272m? Ek

o )
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DM accretion in NS | Ill- Revisiting Dark Matter thermalisation

Thermalisation time of DM

Through successive collisions, DM losses
energy and accumulates in the star center.

The orbits are shrinking
/ and reach :
Teore \/* (1GeV') /2
ri® =43 m -
10°K My

Two novelties:

Differential scattering rate in energy :

1- Average of the differential

dr m2m, | B energy losses along the orbits.
18, ~ “onm?\ B . (B B

25 : Yoann Genolini



DM accretion in NS ‘_ llI- Revisiting Dark Matter thermalisation

Thermalisation time of DM

Through successive collisions, DM losses
energy and accumulates in the star center.

- Yoann Genolini



DM accretion in NS_

BSK-20-1
Without BEC
t=10yrs
T=10K

27
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m\New formalism for capture

Novel
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DM accretion in NS_

PEEE T B
'

BSK-20-1
Without BEC
t=101rs
T=10°K

No Thermalization

27

m\New formalism for capture

Bertoni et al 2013

Yoann Genolini



11- Revisit%\ Dark Matter thermalisation

DM accretion in NS_

Novel

R

BSK-20-1\\
With BEC *,
t=10yrs
T=10°K

Yoann Genolini
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DM accretion in NS_

P BT

BSK-20-1\'.
With BEC ",
t=100yrs

No Thermalization

107® 10™* 102 10° 102

104

m, [GeV]

28

11- Revisit%\ Dark Matter thermalisation

Novel
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DM accretion in NS e - Revisit&Dark Matter thermalisation

Novel Thermalisation bound

PLELEET LY B

The limits do not hold in the
« No thermalisation » region

BSK-20-1',
With BEC ' &

For larger cross-sections,
a larger amount of DM is
accreted and a sufficient
amount of DM might
have thermalized

No Thermalization

107° 10™* 102 10° 102 10%

m, [GeV]
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DM accretion in NS e 1l- RevisitiﬁgDark Matter thermalisation

To go beyond..second

Solve the time dependent equation
of DM

o ~+00 dl’
%(E,t) :/E dE' == (E' — E)[(E',t) = T(E) (B, 1) + ¢(B, 1)

=P The number of DM particles which have thermalized.
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DM accretion in NS - 1l- RevisitiﬁgDark Matter thermalisation
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To go beyond..second

Solve the time dependent equation
of DM

) fx (B 1) +4(E,t)

==ty (this work)

e thermalized.

[e)]
o

b
o

N
o

>
i
S
+~
Q
2y}
S
o
O
=
T
s
—
b
<
-

10 10°

Time [yrs]
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DM accretion in NS_

BSK-20-1
Without BEC
t=10yrs
T=10K
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m\New formalism for capture

Novel
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DM accretion in NS m\New formalism for capture

Novel Thermalisation bound

o o
:

90 % of the particles
In thermal equilibrium

BSK-20-1
Without BEC
t=10rs
T=10K

50 % of the particles
In thermal equilibrium

No Thermalization

107® 10™% 1072 10° 102 10*

m, [GeV]
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DM accretion in NS_

o

BSK-20-1".
With BEC "

N y

31

11- Revisit& Dark Matter thermalisation

Novel Thermalisation bound

90 % of the particles
In thermal equilibrium

Yoann Genolini



DM accretion in NS_

1
1
1
1
1
1
1
1
Ay
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11- Revisit& Dark Matter thermalisation

Novel Thermalisation bound
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DM accretion in NS
; i

Consistently with the NS EOS we extend our
contraints to the other components ...

Protons

Protons

33
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DM accretion in NS_

Case of DM particle

..Neutrons. ..

BSK-20-1 ¥

Fermion ; g ‘ i
t=10"yrs sl BSK-20-1
T=10°K Fermion
; ) E t=10"yrs
0°K

Protons

Neutrons

BSK-20-1

Fermions
00yrs
0°K

m, [GeV]

Protons
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DM accretion in NS \
; i

& prospects:

-New formalism for capture, let include realistic NS profiles.
-New Dark Matter constraints, (n, p, mu) & improved treatment of thermalization.
-Robust constraints : tested with several EOS still allowed by data

BSK-20-1
Without BEC
t=10%0yrs

T=105K With BEC \\ ©

t=10¥yrs N
s3] T= ].OSK >

No Thermalization No Thermalization

0762
10 10* 1072 10° 102 10* 10 10%8 10%°

0762
10-¢ 107 1072 10° 10? 10*%

m, [GeV] m, [GeV]

-Could be a leading mecanism for « Light » black hole formation detected by GW ?

35 Yoann Genolini
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