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Introduction
Dark Matter in Neutron Stars: Theory

e Capture of Dark Matter by Neutron Stars
o Dark Matter Elastic Scattering off Fermi-Degenerate Neutrons

Consequences: New Constraints on Asymmetric Bosonic Dark Matter

e Black Hole Formation without Bose-Einstein condensate
e Black Hole Formation with Bose-Einstein condensate
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Introduction

e If DM (x) has a non vanishing o, 7, it can be captured in celestial
objects. Press and Spergel '85, Griest and Seckel '86, Gould '87, Goldman '89
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e If DM (x) has a non vanishing o, 7, it can be captured in celestial
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® Dynamics governed by the equation

dN,,
dt

= Co — EgNy — AgN3
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Introduction: Asymmetric DM

e Motivated by the fact that the DM and baryon densities are of the
same order of magnitude. Nussinov '85, Kitano '05, Kaplan '09, Cohen '09,
many more

® No annihilation implies (for DM masses above 1078 GeV)
Ny = Coto.

® Formation of Black Holes when N, equals the Chandrasekhar limit.
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Dark Matter in Neutron Stars: Capture

e We consider DM-neutron cross section of the form

do(Viel,€080c)  Oy—p
d cos Oy, 2

e The rate of DM accretion is

Re (e ¢) f Ve
g :/ 47rr2dr/ du (X Mw(r)/ R™(w — v)dy,
0 0 My u 0
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Dark Matter in Neutron Stars: Capture

e We consider DM-neutron cross section of the form

do(Viel,€080c)  Oy—p

d cos O 2

e The rate of DM accretion is

Re (e ¢) f Ve
g :/ 47rr2dr/ du (X Mw(r)/ R™(w — v)dy,
0 0 My u 0

with

RE(w = v) — 16,uj_n(r)Nfd%/ ds/ dt t H(u)(1 — f(u))
0 0
do

+
dcosOo H>(s, t,w, v).
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Capture Rate for Const. o,,
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Scattering off Degenerate Neutrons: T — 0
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Scattering off Degenerate Neutrons: T £ 0
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Constraining Dark Matter-Neutron Cross Section with
Neutron Stars

¢ Chandrashekar Limit (for bosons):

2
NBosons ~ 1.5 % 1034 (M>

Mpm

e Self Gravitation:

Nself ~ 4 8 X 1041 100Gev 5/2 TNS 3/2
o mpm 10°K

e Condition for Black Hole with BEC formation:

100GeV \ 2 Ths \3
NBEC ~ 1. 1034 [ 2BV 1036 NS )
5x 10 o + 10 1K

McDermott '12, Kouvaris '10 '11 '12, Bell '12, Bramante '13....

X ) Probes: Constraining Dark Matter-SM
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New Constraints on Asymmetric Dark Matter (Bosons)
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New Constraints on Asymmetric Dark Matter (Bosons)
with BEC

RG, Y.Genolini and T. Hambye (in preparation)
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Conclusions and Outlook

e Considered realistic Neutron Star profile and re-evaluated DM
accretion for arbitrary degeneracy with Pauli blocking.

e Strong constraints on DM-Neutron interactions can be derived. We
show that constraints on DM-Neutron cross section is weaker than
that in literature for DM < 1GeV.
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