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GW170817: the first NS-NS merger

e Typical inspiral pattern

Mot = 2.841557 M,
M = 1.18870 05 Mg

e Kilonova-associated
e Tidal deformability parameter extraction;

LIGO Hanford

INTEGRAL

Figure 1: GW170817 and its «y counterpart signals. [LIGO/Virgo Collab 2017]]

E. Gie ndi (CFisUC) Bosonic DM in NS 22 Dec 2021 2/13




Tidal disruption: a new constraints

e Tidal deformability parameter can be written as:

_ 2 Rout °
=30 (%)

being ko = ko(8, R) the Love’s number, Ry, the outer-most radius and
M the total mass.

@ Masses extracted by the GW signal;

o Constraints on A, R as:

{A(1.4M@) < 800

R(1.4My) = 11.8972 Tkm

Figure 2: Last time-steps before the merger phase.

[Radice et al., ApJ 869:130 (2018)]
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An insight on the NS interior
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Figure 3: (Left) A-Constraints on the two NSs of GW170817, (Right) Constraints
derived from the same event on the Equation of State.

LIGO-Virgo Collaboration Phys. Rev. X 9, 011001 (2019)




Dark matter distribution

e Light dark matter (DM) particles (m, ~ 100 MeV) tend to create diluted
halo structures inside the Neutron Star (NS);

o Heavier DM particles (m,, 2 1 GeV) form compact cores.

dark matter core

dark core inside a NS

dark halo around a NS

Figure 4: Different configurations of DM structures in compact objects.

V. Sagun et al. arXiv:2111.13289 [astro-ph.HE]
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TOV equations

2 TOV equations:

BM and DM are coupled only through

dps (e +pB)(M + 47r®p) : >
P 72 (1 — 2M/r) frawty, and their energy-momentum
ensors are conserved separately
dpp _ (e +pp)(M + 47r’p)
dr r2 (1 —2M/r)

total pressure p(r) = pp(r)+ pp(r)
T
gravitational mass M(r) = Mp(r) + Mp(r), where M;(r) = 4x [¢; (r")r'?dr’ (j=B,D)
0

Fraction of DM inside the star:

o ]\'ID(RD)
X Mr

Mr = Mp(Rp)+ Mp(Rp) - total gravitational mass

O. Ivanytskyi, et al. PRD 102, 063028 (2020)
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Effect of dark matter

o DM effects mass, radius and, therefore, tidal deformability of NSs
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Tidal deformability parameter: A=k out (4)
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Mass-Radius diagram Tidal deformabilities
25 3
1000}
..... 30740 + 6620
2.0 :\ JOSIF 047 500
\\\ [ GW190425
_ 15 100
(]
=) < 50 g
Z 10 z
10|
0.5 5
1.0 . 1.4 1.6 1.8 . : 2.2

MMo]
An example of an impact of fermionic DM on M-R relation and tidal deformability of NSs

V. Sagun, et al. arXiv:2111.13289 [astro-ph.HE]
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Bosonic stars

e Considering bosonic DM particles, there’s no Fermi pressure and the
uncertainty principle is the only one preventing the collapse;

@ Once captured, DM particles slow down and tend to thermalize in the core

1
OKT, \
o= (o) 6)
m \?2 o -1 7 \!
ben = 0.2yr (TeV) (10—43cm2) (105K) ©)

@ The bosonic component can become self-gravitating

4dr

Mg > ~

pcrth (7)

or form a Bose-Einstein Condensate (BEC).

@ When rgrc S 7seh, @ black hole is formed in the inner core.

C. Kouvaris, Adv.High Energy Phys. 2013, 856196 (2013)

ndi (CFisUC) Bosonic DM in NS



Asymmetric Bosonic Dark Matter

The Lagrangian used includes self-interacting DM particles as:

1 * L 1 * 1 v 1 2
L= 5(D,,<p) DFep — imigo 0 — waw“ — imwwuw" (8)
with D, = (0, — igw,)e.
Using a mean field approximation for w, we recollect after (not so short)
calculations an EoS of self-interacting Bose-Einstein condensate:

2 2 _m2
n:%u (9)
2mg —
mr 2
p=(5) b= wf2mt - 2 (10)

Chemical potential is limited s, € [my, vV2my], my, - boson mass
my = 2« _ gelf-interaction scale
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Induced Surface Tension (IST) EoS

all particles
p= ) [pia(T, pi — pVi — BSi + Uat & Usym) + Pid(ke) — Pat + Psym]
1
all particles
¥= _ pid(T, pi — pVi — aXS; + Uo)R;
i

p;q — pressure of the ideal gas for quantum statistics

V' — excluded volume, ¥ — induced surface tension
Up, @ — model parameters

@ Thermodynamic consistency of the model:

ZPTZZ =niq (11)
@ Parametrization of the mean field potential:
Ugt = —C2nf, (12)
@ Symmetry energy pressure:
Psym(n) Asymn®

T [+ (Beymn)??

VVS, et al., Nucl. Phys. A, 924, 24 (2014)

A. Ivanytskyi et al., PRC 97, 064905 (2018)
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Gravitational instability of DM-admixed NS

Schwarzschild radius is defined as:

m=1GeV e RSch =2GM (14)
—— m=10GeV e
m=5 GeV yd
sk | == m=2GeV il
= m=1GeV //
i . . 1. .
e To avoid an instability against

complete gravitational collapse the
star’s radius should be of the order of
S the last stable Kepler orbit

3* R, km

05k /’/ i Rso = 3Rgcn, around a BH of
Schwarzschild radius.
00'/'\ v : - ) The radius of the BEC equals to Rp

Rp, km

@ consider fixed central densities n, and

ng
@ solve TOV = Rp and Rp E. Giangrandi et al., in Prep., (2022)
@ vary n%, to get new Rp and Rp

@ along the curves central density of DM
component is varying
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Summary

o We considered a novel model of self-interacting bosonic DM and tested an
effect of particle’s mass, coupling constant and DM fraction of compact
star properties

o We analyzed conditions of gravitational instability in the core of a star
that appears at Rp equal to the last stable Kepler orbit

o We admit a possibility of a DM condensate driven BH formation inside a
compact star.
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Thank you for attention!




