u.uuﬁ.u.u *
. 3 11 f ' l Fundacao CF UC ICDMS2023_
O, ol para a Ciéncia ]S

I c a lecnologia

UNIVERSIDADE B

COIMBRA

SMOKING GUN SIGNALS OF DARK
MATTER IN COMPACT STARS

E. Giangrandi, V. Sagun, C. Providéncia, T. Dietrich, O. lvanytskyi



Accretion of Dark Matter

Due to their huge compactness, NS may be able to accumulate a sizeable
amount of Dark Matter (DM);

Dark Matter Halo .~ ® Proto-cloud - mixture of Baryonic
Matter (BM) and Dark Matter (DM);

e Main Sequence star accretion;

e Supernovae - creation of DM;
- e DM Clumps;

Galactic Bulge / N e Accretion of Self-Interacting DM;
Galactic Disk

CHECK IVANYTSKYI’S TALK TOMORROW!
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The Bullet Cluster provides constraints on the cross section o,,,
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MR curves for self-interacting bosonic DM core scenarios
Giangrandi et al., 2022
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Lambda-M curves for self-interacting bosonic DM core scenarios

Giangrandi et al., 2022
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DM Halo Rouw = Rp

A INCREASE

DM core R, = Rg

A DECREASE

Effective speed of sound approach

GIANGRANDI ET AL., 2022

GIANGRANDI ET AL., 2022 DAS ET AL., 2020

ELLIS ET AL., 2018
BEZARES ET AL., 2019
KARKEVANDI ET AL., 2022
MIAO ET AL., 2022
LEUNG ET AL., 2022
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Effects on thermal evolution &% fCt...:

Time evolution equation of the red-shifted temperature

dT°°
| Red-shifted Red-shifted Ry Tted
Heat Capacity : N Ny . Heating/Cooling
Neutrino Luminosity Photon Luminosity due to DM

Light DM particles, such as axions, could contribute as an additional cooling
channel in NS and their mergers
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Effects on cooling curves @ fCComn. . W0 O
 Even asymmetric DM models may
affect NS thermal evolution; 0, R
DM gravitational pull leads to denser 6.8 | SR S S
baryonic cores
. :
8 0 j
I~
EH’ :
Direct Urca process triggers at lower mass configurations
5.2 : N T . VU, R WA .
CHECK A. AVILA’S POSTER AT -2 FLOOR 15 25 35 45 55 65 7.5

logio t [yr]

Logarithm of the red-shifthed effective surface temperature as a function of time.
Avila, Giangrandi et al, 2023, (in prep)
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Effects on cooling curves

Jam COIMBRA
 Even asymmetric DM models may
affect NS thermal evolution;
» DM gravitational pull leads to denser 6.8 | o o o

baryonic cores

D.0

5.4 |

I 1 'l\ ~ I [ ] I

CHECK A. AVILA’S POSTER AT -2 FLOOR 1.5 25 35 45 55 6.5 7.5
logio t [yr]

Logarithm of the red-shifthed effective surface temperature as a function of time.
Avila, Giangrandi et al, 2023, (in prep)
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 Deconfinement phase transition to a 59 -

no PT, no DM
quark-gluon plasma (QGP) In the — [vanytskyi et al., 2022
. . _ —== f,=5.7%,m, =2 GeV
inner NS Core, 2.0 \__- f,=5.3%, m, =2 GeV
« DM and QGP cores may present 18- RN
. . . . \\
Egd;sc;ur}gwshg.tﬁlte mass, radius and = =610 IO [PREL M‘N’..\R\‘
Idal detormabllity, > L.6- AR ~0.011 km ‘*‘;
How to split this degeneracy? E AM ~2-107% M ‘\‘\|
Future measurements of NSs B R T00013km
= = Il
moment of inertia £ !
/A ]
quark-hybrid traditional neutron star ,','
star "
1.0 - 0
1]
d

10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0
R [km]

STAY TUNED FOR THE PAPER!
Giangrandi et al., 2023, in prep. MR curves degeneracy between DM-admixed and Hybrid NSs.
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Summary

1) Measuring mass, radius and moment of inertia of NSs with few-% accuracy

Radio telescopes MeerKAT, SKA, ngVLA plan to increase pulsar timing and discover Galactic centre pulsars
Space telescopes NICER, ATHENA, eXTP, STROBE-X are expected to measure mass and radius of NSs with high accuracy

DM core Mass and radius reduction of NSs towards the Galaxy centre
DM halo Mass increase of NSs toward the Galaxy centre

2) Performing numerical simulations of binary neutron star mergers and kilonova ejecta for
DM-admixed NS for different DM candidates, particle mass, interaction strength and fractions

supplementary peak 1n the characteristic GW spectrum of NS mergers; exotic waveforms; modification of the kilonova ¢jecta;
post-merger regimes: the next generation of GW detectors, 1.€., the Cosmic Explorer and Einstein Telescope.

Large statistic on NS-NS, NS-BH mergers by LIGO/Virgo/KAGRA and Einstein Telescope would be very helpful
Supplementary peak in the GW spectrum

Exotic waveforms High precision required, thus the Einstein Telescope

Modification of the kilonova ejecta

. . . - : : 0.20
3) Detecting objects that go in contradiction with our understanding M~ 0.77F

M
2917 Vo
(Anomalous thermal evolution, MR curves, e.g. HESS J1731-347)

R ~ 10.4738 km

4) High/Low surface temperature of NSs towards the Galaxy Centre due to symmetric DM

5) Modification of the pulsar pulse profile or light bending as a consequence of a DM Halo
6) Degeneracy between QGP and DM cores

Doroshenko et al., 2022



Thank you so much!
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BM and DM chemical potentials scale proportionally

:u)(,c = fl/tb,c
| "
We can rewrite the speed of sound squared as follows =1 Cs B (1 - ;7) .
dpp op, dp, 0 % 2 8 de, du, o
| C
9) dp tot Opip | Op, dug a//tB Op,, dug A .
.y = = = By construction, we have
, dg tot a(C’.B I 68)( d,l/l X 083 + agﬂ( d’u X
oup  Op, dug Oy O, dug
Let’s define a new parameter n € [0,1]
—1 —1
N dep | Oey 08, du, | ong |ong 0,
= - — L E2 2
Opp | Oup  Op, dup Opp | Oup O,
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BM and DM chemical potentials scale proportionally
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Speed of sound for a DM core (Left Panel) and halo scenarios (Middle Panel).

GIANGRANDI ET AL., 2022
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Thermal evolution

Surface Temperature DM HEATING DUE

TO ANNIHILATION

10° |

10* |

~ Time

10° 10* 10° 10° 10" 108

KOUVARIS 2008
KOUVARIS&TINYAKOV, 2010
HAMAGUCHI ET AL., 2019
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Evolution of the

surface temperatures of a 1.44 M, neutron star situated at
various galactic radii. In the present case, m, = 10 GeV, o, =
1.5 X 10"*" cm” and (r_», @) = (16 kpc, 0.19).
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