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MOTIVATION

[Symmetry magazine]



ANOMALOUS COMPACT OBJECTS

e HESS PSR J1231-1411 (R = 9.9170:58 km, M = 1.121507 Mg)
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e PSR-J1231 [L. Qi, S. Zheng, ]. Zhang, 2025]
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6 8 10 12 14 16

Radius (km)



P [MeV/fm?3]

NUCLEAR EQUATION OF STATE [.MAlarcén, E.Lope-Oter, J.A Oller 2024]

Low density regime
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Medium density regime

Thermodynamic consistency
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High density regime
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NUCLEAR EQUATION OF STATE

Baryonic matter equations of state

Baryonic matter equations of state
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DARK MATTER EQUATION OF STATE

Dark matter equations of state

Free Fermi gas Masses: o miowev
= |MeV . e
1 ky u IOMev EE- ® m=100GeV

.2 u 3000

€=53 i k*y /K2 —|—-.rn.f.dk = |00MeV E

f - E 2000

1 : : ke + /k2 + mf. |GeV |

=52 lkyﬁkﬁ. + ?R?(Zkf.- + -m.f:) — m} In ( - )] = [0GeV o

, = 100GeV 01

T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.z

| ki kA
P = (. ] / Energy density (MeV/fm?) le7
]Tr .- ¥
0 g/ kl + 'H;'-j- Dark matter equaticns of state

104_
® m=1Mev
[ ) m=10MeV
1 ) ) . A?}-' + Ii."! -+ ?H.j- 103 o m=100Mev
_ . 2 2 (02 9. ‘ ® m=1GeVv
= a7 kpy/kp +m3(2kE — 3m7) + 3mjIn S I
T ’TH,J‘ "E ® m=100GeV
. £ 1014
k3. 3
n= ;; 12 % 10°
Y 2 p
£ 101 ¢
e ®
[ ]
1072 5 L] . N
L ] [ )
1073 [ ] ®
[ ]

T T . T T T T . T
107t 109 10! 102 10° 10% 10° 100 107
Energy density (MeV/fm?)



2 FLUID FORMALISM FOR

TOLMAN-OPPENHEIMER-VOLKOFF EQUATIONS

Initial conditions

TOV equations
s T T 4nr3(Py + P2) + m(r) | |
i = (}1 ‘*1) 7’(7’ e 2772(7__)) ﬂ[DM (0) — ﬂ{BM (0) — 0
BB i ey T Br )+ al) Poar, Pewr € (757.5 - 1075, 757.5) MeV/ fm?
dr r(r —2m(r))
| 3 nuclear EoS x 6 dark matter EoS
dm;(r) — 4r(e,(r)r2
dr

m(r) = my(r) + ma(r)
4th order Runge-Kutta method



2 FLUID FORMALISM FOR

TOLMAN-OPPENHEIMER-VOLKOFF EQUATIONS

Peyi(Rea ), Poar(Rpar) ~ 0

M(R) = Mgy (Ream) + Mpau (Rpar)

Dark matter halo around NS Dark matter core inside NS



STABILITY ANALYSIS
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RESULTS: PURE NEUTRON STAR
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STABILITY ANALYSIS
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RESULTS: ADMIXTURE FOR DIFFERENT DM PARTICLE MASSES

Mpm = 1 MeV mpy =10MeV Mmpy = 100 MeV
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RESULTS: ADMIXTURE my,,, = 1GeV

Mass (Mg)

DM fraction = 1%

DM fraction = 2%
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RESULTS: ADMIXTURE my,,, = 1GeV

Mass (Mg)
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X* ANALYSIS WITH COMPACT OBJECTS: IGEV

DM % HESS J1731-347 PSR-J1231 XTE J1814-338

1 %% (). 04 2.74 122.44

2 9 (.57 9 K9 117.64 = We do not need dark

3 % 0.44 2.30 114.24 _ {/“\jettrfgetd":;‘;'a[;”MHEss
4% .30 2.04 110.47 content to explain PSR
D Yo (.27 1.51 106G.47 " We cannot explain XTE
6 % 0.19 1.58 102.73 AL

7% (.13 1.37 09,02

8 Y ().08 1.19 05.31

9 Y ()04 1.04 01.43

10 % (.02 (). 54 M. 10




DARK MATTER CAPTURE

s it possible to have such fractions of DM in the star? How to maximize the capture
Most likely no [P.Tinyakov, M. Pshirkov, S.Popov.2021] = Strong DM-nucleon interaction
= Capture at star formation: = Unusually slow DM particles
might not stay in NS after * Unusually high DM densities
supernova explosion = DM self-interactions
[T. Guver, A.E. Erkoca, M. Hall
_23 .
= Capture during star lifetime 107 Mo Reno, |.Sarcevic, 2014]
mF ~ 2.5 x 10°° GeV/s( Gp]sz 3) (&Z—;n/s) f 10%2 101 years, f=10"1° Lo° 10%° years, f=10"°
0.5GeV/cm on] 5 Lo _
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o L1076
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DISCUSSION

On DANSs

= For mDM2|GeV: DM
accumulates in the core of the
NS.

m 1 GeV doesnt compromise the
stability of the star

= For mDM<1GeV: DM forms a
halo around the NS

COs as a DANS

Huge density of DM in its
Galaxy/slow DM particles

DM in COs it’s not a free Fermi
gas

Pure neutron matter (EoSl) -
constraints on nuclear equation
of state

Future searches for DM

= X-Ray pulse profiles [Z. Miao,Y.
Zhu, A Li, F. Huang, 2022]

®  Tidal deformabilities and
gravitational waves
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