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Dark and Luminous NS

Stellar progenitors can end their life
configuration called Neutron Star.

in a compact

We do not know yet if NS are mostly neutrons with a
component of protons, electrons and heavier hadrons H,
others.

The NS was coined around n discovery.

Multimessenger Windows are key to constrain nature of
Dark Matter as it may feel/interact:

* weak messengers (neutrinos)

 EM radiation (photons)

e gravitational waves

Dark Matter are believed to be BSM astroparticles that may
be around the corner (ALPs, strangelets, steriles,
wimps/simps..see the WISPedia 2602 .09089v2
slim DM version)

So far free parameter space to evade bounds

Q: Can we constrain Dark Matter using
Information from Multimessengers? YES!

Stellar Nebula
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Mass vs Radius from X-ray photons o
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..Mass vs Radius: Two fluid with Sl solution
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NS Cooling: admixed NS with light DM case - A
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NS cooling calculations including GR N / S .
(with hadron SF) "““
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SN core collapse involves high T and large densities in the inner core.
There is a long-sought possibility of producing quark bubble nucleation.

Alternatively self-annihilating DM act as a Trojan Horse mechanism and
final state photon injection

Neutron star

XX —qq— Nvy

Thus NS hadronic matter could undergo a phase
transition from a metastable phase (Hadron) to a more
stable one (Quark CFL) if right thermodynamical
conditions. Millisecond GRB expected.

WKB approximation nucleon barrier
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Axion-like particles inside NS

ConS|der|ng a magnetlzed NS and GR-

16 " W (HO) = Presire (o) h 8 — pirbigiom® == Birl (G} i I d52 - eu{r)(l o 2h(.",9))c2dt2
14 . n "‘-\\\ 2 2

12l .-n.s; ol ¥ i + r (l + 2.‘((-": 9)) (dg

19 nsz _._:’ h . 5 . -

N :.GA%; g“ \‘ g B — B B ]. - _B(%)‘S

06 E 23 '\\ 04" (n) - S + O( € 0 )
= Mallick 722

: 1 <

0.0 0 Il

F,F" = —4E-B

9  Ova oG = (Gp (pseudoscalar coupling)
Ua + mya = 4 Q Q(Fo, Go) Iy (scalar coupling)
Minimal coupling x'-vith gravity G, = 1 F.. Frv — RE.B CP-odd
and electromagnetic source
— _1 _ 1(p2 2
by = —3F,,F* = 5(E* — B?) CP-even

}afa + 7-219890» +&10ra+ &0pa+ mPa = gerQ(Fo, Go)  Jeft = ?_‘?
61(?" 9) - f’(rﬁ 9)

[(r,0)  [(r,6)%
&9(r, 0) loc(fr. 0)

h
Eo(r, Q)ET%(T 9~ Qk:(;“,ﬁ)’ fg(r,ﬁ)zcotf?—i———l—if—l-

£1(T, 9)

+—+—+—
f

(o] 9]

61(?",9)5% f’

k
k

VNiVERSiDAD

B SALAMANCA 00 A~of
CAMPUS DE EXCELENCIA INTERNACIC 1218 -2018

Gm(r,0)e*"

rc2

——EA(rJ(l—F )er

——anﬁdgg),

=10
10 213 e

10712 le

Pdot (s/s)
]

108 ' e

10718 e -

10"k

0.001 0.010 0.100 1.000 10.000
P (s)

Suarez, Albertus and PG
arxXiv:2508.09141v2

~


https://arxiv.org/abs/2508.09141v2

Axion-like particles inside NS T,

Solving the static ALP ode with axion DM nature: MWNH %00 A0S

1218~2018

?82 a+ —aga,+£1a a+ E.0pa + m2a = gerE.B ‘

B = B ( p) k chiral magnetohydrodynamics
2
e elle
E = S 5B 4 5W Dehman+25
4’?1'0' c on2ohic’ om2oh2ce’
Chiral Magnetic Chiral Vortical
Effect Effect

Suarez, Albertus and PG
The combination of strong magnetic fields and chiral asymmetry in particle interactions
can lead to a separation of electric charge or axial currents

7 ( 5 0ran0) + k(lr G)aga(r, 0) + &1(r,0)dra(r, 0) + &(r, 0)dpal(r, 0) + m?a(r, 6)
= a1 B(r)? + ayB(r) cos(x). - .

1.05

a(r, 9)
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where dipolar B-fields are reasonable
Bbinar;f — B1 T BZ-

!’3

B, = Ri(ras) r—’; (cos x cosf + sin ysinf cos \),
r

1 3
By = Eﬁl(rns) n—’; (cosysinf —sinycosfcos ).
r

."3

1
B, = ERl(rng) % sin 'y sin A,

Rotating NS we can use Goldreich-Julien
model since tidal effects remain small

n(;,y(x) 0C L:.J1*B1()() -+ L:Jz*Bz(X).
m; = w5(x) = ne(x) ne~ ngy

and resonant surfaces will be determined by B
topology (time sliced) and electron density
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Inspiral Binary NS: radio-GW correlation CSX

Resonant surfaces appear where ALP mass matches plasma — WNVEsmD g0 <y
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But may become detectable in radio and dynamically tested in
the 40-170 microeV g<le-11 GeV-lrange for an optimistic case .
10 kpc, while for 40 Mpc it gets reduced 1/D?  suarez, atbertus and p6 arXiv:-2602 . 15065v1
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GW in Early Post-Merger BNS and

dark environment
Atl-2 ms after BNS merger gravitational potential can be PSALAMANCA ~ §00 AR
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approximated by well+disk. Viscous Dark environment |

Post-merger remnant: two NS cores in an effective potential

= 50
E _3 40 viscous medium / dark environment
'%c = 3 & (dissipative forces)
2 -
S : 20 &
L0 F. N51 N52 F
10 0.1 ot . : 0
el - Effective Lagrangian Viscous (dissipative) force
< Mr . ;
_'E_'_ C=(1_fejec}TT(r2+r292} : Fd——(}:z%!’z
v & Mr 242 i md
3, + (fejec + Fre) 2 R30 : —ﬁlR—xr
= d
— axis [kry 04 & = 2 . 2 I my .
fe) zn | z O~ 133 e -
0.0 l1+gq B
i T . 2 ;. Effective potential Radial and orbital Viscous damping . |
FIGURE 4 Hydrodynamic properties of matter and Tw;ssurvl\rlng sl Ml calines. [0 oo _,{ Fy(7,7) extracts | —p| Gravitational wave |
space-time within the hybrid FSU2E-PT EOS during the S, and couples r(t),6(1) energy S N
post-merger phase at t = 1.33 ms (see blue square symbol in
Figure 3) _ ozf — Farly Post-merger Suarez, Barba,
% ool A Albertus and PG
@ -
o -
Hanauske & Weih Astron. Nachr.’21, —0.2k | I | | | | | arxiv:2408.05226v2
B , 250 500 750 1000 1250 1500 1750
Ellis+’18 _ 02 — THCOD32
£ oof
&
—02r 1 | 1 1 1 1 1 1
200 400 600 800 1000 1200 1400 _ 1600 _ 1800
. b2p — THCO04D
12
« —0.2F
ZISEI 560 75;0 lDIDG IEISD IEIDO 17I50 IDIDU

t



Viscous DM and GW damping

matched
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Viscous DM may efficiently damp BNS early post-merger MERRR 40 acy
signal. CoRe database (no DM) peak structure and amplitude .
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