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Stellar progenitors can end their life in a compact
configuration called Neutron Star.

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)
• gravitational waves

Dark Matter are believed to be BSM  astroparticles that may 
be around the corner (ALPs, strangelets, steriles, 
wimps/simps..see the WISPedia arXiv:2602.09089v2
slim DM version)
So far free parameter space  to evade bounds 

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

Dark and Luminous NS 

https://arxiv.org/abs/2602.09089v2
https://arxiv.org/abs/2602.09089v2
https://arxiv.org/abs/2602.09089v2
https://arxiv.org/abs/2602.09089v2
https://arxiv.org/abs/2602.09089v2
https://arxiv.org/abs/2602.09089v2
https://arxiv.org/abs/2602.09089v2


Mass vs Radius from  X-ray photons
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Cermeño, Perez-Garcia, Lineros, ApJ ‘18

NICER website 2025



…Mass vs Radius: Two fluid with SI solution
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Coy DM from C. Boehm 
et al ‘14

Cermeño, Perez-Garcia, Lineros, ApJ ‘18

Mariani, Albertus,PG+ MNRAS’24 arXiv:2311.14004 Mukhop,Schaffner’16

https://arxiv.org/abs/2311.14004
https://arxiv.org/abs/2311.14004


…NS Cooling: admixed NS with light DM case
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NS cooling calculations including GR 
(with hadron SF)

PG, Grigorian et al arXiv:2202.00702v1

Light DM pseudoscalar benchmark 100 
MeV is considered

More massive NS could lead to a 
temporary Temperature plateau halt

Degeneracy for interpretation cooling with 
admixed DM or only SM processes

https://arxiv.org/abs/2202.00702v1
https://arxiv.org/abs/2202.00702v1


…Stellar collapse and self-annihilating DM
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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

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

Herrero, PG, Silk et al arXiv:1905.00893v2, 
PG,Silk & Stone arXiv:1108.5206v1

CTA QCD

https://arxiv.org/abs/1905.00893v2
https://arxiv.org/abs/1108.5206v1


Considering a magnetized NS and GR

and the probability with (WKB approx)

Axion-like particles inside NS
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Mallick ’22

Suárez, Albertus and PG
arXiv:2508.09141v2

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


Solving the static ALP ode with axion DM nature:
Axion-like particles inside NS
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Suárez, Albertus and PG

arXiv:2508.09141v2

Dehman+25

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


Solving the static ALP ODE with SCALAR axion DM nature:

Axion-like particles inside NS
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Suárez, Albertus and PG
arXiv:2508.09141v2

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


In the inspiral BNS merger, at thousand Km scale 
where dipolar B-fields are reasonable

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

and resonant surfaces will be determined by B 
topology (time sliced) and electron density

Inspiral Binary NS: radio-GW correlation
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Suárez, Albertus 
and PG submitted

Suárez, Albertus and PG arXiv:2602.15065v1

https://arxiv.org/abs/2602.15065v1


Resonant surfaces appear where ALP mass matches plasma 
frequency, as it lowers the contours are disconnected

But may become detectable in radio and dynamically tested in 
the 40-170 microeV g<1e-11 GeV-1range for an optimistic case 
10 kpc, while for 40 Mpc it gets reduced 1/D2.

Inspiral Binary NS: radio-GW correlation
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Suárez, PG and Albertus ApJ’26

Suárez, Albertus and PG arXiv:2602.15065v1

https://arxiv.org/abs/2602.15065v1


At1-2 ms after BNS merger gravitational potential can be 
approximated by well+disk. Viscous Dark environment 

GW in Early Post-Merger BNS and 
dark environment
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Hanauske & Weih Astron. Nachr.’21, 

Ellis+’18

Suarez, Barba, 
Albertus and PG 
arXiv:2408.05226v2



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

Viscous DM and GW damping 

Suarez, Barba, 
Albertus and PG,
arXiv:2408.05226v2

mperezga@usal.es
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