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Exploring Ultralight DM effects on BNS me-

Motivation

* Ultralight DM environment
can accrete gravitationally

WDM limit

keV
t

GeV 10mv My

L € |

10 My,

l

T T T

“Ultralight” DM “Light” DM WIMP  Composite DM Primordial

aroun d B Ina ry N Ss ) on-thermal ark sectore @balls,nuggets, et hlack holes
bosonic fields sterile v
can be thermal
- J

DM models mass range (not to scale) [Lin, 2019].

Phys.Rev.D 113, 044045 2 /15



Exploring Ultralight DM effects on BNS merg-

Motivation
* Ultralight DM environment
can accrete gravitationally
around Binary NSs.

* If they are bound to the
binary — potential
observable signatures.
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Exploring Ultralight DM effects on BNS mergers

Motivation

* Ultralight DM environment
can accrete gravitationally
around Binary NSs.

* If they are bound to the
binary — potential
observable signatures.

* BNS merger and
post-merger dynamics —
GW waveform, amount of
matter ejected, and remnant
fate.
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Main question

Considering higher asymptotic DM
densities, how does an ultralight DM
modeled as a complex scalar field modify
the BNS merger dynamics?
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Methodology: Numerical Relativity (BAM)

* Einstein equations are solved on
spatial hypersurfaces and evolved
forward in time.

Phys.Rev.D 113, 044045 5/ 15



Methodology: Numerical Relativity (BAM)

* Einstein equations are solved on
spatial hypersurfaces and evolved
forward in time.

* Matter and scalar-field dynamics
enter through the stress-energy * In our setup, we evolve
tensor.

T =T + T2 |

* and,

V. I¥ =0; VT = 0.
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Scalar Field Evolution .

Action Energy density
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Scalar Field Profiles: Initial Configurations

Uniform profile Overdense profile
» Effectively mimics a » Motivated by overdensity
homogeneous background field. around the stars.

[ Uniform'Profile ' ' '
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"X dpns'
p=017 M1 =m,~23x10""eV; n =008 M ' ~11x 107" eV

* p,~108M2~6.2x10° gem ™3
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GW Dephasing _
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» Dephasing of around 0.3 radians in the case of the 2.7 M, system,
regardless of the initial profile — angular momentum exchange!
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Ejecta Mass .
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» Close to twice the ejecta in the case without DM — deeper

gravitational potential well; both profiles showed a similar range.
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Central Rest Mass Density _
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» Formation of a BH post-merger is delayed with the scalar field as a
consequence of the counteracting pressure term from the field.
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Summary

* Scalar field DM is not dispersed by the BNS. Instead, it tends to cluster around
and within the neutron stars.

* Slight dephasing in GW in the presence of the field — accelerated inspiral.

* Suppression of unbounded ejecta and delayed BH formation due to counteracting
pressure, observed in the differences in central density.

* However, the densities considered are higher than the realistically expected range,
possible self-interactions and ALPs might lead to larger accumulation and novel
dynamics.

Phys.Rev.D 113, 044045 13 /15



Lighter than QCD Axions + NS _

Vacuum potential
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Discussion and Questions _

Thank you for listening!
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Backup Plots



Noether Charge evolution _
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ADM angular momentum exchan_
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Simulation Parameters s

Total Mass Profile Identifier p  Init. Sep. Resolution

dpns

Uniform UPZ], 017 18 128,144,192
27 Uniform  UPJles 0.085 18 144

Overdense OP37,  0.17 18 128,144,192

Vacuum  NF — 18 128,144,192

Uniform  UP3$, 017 21 144

3.6 Overdense OP3%, 017 21 144

Vacuum  NF — 21 144
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Simulation Framework Summary

Setup/Evolution

Details

Initial Data (SGRID)

Pseudo-spectral code
XCTS (Extended Conformal
Thin Sandwich)

Evolution Scheme

BAM code
Z4c formalism

Gauge Conditions

1 + log slicing for lapse evolu-
tion
Gamma-driver shift condition

Matter Model

Neutron star EOS: SLy equation
of state
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