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We calculate the neutrino luminosity when dark matter is captured by a neutron star that eventually
implodes to form a low-mass black hole. A central disk forms out of the ejected material with a finite radial
extension, density, temperature, and lepton fraction, producing fainter neutrino luminosities and colder
associated spectra than expected in regular core-collapse supernova and black hole–neutron star mergers.
The emitted gravitational wave signal from the implosion should be detectable with ultrahigh-frequency
resonant cavities in the range ∼0.1–1 GHz.
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I. INTRODUCTION

Massive stars, larger than about ∼8M⊙ have short life-
times and end in core-collapse supernova (CCSN), leaving
behind a high-mass neutron star (HNS) or stellar black hole
(BH). An important diagnostic is the rate of neutrinos
traveling from the inner regions of the core of the massive
star and reaching to the stellar surface. Neutrino physics is
still under investigation in all areas of astrophysics and
fundamental physics itself, including neutrino-matter inter-
actions, energy, momentum, and lepton number transport,
and flavor conversion [1]. Neutrinos can change their
flavors during propagation, affecting the final yield and
elements formed in the ejecta or in the outflow both in
CCSN events and in binary NS (BNS) mergers, as known
from the recent kilonova event AT 2017gfo, compatible with
a BNS merger event at 40 Mpc [2] (see [3–5]) arising
∼0.5 days after the gravitational wave (GW) emission
GW170817.
More than five decades after the detection of the first

pulsar [6], basic properties of NSs such as their masses and
radii are still uncertain [7]. Understanding the features of
the M-R curve for NS is key to setting constraints on the

high-density part of the matter equation of state (EOS) and
the resulting massive objects left in mergers of NS, for
example, via GW analysis [8]. Missions such as current
LVK detectors—LIGO Livingston, LIGO Hanford, Virgo,
and KAGRA—the Einstein Telescope (ET) [9] in Europe,
and Cosmic Explorer (CE) [10] in the United States will be
able to test strains Logðh½1= ffiffiffiffiffiffi

Hz
p �Þ≳ −26. Recent studies

[11] considering two different detector configurations have
analyzed detection prospects for BNS that could reshape
our understanding of the underlying EOS from parameter
estimation for simulated events. Based on the uncertainties
on the tidal deformabilities associated with these events,
one can extract the underlying injected EOS within a
Bayesian framework. Remarkably, it is claimed that, with
≳500 events, one could have detections with signal-to-
noise ratio SNR≳ 12, allowing the possibility of precisely
pinning down the underlying EOS governing the NS.
Regarding composition, the interiors of these objects can

be described in terms of a screened ionic lattice in the crust
[12] and a deeper hadronic core but remain yet poorly
known. Analogously, from seminal papers [13,14], there is
now a vast literature about the possibility that matter of a
different nature, yet unknown, but with feeble interactions
with Standard Model particles, can clump in the Universe
and populate astrophysical bodies.
The evidence for dark matter (DM) is currently

overwhelming, ranging from galaxy rotation curves,
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gravitational lensing, cosmic microwave background, and
more [15]. Concerning the zoo of current DM candidates in
the dark sector, there are some which are especially popular,
such as weakly interacting massive particles [16], axions
(or axionlike particles), [17] and primordial BHs (PBHs);
see [18] for a review.
PBHs are generated by inflation due to tailored primor-

dial fluctuations and can explain all of the DM in some mass
windows [19]. Note that, from current constraints, there is a
possibility that a fraction of DM is in the form of PBHs
coexisting with additional particle candidates. Determining
the optimal PBH mass window remains problematic and is
highly constrained from recent GW detections associated
with binary BHs in the mass range 10− 50M⊙ and by
gravitational microlensing experiments over the mass
range ∼ð10−9–102ÞM⊙.
We focus on the interface of dense clouds of DM, NS,

and BH. In dense clouds of DM, the NS can accrete a
significant amount of it so that gravitational collapse may
be triggered. The effect is especially strong if the DM is
asymmetric, also known as non-self-annihilating [20–22].
An alternative pathway to NS collapse is via capture of a
PBH [23] as we detail below. The question we address here
is how can we test the remarkable scenario of induced NS
collapse.
There is wide agreement about how stellar BHs are

formed via CCSN as the core engine runs out of exothermic
fusion reactions, no longer being able to stop the gravita-
tional contraction. This fate arises above the NS mass upper
limit, currently at Mmax ≥ 2.01M⊙ [24].
In 2019, it was reported [25] that the GW190814 event

was consistent with a binary BH merger where the lightest
object ∼2.6M⊙ was most likely in a mass gap roughly in
the range ∼ð2–5ÞM⊙. In addition, recent analysis using
Hubble Space Telescope archival data and densely sampled
light curves from ground-based microlensing surveys has
spotted OB110462, that is an isolated BH with an inferred
lens mass ∼1.6–4.4M⊙ [26].
An alternative scenario is that where a low-mass BH may

form from the induced collapse, also referred to in the
literature as transmutation, of a NS due to the accretion of
DM. At this point, it is important to emphasize that different
dark agents may trigger this transformation as has been
recently discussed in the literature; see [27]. Just to cite
some examples, accretion of critical numbers of fermionic
or bosonic DM particles can induce the growth of an
internal self-gravitating BH [21,28–30]. Capture or transit
of a PBH may also trigger the catastrophic event [31–33].
Yet this collapse may also be induced by a dramatic
lowering of pressure from the nucleation of quark bubble
instabilities [34,35] and caused by self-annihilating DM in
the so-called Trojan horse mechanism. Note, however, that
our interest in this work is in evaluating the common or
expected neutrino signal after the induced collapse, accord-
ing to the previous scenarios or any others that might

happen. Elucidating between these scenarios may involve
peculiarities that are beyond the scope of this work.
The induced implosion of the NS has been shown to

produce multimessenger emission, mostly electromagnetic
(EM) transients [36] or cosmic rays [37,38]. These
transients are not accompanied by significant gravitational
radiation or neutrinos, allowing such events to be differ-
entiated from compact object mergers occurring within
the distance sensitivity limits of GW observatories;
see [39,40].
The actual rate estimated for these events is largely

unknown, as in our scenario it depends on the dark
environmental conditions. Whatever the candidate is to
DM, there is accretion onto the NS, for example, under the
PBH hypothesis, when it collides with NS perhaps in the
optimal environment, namely, the Galactic Center, where it
accumulates DM [41,42]. One of the critical parameters for
the estimation of collision rates is the typical distance
between objects. Lastly, there is not a broad consensus
about the observed signatures in the PBH mass range. In the
scenario presented here, there will be a multimessenger
signal from the NS implosion. The local rate of NS
formation, estimated as the local rate of CCSN, gives an
upper limit for the rate of NS conversions, on the order of
[43] RNSimplosion ≲ 1.01 × 105 Gpc−3 yr−1. Other distinc-
tive features, such as emission of a very short gamma-ray
burst [36], were found to be dependent on beaming
factors hfbi when averaged to RNSimplosion ∼ 10−3ðhfbi=
50Þ Gpc−3 yr−1. Focusing on our Galaxy, the capture rate
of a tiny PBH by a NS was reduced to [32,33]
∼10−10 Gpc−3 yr−1. Hitherto the uncertainties remain large,
as in the alert [44] on possible “quiet kilonovae,” i.e., those
not accompanied by the significant GW signal of a BH-NS
or BNS merger and pointing toward the possibility of
elucidating such rates through the complementary abun-
dance of r-process material.

II. DARK MATTER INSIDE AN ISOLATED NS

In a regular NS with ordinary matter EOS PðρÞ, the static
or rotating solution of the stellar structure equations in the
general relativistic framework predicts the mass-radius
(M-R) curve where compact stars can exist in stable
configurations [45] up to a maximum mass. For isolated
NS, with M ≲ 2.2M⊙, it is unlikely that a BH is formed,
according to the usual scenario. However, several novel
mechanisms involving DM have been studied that could
distort, in principle, the stellar stability. As an example, let
us consider the presence of asymmetric dark matter (ADM)
inside the NS. As studied by several authors, DM in the
form of massive particle candidates could be gravitationally
captured and accumulated in the NS core [46,47] in
sufficient numbers to trigger the gravitational collapse
once a dark critical mass (or particle number Nχ;crit) is
reached [48,49].
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An interesting scenario intimately related to this con-
cerns a PBH colliding with a NS [50–52], since a possible
high signal-to-noise measurement could demonstrate the
existence of light BHs produced in these collisions. In a
binary including a light BH, this involves inspiral and
merger phases, in which component masses lie well within
the NS mass range. Abramowicz et al. [53] claim that GW
detectors and microlensing are, in principle, capable of
detecting such objects. Special attention has been devoted
to recent sub-solar-mass PBH searches [54] with Advanced
LIGO and Advanced Virgo using coalescing binaries. The
bosonic or fermionic nature assumed for the dark sector
would not change the basic picture as presented here. In the
case of self-annihilating DM, the Trojan horse mechanism
[34,55] of efficient spark injection producing quark nucle-
ation in the core of the NS may lead to long-hypothesized
quark star formation and subsequently BH.
We start from a treatment where ordinary matter and DM

interactions are essentially gravitational with a simplified
two-fluid formalism. An admixed star with ordinary matter
(fluid 1) and generic DM candidates χ (fluid 2) displays a
M-R curve that shows different maximum masses allowed
for baryonic and dark overlapping distributions as obtained
from solving the structure equations.
It has been found [21] that, for particle ADM candidates

with mass above a valuemχ ¼ 108 GeV, there are admixed
NS solutions that yield the maximum mass around the
threshold ∼1M⊙ so that, beyond this value, collapse to a
BH would follow [22].
Typically, a massive NS with mass M and radius R is

born with a rotation frequency ω less than the Keplerian
frequency value ΩK being dependent on the precollapse
object as shown by recent work [56]. Studying the effect of
Ω on a fluid element with angular velocity relative to that of
the local inertial frames ωðrÞ in rotating NS shows

ΩK ≃
�
1þ ωðRÞ

ΩK
− 2

�
ωðRÞ
ΩK

�
2
�
−0.5

�
GM
R3

�
0.5
; ð1Þ

so that, using the relevant solution of the Einstein equa-
tions, one can approximate [57]

ΩK ∼ 0.65ðGM=R3Þ0.5: ð2Þ

Briefly, our 1D hydro general relativity code is based on
the evolution equations for the hydrodynamic variables
using a second-order ordinary differential equations (ODE)
scheme; see Secs. 2.2 and 2.1 in [58,59], respectively. This
includes radial gauge, polar slicing metric

gab ¼ diagð−α2; X2; R2; R2 sin θ2Þ; ð3Þ

with X ¼ ð1 − 2mðrÞ=rÞ−0.5 and mðrÞ is solved from an
ODE for the enclosed gravitational mass, i.e.,

dm=dr ¼ 4πðρhγ2 − Pþ τνmÞ; ð4Þ

with mð0Þ ¼ 0. The τνm ¼ 0 is part of the gravitational
mass from the energy and pressure of trapped matter. The
enthalpy is given by

h≡ 1þ ϵþ P=ρ ð5Þ

and the Lorentz factor γ ≡ ð1 − v2Þ−0.5, where global units
are used G ¼ c ¼ M. ¼ 1. In addition, the relation

ωðRÞ=ΩK ¼ 2I=R3 ð6Þ

is fulfilled, I being the stellar moment of inertia. Although
correlation effects in rotating NS regarding different EOS
and the effects on the stellar structure are indeed possible,
this is out of the scope of this work.

III. NEUTRINO EMISSION

To model the disk surrounding the BH, we consider
electrically neutral matter with electrons (e−), muons (μ−),
protons (p), and neutrons (n) in the baryon (b) sector which
are to good approximation consistent with the thermody-
namical conditions ρ, T assumed in the scenarios explored.
As a specific realization, we adopt the polytropic EOS of
dense matter APR and PPEOS [60,61], which fulfills the
minimum constraint of producing M-R curves with maxi-
mumNSmass value beyond 2M⊙. We initialize the electron
fraction Ye by the initial condition of neutrino-free beta
equilibrium μνðρ; Ye; TÞ ¼ 0, where μν is the neutrino
chemical potential. As mentioned in the introduction, we
do not discuss in what follows specific features of alter-
native NS implosion scenarios, as we will focus in the
physical situation when the collapse has been already
triggered and the disk is formed around the existing BH.
The disk surrounding the BH formed from the debris of

the NS implosion can be described in terms of an electron
fraction or ratio of electron to baryon number densities in
the form Ye ¼ ne=nb. We will assume baryon number
conservation so that proton and neutron number densities
fulfill the relation

nb ¼ np þ nn; ð7Þ

and electrical charge neutrality in matter involves

ne þ nμ ¼ np; ð8Þ

nμ being the muon number density. Assuming matter is in
weak equilibrium, the following reactions hold: n ↔ pþ
e− þ ν̄e and μ− ↔ e− þ ν̄e þ νμ. As a consequence, par-
ticle population balance can be expressed from chemical
potential relations μp ¼ μn − μe and μμ ¼ μe for neutrinos
escaping the site. No heavier species are involved. The
specific form for the previous expressions regarding charge
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conservation is determined by the degree of lepton and
nucleon degeneracy ηi ¼ μi=T, i ¼ e, μ, p, n, ν, i.e., the
chemical potential-to-temperature ratio of each species in
the system.
Figure 1 shows some quantities of interest as functions of

the radial coordinate for (ordinary) matter beyond the
horizon as given from the Schwarzschild BH radius
rg ¼ 2GM=c2. We show (from top to bottom) electron
fraction, Ye, mass density ρ normalized to 109 g=cm3, and
temperature T normalized to 1011 K at t ¼ 1 ms after the
collapse event (see [62,63]). Neutron-rich matter at den-
sities 1011–12 g=cm3 is present for distances ½1; 60�rg to the
BH, while it is isospin symmetric beyond a distance ∼ct.
Similarly, T decreases slowly with larger r with an average
value around ∼1 MeV.
Our numerical scheme calculates the absorption or

emission rate as well as the energy-loss rates due to
neutrinos. Specifically, we consider β processes with elec-
tron-positron capture rate by nucleons e− þ p → nþ νe,
eþ þ n → pþ ν̄e, plasmon decay, where quanta of EM
field in a plasma, i.e., photons (γ) lead to neutrino-
antineutrino pairs, γ → νe þ ν̄e, γ → νx þ ν̄x, where x
denotes generically the μ and τ flavors. We also consider

electron-positron pair annihilation rate, e− þ eþ → νe þ ν̄e,
e− þ eþ → νx þ ν̄x, and the nucleon-nucleon bremsstrah-
lung rate, N þ N → N þ N þ νþ ν̄.
Figure 2 (left) shows the neutrino emissivities in the

disk, q̄ (per unit volume), as a function of radial distance
(in rg units) for the different processes considered in our
calculation, i.e., nucleon-electron (positron) Ne, electron-
positron pair annihilation, eþe−, NN bremsstrahlung,
NNBrems, and plasmon decay γ, up to r ∼ 7rg. Figure 2
(right) shows the spherical differential neutrino luminosity
for νe; ν̄e; νx (x≡ μ, τ flavors) from the BH formation site
up to the radial coordinate r ¼ 100rg at t ¼ 1 ms after the
collapse with initial magnetic field B ¼ 0.5B16, where
B16 ¼ 1016 G. For these B intensities, the matter results in
being only slightly spin polarized, and neutrino dynamics
do not change significantly [64]. The neutrino luminosity
is large for all neutrino flavors close to the BH and quickly
fades by 3 orders of magnitude in the external disk regions,
this effect being more dramatic for x flavor. One crucial
process of neutrino absorption by nucleons, νþ n →
e− þ p, provides the main channel for the scattering
optical depth.
Neutrino luminosities are shown in Fig. 3 (left) as a

function of time from the BH formation site. They are
compared to limiting cases (dashed lines) from a regular
CCSN progenitor in the mass interval ½9.6; 18�M⊙ [65] and
those from BH-NS merger accretion disk as obtained in
unmagnetized accretion disks in [66] for initial masses of
the BH and NS being 7 and 1.2M⊙, respectively [66]. In
more detail, we show specific cases for flavors νe, ν̄e, and
νx (in units of 1051 erg s−1) evolving with time after bounce
(in seconds) of the prompt collapse for 1M⊙ (solid line) and
2M⊙ (dashed line) BH in Fig. 3 (right).
Let us note that the evaluation of neutrino luminosities

involves a gravitationally redshifted volume element when
integrating neutrino emissivities [67]. These Oð1Þ factors
due to nonflat space-time will hardly modify the order of
magnitude numerical values obtained roughly as

FIG. 1. Top to bottom: electron fraction, mass density normal-
ized to 109 g=cm3, and temperature normalized to 1011 K as
functions of radial coordinate in rg units at t ¼ 1 ms after the
collapse event. Note that the system isospin symmetry is
recovered beyond a distance ∼ct.

FIG. 2. Left: neutrino emissivities per unit volume in the disk as a function of radial distance (in rg units) for the different processes
considered, i.e., nucleon-electron (positron) Ne, electron-positron pair annihilation eþe−, NN bremsstrahlung, NN Brems, and
plasmon decay (γ) up to r ¼ 10rg. Right: differential luminosity due to neutrino species νe; ν̄e; νx as a function of radius in rg units at
t ¼ 1 ms after the NS collapse with initial B ¼ 0.5B16, where B16 ¼ 1016 G.

ZENATI, ALBERTUS, PÉREZ-GARCÍA, and SILK PHYS. REV. D 109, 063015 (2024)

063015-4



Lν ∼
Z

q̄νdV: ð9Þ

A similar comment follows regarding the redshift effect on
photon luminosity, obtained as

Lγ ∼ 4πR2σT4; ð10Þ

with σ the Stefan-Boltzmann constant.
We find that, in most of the emission cases analyzed, the

neutrino luminosity associated with the NS implosion
creating the BH will be systematically fainter than regular
CCSN or predictions for BHNS coalescence such as in the
generic example of unmagnetized accretion disks in [66],
respectively. Thus, for distant events, a few neutrinos may
reach detectors on Earth such as SuperKamiokande,
ANTARES, or IceCube. Although neutrinos from cata-
strophic implosion events or binary mergers could open a
new window for multimessenger research by looking for
coincidence signals at times around GW detections, it seems
technically very challenging. Several coincidence searches
have been performed for GW150914, GW151226, and
GW170817 using a wide energy range from 3.5 MeV to
100 PeV. The SuperKamiokande analysis was performed
within a time window of �500 s, as well as 14 days after
the events, finding only neutrino events compatible with
the background [68,69] within distance of 260 kpc at
90% C.L. Similar null results are reported from more recent
data [70,71].

A. Gravitational wave strain

Below, we discuss how the NS implosion is expected to
be associated not only with bursting neutrino and EM
emission, but with a transient GW signal, and we roughly
estimate its magnitude. Most of the EM energy is radiated
away on dynamical timescales, giving rise to another
correlated transient signal, as shown in [36]. Refined GW

calculations are beyond the scope of this work and will be
published elsewhere.
As the NS accretes DM (fluid 1) from capture or transit

of external entities, the host star consisting of mostly
ordinary matter (fluid 2) develops spatial distributions
inside, ρ1ðrÞ and ρ2ðrÞ, respectively, that may finally lead
to the NS implosion. Apart from the expected multimes-
sengers in the form of photons and neutrinos, GWemission
is also expected in this catastrophic event. To our knowl-
edge, no numerical simulations have been performed
regarding the likely off-center DM nucleation trigger and
subsequent NS collapse.
For an old NS collapse induced by accretion of fermionic

or bosonic DM component, there is a critical number of
particles for triggering the NS transition to ∼M⊙ BH that
can be estimated as

Ncrit
χ ≃ 6 × 1026

�
1015 g=cm3

ρc

�
1=2� T

105 K

�
3=2

×

�
108 GeV

mχ

�
5=2

; ð11Þ

where ρc is the ordinary matter central density and we
assumed ADM particle mass mχ ∼ 108 GeV; for additional
parameter space, see Fig. 1 in [21]. However, if the DM
candidate is self-annihilating, a seeding mechanism may
lead to collapse for smaller critical masses [34,35].
It is beyond the scope of this work to compute the

transient accurate GW signal of the NS implosion. Even for
other transient emission such as for BNS [72], continuous
GW as expected for NS glitches [73], or a hypothesized
hadron-quark deconfinement phase transition [74], it
remains a challenging task. Because of the complexity
and nonexistence of transient waveforms and in order to
estimate the strength of the GW signal, expected to be weak
for nonbinary compact object mergers, we assume, in line
with [75], that the collapse process is not fully axisymmetric

FIG. 3. Left: time evolution of neutrino luminosities (units of 1053 erg s−1) after collapse and MBH ¼ 1M⊙ formation, for flavors νe,
ν̄e, and νx. We show the limiting curves for cases ½9.6; 18�M⊙ CCSN [65] and those in the BH-NS merger event as obtained in
unmagnetized accretion disks in [66] for initial masses of the BH and NS being 7 and 1.2M⊙, respectively. Right: the neutrino
luminosities for flavors νe, ν̄e, and νx (units of 1051 erg s−1) evolution with time after bounce (seconds) of the prompt collapse of NS to
BH driven by DM capture. The solid and dashed line elucidate MBH ¼ 1M⊙ and MBH ¼ 2M⊙, respectively.
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and, as a result, the l ¼ m ¼ 2; l ¼ 2; m ¼ 0 spherical
harmonic components contribute to the quadrupole moment
and waveform emitted. The former arises from the evolution
of the quadrupole moment during the collapse process, and
the (2, 0) component comes from the collapsing, angular-
averaged remnant, which is nonspherical due to its spin. The
imploding NS develops a transient disk from angular
momentum considerations. Hence, the collapsing system
develops a quadrupole moment [see Eq. (14)] during the NS
implosion due to DM accretion.
There are several sources for triggering GW emission in

the processes expected from internal instabilities and
deformation in the NS implosion. Since the complex
physics of the event is out of scope in this work, we will
consider a more tractable example, sharing some similar-
ities; for the sake of discussion, let us consider transient
deformations such as NS glitches. These can be modeled as
rectangular or decaying exponential signals (with finite
duration) with maximum strength h0.
In our assimilated picture, the transient duration of the

total GW energy emitted EGW lies naturally in the asym-
metric DM mass triggering the collapse in the uncon-
strained PBH mass gap mPBH ∈ ½10−16; 10−12�M⊙ and of
frequency fGW during a dynamical time scale τGW. This
allows us to infer [73,76]

h0 ¼
1

πdLfgw

�
5G
c3

EGW

τGW

�
1=2

; ð12Þ

where dL is the distance to the collapsing NS, typically
clustering in the Galactic Center,

h0 ¼ 6.0 × 10−25
�
8 kpc
d

��
EGW

10−16M⊙c2

�
1=2

×
�
1 kHz
fGW

��
1 ms
τGW

�
1=2

: ð13Þ

We note that typical estimates for NS glitches are at strain
h0 ∼ 10−24 1=

ffiffiffiffiffiffi
Hz

p
, below current sensitivity bounds for

on-line LVK interferometer experiments, the CE and ET
being the most likely suited for detection in the future.
Other works [77] consistently obtain a strain from the
radial oscillations triggered in the NS collapse to the BH
from the velocity and mass of the asymmetric component
of the collapsing matter, vm and mm, respectively.
Adopting typical infall velocity vm ≈ 0.1c and assuming
thatmm is determined by a fraction of the critical DM mass
mm ¼ fχmχNχ;crit with fχ ∼ 0.01 contributing, typically
at the percent level of the mass of the DM inner core.
This component is concentrated in regions of typical
size r ∼ few cm. Thus, naturally fGW ∼ vm=r yields an
expected emission range [0.1, 1] GHz. From this, a rough
estimate reads

h ≈ 2.8 × 10−23
�

d
8 kpc

�
−1
�

mχ

108 GeV

��
vm
0.1c

�
2

; ð14Þ

which contributes to the GW emission with strengths
accessible only to the sensitivity of current on-line LVK
detectors in the 0.01–1 kHz range. However, if the fraction
of matter involved in the asymmetric collapse is much
smaller or the DM candidate is not so massive, as predicted
for bosonic candidates that efficiently trigger low-mass BH
formation, the strength may dramatically fall below current
limits.
In view of similar results from other candidates, such as

PBHs [78], an additional characteristic feature could lead to
identifying the transmuted origin of low-mass BHs from
the redshift dependence of their merger rate.
Corresponding in this ADM setting to mχ ∼ 1 TeV,

lighter DM triggering collapse would not be feasible to
detect these weak signals. Furthermore, some studies [79]
have shown promising results on subsolar mass BHs
performing extreme mass-ratio inspirals around a super-
massive BH and SNR in the range of detectability by LISA
or ET.
Given the large uncertainties from the lack of reliable

simulations, it is worth pointing out here that some estimates
[44,80] find instead different GW range frequencies fGW ≲
10 kHz emitted for alternative scenarios involving the NS
collapse, showing thus the challenging task to obtain a
template bank for these events, allowing detection from
matched filtering, i.e., comparing the observed data with a
set of templates of the expected waveform.
Note that these previous estimates predict different

frequency ranges for the expected emission, with modes
in the low- and ultrahigh-frequency range. Also for the later
case, as claimed in [81], this is characteristic of additional
scenarios such as mergers of PBHs in the light-mass range.
In this scenario, the predicted strain amplitude is tiny:

h0≃ 9.77× 10−34
�

fGW
1 GHz

�
2=3

�
mPBH

10−12M⊙

�
5=3

�
dL

1 kpc

�
−1
;

ð15Þ

for a generic PBH. This is seen to be orders of magnitude
lower than sensitivities Logðh0Þ ≃ −26 at kilohertz
frequencies planned for the next generations of detectors
like CE with a sensitivity depth Ds ¼ 20–30=

ffiffiffiffiffiffi
Hz

p
.

The technology required for an indirect detection is
radically different and based in microwave cavities, so that
a GW passing through a cavity containing a static magnetic
field produces an effective current giving rise to an
electromagnetic field that oscillates at the same frequency
of the GW.
Ultrahigh-frequency GW in the gigahertz band would

naturally be produced in other scenarios as well such as at
the horizon size at grand unification or string scales and in
phenomena like phase transitions and preheating after
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inflation as discussed in [82]. It would be difficult to detect
with present sensitivities; we most likely could be able to
detect such events only in the Milky Way or nearby satellite
galaxies at distances of dozens of kiloparsecs.

IV. CONCLUSIONS AND DISCUSSION

We have argued that accumulation of sufficient, for
example, asymmetric, DM inside a single NS may trigger
the collapse into a low-mass BH, and this releases unique
neutrino signals and possibly also ultrahigh-frequency GW
signals in the ∼ gigahertz band. Such emission is not
accessible with current interferometer devices and could be
detected via future experiments based on resonant cavities.
In addition to bosonic and fermionic ADM and self-
annihilating candidates with feeble interactions with ordi-
nary matter, there has been further recent discussion on
PBH-NS accretion or collisional capture and the path of
sink PBH material into the NS. Associated phenomena
such as mechanisms for fast radio bursts (FRBs) warm up
the inner core.
We do not address the source enigma of the FRB which

is due to the reconnecting NS magnetic field (see [83]).
Subsequently, FRBs and electromagnetic transients, such
as kilonova-type afterglows, could occur during the colli-
sions of PBH with NS following energy release via
gravitational drag. These PBH-NS collisions are a probe

of DM PBH-dominated galactic halos [84,85]. The light
component, that is, an imploding solar mass NS, including
the EOS in relativistic and nonrelativistic regimes [86],
could play an important role in interpreting the trigger of a
LIGO subsolar mass candidate. Simulations [87] of PBH
capture by both NSs and strange stars show GW signal
differences at kilohertz frequencies, potentially resembling
our case of DM-induced collapse to a BH and suggesting
that this might be a novel probe of the dense matter
equation of state. Such collapsing NSs are candidates for
FRBs [85,88].
We have focused here on the low-mass BH fate of these

NSs. The neutrino luminosity curve obtained from our
calculation shows a unique and much fainter character than
for regular CCSN or NS-BH mergers. Strategies of detec-
tion based on coincidence signals from multimessengers
seem very challenging with current technologies, although
constraining the DM phase space may be within reach in
the particular scenario of imploding NSs.
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[49] M. Ángeles Pérez-García, H. Grigorian, C. Albertus, D.

Barba, and J. Silk, Phys. Lett. B 827, 136937 (2022).
[50] V. Takhistov, G. M. Fuller, and A. Kusenko, Phys. Rev. Lett.

126, 071101 (2021).
[51] Y. Génolini, P. Serpico, and P. Tinyakov, Phys. Rev. D 102,

083004 (2020).
[52] Z.-C. Zou and Y.-F. Huang, Astrophys. J. Lett. 928, L13

(2022).
[53] M. Abramowicz, M. Bejger, A. Udalski, and M. Wielgus,

Astrophys. J. Lett. 935, L28 (2022).
[54] R. Abbott, H. Abe, F. Acernese, K. Ackley, S. Adhicary,

N. Adhikari, R. X. Adhikari et al. (LIGO Scientific

Collaboration, Virgo Collaboration, and KAGRA Collabo-
ration), Mon. Not. R. Astron. Soc. 524, 5984 (2023).
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