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Dark Matter (DM- )χ

https://www.darkenergysurvey.org/the-des-project/science/

Candidates

10−22eV eV

keV

MeV

GeV

1057GeV ∼ 1M⊙

Ultra-Light Fuzzy Wave like…GeV particles….black holes & macroscopic

Indirect Detection Collider SearchDirect Detection

χ + SM → χ + SM χ + χ → SM + SM SM + SM → χ + χ

Non-annihilating Heavy DM particles 
with some non-gravitational interaction with SM particles
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Direct Detection

Terrestrial Experiments

Phys. Rev. Lett. 131, 041002
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Neutron Star as a detector— kTon year1033−36 ×
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Direct Detection

Terrestrial Experiments
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Heavy DM— 
smaller fluxSmaller Cross-section— 

Neutrino Floor

Exposure
Terrestrial Detector—kTon year

Neutron Star as a detector— kTon year1033−36 ×

Another exciting probe can be Gravitational Wave (GW) detectors !!

High Cross-section— 
Interacts before 

reaching the detector



DM Capture
DM particles
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C =
ρχ

mχ ∫
f(u)du

u
(u2 + v2

esc) × Nn × Min[σχn, σsat] × g1(u)

Flux

Stellar Targets Probability of getting  
Captured after  
single collision

Vf < Vesc
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DM Capture
DM particles
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C =
ρχ

mχ ∫
f(u)du

u
(u2 + v2

esc) × Nn × Min[σχn, σsat] × g1(u)

Flux

Stellar Targets Probability of getting  
Captured after  
single collision

mχ = 105 GeV, σχn = 10−45 cm2, T = 2.1 × 106 K, MNS = 1.35M⊙

Captured DM mass ≈ 4.9 × 1042 GeV ≈ 10−15 M⊙
Vf < Vesc
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Dark core collapse & micro-BH formation 

 

 

 

Put, 1 GeV as neutron mass, neutron being fermion we get, 

NBH
χ = max [Nself

χ , NCha
χ ]

NCha
χ−fermion = ( Mpl

mχ )
3

& NCha
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MBH ∼ 1057 GeV ≃ 1 M⊙

τcollapse = 4.8 × 108 years = C−1NBH
χ
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DM thermalisation 

rth ∝
TNS

mχ
∼ 5 cm

Dark core collapse & micro-BH formation 

 

 

 

Put, 1 GeV as neutron mass, neutron being fermion we get, 

NBH
χ = max [Nself

χ , NCha
χ ]

NCha
χ−fermion = ( Mpl

mχ )
3

& NCha
χ−boson ≃ ( Mpl

mχ )
2

Mpl = 1.2 × 1019 GeV

MBH ∼ 1057 GeV ≃ 1 M⊙

τcollapse = 4.8 × 108 years = C−1NBH
χ

Heavy DM particles are the reason for this minuscule BH!! 
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Low Mass BH Formation

Seed black hole eats up the host star and 
forms Transmuted black hole

6

Growth of the micro BH & it eats the host star  

Mass of the micro BH ~    

 

10−16M⊙

τswallow = 3 × 104 years

τtransmutation = (τcollapse + τswallow) < (t0 = 13.8 × 109 yrs)

Non detection of these low mass black hole 
mergers sets constraints on DM parameter 

space.

These are termed as Transmuted Black Hole 
(TBH)



LVK Search for Low-Mass BH
LVK Collaboration (arXiv:2212.01477)

LVK concludes null detection of low mass 
BH mergers hence they put upper limits on 

the merger rate with 90% confidence. 

 

  is the detector sensitivity. 

μ90 = R90⟨VT⟩ ≥ 2.303 excluded

⟨VT⟩
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RTBH = ∫ dr
df
dr ∫

t0

t*

dtf
dRBNS

dtf
× Θ[t0 − tf − τtrans [mχ, σχn, ρext(r, t0)]]

TBH Merger Rate

BNS Merger rate & its 
spatial distribution
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Assures transmutation happens 
within the age of the universe

Dasgupta, Laha, Ray, PRL(2021)
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DM parameters for which, 
 are excluded. RTBH(mχ, σχn, RBNS, mc)⟨VT⟩ > 2.303

binary formation time

time at z = 10


transmutation time of the BNS


 = differential BNS merger rate

tf =
t* =

τtrans =

dRBNS

dtf



Results

Priors for Bayesian Analysis 

 
 

mχ ∈ [104 − 108 GeV]
σχn ∈ [10−50 − 10−44 cm2]

RBNS ∈ [10 − 1700 Gpc−3 yr−1]

Hybrid Analysis 

No priors on DM parameters.  

Forecast with  50 × ⟨VT⟩

SB, Dasgupta, Laha, Ray, PRL(2023) 9



mχ ∈ [108 − 1011 GeV] mχ ∈ [10−3 − 103 GeV]
σχn ∈ [10−48 − 10−44 cm2] σχn ∈ [10−49 − 10−44 cm2]

RBNS ∈ [10 − 1700 Gpc−3 yr−1]

Results
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SB, Dasgupta, Laha, Ray, PRL(2023)



BNS Vs Low-Mass BBH

LVK—arXiv:2111.03634

To distinguish low-mass BH mergers from Neutron Star mergers

Possible Approach


1) Tidal Deformability (Singh et.al. PRD(2023))


2) Waveform Analysis (With Basudeb Dasgupta, Shasvath Kapadia)
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Waveform Analysis
h+ − ihx = D−1

L

∞

∑
l=2

l

∑
m=−l

hlm(t) −2Ylm(ι, ϕ)

hlm(t) = Alm(t)e−iϕlm(t)

polar and azimuthal anglesι, ϕ =
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Frequency Domain data for 1.35-1.35 MØ BNS with DL = 1 Mpc

EOS-2H

EOS-BHB§¡

EOS-SLy

EOS-2B

IMRPhenomD (BBH)

In Preparation with Dasgupta, Kapadia

Luminosity distanceDL =

12

BNS waveforms from  CoRe Database

http://www.computational-relativity.org/core-database/2018/04/12/data-gwdb.html


Fitting Factor
Noise-Weighted Inner Product, 


 is the power spectral density of the detector.


Fitting factor =  lies between 0 and 1

⟨h1( f ) |h2( f )⟩ = 2∫
fmax

fmin

(h*1 ( f )h2( f ) + h1( f )h*2 ( f ))
Sn( f )

df

Sn( f )

⟨ĥBBH( f ) | ĥBNS( f )⟩
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With Einstein Telescope,  Mpc, DL = 350 m1 = m2 = 1.35 M⊙

In Preparation



Bayes Factor
BFBNS

BBH =
𝒫(data |BNS)
𝒫(data |BBH)

= e0.5(1−FF2)ρ2
BNS Cornish et. al PRD (2011)
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Modified Merger Rates
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Dasgupta, Laha, Ray PRL(2021)

Upto 400 Mpc BNS mergers can be identified with strong evidences but with higher 
luminosity distances bayesian evidence decreases and it becomes inconclusive.

In Preparation

Observed BNS Merger Rate

Compact Binary Merger Rate

Observed LMBHMerger Rate

EOS SLy and with Einstein Telescope
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Assuming no true LMBH mergers in the theoretical compact 
binary merger rate calculation.



Take Home

• GW observations can shed light into particle dark matter theory and can 
even do better than the terrestrial experiments in future.


• Given confirmed GW events like GW230529, GW190814, GW190425, low-
mass BH scenario has become a viable explanation and hence needs to 
be explored.


• Without an electromagnetic counterpart it is still hard to conclude whether 
two Neutron stars or low-mass BHs merged. We are trying to distinguish 
BNS mergers from low-mass BBH merger by analysing their full 
waveform (Inspiral + Postmerger).

Questions & Comments 
sulagna@theory.tifr.res.in
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Work in Collaboration with
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Prof. Basudeb Dasgupta Prof. Ranjan Laha

Prof. Shasvath J. Kapadia

Dr. Anupam Ray
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THANKS !


