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Gravitational Probe Complementarity 

● Gravitational wave astronomy has opened the window to study 
cosmological compact objects in merging binaries.

● The LVK collaboration has characterized over 100 events (2410.19145), 
with many more event candidates to come in the future.

● The increase in statistics still only probes compact object physics in a 
particular configuration: merging binaries. 

● Gravitational microlensing offers a new window to probe a different part 
of the compact object population, the isolated and non-merging binaries 
within the Milky Way.



Comprehensive Population Overview
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The detection probes of gravitational waves and gravitational microlensing 
are complementary channels of discovery for compact objects.





Beyond the Stellar Graveyard: 
Dissipative Dark Matter
● Astrophysical observations of the diversity of rotation curves suggests that 

dark matter (DM) may have self-interactions.
● Dissipation in self-interacting dark matter can potentially form compact 

objects through fragmentation, cooling, and gravitational collapse, 
providing a new formation channel for compact objects.



Case Study: Atomic Dark Matter

● The atomic dark matter 
(aDM) model is composed of 
two dark fermions analogous 
to an electron and proton 
interacting via a “dark 
electromagnetism” force, 
forming hydrogen-like bound 
states (1802.08206).
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Dark Black Holes

● Dark black holes (DBHs) are 
compact objects, formed from the 
gravitational collapse of 
fragmented dark hydrogen 
clouds. 

● DBHs have unique mass ranges, 
which include subsolar masses 
(1802.08206).

● DBHs may be formed in binaries, 
a fraction of which can be 
merging today, or isolated, 
making them sensitive to 
gravitational microlensing.
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Gravitational Microlensing

● Microlensing is the gravitational 
phenomena of temporal 
magnification of a stellar source 
due to a lens mass moving along 
the line of sight (0811.0441). 

● Microlensing can detect isolated 
or binary non-luminous compact 
objects.

Microlensing geometry figure from 
(2312.06412)



Gravitational Microlensing

● The parameters determining the 
microlensing light curve 
signature include the mass of the 
lens, the distance of the lens, and 
the velocity of the lens.

● The observables are the Einstein 
crossing time and to break 
mass-distance degeneracy, the 
microlensing parallax.

Light curve figure from (0811.0441).



Suite of Observations
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White Dwarfs/Neutron Stars as a Similar 
Population
● White dwarfs (WDs) and neutron 

stars (NSs) are compact objects 
which exist in the subsolar to 3 
M

⊙ mass regime, as expected for 
DBHs.

● These populations share 
microlensing parameter space 
making WDs and NSs a useful 
reference to estimate 
microlensing signatures for 
DBHs.



PopSyCLE Framework
● The Population 

Synthesis for Compact 
object Lensing Events 
(PopSyCLE) is a 
microlensing simulation 
tool that creates a 
realistic compact object 
population from stellar 
evolution models and 
uses observational 
microlensing survey 
parameters to predict 
what a microlensing 
survey would see.

Figure from (2211.06771).



Rescaling Approach

● Assuming that the DBH population formed externally, and were brought 
into the Milky Way via a merger, their present-day spatial and velocity 
distributions may trace the stellar population.

● Take PopSyCLE WD/NS population as a reference to estimate the number 
of microlensing events that a population of DBHs would yield.



Rescaling Results 



Gravitational Wave Merger Rate

● DBHs can also form in binaries with the merging timescales calculated 
using Peters formula

and with the detection rate for gravitational wave observatories given by 

.

(1802.08206)



Gravitational Wave Results

.

● Gravitational wave data 
constrains the cosmological 
fraction of DM in DBHs.

● Singh et al. 2021 (2009.05209) 
use Bayesian inference on two 
gravitational wave events to 
calculate how likely these events 
would originate from DBH 
binaries.



Conclusion and Future Work

● A novel population of DBHs overlaps with known compact object 
populations in mass range and microlensing observables providing a 
first-pass estimate.

● Rescaling results align with gravitational wave constraints for fraction of 
dark matter in DBHs.

● Combining gravitational waves and microlensing detections provides a 
comprehensive overview of compact object populations, including 
populations from exotic dark matter models.

● Future work will aim to utilize the full PopSyCLE pipeline to predict the 
microlensing signatures of DBHs for LSST and Roman Space Telescope 
surveys.


