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Compact Dark Objects

NASA

We propose a new method - based 
on astrometric lensing - for dark 
compact object searches.

- Dark matter:
- Primordial black holes
- Boson stars (e.g. axion condensate)
- Non-topological solitons (e.g. Q-balls)

- Astrophysical:
- Supernova Black holes
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Why Now: Gaia DR4

2016: Gaia DR1

2018: Gaia DR2

2022: Gaia DR3

2025: Gaia DR4

~2 billion sources w/ 
time-series astrometric 
data taken over 5 years!

ESA
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Idea

NASA

Create two realistic mock DR4 catalogs:
1. Containing astrophysical MW black holes
2. Containing compact MW dark matter

Then:
Search for astrometric lensing and infer 
constraint + discovery potential
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Mock Catalog Statistics

Stellar Distribution + Kicks NFW Profile
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Analysis Procedure
To account for binaries
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NASA

Projected 
detection of 
~4 isolated 
astrophysical 
BHs. 

BH Detection
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NASA

Only 1 Previous Isolated BH Found

Sahu et al. 2022, Lam et al. 2022 
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DM Constraints

NASA
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Pipeline Public on GitHub
https://github.com/mkongsore/BlipFinder  

We will apply it to Gaia DR4 in 2025 - stay tuned!

https://github.com/mkongsore/BlipFinder
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Future

NASA

Roman Galactic Bulge Time Domain Survey 

Other proposed/future telescopes: THEIA, etc.
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Main Points

NASA

- Astrometric lensing is more powerful than photometric lensing 
for detecting dark compact objects 

- Gaia Data Release 4 (DR4) will be the first data set where this 
advantage can be utilized 

- Thorough analyses of mock catalogs show that Gaia DR4 will 
- 1. Be able to detect ~ 4 isolated astrophysical black holes (BH) 
- 2. Produce leading constraints on compact dark matter (DM) 

- Future missions (Roman, THEIA, etc.) are promising for 
astrometric lensing 
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Hypothesis Test
ℒ({θn,obs} |y) = ∏

n

1

2πσn

exp( −
1
2

σ−2
n (δθn)2)

Assume Gaussian Likelihood:

Blip Test Statistic:

τ ≡ 2 log
ℒ({θn,obs} |yblip)

ℒ({θn,obs} |yfree)

Multiply on priors 
for loss function

Two Models: 
1. “Free Model” (5 parameters) 
2. “Blip Model” (11 parameters)



The Traditional Approach: Photometry

Bennett, Notre Dame 
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Mock Catalog Statistics

Stellar Distribution + Kicks NFW Profile
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NASA

Only 1 Previous Isolated BH Found

Sahu et al. 2022, Lam et al. 2022 
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Analysis Procedure
To account for binaries
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Mock Catalog Construction

NASA

1. Extrapolate source trajectories from Gaia 
Early Data Release 3 (EDR3)

2. Inject BH and DM based on priors

3. Calculate source trajectory correction 
due to gravitational lensing
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Resultant Fits in 1D

1D due to Gaia scan projection



Gaia Scanning Law
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Binaries
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Substructure
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Distribution of binary radii
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Dark Matter Substructure
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BH Natal Kicks
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Minimum Impact Parameter
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BH Proper Motion Prior
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Photometry of Six Significant Events
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Multi-blips
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