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DM Imprints Gravitational Info in Gaia

Outline :

1. Astrometry & Gravitational lensing

2. Mock Gaia catalog & Analysis

3. Projection on compact DM constraints
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Lensing
Photometric Astrometric

ESA/Hubble & NASA arXiv:1804.01991
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Lensing
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Gaia Astrometry
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Trajectory 5 Parameters
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Trajectory + Lens 5 + 6 Parameters
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Mock Catalog

EDR3 (2020) DR4 (2025)

~1.5 ✕ 109 stars ~2.0 ✕ 109 stars

5 parameter 

astrometric solution

Full 5 year 

time-series data

+ distance prior
mock catalog

arXiv:2012.05220

8



Inject Compact DM Lens

NFW profile
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Inject Stellar BH Lens
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Analysis Pipeline

Form TS ≃ Δχ2

arXiv:physics/0203002
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Constraining DM Population

Null catalog

TS 
distribution

DM catalog

TS 
distribution

inject

compare
w/ Yellin

analysis

DM constraint
12



Projected DM Constraint
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Discover Isolated Stellar BH
4 stellar BH events above 5-σ in mock catalog
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Takeaway

1. Develop flexible & faithful mock Gaia catalog 

and data analysis pipeline

2. Projection on compact DM constraints

3. Projection on discovering isolated stellar BH
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Extra Slides
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Photometric v.s. Astrometric

arXiv:2208.14460
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Extended Lens
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Maximum deflection, Extended lens
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Gaia Scanning Law
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Gaia Scanning Law

arXiv:1609.04153
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Binaries
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Binaries
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Binaries
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DM Constraint with Background
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BH Natal Kicks
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