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Black holes (and other dark remnants):
What Do We Know? Do We Know Things?? Let’s Find Out!

● Problem 1: Stellar remnants mass distribution.
○ How massive can the remnants get?
○ Does mass gap exist?

● Problem 2: Stellar remnants velocity distribution.



Problem 1:
Dark remnant mass distribution

Chandrasekhar limit
1.4 M⊙

TOV limit
2.1 M⊙

Pair-instability SN
40 - 90 M⊙

(Farmer et al. 2020)
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Problem 2:
Velocity of solitary dark remnants



Photometric and astrometric effect

Source: K. A. Rybicki, https://www.astrouw.edu.pl/~krybicki/animations.php
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Parallax effect

● Annual movement of the Earth is 
reflected in the light-curve

● For longer events → the lens 
might be massive (or moves 
slowly…)
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Gaia

● European Space Agency satellite
● Launched on 19th December 2013
● End of mission in mid 2025
● Located in the L2 point
● Main goal: precise measurement of

the positions and movement of 1 billion stars
in the Milky Way

● >2025: DR4 – all data gathered until 2019,
including astrometric time-series



Gaia Data Release 3 Microlensing Catalogue
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Analysis of selected 35 events

● 35 events from GDR3 microlensing catalog
○ 363 → 35

● Used data from other surveys:
○ OGLE, MOA, KMTNet, ASAS-SN,

● Dark Lens Code: Analysis of lens brightness and Bayesian posteriors for the 
lens mass and distance (see: Howil et al. in prep)

● 10 events: Lens brightness not consistent with an MS star
● Candidate dark lenses: 8 WD or NS, 2 mass-gap objects or light BH



Examples



End results
Problem 1: Dark remnant mass distribution
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End results
Problem 2: Velocity of solitary dark remnants



The future

● Follow-up observations in different bands
○ X-ray, gamma, UV, etc.

● Analysis of astrometric signal in Gaia*
● Applying the same method of mass and distance 

determination to all events from Gaia Science Alerts

https://arxiv.org/abs/2401.13759

https://arxiv.org/abs/2401.13759

