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Few questions…

How many BHs are there in our Galaxy?

How are they formed?

Single or in binaries?

…Or in multiple systems?

What is the mass function (Gap?)

What is their spatial distribution, 
dynamics (natal kicks?)

How do we find them?
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↵ = �1.3 for M 2 [0.08, 0.5]M�

↵ = �2.7 for M 2 [1, 150]M�

Initial Mass Function

↵ = �2.2 for M 2 [0.5, 1]M�

• Observational biases for the most massive stars,
• Binary evolution changes the shape of IMF and shifts BHs 

formation towards lower masses
• IMF itself not fully constrained

~400 milions!

How many Black holes are there?

Kroupa&Weidner 2003



Core collapse SN



Binary scenario

Generated using “Scenario Machine”, credits: http://xray.sai.msu.su/sciwork/credits.html

http://xray.sai.msu.su/sciwork/credits.html


Kiziltan et al. 2013

Dark Remnants - Neutron Stars

NSs slightly less challenging than BHs
very accurate mass measurements possible
only binaries in the sample



Dark remnants - Black Holes

~20 X-ray binaries with mass 
estimations 
BHs mass distribution 
Gap in 2-5 solar masses range?

Özel et al, 2010
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observations of 20 X-ray binaries

Fryer &Kalogera 2001 Fryer et al. 2012

theoretical distributions



Gravitational Waves

Very promising 

Up to few hundreds per yr with Advanced LIGO 

Only binary systems 

Extragalactic sources 

Mostly very massive BHs

Belczyński et al. 2016



Credit: Scott Gaudi

Microlensing



• About 20% of  microlensing events should be due to stellar 
remnants (Gould, 2000) 

• WD – 17% 

• NS – 3% 

• BH – 0.8%

--



Search for lensing remnants

• OGLE-III: 2001-2009 

• 150 millions of  stars in the Bulge 

• 3500 standard events for Bulge 
structural studies 

• 59 high quality parallax events 

• 19 events with P>50% having a 
remnant (dark) lens 

• 15 events with P>75% having a 
remnant (dark) lens 

• 3 BH lens candidates (P>95% 
remnant) + NSs

Wyrzykowski et al. 2015

Wyrzykowski et al. 2016



Gaia and microlensing



Astrometric microlensing
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Astrometric microlensing in Gaia

M ⇡ 8M�

tE ⇡ 250 days

Ds ⇡ 8 kpc

µrel ⇡ 4 mas/yr



Photometry and astrometry



Lens masses 



Summary

Microlensing is the only tool to observe (indirectly) and 
measure the mass of  single stellar BHs 

Gaia astrometry combined with ground-based photometry 
of  microlensing events can provide lens mass measurements 
with accuracy up to 5% 

The astrometric alerts would provide knowledge about the 
microlensing prior to the photometric signal and thus 
allow a necessary follow up


