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Detecting Isolates Stellar Mass Black Holes
through Microlensing

• Stars with M > 20 M⨀ are thought to 
end their lives as black holes. 

• A large fraction of them are expected 
be isolated descended either from  
single massive stars, or close binaries 
that were disrupted by SN explosion 
(Agol and Kamionkowski, 2002), or 
very wide binaries.

• Yet, there has never been an 
unambiguous detection of an isolated 
black hole.  

• Solitary BHs are detectable with 
current microlensing searches.

 



Long Duration Microlensing Events are Best 
Candidates for Black Holes

MOA and OGLE
collaborations
have detected
>6000 microlensing 
events within the 
last 10 years.

They must include
massive black holes.

 



Detecting Isolates Stellar Mass Black Holes
through Microlensing

•Long-duration events, with no light from the lens, are likely to 
be due to massive, non-luminous stellar remnants. 

•MACHO 96-BLG-5 and 98-BLG-6: M >6 M⨀ (Bennett et al. 
2002). 

•MACHO 99-BLG-22: M>10.5 M⨀ (Mao et al. 2002).  

•However, all these claims are statistical in nature due to the 
well-known degeneracy between the distance to the lens, the 
mass of the lens, and the source-lens relative proper motion.



Gravitational Lensing

•Microlensing causes an astrometric shift in the pos. of the source. 
•For lenses with M ~ 5M⨀, the astrometric shift is ~1.4 mas, easily 
detectable with HST. 
•Astrometric signal falls as 1/u. So they can last many years. It is 
important to observe at the peak.



•HST can 
measure  
astrometric 
deflections by 
BHs.

•Measurement of 
astrometric shift 
gives Mass as a 
function of 
Distance, which 
is not enough.



•Parallax measurements 
provide an estimate of 
the distance to the lens.

•Ground-based follow-up 
observations can be 
used for parallax 
measurements. 



Proposed HST Observations

Plan is to observe 5 promising long-
duration events with WFC3/HST.  

Expected astrometric precision:
~0.2 mas at each epoch. 

5 M⨀ BH > 1.4 mas -> 7 sigma. 
Error in mass measurement: 0.75 M⨀. 

Potentially first unequivocal detections 
of isolated BHs, with mass 
measurements.

Detection of these BHs will provide 
the very first clues on the frequency of 
isolated BHs in the Galaxy. 



Status of HST Observations

We need alerts well before 
the peak.  

First event being followed:
MOA 2009-BLG-260

Problems:
predicted amplification: 5
blending: ~2

Peak amplification changed 
to ~20

Duration ~ 205 days.

1/19/10 12:45 PMhttp://www.artemis-uk.org/CurrentEvents/KB09260.html
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Event Parameters

Internal ID: gb10-R-1-6454

Discovery

date:

2009-5-

27T10:32:35

Identification: microlensing

RA: 17:58:28.57

Dec: -26:50:21.09

Lightcurve

Finder chart

Nearest catalogued stars

starID RA Dec mag separation

14825 17:58:28.64 -26:50:20.87 16.62 ± 0.06 0.59

Last 5 photometry measurements

Observation date I mag seeing

(arcsecs)

2455137.891 (2009-Nov-2.391) 15.65 ± 0.08 5.32

2455137.909 (2009-Nov-2.409) 15.67 ± 0.05 4.95

2455138.873 (2009-Nov-3.373) 99.99 ± 99.99 0.00

2455139.880 (2009-Nov-4.380) 15.72 ± 0.06 5.42

2455139.908 (2009-Nov-4.408) 17.33 ± 0.37 6.81

Calibration: I = 27.77 - 2.5 log10(!F + 28876.96) Single lens fit parameters

tmax =
JD

2455110.49
±

0.05 UT (2009-

Oct-5.99)

tE = 207.76 ± 0.67 days

u0 = 0.0412 ± 0.0003

Ibase = 18.28 ± 0.12

External data

Field stars

Gzipped FITS finder chart

All photometry data

Machine readable VOTable description

Machine readable VOEvent notice

MOA Finding
 chart



Status of HST 
Observations

 
•There is another object 

close to the source, which 
is brighter than the source 
by 1.16 mag in I, and by 
2.5 mag in V.

•Source resides in the 
bulge

•Consistent with no light from 
the lens.

•Observations taken in October 
2010, Feb, 2010 and June 
2010 show clear astrometric 
shifts.

•But the observed shifts 
may also be due to proper 
motions.

HST Image, taken at A~20



Status of HST Observations

 
•Proper motions are linear with time whereas the microlensing signal is 

highly nonlinear. So the next observations, which are due in March 2011 
will be conclusive.

•We will follow a total of 5 long-duration microlensing events with HST, to 
derive the masses of the lenses.

•This program will potentially provide the first clues on the frequency of 
isolated BHs in the Galaxy.

•Stay tuned for results!


