
Introduction
Black Holes are known to be one of the significantly most

intriguing objects in the whole Universe attracting

scientists’ attention. It is mostly believed that they are

forming due to stellar collapse [1] but other formation

scenarios, including the Dark Matter [2], globular cluster

[3] and super-massive mergers [4] are still being debated.

One of the most detailed ways to observe microlensing

effect is ground-based observations equipped with

Adaptive Optics system. Adaptive Optics eliminates

atmospheric turbulence distortions with a help of

deformable mirror and allowed achieving space-like

resolutions.

In this poster, we present a study of the microlensing

event discovered by the OGLE project 16 years ago which

was observed by the European Southern Observatory

Very Large Telescope instrument NaCo (Nasmyth

Adaptive Optics System (NAOS) Near-Infrared Imager

and Spectrograph (CONICA)) [5].

In conclusion, by analysing the Point Spread Function of

the target star in junction with the reference stars, we

detect no additional light. This means that lens can be

dark or relative proper motion is very small.
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Gravitational Microlensing concept

Gravitational microlensing phenomenon [6] is based 

on the General Relativity Theory proposed by Albert 

Einstein. Due to a massive object (a lensing star), 

which is passing in front of  the background star, the 

coming light rays are bend and the magnification is 

observed [7].

Adaptive Optics (AO) 
imaging:

The main principle of  Adaptive Optics is to eliminate 

atmospheric turbulence effects for ground-based observations. 

Due to many important factors that coming from the 

atmosphere (e.g. different wind speeds, directions, 

atmospheric layers, altitudes, also behaviour of  the photons), 

light wavefront becomes perturbed. AO system corrects the 

disturbed wavefront as an almost ideal plane wave with a help 

of  deformable mirror. Moreover, the light rays travel to Shack-

Hartmann wavefront sensor and is processed via CCD camera 

[8].

Cross section in x direction

of the normalised and

centred profiles. Flux values

were scaled by a factor of a

1000, to highlight di

differences between profiles.

NaCo is a decommissioned instrument of  ESO’s Very Large 

Telescope which was installed at 8.2 m UT1 at the Nasmyth A 

from 2014 till 2020. It provides AO imaging, imaging 

polarimetry, coronography, sparse aperture masking and has 

“no AO” mode. AO system was working with natural guide 

stars and it was installed with infrared wavefront sensors at  

(0.8-2.5 µm) and  (0.45-1.0 µm) wavelength ranges. At K-band, 

NaCo was providing 50 percent Strehl Ratio, where the 

reference star should be a science object or either a star which 

ic close by (within 55’’). It could detect targets as faint as 

K=15.9 magnitude [5].

NaCo (Nasmyth Adaptive Optics 
System (NAOS) Near-Infrared Imager 

and Spectrograph (CONICA)) 

NaCo images:

Point Spread Function (PSF) 
analytical form:

Two images were taken, including target star

OGLE3-ULENS-PAR-02 (which was subjected to 

gravitational microlensing in 2006). Target star is 

marked with a red circle. Final images are product of  

stacking multiple images with shorter exposure times. 

There are some instrumental patterns visible but impact 

they cause on the overall shape of  the pro

les is minimal.
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a) J-band image b) K-band image

We applied analytical form of the PSF [9] for NaCo, where: A0, A10 are the parameters that

describes sky background, A1, A2 – describes the coordinates associated with centre of the

profile, moreover, A3, A7 – are the Gaussian amplitudes, A4, A5, A8, A9 – are the widths of the

corresponding coordinates and A6 – is profile rotation parameter:

Results:

Cross section of  the profiles with the fitted function (green line)

Profiles from images (purple) with 

fitted functions (blue). Units are pixels for x-y plane and

counts per px for z axis.  

Conclusions:

It is unlikely that source that caused microlensing event OGLE3-ULENS-PAR-02 was a star. It would have to be either extremely

faint or have very low proper motion. Object could be located near (within 5px) the target star, but this would mean that it has very

low proper motion, used method is vulnerable to such objects, because it would merge with PSF of the target star. This would

result in good fit of analytical PSF form, therefore low χ2 value.
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