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Different
regimes Gravitational lensing

Strong lensing Weak lensing Mico-lensing
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Microlensing of 
Galactic sources
Ocures when multiple images are
unresolved – we see only the change of
the brightness of the source.
Micro lensing is achromatic.

Microlensing allows detecting objects
normally impossible to detect (e.g.,
exoplanets, Massive Compact Halo
Objects).

Pietrzyński, G. (2018), Nature, Vol. 562, p.349-350

Image Credit: NASA / ESA / K. Sahu / 
STScI, https://www.universetoday.com/wp-
content/uploads/2014/03/hs-2012-07-b-web_print.jpg



Binary lens

Mao & Paczyński 1991

Depending on mass ratio
and separation of binary
magnification patterns may
differ.

Magnification pattern

Source trajectories on the 
lens plane

Magnification curves

Mao & Paczyński 1991: we 
expect that most of the 
stellar objects are in binary
systems



Idea: maybe gravitational lensing may explain
at least part of AGN variability.

AGNs (especially blazars) are highly variable sources for a high 
range of frequencies and on different time scales ranging from 
hours to years.

The idea that microlensing may be responsible for part of the
variability arose for the first time in the 80s.
Gopal-Krishna & Subramanian (1991) proposed that
achromatic optical variability of blazars on ~hours timescales
may be due to gravitational microlensing of the relativistic jet
knots.



Selection of the lensing candidates from the radio monitoring programs (OVRO 15 GHz, Metsähovi 22 and
37 GHz, OVRO 100 GHz, SMA 234 GHz).

XXIst century idea resurrection:



Shows four one-year long U-shaped Symmetric Achromatic
Variability (SAV) events.

The most promising candidate: J1415+1320.

Vedantham et al. 2019



Fits in different
frequencies



Microlensing Events in the Optical Lightcurve
of Active Galaxy S5 0716+714



Blazar S5 0716+714:

• Particularly high duty cycle on short time scales at optical frequencies.

• Subject of numerous intra-night monitoring programs, e.g. Whole Earth
Blazar Telescope (WEBT) and Transiting Exoplanet Survey Satellite (TESS).

Unprecedented data coverage of the
light-curve on intra-night scale

Microlensing Events in the Optical 
Lightcurve of Active Galaxy S50716+714

Bhatta et al. 2016



Whole Earth Blazar
Telescope (WEBT) Collaboration 

Peculiar achromatic "double-horn" maximum
feature with the plateau in between was noted for
the first time in Bhatta et al. 2016 ("for about 6hr
(...) the source suddenly exhibited a strongly
reduced level of flux variability, resulting in a
plateau in all four bands’ light curves”).

Ostorero et al.2006
Bhatta et al. 2016

Bhatta et al. 2016



Similar events can be spotted in TESS data.

Inspired by the work (Vedantham et al. 2017) we propose that the
we propose that the U-shaped features we see in the optical light
curve of S5 0716+714, may as well result from the lensing of a

precessing jet in the source by a binary lens.



Achromacity

Four out of the six events, have the accompanying WEBT data
(Raiteri et al. 2021) , which clearly show that the flux changes
traced by the dense TESS sampling, are followed closely in all
the B, V, R, and I filters separately

Raiteri et al. 2021



All the TESS events are possible to fit with the
same binary lens model. It is also possible to fit
WEBT events with this lens

It was difficult to find (q,d) for which it was possible to fit first
two (TESS19-A andTESS19-B the rest of the events).
On the other hand lot of trajectory parameters give similar fit
quality.



Lens binary system
• q=0.0054, d=0.7,

• q is the binary mass ratio,

• d is the binary separation in the Einstein radius units



Constains on the lens mass

Size of the emission region in blazar
cannot be smaller than gravitational
radius of the SMBH in nucleus:

Assumption (based on modelling): 
DLS<<DL, DS ≈DL

Lens is in the blazar host galaxy.
We can assume maximal apparent
velocity (for this source 30). Then:

Lens must be on the line of sight to
the jet for at least ~20 years.

Orbital period of the binnary has to
be << than the time of the event.



106 < M/M⊙ < 108 for the distance DLS ≃ 100 pc, 
104 < M/M⊙ < 106 for DLS ≃ 10 kpc.

The binary lens mass
We know the time scale of
the events from the
fitting. Assuming maximal
projected velocity βapp.

For a typical blazar with
M•∼108M⊙, the velocity
dispersion is expected to be
around σvel≃ 200 km s−1 .



What is our lens?

Mass consistent with the IMBH accompanied by
the lower mass object.

Laser Interferometer Space Antenna (LISA) is
expected to detect ~2 mergers of BHs in this
mass range per year (Amaro-Seoane et al.2022).

The IMBH lens should be accompanied by a
much less massive (ratio 1:200) object.
N-body simulations of globular clusters show
that we may expect IMBH with companions for
these mass ranges (see, e.g., Konstantinidis et
al. 2013, Leigh et al. 2013)

Paper Król et al. based on this analysis was recently submitted







• For small separations (d), magnification 
occurs predominantly in a compact 
area surrounding the centre of mass of 
a binary lens.

• If, in addition, the mass ratio is < 0.01 
magnification pattern resembles point-
mass lens

• As mass ratio grows, the area of 
magnification is also enlarged, creating 
various shapes which exact appearance 
depends on the separation parameter



Fitting procedure
After initial exploration of the (q,d)
parameter space through inverse ray
shooting, we used MuLens Model (Poleski
& Yee, 2019) to find the lens model that
may fit all events.

Seven parameters is needed to describe lensing event. Three of
them should be the same for all of the events (q, s, rho). Four
describe the source trajectory on the lens plane – they will be
different for each event

It was impossible to fit all of the parameters at the
same time. So we first found the lens (q,s) which
may fit all the events. Then we froze their values.

The fit was performed for each selected event
separately. Since the number of the free parameter
was still too large, in each fit, we selected a set of
different values of tE, and fit the remaining
trajectory parameters t0, u0 , and α.
The final model was chosen based on the χ2
statistic .


