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What is gravitational lensing
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When stars in nearby region like Galactic bulge, 
Magellanic Clouds or M31 act as lenses, the 
deflection angle is a fraction of a milliarcsec. This 
is termed gravitational microlensing.

Microlensing event has following characteristics:
1. Shape of the light curve is symmetric around 
peak.
2. Achromatic phenomenon.
3. Does not repeat during 3-4 years observation

If we monitor a large number of resolved stars 
over a fairly long period of time then we may 
detect few of them.

Gravitational microlensing
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Motivation: Starting such survey in India

Indo-French collaborative program

Keeping the target in accordance with AGAPE collaboration

Difficult journey ahead with limited facilities!

Nainital Microlensing Survey
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Nainital Microlesning Survey: Data Aquisation
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Target field for Nainital Microlesning Survey
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Problem with photometric analysis
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Data Analysis – Pixel Method
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Alignment issues and Data analysis technique
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Discrimination of microlesning event from variable stars

Achromaticity:
Variable stars change in the temperature hence in colour. However, 
microlensing light curve is colour independent due to the gravitational origin of 
the lensing effect.

Symmetricity:
Most of variable stars show asymmetric flux variation with time. But, a 
microlensing light curve is normally symmetric in time around the maximum 
magnification.

Uniqueness:
There is a very rare possibility that a microlensing phenomenon occurs twice 
at a same place so one can reject all non-unique variations except when 
source or lens stars are well separated binary.

Hence, these properties of a light curve enable us to distinguish a microlensing
event from the known types of intrinsic variability

Yogesh C Joshi



Detection of first microlesning candidate event

The light curves of NMS-E1 
after subtracting the variable 
star contribution. A model 
microlensing fit is also drawn 
removing variable star 
contribution.

The positions of NMS-E1 
shown by the circle. The left 
image shows no brightness
at the pixel position while right 
image shows a amplified star 
at that position.
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Physical interpretation of the event
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Variable stars as a bi-product of lensing survey

• The microlensing surveys have made it possible to discover and 
identify a large number of variable stars including Cepheid 
variables, RR Lyrae stars, long periodic variables (LPVs), etc.

The catalogues of variable stars compiled from such monitoring 
surveys are generally complete within limiting magnitude.

• One can determine precise pulsation period of the variables 
because of the long duration of survey and large number of 
observations.

• The large database allows the investigation of the metallicity
effects in Cepheids, which have important implications on the 
cosmological distance ladder. 
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Detection of 26 Cepheids in the photometric survey



Detection of Cepheids in the survey



P-L relation and distance of M31 galaxy
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Limitation of photometric technique in detection 
of faint Cepheids in M31

Most of the faint Cepheids towards M31 are 21-23 mag.

Using photometric technique they were not detected all the 
time

To draw a nice phase light curves, we need many detections at 
different phases

Hence we could detect only 26 Cepheids using photometric 
technique

However, we also used pixel method to identify faint low-period 
Cepheids in M31
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Identification of faint Cepheids



Identification of faint Cepheids



Detection of Novae in M31

A 2 arcmin wide subset of 
two different R band 
images taken on two 
different nights. The left 
image shows no star at the 
position marked by a circle 
while right image shows a 
star (nova NMS-1) of R =
17.2 mag at that position.

A 2 arcmin wide subset of 
two different images taken 
on two different nights. 
Right image shows a star 
(nova NMS-2) of R = 17.7 
mag at that position.
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Detection of Novae in M31
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Detection of Eclipsing binary stars
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Analysis of Eclipsing binaries
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Detection of exotic objects- Hubble Sandage variable
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Summary of Nainital Microlesning Survey

1 microlensing candidate event was detected

26 bight Cepheids were detected using photometric technique

29 faint  new Cepheids were detected using pixel technique

2 classical nova were detected

More than 330 variable stars including many eclipsing binaries 
were detected in the direction of M31 target field

Not all variable stars are analysed in detail.
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Why this talk :
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Future survey with 4-m ILMT
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Observatory

Aryabhatta Research Institute of Observational Sciences (ARIES)



 Maciewski et al., including Joshi, Y.C., 2013, A&A, 551, 108



Exciting time for Astronomy in India :

Participation in Mega Projects:
TMT, LIGO, SKA

Space missions:
ASTROSAT, ADITYA

New Telescopes:
3.6m DOT, 4-m ILMT, 2-m NLST

Under planning:
8 to 10 m NLOT
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