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What is gravitational lensing

When a (foreground) massive object passes very close to line of
sight of a (background) source, the gravitational field of foreground
object forces the light of background source to deviate its path.

Foreground object thus acts like a lens and phenomenon is called
gravitational lensing.

Einstein ring

Spherical mass
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Gravitational microlensing

When stars in nearby region like Galactic bulge, o
Magellanic Clouds or M31 act as lenses, the H
deflection angle is a fraction of a milliarcsec. This ; } o 8

is termed gravitational microlensing. H: g
Microlensing event has following characteristics: é’;m 2

|. Shape of the light curve is symmetric around v

peak. :
2.Achromatic phenomenon. | 5
3. Does not repeat during 3-4 years observation ; 7
If we monitor a large number of resolved stars |
over a fairly long period of time then we may |« “wobediis e
detect few of them. :

Time (in units of t;)
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Nainital Microlensing Survey

Motivation: Starting such survey in India
Indo-French collaborative program
Keeping the target in accordance with AGAPE collaboration

Difficult journey ahead with limited facilities!
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Nainital Microlesning Survey: Data Aquisation

=% Telescope: 104-cm Sampurnanand Telescope, Nainital

- CCD’s used: 1Kx1K (FoV ~ 6 x 6 ) and 2Kx2K (FoV ~ 13 x 13)
-» Central coordinates of the target field = 0"43™38%, § = +41°09’.1

= Filters used: Cousin R (0.653 i) and [ (0.789 u)

= Duration: 1998-1999 to 2001-2002 observing seasons (Oct.-Jan.)
= Total observed nights: 141 (133 In R & 116 in 1)

= EXxposure time per night: <40 min in /£ and <60 min in {

- Average seeing. ~ 2.2 arcsec
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Target field for Nainital Microlesning Survey
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Problem with photometric analysis

» shape of the star
» seeing effect

* |arge sky background
% variable PSF

% surrounded in crowded region

Figure 3.5: The 13’ x 13’ target field in the direction of M31 reproduced from a 20
minute exposure in [ band on 2kx 2k CCD. The small rectangle shown in the image
denotes 6’ x 6’ field which was monitored using 1kx 1k CCD. East and North directions
are shown in the image.
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Pixel Method and basic principle

Here we look for the flux variation of each pixel (or superpixel) of
the CCD detector rather monitoring individual stars. In a CCD

pixel, we get

B = -E | -"‘-r{f.i{'f'_r_,r.{r'r}{;.ffj':-; | -Ef:-.-.f.-..gj.a

Suppose the flux of target source /', is amplified by a factor A (/)
at a particular time t, then the new flux of the pixel becomes

F' = A(t) x Fy. + Fhecighbours + Fsky
Therefore the change in the flux of the pixel is
AF = (A(t) 1) x F.

Now if the target source shows a variation in flux with time, it will
reflect in the A/ and by plotting A /" with the time, we can monitor
the variation in the flux of the target source.

However, to detect any flux variation Al >> noise level
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Alignment issues and Data analysis technique

To monitor the flux variations in any IS S [ S R | R B 5
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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
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Detection of first microlesning candidate event

8§ The positions of NMS-E1
i shown by the circle. The left
Image shows no brightness
at the pixel position while right
Image shows a amplified star
at that position.

;

star contribution. A model
microlensing fit is also drawn g"‘“
removing variable star & e
contribution.

i

The light curves of NMS-E1 - % # M
after subtracting the variable M S .M',_']_'."f'_. '

o
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Physical interpretation of the event

Boar = 20.0 £0.03, 1,4, = 18.8 £ 0.03

Applying distance modulus of M31, we get 177 _

AF e 13 .

F I 4ONMSEL gy :

Mp =512, M; = 6.16, (R — 1)y = 1.04 <} - o " ]

Then what it could be? . 7 v '

s 7 ]

e either source is a M1-type main 7 :

sequence star | ]

e Or source Is a giant star a \*\

C ‘\H ]

If it is @ main sequence star = A4,,,,, > 10° T R
which is very unlikely. | Y |

We conclude that:

e Candidate NMS-E1 could be due to halo lensing
So, most probably it is a giant or e Ifitis say ~ 22.5 mag then possible lens mass could be

sub-giant star for which 4,,,., > 6 Miene ~ 0.5Mc
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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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Table 4.2: A h=st of 26 Cepheids observed im the present study wath their characteristic
parameters.  Star identification by KALOD, Tomaney & Crotis (1996), MAGOT and
Berklmijsen et al. (1988) are prefixed with K, TC, M and B respectively, in colummn 10.
The pericds of 13 Cepheids obtained in previous studies are given in the last colunnm.
The Cepheids which we discovered and classified are respectively marked as § and * in
the first columm.
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P-L relation and distance of M31 galaxy

Using known LMC Cepheids, the standard T
Period-Luminosity relations are given as e

Mp = —2.94(£0.09)logl” — 1.58(+0.04)

Mp = —2.96(+£0.02)logl” — 1.94(4+0.01) 1

We derived a P-L relation using 24 Cepheids as 15.;-‘ —

19

R = 294logP + 23.54(+0.09)

af

I = 2.96logP + 23.02(+0.07)

Thus the apparent distance modulus is e P S

logP [Crays]

(m — M)rp = 25.12£0.09, (m — M)y = 24.96 & 0.07

r

Correcting for the extinction, it gives us a true distance modulus of

(m — M)y =24.494+0.11 = 790 + 45 kpc
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Imitation ot photometric technique In detection

\/

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

Yogesh C Joshi



ldentification of faint Cepheids

R band Pixel lLight Curve of 39 Low Period Cepheids in M31
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ldentification of faint Cepheids

| band Pixel Light Curve of 39 Low Period Cepheilds 1 MG
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Detection of Novae in M31

A 2 arcmin wide subset of
two different R band
Images taken on two
different nights. The left
iImage 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

11 (K)

15 (K)
Spectral Type
q

Lo

5724
5706 £ 55
G3
0.28 £ 0.01
77.3+£04

arameters R band I band
Iy (Mg) 1.19 £ 0.09 1.18 £ 0.09
I (Mg) 0.33 £+ 0.02 0.34 £+ 0.03
1 (Rg) 1.02 £+ 0.04 1.02 £+ 0.04
2 (Re) 0.58 + 0.08 0.59 + 0.02
L1 (L) 0.69 + 0.05 0.69 + 0.05
Lo (La) 0.24 4 0.08 0.26 £+ 0.03
Mot 5.17 £0.19 5.17 £ 0.19
Moo 6.31 £0.79 6.25 + 0.28
p1 (cgs) 1.61 +0.19 1.59 +0.19
pa (cgs) 2.50 £ 1.03 2.40 £ 0.25
a(Rg) 2.01 £ 0.05
d (kpc) 2.64 + 0.03
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Detection of exotic objects- Hubble Sandage variable

PRI light curve of HS variabls M1 Var A
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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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Long-term photometric study of a faint W UMa binary in the
direction of M31
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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 iR B S

Under planning:
8 to 10 m NLOT

Human Resource
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Locations of Indian Optit;gl K acilities ..

IAQO, Hanle

(Latitude : 32° 46" N, Longitude : 78° 58" E))
Devasthal, Nainital

(Latitude: 29° 22" N; Longitude: 79°41° E
VBO, Kavalor
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Longitudinal importance for time-critical and multi-site observations-
India can fill the gap between Australian sky and the sky of Canary Island
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