
1

PREDICTING GRAVITATIONAL MICROLENSING EVENTS 
USING THE GAIA CATALOGUE

Intern: Mahima R. Srivastava 

Supervisor: Prof. Bertrand Goldman



2

Summary

Motivation Tools Results



3

Gravitational Lensing

⎈ Gravitational lensing is a natural phenomenon 
that takes place when there is an alignment 
of massive bodies in space. 

An artist’s rendition of Gravitational Lensing [1]
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Gravitational Lensing

⎈ Gravitational lensing is a natural phenomenon 
that takes place when there is an alignment 
of massive bodies in space. 

⎈ When a massive object intervenes between 
an observer and a distant light source, it 
distorts the incoming light, due to the 
bending spacetime by its gravitational field.

⎈ Lensing can be used for detecting exoplanets, 
blackholes, stars, galaxies, galaxy clusters, 
and studying their properties.

⎈ Microlensing is a case with low masses/ 
critical density objects, that do not lens 
strongly enough form multiple images (e.g., 
stellar lenses). These result in a uniform 
change in brightness, with a smooth increase 
followed by a smooth decrease.

An artist’s rendition of Gravitational Lensing [1]
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Types of observed shifts

Photometric Shift

⎈ Measured through change in magnitude
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GAIA DR3 EROS 2

GAIA SATELLITE CREATING A MAP OF THE SKY, CREDIT: ESA’S WEBSITE THE GROUND – BASED MARLY TELESCOPE, CREDIT: ESO

• 2013 – 2025 (DR3 : December 
2020)

• Photometric as well as astrometric 
data

• ~1.5 billion sources

• 1996 - 2003
• Photometric telescope
• Monitored the luminosities of 8 million stars
• 1993: 2 candidates found, 1 later shown to be 

a variable star (1999)
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Statement of the Objective

Using the proper motion, positions, 
parallax, etc. of stars observed in the 
Gaia DR3 catalogue, “predict” 
microlensing events that might have 
gone unidentified in previous 
catalogues, in this case, namely, the 
EROS 2 catalogue.



Retrieving the data

⎈ TOPCAT : Application for working with tabular data in astronomy (with 
built in features for mapping, cross matching, cone search, etc.)
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⎈ TOPCAT : Application for working with tabular data in astronomy 
(with built in features for mapping, cross matching, cone search, 
etc.)

⎈ TAP queries/ Virtual Observatory Protocols : A set of protocols used 
by services for data management and are hence essential for seamless data 
exchange between services (for e.g., VizieR) and clients (us), through  TAP 
[Table Access Protocol] queries.

We are using this mode

Synchronous mode

server immediately 
processes the request and 

provides a response

Asynchronous mode 

server begins a process (or a 
“job”) to fulfill the request

 Provides a link to monitor 
the status of the job

Preferred for very large 
jobs

Retrieving the data
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⎈ TOPCAT : Application for working with tabular data in astronomy 
(with built in features for mapping, cross matching, cone search, 
etc.)

⎈ TAP queries/ Virtual Observatory Protocols : A set of protocols used 
by services for data management and are hence essential for seamless data 
exchange between services (for e.g., GAIA) and clients (us), through  TAP 
[Table Access Protocol] queries.

⎈ ADQL : similar language to SQL, used to formulate requests to the TAP 
service, specifying which objects (generally randomly picked) with which 
parameters and in what ordered form are required. 

Retrieving the data
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Symbol Quantity

𝜛 Parallax

XMag Magnitude in the X band; X = {G, R, B}

pm Proper motion

𝜎 error associated to a quantity

Sou prefix referring to the source object

HPMS High Proper Motion Stars

BGS Background Stars

Symbols used
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Basic Schematic of the algorithm

HPMS 
442,681

BGS
443,481

• ruwe < 2

• !
"!

 > 5
 
• pm > 100 

mas/yr

• 𝐺#$% ≠ 0

• &!"#$
"%!"#$

> 3

• ruwe < 2

• !
"!

 > -3
 
• 𝐺#$% > 15

• 𝜛 < 12
(cross-matched with the HPMS 
with radius = 10 mas)
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Basic Schematic of the algorithm

HPMS 
442,681

BGS
443,481

HPMS (good) 
439,782

BGS (good)
327,640

• 𝐺#$% < 21

• &!"#$
"%!"#$

. 𝑛'()*., < 3	 ∗ 10,

𝜎-$. +	𝜎/01. < 10	𝑚𝑎𝑠
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Basic Schematic of the algorithm

HPMS 
442,681

BGS
443,481

HPMS (good) 
439,782

BGS (good)
327,640

Viable Pairs
237,440
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Basic Schematic of the algorithm

Viable Pairs
237,440

Final candidates 
from Gaia DR3

2,057

𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 > 0.001
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Basic Schematic of the algorithm

Viable Pairs
237,440

Final candidates 
from Gaia DR3

2,057

Candidates 
interesting for 

previous missions
3

𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 +	𝜎6*+,-.!./+(.)- > 0.05
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Basic Schematic of the algorithm

Viable Pairs
237,440

Final candidates 
from Gaia DR3

2,057

Candidates 
interesting for past 

missions
3

Cross Matched with 
EROS

2

1996 < TCA < 2003

EROS CCD Field
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Basic Schematic of the algorithm

EROS CCD Field
side/gap = 10 arcmin
(determines the cross-
match radius)



25



26

EROS 2 in color, overlayed with Gaia DR3 catalog
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Final Matches

Source id : 4116933101975703808
Position : [265.6317015, -22.7410561]
Time of Closest Approach: 4 Aug 2002 

1



⎈ This histogram gives the distribution of MagR values for 
the first microlensing event we proposed. 

⎈ (Note: we can just use MagR or just MagB because a 
microlensing event is supposed to be achromatic, i.e., the 
same behavior observed across all wavelengths).

⎈ The dispersion is fitted by a gaussian, with a dispersion of 
4%. 

⎈ We must find outliers to this gaussian in the predicted 
TCA to declare an observation as a real microlensing 
event.

1
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Light Curve
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Light Curve

1
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Final Matches

Source id : 4651544968498642432
Predicted position : [77.9523251, -71.8275439]
Position of object found : [77.9314231, -71.8260386]
Time of Closest Approach: 17 Jan 2002

2
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2

Light Curve
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2

Light Curve
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⎈ Cross-match with more catalogues from other microlensing surveys such 
as OGRE, MACHOS, etc.

⎈ Calculate precisely the duration of the event
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Thank you for listening
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