Variability Analysis of the Gaia data
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Gaia Variability Processing and Analysis
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Selection of sources observed by Gaia from
Ecliptic Pole Scanning Law (790,000 sources)

~28 days
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Warning: Sampling regular, different from Nominal Scanning law



South Ecliptic Pole region (part of Large
Magellanic Cloud): Gaia and other surveys
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To get the data flavour s

Comparison with OGLE

Image of the Week (March 05, 2015):
RR Lyrae stars
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Gaia Variability Processing and Analysis
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General Variability Detection

Two fundamental quantities to estimate:
—Completeness
—Contamination

Detection was done with a classifier (Random Forest)
attributes were computed
a training set was defined (based on OGLE)

Classifier result: The confusion matrix
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Special Variability Detection:

Statistical Parameters

}

Special Variability Detection

Courtesy of L.Guy




Special Variability Detection: short time scale

Implementation of variogram: “variance” for all the paired magnitude difference separated by a
certain time lag

Probed Time-scales: ~10 seconds

One example of per-ccd data:
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Special Variability Detection: exo-planet transits

Two algorithms:
P=1.8182d, w=4.00 h, d=0.051 mag

1) Box-Least Square 10.54 T C . .
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Courtesy of S. Zucker

We dO nOt claim any detection! yet!

Conclusion Box-Least Square is functioning well
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Characterisation

Time series per object:

Time(i), G-, BP-, RP- mag(i) [ or radial velocity(i) ]
i=1,..., number of measurements

Goal: To define attributes

o statistical parameters

e Modelling
—Period search

—Fourier Series and
polynomial fit



Characterisation: few examples of modelling
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Classification

Supervised classification (several methods):

Multistage tree:

Multistage tree:

Bayesian networds Gaussian mixture

Tree for Gaussian Mixture:
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Classification

Confusion matrix of Random Forest
using cross-matched data (OGLE, Hipparcos, AAVSO, Milliquas)
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Specific Object studies: a list of variability types

Eclipsing Cepeids & ||Long Period Exoplanet
o : : Be stars
Binaries || RRLyrae stars|| Variables transits
Short time Pre-main Flaring Rotational H-lensing
scales sequence Stars Modulation events

Cataclysmic

Variables AGN

Rapid-phases




Specific Object Studies: Eclipsing binaries

Eclipsing binaries go to a dedicate treatment (Université Libre de Bruxelles) for a full

modelling
Here, simple modelling are made
The solutions enable a ranking Highest rank
P = 0.97863639 [d] rChi2 = 0.802377 rank = 0.591 P = 0.21668076 [d] rChi2 = 2.03949 rank = 0.583 P = 1.5935818 [d] rChi2 = 3.13602 rank = 0.5796
s/n= 5.656 15 ptsin Eclipse Abbe = 0.203 s/n= 8.6828 19 pts in Eclipse Abbe = 0.267 ™ s/n= 10.62 25 ptsin Eclipse Abbe = 0.0464
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Specific Object Studies: Eclipsing binaries

Lowest rank

P = 0.089681373 [d] rChi2 = 4.42915 rank = 0.2232 P = 0.1017395 [d] rChi2 = 4.97379 rank = 0.2231 P = 0.16715213 [d] rChi2 = 2.79541 rank = 0.2225
s/n= 0.24179 2 ptsin Eclipse Abbe = 0.773 s/n= 0.25739 2 ptsin Eclipse Abbe = 0.691 s/n= 0.18585 7 ptsin Eclipse Abbe = 0.711
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Global Variability studies:

Comparison of distribution functions of RR Lyrae stars

OGLE IV
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Gaia Variability Processing and Analysis

1 billion sources observed by Gaia

Time series of 70 (40-250) measurements over 5 years
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Release scenario

science
operations start

|

nominal extended
mission end mission end?

2014 2015 2016

2017 2018 2019 2020 2021

2022

|

[ Release 1: \

» a and §, mean G-magnitude

» Commissioning data

» 100K proper motion stars
(Hipparcos+Gaia)

\_ J

» + (?) Groups of
variables: RR Lyrae
stars + Cepheids +
Short times scales

( Release 2:

» 5-parameter astrometric
solutions for single star (parallax)

» Integrated BP/RP + Astrophysical
parameters

» Mean Viad (for non variable)
.

”, O
------------
-----------

Final release:

» Variable stars classification » everything !

» Non-single star catalogue

» Solar system objects

\_

\ 4
Release 3: )

» Mean Viad
» S-par astrometry

» Object classifications and
Astrophysical Parameters

» Orbital solution of binaries
» Mean RVS spectra

Courtesy of B.Holl




Conclusions

Gaia is unique, also for variability analysis, kg

ground based surveys)







