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Alm

To automatically separate stars, galaxies and
Quasars by using the colour indices in
the absence of spectroscopic data.



Cosmological surveys

All sky surveys —> cosmic structures

Deep surveys —> structures formation & evolution

To know about the nature of
Dark Matter & Dark Energy

Group

Cluster

(Galaxies are units of cosmic structures
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.- "Object classification -

» 'Cqsmic structures co.n,tain galaxies. .
. - ... 0‘4.:"'."'
- Images taken by surveysintlude '
galaxies, QSOsand foreground stars.

- How to separate these threé objects?
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Features from photometric data

Magnitude in a filter:
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Apparent V magnitude

13

14 |
15 F
16 |
17 F
i8 |
19
20:

21

22

Features from photometric data

Colour indices and magnitudes can be used
to classify the celestial objects
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Supervised classification

— Border curve
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Supervised classification

How to classify a mixture of objects with different classes?

For objects with known classes:
Make a training set: Features + Labels (O or 1)
Determine the parameters of the border curve

For objects with unknown classes:
Label them using their features + the determined parameters




SDSS survey

2 m class telescope
complete up to ~ 2.6 GLy
~ 4 million spectroscopically
classified objects

(Galactic coordinates

Equatorial coordinates
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Stars

SDSS survey Galaxies
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olour Indices as “features” for classification
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Colour indices as “features” for classification
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Classification features

* 4 independent colours: u-g, u-r, u-i, Uu-z

e Consider 4 colours, the g-magnitude and all
multiplications, they construct 20 features
defining a hyper parabola in a 5 dimension
colour-magnitude space.




Galaxies
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Black: Stars  Red: Galaxies




. number of correctly classified objects
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number of objects
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Efficiency
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Data Cleaning

Cut on magnitude completeness
Extinction correction

Cut on magnitude precision
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S It possible to still Improve
the classification quality”?
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Efficiency
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Wrongly and correctly classitied galaxies
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Wrongly and correctly classified stars
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Wrongly and correctly classified QSOs
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Results from the classification

» Classification efficiency for the
whole sample: 94%
galaxies: 97%
stars: 92%
QS0Os: 90%

 Mean size of the galaxies classitied
wrongly: 0.5 arcsec
correctly: 3 arcsec

 Mean magnitude (extinction corrected) of the stars classified
wrongly: z = 19 (fainter stars)
correctly: z =17

 Mean redshift of the QSOs classified
wrongly: redshift = 2 (further QSOs)
correctly: redshift = 1.5



Comparison with Random Forest classifier

» Classification efficiency:
whole sample: 96%
galaxies: 97%
stars: 94%
QSOs: 91%

A basic classifier works nicely so far!
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Classitication for LSST objects
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Angular size (arcsec)

Classification for LSST objects

MW-like galaxies can be resolved by morphology
but not for faint galaxies (dwarfs)
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Classitication for LSST objects

Including fainter stars to the sample

Computing the contamination of the photo-z sample



Conclusions & Perspectives

e in SDSS DR12, ~ 94% of galaxies, stars and QSOs can be correctly
separated using their colours and size by implementing Logistic
Regression.

* 3% of galaxies (small angular size) can be mis-classified as point-like
sources.

* 8% of (faint) stars can be mis-classified as galaxy-QSO.
* 10% of (further) QSOs can be mis-classified as galaxy-star.

e Classitying the simulated objects according to the LSST observation ability
(higher redshifts and fainter objects).

 What is the effect of misclassified objects on photo-z determination of
galaxies”



