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Automated classification of variables

2500 5050

3e+0s3

50000
- 2.9¢+05
24000y 52001

23500 5000

2.7e+05]
4850
23000 4800( 4800( 3.3e+0 2.6e+0
2500 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650 2600 2605 2610 2615 2620 2590 2600 2610 2620 2630 2640 2650
I | T | T | T 72001 2.8e+03 5.1e+03
1.64e+05—
5¢+03 1.62e+05g
2.7e+05
67001 1.6e+03}
4.9¢+03
o [T T A A FEEEEE RN
5.66+03 65001 2.65¢+03 L L L L L 1.58e+05—1 L L L L L
2600 2605 2610 2615 2620 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650
4.4¢403 - - 1= T | T | T | T 6.4¢+03 1e+03 2.446+03
4.2¢+05 1N Hiieiiiten: idii 6.6e+0y— - . 99000) . Lo . 2.43e+05
I m 6.3e+03 - :
) : K ' . N1 | ; .- P 2.42¢+05)
4e+03) ! - - ] j Al ; ) )
I |1 6.4e+03 . ‘ i Al h 98000H= gl _
3.8e+05 ) 6.2e+0§7 i it T ’ : 2.41e+05
1 97000}
Hill ] i ! iR 2.4e+03
3.6e+05] HHHHUHHH N HH e s TR ey 3 6.1e+09 A LA A
; 11 : . BRI o R s AT 96000) 5 390403
3.4e4+05— | | ; | . =| R | | : | :
L L L L L L 6e+03 L L L L 6e+0 2.38e+05k
2500 2600 2610 2620 2630 2640 2650 2620 2625 2630 2635 2640 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650
5e+03 T | T | T | T | T | T 3200 T | T | T | T | T | T 1.36e+03 T | T | T | T | T | T 8500 T | T | T | T 6.9e+0:
— . e 1.35¢103 . ; o ik 84000 ’
31000— -, - v — — —
4.9¢+05}a i : : 6.8¢+05
J 1.34e+09
3000 82000
1.33e+05 i
4.8e+03 B : 81000 6.7¢+03
29001 - -, L
1.32e+03 E: 80000
4.7¢+03 28001 1.31e+09—1 | L L | L | L | L 7900 6.66+03
2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2590 2600 2610 2620 2630 2640 2650
3.1e+0s 3.60+07— T T T T T 5.5e+0: 1.2e+03 T
B | | | | | —1 9500
3e+09 3.55e-+03— —
2.9e+05p~ —
! 9000(
2.8e+05}+ 3.45e+03
2.7¢+05 }.4u+05_— 8500
2.6e+03 3.35e+0F— —
i A B A A B s - I
2.5¢+03 3.3e+09—1 ! ! ! ! ! 8000
2505 2596 2597 2598 2599 2600 2601 2602 2590 2600 2610 2620 2630 2640 2650 2590 2600 2610 2620 2630 2640 2650 2595 2600 2605 2610 2615 2620 2590 2600 2610 2620 2630

HJD (days)



Current CVC implementation

 Automated pipeline:

- Input: CoRoT ASCII light curves (HJD, flux)
- Output:

» set of derived light curves parameters, including
variability indicators (fregs, ampl, var.red.,...)

* LCs phased with the dominant period

 Summarized results: codes and probabilities for 3
most likely classes + some important LC
parameters: main frequency, significance indicator,...

« CVC uses only white light information:

- B-V colours are available, but seem to be rather
unreliable (extinction for the CoRoT fields, typical
errors?) + private inhomogeneous data



Initial Run results

The LC analysis code subtracts non-linear trends and orbital
frequencies, prior to the 'real' frequency search: avoid instrumental
frequencies in the set of classification attributes

About 10.000 CoRoT light curves have been classified using our
methods (white light information only for the moment):

- estimated fraction of variables: ~40%
- most populated classes:

« High probability candidates (+visually checked):

- Eclipsing binaries > 120
— Delta-Scuti > 50

- Beta-Cephei > 70

- SPB > 70

- Ellipsoidal variables

- Gamma-Doradus

* Low probability candidates (contaminated classes):

- Chemically Peculiar
- Periodically Variable Super Giants

« A few classical pulsators (RR Lyr, Cepheids)
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Beta-Cephei stars (1)
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CP class
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Cepheids (only 2!)
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Confusion between classes

» Some classes show considerable overlap (using only white light
info): e.g. the DSCUT/BCEP classes and the ELL/SPB classes

DSCUT or BCEP?
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SPB in binary system!
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Gamma-Doradus stars

* No detections with the BN classifier, good candidates with the GM classifier,

though they might as well be SPB or BCEP candidates (overlap between
classes):
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What about planetary transits?

* The current implementation of the CVC does not include a class
definition for planetary transits

 Light curves with transits will be classified as eclipsing binary,
unless the light curves show additional variations (pulsations,
spots) which dominate the transits.



What about mixed cases?

« Some objects actually belong to more than one class

« They can end up In either class, depending on the relative
Importance of the typical class characteristics in the light curves

- e.g. a Cepheid showing eclipses that are small in depth
compared to the pulsation amplitude will be classified as
Cepheid

- e.g. an eclipsing binary with a pulsating component will be
classified as eclipsing binary if the pulsation amplitudes are
small compared to the depth of the eclipses
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Schedule for the evolution of the CVC

Annie put orearda schedule for the evelution of the CVC. She proposes o uss the preseni classification as an N20 product by the Guesl Invesligaiors ams (Gls). The classilicafion am agrees 1o produce cbject list aceording o this M0 produst and send them
1o the Sciendific Commities (Annie Baglin) by mid &bruary. The Gl sams are requested o produce clean samples of confirmed candidake for their farged classss by mid March. Thess object lisk will then be ussd as emplates in a sscond wersion of the fraining = and
classifiers. The procedurs will be ierakd in the coming runs. lssues raised:

® Thers iz nola responsible for each and every class in the fraining s=d. Annie appoint Gonny as responsible for filling the missing boxes.

» Coordination of Gls and Classifizafion am: i is agreed that if is impractical thal Annie passss the information 1o the Gl | is propoesd thai the classification jam il is responsible for contacfing the Gls and informing them on the requested fasks and the deadlines.
Luis Sarno agrees o sefup 2 Wiki page in order 1o have all the intormation available.

Colour indices

Jonas reporked during the marning that the available colour indices like BV ssam 40 ba far oo redand thus cannot be ussd for elassification. He point fo uncorrecked reddening as a possibla source for the evident diserepancy beteen the sxpecied colours and the
available ones. Could Magali pleass write something abaoul the origin of the caolour indices?

Use of CoRoT bands
Gonny suggesk fhal phase lags betwesn light curves in difieren CoRaoT bands could b used for mode idenfification. Agreed 1o procesd with teasibilty sludies.

Use of external data
Addifion ol external data, colours, speciral info.

= Annie makes il clear again that the ofiicial policy is not fo include any exiernal informalion in CoRaT product. We all agree thal two parallel implementations of the classifier are nesded: one working only with CoRaT intormaition and anoiher one also
incorporating exernal indormation. N is agreed o ask the Gls fora minimal repor on the oplimal informafion thal can help i ssparake their classes from neighbouring ones by the same fime as the new emplaks (mid Marzh). Coralie asks if, for example, H-alpha

profiles can b incorporakd in the classifier. Luis Sarmo explains thai if is poesible 1o usa only cerfin atiribules for ssparating a small subset of classss. Therstors, the answer is yes. Luis Sarma siresses the imporince of having whatever addifional intormation is
incorporated nol only dor GoRloT fargets bul alzo dor the objects in the fraining =ed. This implies that there has fo ba a kasibility study for sach propoeal.

Unsupervised Clas sification

The imporinee of having unsupervissd classilicafion of the CoRoT Cafbase is siressed, in order fo discover new classss and exclic cbjects, bul i is agresd ihal il is 100 soon 10 dothis, We theredore posipone the fackling of this fask uniil a betier undersianding of the
CoRoT dat and arliacts is gained by improving the exisling supsrvissd classifiers. Also, more dat are necessary in order 1o have shfisiically meaninglul results.

N3 products

Cn the M2 product generafion and archive, if is remarked by Annie that his is a subject fobe sorled by the scienfific commities. Enrique Solano want o ask for the clarification of who and how will incorporate the N3 product. He quokes one ol the GoRaT ofiicial
documents (minuies ol he 2181 Szieniific Commities) whara if is sted hat the Mission Archive al |AS is responsible only for the M1 and M2 products bul nothing has besn agreed upon the N2 products. He also pointed outihat in the same Sciendilic Commities i was
decided 10 have a discussion amaong the Canires interesied in managing CoRoT data (IAS, LAEFF and, probably IPAC), a discussion thal has nol yet faken place.

The mesding ended around 17:00.
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Improvement of CVC from Gl & co-l input

 Lots of excellent LCs of multiperiodic pulsators!

- Make optimal use of exodata for Additional Programme

e Continuous improvement of N2 level quality: orbit + jumps
 Replace the LCs training set by the CoRoT LCs of best cases:

- populated classes containing high probability candidates:

» Eclipsing binaries: Gl give us their preferred definition stars

» Delta-Scuti, SPB, Beta-Cephei, Gamma Doradus :
Gl give us their preferred definition stars (Gl can use external info)

» Ellipsoidal variables : EB team will validate the results

- large and low-probability classes (the 'trash’ classes):

 PVSG: Gl give us a few confirmed definition stars
» CP: Gl give us their preferred definition stars
- (nearly) empty classes (as expected, but is ok....):

e Classical pulsators: Cepheids, RR-Lyrae are very well recovered
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Improvement plan for CVC

n Addifion of new atiribuies

® [rreqular variables ireaiment: power specia?

® Sharl Run for Pre-Main Ssquence Pulsators: new afiribuies?
n Error esfimaies?

The uss of power specira for classification. The problem here is that it nesds a homogensous fraining ss1 consirucked only from CoRoT dat, and unloriunately CoRaT will only provide significan! samples for a limited subssd of classse.

Imporanee o disinguishing between survey dependend atiribules (power specirum, variance ralice, requency dekclion signilicance...) and survey independani ones. Wis clearly ss2 the need fo branch development and generake GoRoT opiimal classifiers and opiimal genaral
purposs ¢lassifiers,

= Variable number o afiribuies. Check @ Faper by chechik

Action ltems

Jonas and Luis 1o write the minuks of the Mesiing. Done

Luis o create wiki page for information exchangs. Done

Conny Yo contact G and Cols 4o intorm of the agresment and deadlines for the delivery of new lemplaks and injogpe
Coand Gls o deliver the CoRoT idenfifiers of mplake light curves fo Jonas and Luis for improvement of the
Jonas, Gonny and Luis: Teleconterence programmed for March 2t o discuss the modificafions 1o the classifiers:
are refrained and reassesssd using cross validation. '

iU afiribues. Alzo ol the exisknce of the wikipage. Done

#onas analyses the quality of the light curves and subsliiutes the ariginal emplakes by Corod ones. He produces a new fraining ssand the classifiers

+ classification of LR01: done!
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Distribution of N3 products to co-Is and Gis of AP,
after the re-application of CVC with CoRoT definition
stars: How? Who? When?

SC has to decide on the final N3 product (flagg, light curve
properties, FTs, ...)

SC must define procedure to upload N3 product in database

SC must decide if we allow the distribution of private, extractor
results on CVC website (I prefer not, is Gl responsabillity.... )

SC must decide if/how to contact the co-Is and Gls of AP

PROPOSAL.: publication of CVC methodology and application
to the IR, SCO01, LRO1 in A&A instrumentation section. Led by
Jonas Debosscher and Luis Sarro; Co-authors: all involved co-
Is and Gls of APs + builders + Marseille team Approval of SC?



