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Polar orbit

27 cm mirror telescope

visual light

4 2k x 2k CCD imagers

Several observed fields (each about 3 x 3 deq)

Kepler

Earth trailing orbit

0.95 m mirror telescope
visual light

42 2k x 1k CCD imagers

1 observed field (105 deg?)



CoRoT

Launched Dec. 2006, no longer producing science data since Nov. 2012,

recovery efforts ongoing

COnvection ROtation and planetary Transits

Asteroseismology, search for exoplanets
~160.000 stars
32 or 512 sec. sampling, max 150 days

 Kepler

Launched March 2009 (until 2016 at least)
Exoplanet detection using transit method
~156.000 stars
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1 or 30 min sampling, observing quarters of 90 days (up to 7 years total!)

Both missions deliver densely sampled light curves with high photometric
precision ---> unique data sets for stellar variability studies!
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Time series (light curve) data

e Data volumes (minimum): ~1TB for CoRoT, ~ 10TB for Kepler
(will be much more for e.g. LSST and Gaia!)

* Minimal data delivery for users: target ID, coordinates, stellar
flux time series (ASCII or FITS format)

« Often more information is needed (usually present in FITS
files headers)

Instrument parameters (e.g. to identify artifacts in the data)

Data reduction information, e.g. background flux, noise levels,
quality flags...

Additional time columns, e.g. barycentric or heliocentric Julian
dates

Additional flux columns (different data reduction or extraction)

Complementary data from other databases & higher level
metadata



CoRoT Data Center at IAS: http://idoc-corot.ias.u-psud.fr/
Downloading CoRoT light curves per observed run

You can retrieve the N2 data by downloading a whole set for a given run (last version available)

. - g Light curves from imagettes files of
Runs | STamy | o cnanne (N2 STAR MON) | " chamel (N2 STARLCHR) | T Euocnamnsl | e Exochannel EN2 STAR MAG
IRa01 here [MD5] here [MD5] here [MD5] here [MD5] here [MD5]
(94MB) [5HA-1] (1,5GB) [5HA-1] (5,9GB) [SHA-1] (40MB) [5HA-1] (289MB) [SHA-1]
SRcO1 I_I;ﬁ:; [[Sh:li?]:.l] here [MD5] | here [MD5] | here [MD5] | here [MD5]
LReor here T (vos) Tar archives with FITS files, format depends on type of light
LRa0t L curves (some are multi-colour)
SRa01 | DATE DATEJD | DATEHEL | BTATUS REDFLLE< | REDFLUXDEY GREEMFLL GREENFLUXDEY BLUEFLX
Select Z3A (1] 1] J E E E E E
LRc02 Al ¥yyy-mim-jj Thivomi:ss COROT JULIAN DAY  COROT JULIAN DAY ELECTRONS ELECTRONS ELECTRONS ELECTRONS ELECTRONS
SRcl2 '
1 2007-02-03T13:05:53 000 | 2. 5000455000T3E+03 | 2 S900490824BTE+D3 o 4. 1E3620E+05 9 T11546E+03 | 1 02E038E-05 3. 642345E+03 | 1. 5B1940E+0E |-
SRal2 2 2007-02-03T13:14-25 000 | 2, 5000514350292-03 § 2 590055008168E+03 0] 4. 1B04&EE+DS T OUS6208E-03 | 1 02E4TEE-05 3, 063443E+03 | 1 5T060ZE+DE
3 2007-02-03T13 2257 000 | 2 SO00STIE00REE-03 | 2 590061E33B40E+03 16 | 4.1B3T0eE+05 | 9 002035E+03 | 1.020234E+05 3, B45518E+03 | 1. SE02TOE+OS
LRa02 4 2007-02-03T13:31:29.000 | 2. 590063286542E+03 | 2.5900677T59520E+03 0] 4 1B04B5E+05 | 1 485986E+04 | 1 022411E-05 5 SBTI26E+03 | 1.5E9962E+05
3 2007-02-03T1L3:40:01. 000 | 2, S800609212698E+03 | 2. 5300T36ASZ0EE+0I O] 4.17T445E+05 | 9. 390163E+03 | 1 022043E«05 3. 57T4360E+03 | 1.5T1913E+05
RO, 13 2007-02-03TL3:46:32.000 | 2. 580075138655E+03 | 2.590072610886E+03 O 4 103437E+05 | 1 01%362E+04 | 1 02464%E-05 3, 9%4630E+03 | 1, 5T1I9ZE+OS
LRcO4 ¥ 2007-02-03TL3:57.05. 000 | 2, 5R0001064612E-03 | 2. 590005536560E+03 Of 4 17T274E+05 | 9 901426E+03 | 1. 024448E-05 3. T9R916E+03 | 1.ST2E13E+0S
& 2007-02-03T14 (0537 000 | 2 S00086590TRAE«03 | 2 550091462249E+03 0] 4 17454ZE+05 | 6 345261E+03 | 1. 024835E-05 2. 634932E+03 | 1. 5TI2S0E+OE
LRa03 9 2007-02-03T14 :14 .09 000 | 2. S900%2916T25E-03 | 2. 59009730THE9E-03 36| 4. 1°1141E+D5 9. 293336E-03 | 1.022291E+05 3. 844240E+03 | 1. 569177E+05
10 2007-02-03T14 .22-41 000 | 2. 59009BB42E02E-03 § 2. 550103313609E+03 O] 4 175901E+05 9. 614TISE-D3 | 1. 0Z2442E.05 3. BZLSTEE-D3 | 1.5T732T4E+D5
SRa03 n 2007-02-03T14:31-13.000 | 2. 550104T768639E+03 | 2.590109239250E+03 O] 4 174960E+D5 T BTE01IE-03 | 1.023414E+05 3. 1BTOSZE+D3 | 1.57416ZE+D5
12 2007=02=03T14 :39-45 000 | 2. 590110694595KE.03 § 2. 5901151649659E+03 01 4. 1T5974E+D5 B T26T795E03 | 1.023315E05 3. 259B3D0E~D2 | 1. 5T735Z1E«DS
LRc05 13 2007=02=03T14 :48-17. 000 | 2. 590116620552E«03 § 2.5801210906459E+03 Bl 4.1B0145E+05 1. 577BESE«04 | 1. 0Z3986E«05 5. 46W69EE«D3 | 1.571TME«+DS
. 14 2007-02-03T14 :56-49. 000 | 2. 5901Z2546503E+03 | Z.5%01270163E9E+D3 0] 4.179165E+D5 T.198164E+03 | 1.023130E+05 3. D44901E+03 | 1.5T04ZEE+D5
13 2007-02-03T15:05:21. 000 | 2.590128472464E+03 § 2.590132542008E+03 16| 4.179568E+D5 T.461BE3E+03 | 1. 0Z1604E-0% 2. 9BDITTE«D2 | 1. SEB5GEE+DS
LRa04 16 200T7-02-03T15:13:53. 000 | 2.590134398421E.03 § 2. 590138B6TEEIE+D] 0] 4. 1B341ZE+D5 9 245052E+03 | 1. 0ZE1T9E-05 3. 23R3TSE+D3 | 1.5T2055E+D5
17 2007-02-03T15:22-25 000 | 2.500140324377E-03 | 2.590144793360E+03 0] 4.176755E+D05 8 B40103E+03 | 1.02E329E+05 3. ITO405E+D3 | 1. 5T2425E+D5
LRa05 18 2007-02-03T15:30-57.000 | 2.500146250334E+03 | 2.59015071904TE+D3 0] 4.1783TEE+DS T.TIFB0ZE«03 | 1.02ER15E05 3.01193%E+03 | 1.5TOTHTE+DS
19 2007-02-03T15:30-29. 000 | 2.500152176E01E+03 | 2. 500156644 TETE+DI 0] 4.1B1150E+05 1 069012E+04 | 1.023017E+05 3. 96166BE+D3 | 1.5T180TE+DS
LRcO7 Fi I 2007-02-03T15:48:01 000 | 2.50015B10ZE47E+03 | Z.5901625T7040TE+D3 O] 4.1B12T7TE+DS 5 4861T9E+03 | 1.02EB11E+05 2. 051909E+03 | 1.5T3224E+D5
S5Rcl3 Mot Available Mot Available ( :1' I';'] ;:; [LSH)\- :]
fRe ey o)
SRc03
SRal5 here [MD5] here [MD5] here [MDs] here [MDs]
(1.3GB) [5HA-1] (3.3GB) [sHA-1] (17MB) [5HA-1] (130MB) [5HA-1]


http://idoc-corot.ias.u-psud.fr/

Selecting light curves based on their properties and/or
target properties obtained from external observations

) “"""“‘:“: :i“: curves @ ADIoR Selection based on target
Versampile CUrves 1
. "f ez @ e properties such as spectral type,
Light curves from imagettes
! (325) O from other than CoRoT data
N2 conbext D

startdate [ | TH posmyv
[ =] *

Corot 1D @ M Use semi-colon, comma/dr blank character as s

Selection based on classification
amnbe fromif>=1] ] results obtained from the light
Right ascension from l I curves

T Trom |

e difference (B-V) from | ]

Tha spaciral lype conlyined in the headers isbased on a SED or isochrone analysis of multi-col
-~
Spectral type from E ronceming luminasity flasses

Spectral type to For more infarmatigfplease read Deledil et al, and f needed please contact Claire Moutou,

Luminosity class [E

Short run (A

Type of variability ICHQUSE FROM : o J The COROT Variable Classification is based/n an analysis

coherent but should be used wih cares, | rhicular when us

Variability class
Probability of variability | CHOOSE FROM : 2 & dascription of the N3 productis gi ere. |f nacessary, pl




Higher level data products: light curve classification

CoRoT Public N3 Products

= BACK TO HOME

THE COROT VARIABELE CLASSIFIER

The COROT Variable Classification is based on an analysis of the COROT light curves described in Debosscher et al. The resulting classification is

Type Run IRal" Run SRc01 Fun LR Run LRa01 Fun SRan1 Run LRcOZ2 Run SRcO:

fpe (Updated : 19/02/2013) |(Updated : 19/02/2013) [(Updated : 19/02/2013) | (Updated : 19/02/2013) [(Updated : 19/02/2013) | (Updated : 189/02/2013) | (Updated : 19/02
N3 CVC here here here here here here here
o (9,2MB) (6,6MB) (11MB) (11MB) (7,7TMB) (T1MB) (11me)

Column description:

1) objectname=CoRoT ID

2) normalized Mahalanobis distance to the centre of the most probable class (class 1)

3) normalized Mahalanobis distance to the centre of the second most probable class (class 2)
4) normalized Mahalanobis distance to the centre of the third most probable class (class 3)
5) classprobl=relative probability for class 1

6) classprob2=relative probability for class 2

7) classprob3=relative probability for class 3 Results from an automated SuperVised
8) classcodel=variability class 1 i e

5) classcode2—variability clags 2 light curve C_Iassmer, very useful for

10) classcode3=variability class 3 SeleCt|ng science targetS!

11) Pfl=significance parameter frequency 1 (probability)
12)Pf2=significance parameter frequency 2 (probability)
13)Pf3=significance parameter frequency 3 (probability)

Debosscher et al., 2007, 2009
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THE COROT PUBLIC ARCHIVE AT CAB

Run: Imam v

Data Tvpe

m Asteroseismology
Light curves

CoRoT data tools at the Spanish VO
http://sdc.cab.inta-csic.es/corotfa/

= Exoplanet

Monochromatic light Curves
Chromatic Light Curves

Variability Type:

Low Frecuency
(If not checked, by default: "All Frecuency')

Search
Corot ID:

Light Curve Filter Criteria

0Obs Date:

Spectype:

>

AROMPWO
<

Object ID:

From: 31 -IJanuary V| -2007 v

Vmag: |

Lumclass:

SEEFER
:

Coordinates List:

To: |09 - |January v -2012 v

B-V: | -|

Variability class (Important note):
(Only for exoplanet data)

ACT [Activity] ~
BCEP [Beta-Cephei stars]

BE [Variable Be-stars]

CLCEP [Classical Cepheids]

CP [Chemically peculiar stars] hd

Relative probabilities for the three most likely classes.

First '® Second Third



Found 4990 records. displaying page 1 of 100

THE COROT ARCHIVE AT CAB

Retrieval Format: [zp v | Mark Fits:[_| MarkAsCll praw:[ ] nEL:[] HELREG:[]

Time Serie
Retrieve Marked Data ANZ_STAR_0000000083_20070203T130459_20070402 071215 fits
Choice of different data formats .-
Rl EROSEISMOLOGY I l
for download I Wittt
| RUN [COROT 1/ G525 (AR TA LT EATETA
IRa01| 20 HD 49933 | 102.708 | -0.54088 | 2007-01-31 11:06:34.0 | 2007-04.02 07:12:15.0 | F v ' | [ ' ' " v v "
' 4 Jrye I !
293201,865289 ' '
24600,09 260162 2613,16 262469 2636,23 2647 76
150585 260739 618,92 263096 1643

IRa01| 83 HD 50773 | 103.654 | -0.45264 2007-02-03 13:04:59.0 20070402 07:12:15.0 | A
SIMPLE = T Mvritten by IDL: Thu Dec 6 17:31:53 2007 =
BITPIX = =N
MAXIS = o/ — Leyend colour E

IRal1| 116 HD 50747 | 103.603 -1.12698 2007-01-31 11:06:34.0 20070402 07:12:15.0 | A v EXTEND = T (File contains extensions Dot colour E
TELESCOP="COROT *  /Telescope name 1
ORIGIN ='CDC Iprocessing site Dot Format & - Qo Q-
CREA_DAT="2007-12-06T17:31:53" ffile generation date oo [ [y~ ]
FILENAME="AN2_STAR_0000000083_20070203T130459_20070402T071215
PIPE_VER="0.211.0" /nameliversion of the process Dot Union ® Yes (O No

IRa01| 123 HD 50844 | 103.709 | -1.07078 | 2007-02-03 13:04:59.0 | 20070402 07:12:15.0 | A DISEIDAL SO0l Ds O INE 04 S MLl itie it et
END_DATE= "2007-04-02T07:12:15' /UT date of the last meas. Zoom Cancel Zoom
COROTID =" 83 /D ofthe CoRoT target B , T=
RUN_CODE='IRa01 * Jcode ofthe run XAxis | 1-DATEJDHELREG
HLFCCDID="41R ' Jref ofthe half ccd Y-Axis | 2 - FLUXHELREG
ALPHA = 103.654 /Right ascension of the star

e o DELTA = -0.452640 /Declination of the star Pilot Clean

IRa01 | 156 HD 50846 | 103.728 | -1.37579 | 2007-02-03 13:04:59.0 | 2007-04-02 07:12:15.0 | B e L oo -
MAGNIT_V= ) Raw (' Hel ® Helreg
ABSM V = 1 1
csv- |Nnteractive light curve

IRa01| 187 HD 50405 |103.262 | -1.88363 | 20070206 13:34:53.0 | 2007-04.02 07:12:15.0 | A _— plottlng tOOI

Ty

—. |

IRa01 | 214 HD 51106 | 103.976 | -1.58537 | 2007-01-31 11:06:34.0 | 2007-04-02 07:12:15.0 | A 736 023 |8027.0 (388 [037 | FTS |grs [ ] o [

. n
raw I:‘

IRa01 | 223 HD 50170 | 102.966 | 2.17604 | 2007-01-31 11:06:34.0 | 2007-04-02 07:12:15.0 | F 6.82 | 0.46 | 6560.0 024 | FITS |grs [ ] | [

helreg l:‘
raw I:‘

IRa01 | 263 HD 292790 | 103.686 | 2.12311 | 2007-02-06 13:34:53.0 | 2007-04-02 07:12:15.0 | F 9.48 | 0.45 | 6477.0 FTS |grs [ | [

helreg l:‘
raw I:‘

IRa01 | 400 HD 50890 | 103.745 | 2.80359 | 2007-02-06 13:34:53.0 | 2007-04-02 07:12:15.0 | G I |6.04 |11 |4651.0 018 | FITS |grs [ ] | [

helreg l:‘

EXOPLANET




Kepler data at KASOC (Kepler Asteroseismic Science Operations
Center)

http://kasoc.phys.au.dk/

-Target query (using identifiers or
based on observed properties)
-Light curve and Fourier
amplitude spectrum visualization
tools

Download format:
@ ASCII lightcurve
() FITS lightcurve
() Target Pixel data
(O Above table with KIC parameters
(O Plots of timeseries and amp. spectr
() wget script (ASCII)
) wget script (FITS)
) wget script (TPD)

Download Selected

Deselect all

Filename ¢ Filesize ¢  KIC-10 number
[]  kplr011285625-2009131105131_lic 37.0 kB 11285625
[] kplr011285625-2009166043257 I pjot
[ kplr011285625-200925160929_ic

— Settings

[ | kplro11285625-2009201121230_slc
[]  kpIr011285625-2009350155506_lIc ; Ll
[]  kpir011285625-2009350160819_slc I|||||
[] kplrD11285625-2010009091648_lIc j
[] kplr011285625-2010174085026_lc ulh
[ Kkplr011285625-2010265121752_lc T
[ ] kplr011285625-2010203174610_slc
[ ] kplro11285625-2010234115140_slc
[ ] kplr011285625-2010265121752_slc

Cadence = Season +

Long Qo

100000

10143 19:00:51.89 49:05:221

KIC 11285625 - Q5 -3

Magnitude $ RA % Dec % Radius %

Teff &

2.61

6882

50000

—50000 H

Relative Tiux (ppm)

Il M\m'

—100000

| |
I
™

1IN
im I Y hhp.”

it fu|‘ |w|

| h |H‘J|JI|| |I |'1

—150000
0

40 &0
Time (days)

Frequency (c/d)
10 15

20000

15000

10000 +

Amplitude (ppm)

5000

100 150
Frequency (pHz)

200

Contamination #

0.008

0.008

0.008

0.008

0.009

0.008

0.008

0.008

0.008

0.008

0.008

0.008

0.008

0.008

0.009

0.008

0.008

0.008



Kepler data at the MAST archive
http://archive.stsci.edu/kepler/data search/search.php

Archive Status Kepler Data Search & Retrieval ccer

Field Descriptions

Standard Form File Upload Form

| Search | Reset | | Clear Form |

Target Name Resolver Radius (arcmin)
o
Right Ascension Declination Equinox
[ | [ | [j2000 |2 |
Kepler ID Investigation ID 2Mass ID
KEP Mag Target e Release Date
[ ] Long Cadence Shart Cadence [ ]
Teff Log G Quarter

Condition Flag

| All Targets &
User-specified field 1 Field Descriptions User-specified field 2 Field Descriptions
| kepler ID ] [ l | Kepler ID ol [ ]
User-specified field 3 Field Descriptions User-specified field 4 Field Descriptions
| kepler ID oA [ l | Kepler ID & [ ]
Sort By:
Output Columns — [ang_sep () ¢| O Reverse
twoMass conflict flag | up |
Toff | Kepler ID ¢ | LJ Reverse
LegG | down | [ null ¢| [ Reverse
Metallicity —
E(B-W) EEEEEE— —~ ~ —
Radius | remove | Output Coords : @ Sexagesimal O Degrees ) Hours
Total PM
G-R color Output Format
Madule [ reset | | HTML_Table oA

Output



A ) fw Summary of kplr011285625-2009131105131 _|pd-targ.fits in /STER/fjonas/kplr0l11 285625/data/pixel-data-fitss

Extended light curve data products: Kepler pixel data

e B o W - 4
W NS

Fle Edit Tools Help
Index Extension Type Dimension View
|0 Primary Image 0 Header | | |
o1 TARGETTABLES Binary 10 cols X 476 rows Header | Hist | Flot | All | Select |
L2 APERTURE Image 12 %12 S— | Jmage | —— |
"% ) f Binary Table of kplr011285625-2 31105131 _lpd-targ.fit 011285625/data/pixe SRR
Fle Edit Tools Help
_| TIME _| TIMECORR | CADENMCENO | RAW CHTS _| FLUX_ERR _| FLUX_BKG i A
setect b . ; any raaE raa Small image of CCD pixels
_1 Al BJD - 2454833 d count e-fs e-fs 1
o N ot o P — ot | owawa | COvering the target, for
. Eerhure nllas ’ e ermlr:jes Imag{ Irmage | Image | | eaCh measurement (ln
— which pixels are summe inag mags || mage | :
- P _ T e —= |- stead of just one summed
— to produce the light curve fas me [ mee || flux value)
o LeU, oEuLH o S.oliaausr—us g =T | ane Image | Image
b 120. 6406320 3.11% \
¥ 120, 6610663 3.124
10
i} 120. 6215006 3.130
9 120. 7019348 3.13%
10 120, 7223690 3,143
11 120, 7428034 3,150
12 120, 7832375 3. 156
13 120. 7336718 3. 163
14 120. 8041060 3. 1649
13 120, 8245403 3.176
16 120, 8449745 3.182
17 120. 8654088 3.188 .
18 120. 8858431 3,198
19 120, 2062773 30201
20 120, 9267115 3.208
21 120. 8471459 3. 214
22 120. 3675800 30221
23 120. 9380143 3227
24 121. 0084484 3.234




Delta Mag

-0.02
-0.01

0.01
0.02
0.03
0.04

Co

low can VO help for stellar variability studies?

Time series data (single bandpass) are not sufficient to
fully characterize and study stars!

> Use VO to complement time series with other
observational and higher level data, such as high-
resolution spectroscopy, photometry in other bands,
temperatures, gravities, parallaxes...
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Light curve analysis tools in the VO?

« Some commonly used light curve analysis tools:

- Period determination by means of Fourier amplitude spectrum
(e.qg. for pulsating stars) or box-least-squares periodogram (e.g.
for planetary transits)

- Filtering and detrending methods to reduce instrumental artifacts
or disentangle variability at different time scales

- Linear and non-linear least-squares fitting (e.g. of sine functions)

T T ' I ' [

i
0.02|- § | & | . |
& 001 . { 1 HEEY f £ b
g L - Y ‘ 18 i 4 : ; e { ‘ 3 ]
53 . r . 4 ] . 3 3} . B L ‘.
ERERI YR Y AT R R RV RS T
001" W ¥ ¥ OF O$IFCCFLLRT R Y o 0 % o 8%
i -3 : ! I S L i
| o | | | L | | | | |
0 20 40 60 80 100

Time (days)



Anplitude (mag)
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Stellar variability data mining and the VO

 Combining large observational data sets for data mining
purposes, constructing training sets for light curve classifiers

« Data mining tools such as dimensionality reduction and
clustering techniques in the VO?

- scalability of methods with future data amounts in mind
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