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OUTLINE

e KOI - 676, a Kepler mission system with 2

planetary candidates
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e KOI - 676, a Kepler mission system with 2

planetary candidates
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OUTLINE

e KOI - 676, a Kepler mission system with 2

planetary candidates
e Planetary transits analysis

e Investigation of system irregularities
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OUTLINE

KOI - 676, a Kepler mission system with 2

planetary candidates
Planetary transits analysis
Investigation of system irregularities

TTV analysis
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OUTLINE

KOI - 676, a Kepler mission system with 2

planetary candidates

Planetary transits analysis
Investigation of system irregularities
TTV analysis

Conclusions
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KOI-676

<— P =12.330+0.047 days
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Period (days)
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KOI-676
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e K-type active star

® Pstar Gt 12.3 days
e age ~350 Myrs (Barnes et al. 2007)
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e K-type active star

® Pstar Gt 12.3 days
e age ~350 Myrs (Barnes et al. 2007)
e 2 candidates with Neptune-like radii
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PLANETARY TRANSITS
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PLANETARY TRANSITS

e Transit duration D
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PLANETARY TRANSITS

e Transit duration D

St / Rstar
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PLANETARY TRANSITS

e Transit duration D

o 0(/ Rstar
o Rp/ Rstar
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PLANETARY TRANSITS

Transit duration D
O(/ Rstar
Rp/ Rstar

Impact parameter b
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TRANSIT
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TRANSIT
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IRREGULARITIES
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IRREGULARITIES
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IRREGULARITIES
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Kepler’s 3 law
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IRREGULARITIES
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IRREGULARITIES

CL3

Qmean ) G Ri P2
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Transit observables
a/Rstar and P

Meplersi8 law - +

* opb=0.462 +0.038 g/cm?3
® 0.=0.271£0.004 g/cm3
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IRREGULARITIES

CL3
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Transit observables
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IRREGULARITIES
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IRREGULARITIES

What would cause such difference?
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IRREGULARITIES

What would cause such difference?

1. Third light assumption
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IRREGULARITIES

What would cause such difference?

1. Third light assumption

2. Inflated star
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IRREGULARITIES

What would cause such difference?

1. Third light assumption

2. Inflated star
3. Ellipticity of the orbits
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THIRD LIGHT SCENARIO
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THIRD LIGHT SCENARIO

Can the observed discrepancy be

explained with the contribution of flux
due to a 3 object?
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THIRD LIGHT SCENARIO

Can the observed discrepancy be
explained with the contribution of flux
due to a 3 object?

Spectral analysis suggests the opposite
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THIRD LIGHT SCENARIO
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THIRD LIGHT SCENARIO
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INFLATED STAR
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INFLATED STAR

Could it be that the KOI-676 star is not a
main sequence star, but an evolved sub-

gilant or giant?

Panagiotis loannidis Hel.A.S Conference Athens 09/09/2013



INFLATED STAR

Could it be that the KOI-676 star is not a

main sequence star, but an evolved sub-
giant or giant?

Giants and sub-giants usually show low

activity
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INFLATED STAR
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ELLIPTICITY OF THE ORBITS
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ELLIPTICITY OF THE ORBITS

Could it be that the irregularity in the calculated

Qo to be caused by eccentric orbits?
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ELLIPTICITY OF THE ORBITS

Could it be that the irregularity in the calculated
Qo to be caused by eccentric orbits?

V1 — e?
1+ e-cospy

Ox.,ell — Ox,circ
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ELLIPTICITY OF THE ORBITS

Could it be that the irregularity in the calculated

Qo to be caused by eccentric orbits?
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TTV ANALYSIS
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e 2 planets in 4:13 period ratio.

e Not close to mean motion resonance.

e No TTV expected.
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TTV ANALYSIS

KOI-676.01

O-C (mins)

800 1000 1200 1400

e 2 planetsin 4:13 period ratio.

e Not close to mean motion resonance.

e No TTV expected.
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2 PLANETS SCENARIO
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2 PLANETS SCENARIO

 For most configurations no observable TTV
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 For most configurations no observable TTV

e FEccentric orbits produce low freq variations
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2 PLANETS SCENARIO

 For most configurations no observable TTV

e Eccentric orbits produce low freq variations
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2 PLANETS SCENARIO

 For most configurations no observable TTV

e Eccentric orbits produce low freq variations
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2 PLANETS SCENARIO

 For most configurations no observable TTV

e Eccentric orbits produce low freq variations
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2 PLANETS SCENARIO

 For most configurations no observable TTV

e Eccentric orbits produce low freq variations

KOI-676.01
T 1 T

- »planet b variation

I planet ¢ variation

JQunstable

1000 1200 1400

I [ | I I I
400 600 800 1000 1200 1400
BJD (+2454833.0)

Panagiotis loannidis Hel.A.S Conference Athens 09/09/2013




2 PLANETS SCENARIO

 For most configurations no observable TTV

e Eccentric orbits produce low freq variations
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3 PLANETS SCENARIO

e The planet b variations would be caused

from this 3¢ hypothetical planet
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3 PLANETS SCENARIO

e The planet b variations would be caused
from this 34 hypo

hetical planet

KOI-676.01

860
KOI-676.02

600 800
BJD (+2454833.0)

Panagiotis loannidis Hel.A.S Conference

1000 1200 1400

Athens 09/09/2013



3 PLANETS SCENARIO

e The planet b variations would be caused
from this 34 hypo

- »planet b variation

hetical planet
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3 PLANETS SCENARIO

e The planet b varia

from this 34 hypo

- »planet b variation
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3 PLANETS SCENARIO

e The planet b varia
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3 PLANETS SCENARIO

e The planet b variations would be caused
from this 37 hypothetical planet AND the
orbits are eccentric
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3 PLANET

e The planet b varia
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3 PLANETS SCENARIO

e The planet b varia

1ons would be caused
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3 PLANETS SCENARIO

e The planet b varia

1ons would be caused

from this 34 hypo

hetical planet AND the
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3R COMPANION
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3R COMPANION

e P~ 63days
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3R COMPANION

e P~ 63days

* Not observable as predicted from our

model
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3R COMPANION

e 6

e Noto
mode

Radial Velocity (m/s)

0.2 0.4 0.6 0.8 1.0
Phase

* Massive enough to produce detectable
RV
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CONCLUSIONS

0.2f
0.1}
2 0.0}
-0.1}

_02,

-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
AU

The orbits of both planets are eccentric, which
confirmed with 2 different approaches
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CONCLUSIONS

The orbits of both planets are eccentric, which
confirmed with 2 different approaches

There is a third perturber, causing the totally
uncorrelated TTV
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ACTIVITY REMOVAL
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ACTIVITY REMOVAL

e Selection of the transit areas in the

lightcurve
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ACTIVITY REMOVAL

e Selection of the transit areas in the

lightcurve
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ACTIVITY REMOVAL

e Selection of the transit areas in the

lightcurve

e Exclusion of the double transits
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ACTIVITY REMOVAL

e Selection of the transit areas in the
lightcurve

e Exclusion of the double transits

e 2nd order polynomial fit to the points

before and after transit
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ACTIVITY REMOVAL
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e 2nd order polynomial fit to the points

before and after transit
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ACTIVITY REMOVAL
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e 2nd order polynomial fit to the points

before and after transit
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ACTIVITY REMOVAL

e Selec

lightc

A IR R LL-
. X Lo ",\-
. . e
0994 . ‘- see " ., . '.
® EXC]U | S ;
v ‘”f’.‘, ;,"_ 0.2 03 0.4 0.5 0.6 0.7

e 2nd order polynomial fit to the points
before and after transit
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ACTIVITY REMOVAL

e Selec

e Exclu T :
0.992 > o1 03 D3 04 e 06 N 7

e 2nd order polynomial fit to the points

before and after transit
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ACTIVITY REMOVAL

Selection of the transit areas in the
lightcurve

Exclusion of the double transits

2nd order polynomial fit to the points

before and after transit

Normalization
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ACTIVITY REMOVAL
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e 2nd order polynomial fit to the points
before and after transit

e Normalization
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BLEND?

o Kepler target field
fits

Panagiotis loannidis Hel.A.S Conference Athens 09/09/2013



BLEND?

o Kepler target field
fits

[/ Examination for
nearby variable
stars

;_arbitrary flux
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BLEND?

o Kepler target field
fits

[/ Examination for u
nearby variable .
" Pixel Column Number

stars

Pixel Row Number
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[/ Examination for

possible centroid
displacement
during transit
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BLEND?

o Kepler target field
fits

[/ Examination for u
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[/ Examination for
possible centroid
displacement
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[ Spectrum
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KEPLER DATA
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KEPLER DATA

e Retrieval from MAST archive for Kepler
data
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KEPLER DATA

e Retrieval from MAST archive for Kepler
data

o (09-Q12
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KEPLER DATA

e Retrieval from MAST archive for Kepler
data

e (09-Q12
e SAP instead of PDC_SAP
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KEPLER DATA

Retrieval from MAST archive for Kepler
data

09-Q12
SAP instead of PDC_SAP

Long and short cadence data
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TRANSIT MODEL FIT
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TRANSIT MODEL FIT

e Mandel-Agol model fit
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TRANSIT MODEL FIT

e Mandel-Agol model fit
e MCMC Analysis for errors

Panagiotis loannidis Hel.A.S Conference Athens 09/09/2013



TRANSIT MODEL FIT

e Mandel-Agol model fit
e MCMC Analysis for errors
e WAIT !!! Outer planet is highly affected

by spots...
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TRANSIT MODEL FIT

e Mandel-Agol model fit
e MCMC Analysis for errors

e WAIT !!! Outer planet is highly affected
by spots... 3
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TRANSIT MODEL FIT

Mandel-Agol model fit
MCMC Analysis for errors

WAIT !!! Outer planet is highly affected
by spots... 3

Choose the less disturbed epochs closer
to the highest flux
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