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DETECTION METHODS




Transits and radial velocities
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Transits and radial velocities
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Transits

Ground: SuperWASP, HATNet
Space: CoRoT, Kepler, MOST
Fulure: TESS, CHEOPS, PLATO

— Archifecture of planefary systems

(mostly < 0,1 AVL)

— Large eccentricities

— Multi—planetary systems and

Transit timing variations

— Planet occurrence (also in the habitable zone)
— Phase curves for planet atmospheres




Radial velocities

— First planet around a main—sequence star (Mayor and Queloz 1445)
— a >y 0.1 AU as well
— Planets around M and giant stars
— Multi—planetary systems
— Coupling with fransits:
Validation
Mass (solved for sini modulation)
Spin—orbit geometry
— VYields stellar spectrum

Fulure:
Improving precision
NIR spectroscopy (M dwarts)
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About 2000 planets
confirmed

Jupiter—sized
Mini—NepTunes
Super—Earths
Tervestrial planets

Main hosfs: FGKM stars

Different fechniques, different parfs of fhe pars. space



Raodius [Earth rodil]
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STELLAR ACTIVITY




Stellar magnetic activity

Stellar dynamo
Starspofs & Taculae




Out—ot —1ransit starspots

oK

— Some # brighiness
variaTions
— Allow to measure stellar - |
period and differential

roTation

- Age indicafor




Out—ot —1ransit starspots
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In—1ransit starspots
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— Distort the fransit profile (e.aq.
Desert et al, 201), affect the
measure of:
Transit depth (Czesla ef al. 2009)
STe\\av OleYlSiTl{, (Léger et al, 200%)
Limb darkening coefthicients
(Csizmadia et al 2013)

Orbital PeYiOOI (Barvos et al., 2013)



MNormalized flux

In—1ransit starspots

— Distort the transit profile
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— Produce fime—varying Jifter
— Measured orbifal parametfers

atfected

— Planet features can be mimicked

Starspots in RVs

(Desort et al, 2007)
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Saar & Donahue (1497)

— TDiagnosTics can reveal false
positives (e.g. Queloz et al, 2001)
— Need to observe RV stars for
fransit tollow—up



OUR STUDY ON CoRoT—2
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OQur study

What?
Simultaneous spot—Transit fitfing in the light curve

Why ?
Correction tor activity, more consistent fransit paramefers

Why AGAIN?
No current approach is complefe



Previous attempts

Lanza et al. (2004): out—of—transit
brightness distribution

Silva=Valio et al, (2010): spots
inside all transits

— Huber ef al. (2010): surface
model of  ~30  sfrips:  also
Transits, no evolufion




Previous attempts

Lanza et al. (2004): out—of—transit
brightness olisTvibu?p“

(2010): spots

what we add:

— Simultaneous spof—transit fit %
— Spot evolution —//::
— Fif of longer segments of f;
light curve /am
— Huber e\\, ,
model of  ~30  sfrips:  also

Transits, no evolution



Method

Starspot models
— Numerical (compufation ot a grid and numerical integration)
— Analyfical (much faster fo execufe, but need assumptions)



Method

Starspot models

o'~ Numerical (computation of a grid and numerical integration)

|

— Analyfical (much faster fo execute, but need assumptions)

Boisse et al, (2012)



Method

Starspot models
— Numerical (computation of a grid and numerical infegration)
— Analyfical (much faster fo execufe, but need assumptions)

‘----.

)\

/\ Transits modeling
+

@ Longifude, latitude, size, constrast tor
each spot

Montalto et al, (2014)




Method

Starspot models
— Numerical _(computation—ef—a—grie—and—numerical infegration)

-@tﬂica\ (much faster fo execufe, but need assum@




Method

Starspot models

— Numerical (compuiation—ef—a—grie—ane—awmerical infegration)
@tﬂica\ (much faster fo execufe, but need assum@

Added linear spot
evolution (Kipping
20172)

Time [days]

T



Method

Starspot models

— Numerical (compudation—e+—a—grte—ane—asmerical infeqgration)
@%Tica\ (much taster fo execute, buf need assumpﬁo@

Fitting method

— Xx* minimizaTion
X Ill-posed <

— maximum enfropy regularization oroblem N
— MCMC



Method

Starspot models

— Numerical (compudation—e+—a—grto—ane—awmmerical infegration)
@tﬂica\ (much faster o execufe, buf need assumpﬁo@

Fitting method N /
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Strateqy

With spot modeling

Fit in two steps
1) Fit spots
Fixed fransit pars,
2) Fit transits, adjust spots
Adjust A, a for spofts,
fif fransit pars.
+ Standard transit fit using model 1

Normalized flux
- =] =]

100 120
Time [B)D]



Aboul the activity cycle

Classic transit fit
All fransits folded and fitted at once

With spot modeling
Too many spofs needed: light curve cut in
segmenTs
15—25 days—length, ~ lifefime of
active regions, Lanza et al, (20049)

Normalized flux
= = = =




Results: spot parameters

b To 4 spots/segment required
5—30 deq. size o B g X

Hints of longitudinal migration : ..

Average 1—2 taculae per segment
1—2 features constantly in the transited belt
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Results: transit parameters

— Tvansit depth, incl,: Non—=significant
corrvelations

— stellar  density, LD:  needed
improvemenTs

— Period: not affected by spots

Possible improvement
— Aufomatic fit no. of spofts

T—values
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Least distorted transit

— Czesla ef al, (2009): average of deepest fransits less atfected,
Transit depth »3x than Alonso et al, (2009)
— 0On single deepest transit, result in agreement
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Least distorted transit

— Czesla ef al, (2009): average of deepest fransits less atfected,
Transit depth »3x than Alonso et al, (2009)

From our fit:

1) On single deepest fransit, result in agreement

2) Deepest with only dark spofs? Worse fit (Bayes factor 2x)

i
a5k : \
T @ /
=14 -0.5 aa as 14
/R,

y/ R

10
. m
.
a0
:J J\ /
=14
=14 -0.5

L as 14 o1 E] 1) T 030
/R Time [EID)



CONCLUSIONS




Conclusions

Analytic evolving spot modeling + transit features + MCMC fit
More consisTent Transit parameters,

explored correlations spots—transit parameters

Required presence of faculae

Future developments

Refine spot modeling
Explore more efficient MCMC algorithms
Test on synthetic data and other real cases
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