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Transiting Exoplanets (especially Hot-Jupiters):  
what can they tell us? 

1.  Radius of the planet 

2.  Orbital inclination and Mass when combined with          
radial velocity 

3.  Spin-Orbit (Mis)alignment angle 

4.  Albedo (reflected light) 

5.  Atmospheric spectral features  

Gaia and the Unseen 
The Brown Dwarf Question - March 24, 2014 



Transit detection is a bit like playing the slot machine: 

⚂  Observe many stars 

⚂  Frequent observations 

 

 

  Dedicated surveys (COROT) 
  High-cadence 
  Dense fields 

Transiting Exoplanets: 
The challenge 

Deleuil et al. (2008) 
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In order to detect 1 typical HJ we have to observe thousands of stars  
with full coverage  



Transiting Exoplanets: 
Low-cadence surveys 
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Abstract. During its 39-month mission, Hipparcos observed
the star HD 209458 on 89 occasions. Five of these observations
are shown to correspond to epochs of planetary transits, with a
2.3±0.4% mean decrease of flux in the Hp band being observed
during the transits. As a result of the long temporal baseline of
more than 8 years between the Hipparcos and radial velocity
measurements, an accurate orbital period of P = 3.524739 ±
0.000014 days can be derived from the Hipparcos photometric
data.

Key words: stars: planetary systems – stars: individual:
HD 209458

1. Introduction

The announcement of the photometric detection of the plane-
tary transits for HD 209458 by Charbonneau et al. (1999) and
Henry et al. (1999) represents a significant confirmation of the
presence of extrasolar planets detected by radial velocity mea-
surements, and signifies the start of a new era for extrasolar
planet studies.

Compared to the orbital period (≈ 3.5days), the transit dura-
tion (≈ 0.1 day) implies a 3% probability of observing a transit
at any given epoch. On average, about a hundred individual mag-
nitude measurements per star were obtained by Hipparcos dur-
ing the mission. Although these observations are not evenly dis-
tributed in time, planetary transits for such short-period systems
are nevertheless likely to be sampled by the Hipparcos epoch
photometry. According to Charbonneau et al. (1999), the depth
of HD 209458 transits is about 1.5% in the red, and should be
larger at shorter wavelengths due to greater limb darkening. The
individual Hipparcos photometric precision is about 0.01 mag
making the transits in principle detectable.

Assuming that the period has not changed for 8 years, we
first show that Hipparcos indeed observed a number of distinct
planetary transits, then the period is refined and the transits are
indicated.

Send offprint requests to: Noël Robichon
! Based on observations made with the ESA Hipparcos astrometry
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Fig. 1. Hipparcos individual photometric observations of HD 209458

as a function of the observation epoch (given in barycentric Julian

Date).

2. Hipparcos photometric measurements

The Hipparcos Epoch Photometric data are part of the published
Hipparcos Catalogue (ESA, 1997). It is available on CD-ROM,
or via the web site of the ‘Centre de Données astronomiques
de Strasbourg (CDS)’. This annex of the Hipparcos Catalogue
gives: the observation epoch, in Terrestrial Time (TT) cor-
rected to the solar system barycentre with respect to JD(TT)-
2 440 000.0; the Hipparcos magnitude, Hp; its standard error
σH ; and a quality flag. The Hipparcos barycentric Julian Date,
BJD, is consistent with the Heliocentric Julian Date used by
Charbonneau et al. (1999) to within about 3 s.

Hipparcos observed HD 209458 (HIP 108859) on 89 oc-
casions, with an individual mean standard error of 0.011 mag.
The individual Hp magnitudes as a function of BJD are shown
in Fig. 1. Six of the 89 measurements are fainter by more
than 2σH from the median magnitude (7.7719 ± 0.002). We
phased the data using the period (3.52447 ± 0.00029 days)
from Mazeh et al. (2000) and the mean transit epoch (HJD
2451430.8227±0.003) given by Charbonneau et al. (1999). To

Hipparcos Epoch photometry - HD209458 

Robichon & Arenou (2000) 
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“Hipparcos Catalog does not represent a likely place to detect planets in the absence 
of other information” (Jenkins et al. 2002) 



Directed Follow-Up (DFU) strategy 
for low-cadence surveys  

Sampled transits provide some information about the 
hypothetical transit, if it exists. 

Using MCMC we can present this scarce information as 
a Probability Distribution Function 
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Directed Follow-Up strategy             
for low-cadence surveys  

Low-cadence 
observations 

MCMC: posterior 
distributions 

Instantaneous Transit 
Probability – ITP(t) Prioritize stars for 

follow-up observations 

Perform follow-up 
observations 

Planetary candidate 
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Robichon & Arenou (2000) 

Low-cadence Hipparcos observations 

DFU Application to Hipparcos Epoch 
Photometry – HD 209458 
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Dzigan & Zucker (2011) 

DFU Application to Hipparcos Epoch 
Photometry – HD 209458 
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MCMC – posterior distributions 



HD 209458: Follow-Up predictions 
Instantaneous Transit Probability –ITP(t)  

Dzigan & Zucker (2011) 

Best times for 

Follow-Up 
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HD 209458: Hipparcos combined with 
a Directed Follow-Up simulation 

Posterior Distributions 
 ITP (t) 

Dzigan & Zucker (2011) 
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ITP degradation 
ITP for 10 years after Hipparcos observed HD 209458 

Dzigan & Zucker (2011) Gaia and the Unseen 
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Transiting Exoplanets  
by Gaia photometry 

Optimized to derive parallaxes, proper motions,  
not for planetary transit search! 

Average of 70 samples 
per object  

Photometry <2 mmag  
down to the 15th  

G - magnitude  

de Bruijne, J. H. J. (2012) 
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Is it worth it? 
Gaia yield of transiting planets  
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"   Transiting HJs & VHJs  frequencies from OGLE complete survey 

(Gould et al. 2006) 

"   Stellar density in the solar neighborhood (Reid et al. 2002) 

"   Galactic model (Bahcall & Soneira 1980) 

"   Transit detection probability as an Observational Window Function 
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(Beatty  & Gaudi 2008) 



Gaia Transit Observational 
Window Function 

Assumptions:  

Gaussian noise   

No outliers 

Minimum number of 

points in transit (3,5,7) 

Dzigan & Zucker (2012) Gaia and the Unseen 
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Gaia expected yield 

"   Down to 14th G-magnitude: 

 minimum 7 transits: ~70 transiting HJs and VHJs 

 minimum 5 transits: ~200       

 minimum 3 transits: ~600   

"    Down to 16th G-magnitude: 

     minimum 7 transits: ~300 transiting HJs and VHJs 

   minimum 5 transits: ~900    

     minimum 3 transits: ~2600 	

	


Assuming 2-hours transit… 
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Directed Follow-Up strategy 
application for Gaia 

CU-7 for Variability Processing 
Laurent Eyer  
University of Geneva 
Department of Astronomy 

"   Simulated Gaia light curves inspired by known transiting planets 
(period, duration, coordinates) 

"   Gaia Scanning Law 

"   Phase chosen to produce required number of sampled transits 

"   Photon noise level – 1 mmag. 

"   We defined two main detection scenarios.	

Gaia and the Unseen 
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First scenario - Gaia data alone 

Dzigan & Zucker (2013) 

Period Posterior distribution  ITP 

d=10 mmag 

 
 

 
 

 
  

 

•  Simulation inspired by CoRoT-1b (P=1.51 d, w=0.1 d) 
•  Assuming five sampled transits (Ntot=64) 

•  d > 0.005 mag	

Gaia and the Unseen 
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t (days) P (days) 

d=5 mmag 

d=8 mmag 

 
 

 
 



with as little as 3 transit samples we will be able to trigger follow-up 

Gaia combined with 1 DFU simulation 

Period Posterior distribution  ITP 

Dzigan & Zucker (2013) 

Gaia simulation 

•  Simulation inspired by WASP-4b (P=1.338 d, w=0.104 d) 
•  Assuming four sampled transits (Ntot=83) 

•  d = 0.005 mag	

Gaia combined with 2 DFU simulations 

Second scenario – DFU observations  
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Prioritizing candidates for 
Directed Follow-Up observations 

1. ITP peak values > 0.1  

2. Skewness of the ITP >1 

3. Wald statistic of the transit depth 

Transit 
simulation 

No Transit 

ITP 

t (days) 

t (days)                  
Gaia and the Unseen 
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False alarm treatment 
"   Statistical false-alarm rate is negligible 

"   Red noise will manifest as effectively white noise  

 
ITP for simulation with no transit (σ=3 mmag) 
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Initiating the Follow-Up campaign 

As soon as possible… 
(while Gaia still operates) 
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t (days) 

ITP degradation 
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Directed Follow-Up for Gaia 
Partial light-curve 

Gaia halftime + 1 DFU simulation 

Gaia halftime + 2 DFU simulations 

WASP-12b: 3 transit samples @ half lifetime, d=7 mmag 
Gaia halftime simulation 
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Follow-Up network for  
Gaia discoveries 

"   Widespread 

"   Moderate precision 
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Summary & Future 
"   Transiting Hot Jupiters are valuable (favorable for 

observational study) 

"   The Directed Follow-Up strategy utilizes low-cadence 
surveys for transit search 

"   Gaia yield can reach thousands of transiting planets 

"   More applications in many astrophysical phenomena 
(Eclipsing Binaries… ) and surveys (OGLE, LSST…) 

 
Thank you 
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