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The mass-radius relation for transiting EGP




Field transit searchs with CCD cameras

The challenge :

Monitor 10°-10° stars
for 10! - 10> nights

at 102 - 10 accuracy




Most transiting planets are near the detection threshold

an eclipsing binary a transiting planet nothing at all!

OGLETR-32 P=1.3433 (davs)




Systematics / red noise in surveys
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Field transit searchs with CCD cameras

Dream and reality

Orders of magnitude :

Number of pixels in camera 107 pixels
Mean distance between targets >10! pixels

= Number of targets 10°

Accuracy : better than 10-2
Accuracy over transit duration (2-4 hours): 10 -2

= hot Jupiter transits detected at 10 sigmas

Number of transiting hot Jupiters : 0.1 x 0.01 x 105 = 10?
Number of detected transiting planets : dozens (e.g. Horne 2003)

Actual detections :
1 -2 transiting hot Jupiter per year per season for major surveys

0 for minor surveys




Unickded Lightcurnva
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Nature of OGLE planetary transit candidates

Transiting gas giant

planets (5]

Eclipsing
binaries [>20]
- grazing

- low-mass companion [>100]

- multiple systems and

[>50]
blends

False positives of the fransit detection [10-20]
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Significance of transit detections

Transit detection signal-to-noise:
depth

SINR = o/vn

Detection threshold:
SNR > 7 - 10
(10° - 108 stat. tests)

For a normal Hot Jupiter :
o ~ 5 mmag, depth ~ 1%, n ~ 3 transits x 10 points

— SNR ~ 10 most HJ should be detectable




Transit detection significance with real photometric noise

depth?

o’/n +

In the regime relevant to transit surveys, the red term dominates!

white noise (photon+sky-+scintillation)
o = 3-10 mmag, n=20-50, 6> /n=0.1 - 0.5 mmag 2




Detection threshold with red noise (systematics)

* Factor 3-5 in threshold!

» Weaker dependence on magnitude

* Steeper dependence on period




Detection statistic with red noise
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(Pont, Zucker & Queloz 2006)




Detected planets per 104 targets
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Noise and detection
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RMS scatter (magnitude)

Example: Red noise in SWASP data after detrending algorithm
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Second transiting planet around OGLE-TR-111 ?

Cxvhital prase QGLE-TR-111¢




Intensity
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Phase

Example from HST data on transiting HD189733b
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Systematics Removal

in large sets of light-curves

SysRem
(Tamuz, Mazeh & Zucker 2005)

Trend Filtering Algorithm
(Kovacs, Bakos & Noyes 2005)




What kind of ‘systematics’?

* Colour-dependent atmospheric extinction
e ¢;—colour, a;—airmass

» Contaminating light (moon, earth)

e Position-dependent CCD response

* ctc...




Huge photometric datasets:




Example: Super WASP 16h30+28 field
300 stars, 2549 bseraions spanning 100 days
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v, = transit (?)
+ white noise

+systematics

ri(j) = transit (?)
+ white noise
+ ¢il airmass (j)

+ ¢i? temperature(j)
+ ¢ 222




Finding the ¢i_and a;?
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Star no. i:

Assume q; are known,
solve for ¢,

Image no. j:
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solve for a;




Applying Sys-Rem to OGLE data
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Figure 1. Firet pattern showing ¥ parabolic” change avery obeerwving night.




Applying Sys-Rem to OGLE data
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Applying Sys-Rem to OGLE data
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Flgure 3. Third component showing similar behasdiour to the fimt.




Applying Sys-Rem to OGLE data
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Sixth component showing coneiderable long term variation.




Original Data AoV Average Periodogram (200 Stars)
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OGLE-TR-132, Before...




Original Data BLS Periodogram
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Q SuperWASP
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12h43+28 field: First four SysRem components (arbitrary units)
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Example: Super WASP 16h30+28 field
300 stars, 2549 bseraions spanning 100 days
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Known effects,
known factors
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Known effects,
unknown factors
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