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Overview
● Transmission spectroscopy
● Instrumentation & Methodology
● FORS2 improvements
● WASP-19b observations
● Conclusions & Outlook



  

Transmission Spectroscopy
HD209458b

Deming et al. (2013) ApJ, 774, 95



  

Transmission Spectroscopy
HD209458b

Deming et al. (2013) ApJ, 774, 95



  

What ground-based instruments?
GMOS on 8.1m Gemini @ Cerro Pachón

Gibson et al. (2013) MNRAS 438



  

What ground-based instruments?
IMACS on 6.5m Magellan at Las Campanas

Jordán et al. (2013) ApJ 778.2



  

What ground-based instruments?
FORS2 on 8.2m VLT(UT1) at Paranal

Bean et al. (2011) ApJ 743



  

How is it done?
GJ1214b observations from Bean et al. (2010) ApJ 743
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Systematic problems with FORS2

LADC: Longitudinal Atmospheric Dispersion Corrector

Degradation of coating

Boffin et al. (2015), ESO Messenger, 159



  

Manifestation in the light curve

WASP-19b transit

Boffin et al. (2015), ESO Messenger, 159



  

Problem eradicated

Anti-reflective coating removed from FORS1 LADC

Boffin et al. (2015), ESO Messenger, 159



  

FORS is back!

Boffin et al. (2015), ESO Messenger, 159



  

Transmission Spectroscopy with FORS2
Raw Spectra

Sedaghati et al. (2015) A&A, 577



  

Transmission Spectroscopy with FORS2
Time-series light curve



  

Transmission Spectroscopy with FORS2
Broadband (white) light curve model

Sedaghati et al. (2015)



  

Parameter extraction



  

Parameter extraction

Correlated (red) noise very much minimized!!

Systematics under control ☺☻



  

A closer look at the systematics

Gillon et al. (2006)A&A,459,249

From:

we estimate:

for the broadband LC.



  

A closer look at the systematics

Gillon et al. (2006)A&A,459,249

From:

we estimate:

for the broadband LC.



  

Spotting a spot?



  

Spectrophotometric light curves

● All non-wavelength dependent parameters fixed to the white LC solution
● Only scaled planetary radius, Limb darkening coefficients & noise model parameters free



  

Transmission spectrum
Literature comparison

Black filled circles: Sedaghati et al. (2015), FORS2+VLT spec.
Purple filled stars: Huitson et al. (2013), STIS+HST spec.
Red crosses: Mancini et al. (2013), 1.54 Danish, PEST, GROND phot.
Green cricle: Lendl et al. (2013), HAWK-I/VLT, EulerCam phot.
Orange triangle: Tregloan-Reed (2013), EFOSC2/NTT phot.



  

Transmission spectrum
Atmospheric model comparison

Sedaghati et al. (2015)
Atmospheric models from Burrows et al. (2010) ApJ, 791, 341

Unknown optical absorber or Systematics

Model binned to our data
Atmospheric models



  

Transmission spectrum
Coincidence??

Transmission spectrum of WASP-6b with IMACS/Magellan
Jordán et al. (2013) ApJ, 778, 184



  

Conclusions & Outlook
● FORS2 now ready for multi-object spec. obs.
● Transmission spectrum of WASP-19b with 

feature due to unknown optical absorbers
➢ Global effort required to obtain a statistically 

large sample of atmospheric spectra
➢ FORS2 will be key to this effort



  

Estimating spot impact

WASP-19b

WASP-19
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