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ABSTRACT '

WASP-14b is a hot Jupiter planet (Joshi et al. 2009) with mass 7.3 + 0.5 M, and
radius 1.28 + 0.078 R,. For planets with periods less than 3 days, and mean

density of 4.6 g/cm? this transiting object is the densest to date. It is also very
close to its host star, with semimajor axis 0.036 + 0.001 AU, and its significant
orbital eccentricity of 0.087 + 0.002 suggests possible existence of a
companion. Using the Spitzer Space Telescope we observed three secondary
eclipses at 3.6 ym (2010, Knutson Pl), 4.5 ym and 8.0 ym (2009, Harrington Pl).
Here we present analytic light curve models that incorporate corrections for
systematic effects with a new approach to removing intrapixel sensitivity i
(Stevenson et al. 2010, in prep.), Keplerian orbital model, estimates of infrared

brightness temperatures and constraints on atmospheric composition and

thermal structure. .

ARE WE ALONE? |

Transiting planets are one of the major sources of information on
the formation, structure and evolution of extra-solar planets. The
search for life begins with the study of their atmosphere, which
gives a window to planetary temperatures, habitable indicators, and
biosignhature gases. By measuring the relative depths of the
secondary eclipses (ratio of planetary flux to star flux when planet
passes behind its star) in multiple Spitzer bandpasses, a low
resolution emission spectrum from the dayside of the planet can be
constrained. Transiting planets known today are too hot for liquid
water, therefore they can’t support life as we know it, but we are
refining the techniques that we will use to make measurements
sensitive to life with future instrumentation.
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UCF PIPELINE

After downloading Spitzer BCD (Basic Calibrated Data) frames
processed through the Spitzer preprocessing pipeline, data are
taken through the three-part UCF Exoplanet Group pipeline. The
first part flags bad pixels, rejects bad frames, and applies 5x-
interpolated aperture photometry (Harrington et al. 2007). The
second part applies model fitting routines using a Markov-chain
Monte Carlo scheme (MCMC), where systematic corrections and
the lightcurve are modeled simultaneously (Fig.1). Third part
determines orbital dynamics of the observed system.

Fig.2 - Observations and model spectra for dayside emission from WASP-14b

The orange solid line is a model with a thermal inversion (derived using the
method of Madhusudhan and Seager 2009). The green solid line has no
thermal inversion. The blue dashed lines are blackbody curves at 1000 K and
2800 K. The black line is a blackbody curve at 2200 K. The green and orange
dots are predicted points in all 4 Spitzer channels. The blue dots with error
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The Spitzer IRAC instrument exhibits some sources of systematic Fig.3 - Molecular absorption features in Spitzer bandpasses bars show our observations in channel 1 (3.6 pm), 2 (4.5 pm), and 4 (8.0 um).
error, notably positional sensitivity (photometry depends on the curve Is the hypothetical modsl spectrum bf WASPHB (dari+ St tuetuly
precise location of the stellar center within a p|Xe|) and time_varying of Madhusudhan and Seager 2009), based on equilibrium chemistry and the black
P @ 5 . N ] filled circles are the corresponding integrated points in the Spitzer channels. The
SenS|t|V|ty (I’amp eﬁeCt, an increase In flux over time due to red dotted lines at the top show the six Spitzer bandpasses. The black lines show
Charge trapplng) For eaCh data Set we run a” Of the rampS known the extent of absorption features due to the corresponding molecules.
In the literature and our new position sensitivity technique, . \ ) .
determining the best fit by using the Bayesian Information Criterion. \ \ R
Errors are estimated using MCMC. Results give eclipse depths, - LN
midpoints and estimates for brightness temperature for the best fit »
model. (Table 1) \ \
7 Normalized Binned 1Fllux VS. POSitrion If?rmalized_Fquvs. Position Contour Plot # of Points/Bin vs. Position Contour Plot
Thermal and chemical properties of the dayside .
Position sensitivity for channel 1 Pixel mapping for channel 1 (3.6 pm). Contour plots used in the . ! ®
(3.6 pm) mo_d_el_ed bytht_a new pixel new pi)_(gl sensitivity technique. Black line is a pixel boundary atmosphere and Correlat|0ns between various m0|eCUIar
sensitivity technique ton oS ConRXSNES YISIL2 species are constrained using the temperature and
abundance retrieval method of Madhusudhan and Seager
NEW PIXEL SENSITIVITY TECHNIQUE (2009), which explores the parameter space with 10° one-
dimensional models using a MCMC scheme. The -
The change in pixel sensitivity with respect to detector position is a parameter space of allowed models is constrained based
well-known systematic with the Spitzer Space Telescope on data and energy balance. The model spectrum is
(Charbonneau et al. 2005). The most common method for bounded by two blackbody spectra, corresponding to the
removing the intra-pixel sensitivity effect is to fit a polynomial in lowest and highest temperatures In the atmosphere
both spatial directions. This polynomial method works reasonably admissible by the data.

well for datasets with a strong S/N or for those with no or smoothly
varying position sensitivity. An analysis becomes exceedingly
complicated if the variation is not smooth or if strong correlations
arise between parameters. These complications can work to

The model’'s pressure-temperature (P-T) profile captures
sighatures of temperature inversion and reveals day-night
energy distribution (f - fraction of input stellar flux

r

increase error estimates in the best case scenario and, in the worst redistributed to the night side), satistying physical
case, lead to incorrect results. Here we test a new technique that constrains of global energy balance and hydrostatic
computes the position-dependent flux at the sub-pixel level using equilibrium and allowing for non-equilibrium molecular S
both bilinear and neareSt-neigthr interpOIatiOn_ This method uses CompOSition. Fig.1 - Raw, binned and normalized WASP-14b data with used eclipse
hundreds of knots to map the pixel surface at high resolution Constraints on the P-T profiles reveal no major thermal SR O k) craninel 2 {35 um) and channel 4 (5.0
without requiring a large number of free parameters or suffering inversion. The spectrum looks almost identical for model s
from slow convergence. (Stevenson et al. 2010) Wltlh and without a thermal inversion. (Fig. 2) | REFERENCES
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