Introduction

Figure 1

A Observations of exoplanet
have revealed many
systems to be misaligned
(Figure }

A This poses problems fa
our understanding of
planetary formation
theory*

A We setout to measurethe
spinorbit misalignment of
systemswith orbit periods
betweenlOand100days

A These systems have
alignments that are
likely preservedfrom
initial formation

A This will provide a
wealth of statistical
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constrain new theories

of planet formation

Above: Example of a planet, shown in blue,

2NDAGAY T |
misaligned by angle.

Methods

Figure 2

A We measure spiorbit
misalighment using data
from the KeplerSpace
Telescope .

A We studyearly-type, fast
rotating starsthat display
gravitydarkenening i

. A This produces

. asymmetric lightcurves
g (Figure 3Wwhich can be
fit with a .-
minimization technique
to measure spirorbit
misalignment

A Gravity darkened stars are
often variable stars

A We can independently
use oscillations to '
measure spirorbit
misalignment

A Oscillations can
obscure the transit

A Weemploy a specialized
technigueto remove and
analyze the/ariabilit)’

A Weremove each
oscillation individually
In frequency space
using a least squares
fitting algorithm

Above:Transit lightcurve of a negravity
darkened, norvariable star.

Figure 3

Above: A misaligned planet passes in front of a gravity darkened star. As it pas$s
from the warmersouth pole to the cooler equatat producesan asymmetric
transit lightcurve.
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1. KO972.01 is a planetary candidate orbiting a star with an effective temperature of 7221 Kelvin
and a projected rotational velocity of #20 km/s. K33R.01 orbits with a Jperiod of about 13 days
making it an ideal candidate for our technique. Initial fits of the system proved problematic,

resulting in large error bars, and further investigation revealed¥Qlto be a variable star.
: »

KOI9 72

frequency of stellar oscillation.

* 2. In order to further analyze KO¥2, we remove stellar oscillations one at a time via the Linear
Algorithm for Significance Reduction (LAS&lecting a portion of continuowshortcadencealata
spanning 30 days, waeate a Lomiscarglegeriodogram tadentify and fit for each individual
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= 1: OriginalLightcurve . 2: Periodogram
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Above:A smallséctionof KO4972shoucadencéightcurve centered around,thg location of an obscured ABove:The initial LomkScargleperiodogram of KG®72 with frequency along theaxis and significance
transit. > . ' . » along the yaxis Higher significance denotes a higher prominence oscillation. ’
_ . - N
» . » : ‘ Vl .
3. LASR analysis reveals 54 different stellar oscillation frequedéeasombineeachfit to'createa 4. We subtract theomplete stellaoscillation fit from the original baseline. The residual clearly .
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'3: Oscillation Fit ’

Above:The same sectioaf KO1972shortcadencdightcurve with fit of 54 stellar oscillation frequencies
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stellar variability.

superimposed on top. The linear combination of the frequencies clearly closely matches the stellar variability. transit is now clearlyisible.

Expected Results

Our combined stellar oscillatiegravity darkening technigue allows for the characterization of planets orbiting mosinhagis fast-

rotating stars. In the future we expect to further constrain parameters for&Qland measure the sporbit misalignment of ygstems
KO#1932 and KG2577. Preliminary fits and stellar oscillation removal has already been performed on these systems. Agdwenall
expect to be able to apply our technique to dozens of other mgiss, fasN2 0 I G Ay 3 Y h L Q& P -otbi2nvidalgnimanys r
these systems withen allowus to use the data to put constraints on theories of planetary formation and evolution. ’

& & & Urevedl®the tidansisaind aHoWd ug to Aidply aurigtadiiykeéniing technique in order to constrain the

4: Residual

Above:The same sectioaf KO1972shortcadencdightcurve after stellar variability has been subtracted. The
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