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INTRODUCTION AND MOTIVATION MODELING: GRAVITY DARKENING PERFORMANCE
Observing certain effects of stellar rotation can serve as a Von Zeipel Law: Planci’s Law: We implement the models for gravity darkening and
protractor to measure the angle between the planet’s orbit g Bor =2t L pblatgness in C++ the package Starry. Since Starry
and the star’s rotation axis. This spin-orbit alignment L= Tpole g ¥ et _ 1 15 de5|gned.for SUFffiCE Mmaps with spherical ha_rmpmcs
measurement is important to learn about the dynamical Ipole dnc aIIow; integration with pymc3, .the model is !deal
history of exoplanet systems. Spectroscopic methods are o for posterior inference. We find the implementation to
frequently used to measure spin-orbits but require the use | _g‘ e 4 orders of magnitude faster than an equivalent
of large ground-based telescopes and only provide the 20008 numerical method and much more precise, especially at
projected spin-orbit angle. . 89000326 nigher rotation rates, than the Barnes (2009) transit
- 986900008 S model.
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Rapidly rotating stars exh ’blt certain effects, |.nclud|r.1g EARLY RESULTS AND NEXT STEPS
oblateness and gravity darkening, that make it possible to Stellar surface map Spherical harmonic transform
constrain the true spin-orbit angle using transit | | | | | We test the new starry algorithm on an unbinned TESS
photometry alone. This makes spin-orbit measurements \If\;?/vmv(\;gilhgrr:I\g’Est?r:le(elch:glgsSLE?fr;Lr;g with theron Zeipel light curve of KELT-3b, a system that shows visible
feasible with large photometric datasets such as TESS. ' o gravity ot a star to asymmetry due to gravity darkening. While we are still
the temperature. We plug this into the Planck function working on reparametrizing the model for better speed,
Left: A rapidly rotating star and expand it out in terms of spherical ha_trmonics to we find that a laptop computer is sufficient to run the
demonstrating oblateness and represent the surfac_e map of the star. This allows fast posterior inference. We are currently working on using
fgravitv darke;i‘ng. Centtriﬂ:g?)l | computation of gravity darkened transit light curves. the model on more such systems, including those
orce causes tne equator to buige _ : : | :
an oblate spheroid. The density of To model oblateness, we must sum the flux blocked by dentifving the tr O orbit inclinats 4 maki
material at the poles is greater the planet in transit. This is usually done by performing a ving He Spin OrbIt INCINAtion and maxing
Ithtatn 3t tze eq“(?toi'tcausmgs 2D surface integral of the flux under the planet at every stronger constraints. — Sohercalsar model (Gaudi a1, 2017)
;n::I Lljuriingsii\r/] Vi:iatfon;izrlfe;re point in the.tran5|t. Using Gr.een’.s theorem, we write this Right: TESS light curve o~ *** TESS datz
aravity darkening. 2D su face mteg.ral as a 1D line |nt.eg.ral around a.closed (ELT-9b with both the >< 1.002-
CHALLENGES region. We classn‘\/ the forms of this mtegral for different hest fitting spherical and §1'0°°
spherical harmonic terms and solve as many analytically oblate, gravity darkened ~ §°**
Using the rapid rotation of exoplanet hosts to measure as possible. | model. Notably, there are " %*°¢
spin-orbit angles is not a new technique but is difficult to occultor / significant departures 0994
model. The technique is usually computationally intensive, Right: The geometry of the from the spherical model ~ °**
involving 2D surface integrals at every flux computation in gﬁ'atte”e_ssbﬁ”m'e”; iEOWi”S ?ntwlpr:\%irr?;r?;tdoﬁ;iﬁ'e - T s e s e s
; : e star In DIAdCK dan e 0.003
the model. As a result, the technique has in the past been Slanet in red. The boundary of alone can be used to make 3 0L
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constraints on the system ) 000y [N R
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two angles ¢ and ¢ and is time [days]
Making the technique applicable to large datasets such as always performed 2000 exoplanets in TESS will orbit A/F stars, out of which a

TESS requires the use of a model that is both accurate and counterclockwise around a occulted significant proportion will be rapidly rotating and amenable
enables fast posterior inference closed region. to constraints from this method.

used mostly with least squares fitting on a handful of more
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arrows, is parametrized with
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