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Background
The search for worlds beyond our solar system that could harbor life is one of the main drivers in
modern astronomy. To date, over 4000 planets around other stars (exoplanets) have been detected.
Most known exoplanets have been discovered only indirectly by observing the effects they have
on their host stars. Direct detection of exoplanets is extremely difficult. Planets are very faint
compared to their host stars, and typically too close to be separated from the light of the star. Only
a handful of exoplanets have been directly observed to date, yet direct detection offers to be the
most promising avenue for the possibility of detecting indicators of life. By directly measuring the
photons emitted or reflected by a planet, we can more easily study the chemistry of the atmospheres
than by indirect methods.

The current state-of-the-art methodology for direct imaging searches and characterization of
exoplanets from the ground are conducted on large telescopes with adaptive optics systems. Adap-
tive optics (AO) correct for the blurring effect of the Earth’s atmosphere and approach the sharpest
images allowed by physics. The larger the telescope, the easier it becomes to distinguish two
point-sources at closer separations.

None of our current direct imaging technology is capable of imaging an Earth analog in the
“habitable zone” (where liquid water might exist on the surface) of a G-type star. My research
group has just achieved first light on the MagAO-X instrument, an extreme adaptive optics instru-
ment on the Magellan Clay telescope, designed for the purpose of imaging exoplanets in reflected
starlight. Reflected light imaging would allow detection of exoplanets regardless of age, and en-
able characterization of their atmospheres, including habitability markers such as the presence of
O2 or H2O. To date no exoplanet has been observed in reflected light, however the giant telescopes
coming online in the next decade promise a dramatic increase in capability of reflected light direct
detection. MagAO-X serves as a precursor to GMagAO-X, the extreme adaptive optics instrument
my research group is developing for the Giant Magellan Telescope (GMT), a 25-meter telescope
currently being built in Chile. The GMT’s advancements in observing power and instrumentation
promise to deliver objects 100 million times fainter than their host stars and 6-60 milliarcsecond
separations (Weinberger et al. 2018), bringing reflected light imaging of known exoplanets into
the realm of possibility. The 30-meter class ground-based telescopes and their exoplanet sci-
ence was identified as the top priority for astronomy efforts for the next decade in the recent
Astro2020 decadal survey results (Pathways, 2021).

Detection of reflected starlight from a planet’s atmosphere is a challenging observation, even
with the advancements of the GMT. The PICASO python package (Batalha et al. 2019) was
specifically created to enable determination of observing strategy and prediction of signal strength
and contrast limits for reflected light exoplanet observations for the next generation of ground-
and space-based telescopes. PICASO is an open-source python package developed by Dr. Natasha
Batalha at NASA Ames and her collaborators that incorporates decades of radiative transfer models
and codes into a robust package for predicting scattering for given exoplanet environments and
conditions. It is a vital tool for planning reflected light observations, and for constraining the
atmospheres of exoplanets using data obtained from those observations.
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Internship Goals and Duties
I propose to complete an internship at NASA Ames, supervised by Natasha Batalha, to learn
the intricacies of the PICASO code package and the scientific models and techniques under-
lying its predictions, and to generate observing strategies for reflected light observations of
nearby known exoplanets with GMT and GMagAO-X. Using the PICASO models and parame-
ters and noise models for GMT and GMagAO-X, I will predict observational requirements to yield
optimal signal and retrievable information content for known exoplanets around nearby stars. This
prediction is vital to being able to use the valuable and competitive telescope time effectively and
maximize the information yield from the use of the telescope time. The end goal of the internship
will be a well-designed open-source code package that provides users with observing requirements
for GMT/GMagAO-X for a planet with given physical parameters and the PICASO modeling suite.

I intend to pursue a career in research, and intend to apply for post-doctoral positions following
my PhD. The GMT is a massive undertaking with partner institutions all over the world. In the
course of this internship, I will be collaborating with GMT stakeholders and managing the demands
of users for predicting observing requirements, integrating complex systems (PICASO, GMagAO-
X, physics of exoplanet detection), and leading design work for a vital tool for GMagAO-X and
other reflected light imaging programs. This internship will build on and expand my leadership
and management experience from my time as an officer in the US Navy, and adapt them to the
world of international scientific collaborations.

To date my only research experience has been in university settings. This internship will also
provide me with experience in a national science organization at NASA Ames, an environment I
am intending to pursue as a career path. Experience at NASA is highly valuable for experiencing
how science is done at a government agency, and how expectations and goals differ in the culture
of the institution. I will foster professional relationships with a new network at NASA Ames and
in the GMT community, and broaden my professional skills into a new subdiscipline (atmosphere
modeling).

Broader Impacts
The tools I develop and skills I gain in this internship will be invaluable to the GMagAO-X instru-
ment team and other astronomers attempting to perform these types of observations on GMT or
other telescopes. I will contribute a new observing tool to the community and gain a vital skill
for the next several decades of exoplanet observing.

Finally, I will incorporate this experience into community outreach I am involved with at home.
I am the lead organizer of Astronomy on Tap (AoT) Tucson, which hosts monthly public astron-
omy talks at a local brewery. I intend to not only present this work at the Tucson show, but also
volunteer to give a talk at the AoT San Francisco and AoT San Jose shows and assist with putting
on those shows while I am at Ames. I also teach research at the University of Arizona Warrior
Scholar Program, which offers two-week intensive college-prep ”boot camps” for veterans. I have
already begun planning for creating a research project around exoplanet atmospheres for future
WSP workshops. Finally, I am the founder of the Student Veterans Research Network, a peer-
network community of student veterans pursuing careers in research and graduate education. My
participation in the INTERN program will enable me to mentor other student veterans in apply-
ing for and obtaining non-academic research internships. I currently actively distribute advice
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and mentorship for the academic programs I have participated in (GRFP, NSF REUs, Goldwa-
ter and Astronaut Scholarships, etc), and I am eager to be able to help student veterans pursue
non-academic internships as well.
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