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I intend to pursue a career as an observational astronomer in the field of high-contrast imaging and exo-
planet science. I propose to build on my experience modeling exoplanet reflected light spectra by applying
my models to ELT/HARMONI and ELT-PCS instruments to predict survey yields, estimate spectroscopic
atmosphere characterization, and inform instrument design and observing strategies. This proposal will be
a key piece of planning for one the main science cases of the next generation of ground-based astronomy.

I began this work during my PhD at the University of Arizona with the MagAO-X team. Working with
Natasha Batalha at NASA Ames, I produced a suite of reflected light models, called ReflectX, which I
applied to planning MagAO-X reflected light observations expected in the next few years, and to the Prelim-
inary Design Review of GMagAO-X, the follow-on instrument the team is building for GMT (PDR will be
in Spring 2024). This work is ongoing and publication is planned for Spring 2024. With the support of this
fellowship I will continue this exciting and important work with ELT instruments, continue to work with
MagAO-X and GMagAO-X team on reflected light observations, and continue to develop and improve the
ReflectX model suite through collaboration with folks at Michigan, NASA, and beyond.

Additionally, locating my postdoc fellowship at Michigan allows me to continue my white dwarf - main
sequence star binary survey called the Pup Search, novel research benefiting both the exoplanet and white
dwarf science communities. My program uses ground-breaking new ground-based telescope high-contrast
imaging instrumentation to detect new white dwarf companions to main sequence stars and study the pol-
lution rates of white dwarfs in wide binary systems compared to single white dwarfs, in order to study
the influence of the wide companion on planets and planetesimals around the white dwarf, and to enable
population-level statistics by uncovering new systems. This survey relies on MagAO-X on the Magellan
Clay telescope, of which Michigan is a consortium member.

Finally, with the support of this fellowship I will build on my previous work to continue to serve my student
veteran community and encourage veteran participation in STEM research through the Student Veterans
Research Symposium. Student veteran participation and graduation rates in STEM fields lags their non-
veteran peers. Veterans face several barriers to success in STEM degrees not faced by non-veteran students,
and are more likely to come from traditionally underrepresented groups in STEM such as first-generation
college students and racial minorities. In my Future Plans section, I discuss how a veteran-specific research
symposium will help encourage participation in STEM research at Michigan-area schools.

In summary, the research program I am proposing is ideally suited to the resources provided by this fel-
lowship and will be a significant impact to the next generation of exoplanet science, and the support of this
fellowship will be vital for accomplishing my professional and outreach goals.

Logan A Pearce
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Michigan ELT Fellowship - Research Statement Logan Pearce

RESEARCH PROPOSAL

Preparing for the Next Generation of Exoplanet Science: Reflected Light Spectroscopic Modeling
for Extreme AO in the ELT Era

MOTIVATION: The Astro 2020 decadal survey listed detecting and characterizing Earth-
like exoplanets and potentially habitable worlds as one of the top three scientific priorities for the
next decade of astronomy. To date, all directly imaged exoplanets have been detected in their
thermal emission, limiting the systems probed by this method to young, large planets on wide
separations from their host stars. To directly image an Earth-like or potentially habitable exoplanet,
it is necessary to detect them in the light they reflect from their host star. The contrasts inherent
in these detections have been prohibitively high, but technology platforms like the extreme AO
(ExAO) instrument MagAO-X on the Magellan Clay Telescope are pushing technology like AO
system design, wavefront control, and post-processing techniques to necessary regimes, and the
first reflected light exoplanet detections with MagAO-X are expected in the next few years. The
next generation of 30-m class telescopes is poised to directly image hundreds of exoplanets in
reflected light and provide detailed specra of their atmospheres.

As first light with the first of these telescopes is approaching, now is the time to prepare for
these observations and understand what can be learned about these exoplanets and what instrument
designs are needed to maximize scientific yield. In 2023 I spent 6 months on an NSF INTERN-
funded internship at NASA Ames Research Center working with Natasha Batalha, the PI of the
Picaso radiative transfer exoplanet modeling package [2], to produce the ReflectX model grid of
reflected light planets. ReflectX1 consists of two generic planet model grids spanning a wide
range of star and planet properties for gas giant and terrestrial planets, and provides 1d reflected
light spectra in the range of 0.4-2 µm. ReflectX also contains models of the nearest known RV-
detected exoplanets. I am currently working with this model grid to predict survey yields for
reflected light imaging with MagAO-X, and to inform the design of GMagAO-X, the first light
ExAO coronagraphic instrument for the Giant Magellan Telescope (GMT). Preliminary Design
Review for GMagAO-X is planned for spring 2024, and the analysis using ReflectX models will
be a key part of the design and review. Figure 1 displays a preliminary example of an exposure time
estimate using ReflectX models. It shows three known nearby gas giant exoplanets modeled using
ReflectX combined with a noise model based on Males et al. 2021 [7] Sec 2 for GMagAO-X on
the Giant Magellan Telescope (see caption for details). We see that all three planets are detectable
(S/N > 5) in most filters in less than an hour exposure time. This is an example of the type of
analysis proposed for this fellowship. This analysis for GMT/GMagAO-X is ongoing at this time.

PROPOSAL: I propose to apply the ReflectX model suite to the European Extremely
Large Telescope (E-ELT) instruments ELT-PCS and HARMONI to assess capabilities and
science yield and inform the design of of both instruments. The extreme AO coronagraphic

1https://reflectx.readthedocs.io/en/latest/index.html
3https://jaredmales.github.io/mxlib-doc/group__planets.html#

ga4b350ecfdeaca1bedb897db770b09789
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Figure 1: Exposure time vs signal-to-noise (S/N) in SDSS and MKO filters for preliminary ReflectX models
of three known nearby gas giant planets, all with R ≈ 11R⊕ at 18, 34, and 55 pc respectively, for GMagAO-
X on the Giant Magellan Telescope (diameter = 25.4 m). Photometric signal was estimated using ReflectX
output of Picaso climate calculation and combined with the filter transmission curve. The noise model was
adapted from Males et al. 2021 [7] Sec 2, which assumes an atmospheric-speckle dominated regime. Where
unknown, radius was derived using an exoplanet mass-radius relation3and RV minimum mass estimate. The
grey shaded region marks S/N < 5, which is typically considered a non-detection. The dashed grey line
marks exposure time of 1 hour. All three planets are easily detected photometrically in most filters in less
than an hour of exposure time.

photometric and spectroscopic instrument ELT-PCS, along with GMagAO-X, is poised to make
the biggest impact in this science case so careful modeling and planning is essential to informing
design to maximize science capabilities and yields. The ReflectX model suite is already being
used for this for GMagAO-X, and can easily be applied to both HARMONI and ELT-PCS charac-
terization. All of this is being tested right now on MagAO-X, which the University of Michigan
(UM) is invested in, and with which I have a demonstrated history of impactful science. As part of
this proposal I will continue to collaborate with the MagAO-X team as a key partner in reflected
light survey design and observations with both MagAO-X and GMagAO-X. I plan to work with
Michael Meyer on this program, one of the significant users of MagAO-X and invested in E-ELT
instrumentation. The funding of this fellowship will allow me carry out this vital project at UM.

In Year 1 of my fellowship I will combine ReflectX models with ELT-PCS and HARMONI
noise models to produce survey yield predictions and atmospheric signal detection predictions us-
ing the two generic planet grids, with publication of survey design expected near the end of Year
1. I will also continue to work with GMagAO-X and my collaborators at the University of Arizona
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to produce robust analysis and deliver near-term impacts to the US exoplanet ELT community. In
Years 2 and 3 of my fellowship I will work with exoplanet atmosphere experts at Michigan, such
as Ryan MacDonald (with whom I’ve collaborated on analysis of JWST observations of WD 1856
b [16]) and my collaborators at University of Arizona, UCSC, and NASA Ames to continue to
improve the ReflectX model grids and investigate more and diverse planetary atmosphere charac-
teristics, such as the influence of disequilibrium chemistry, tidal heating and thermal emission, and
the influence of hazes. I will continue to expand the public-facing interface of ReflectX to enable
community use of the models with a wide range of telescopes and instruments. I expect multiple
publications resulting from these analyses. Throughout the fellowship term I will collaborate with
the MagAO-X team to design and carry out the planned reflected light observations in the next few
years.

The short-term outcomes of this fellowship will be the first ground-based reflected light ob-
servations with MagAO-X, an analysis of the capabilities of GMagAO-X, HARMONI, and design
input for ELT-PCS on this key science case, and a robust public model suite with an effective public
interface.

SUMMARY OF PREVIOUS AND CURRENT RESEARCH

Figure 2: Figure 1 of Pearce et al. 10 showing
Boyajian’s Star, marked A, with the confirmed
companion, marked B, 2" to the east.

This proposal builds on my past research in both re-
flected light modeling and high contrast imaging with ex-
treme AO instruments and is a natural extension of exper-
tise, experience, and collaborations developed during my
PhD at the University of Arizona.

Previous research #1: The wide stellar companion
to Boyajian’s Star: The transit light curve of Boyajian’s
Star (aka KIC 8462852) exhibits large aperiodic dips in
a variety of shapes that are inconsistent with any astro-
physical explanation [4]. In Pearce et al. 2021 [10], we
used three epochs of Keck/NIRC2 infrared imaging with
adaptive optics (AO) to show that a candidate wide stellar
companion at 880 AU (shown in Figure 2) is gravitationally bound, and argued that it is possible
that the companion’s gravity is or recently was influencing the planetary regime even at such a
large distance.

Previous research #2: Binary Differential Imaging and the HIP 67506 AC system: One
method for removing the stellar PSF in AO imaging is to image a reference star that does not
contain a companion signal, and use it to model the stellar PSF and subtract from the science target
star. In Pearce et al. 2022 [11], I analyzed infrared images of 17 wide stellar binaries, obtained
from 2015-2017 with MagAO [5] on the Magellan Clay Telescope, using each star in the binary
as the reference star for the other, called Binary Differential Imaging [BDI; 14]. HIP 67506 A
contained a candidate signal at ∼ 2” (Figure 3, top).

We observed HIP 67506 A in April 2022 with the MagAO-X instrument on the Magellan Clay
Telescope and easily confirmed the companion signal, HIP 67506 C, at 0.1” (Figure 3, bottom).
We characterized the HIP 67506 AC system with our photometry and astrometry in Pearce et al.
2023 [12]. This was the first MagAO-X paper published using on-sky data.

Current Research Project #1: Accelerating Stars with MagAO-X: The 25-year astrometric
baseline provided by the Hipparcos and Gaia satellites provides a way to identify stars experiencing
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long-period accelerations due to a hidden companion. I am Co-PI on a survey of accelerating stars
in the young Scorpius Centaurus star forming region with MagAO-X, called Xoomies, to discover
new giant planet and brown dwarf companions to young stars. The first Xoomies observations are
planned for Spring 2024.

Figure 3: Top: L′ BDI-
reduced image of
HIP 67506 A with can-
didate signal marked in red.
Bottom: MagAO-X z′ with
companion HIP 67506 C
marked by white cross

Current Research Project #2: ExAO Pup Search: The influence
of a wide stellar companion on exoplanets around a star is crucial to
probe for understanding how planets in binaries form and evolve. Ob-
servational tests are critical for predictions of how and to what degree
companions influence planetary systems throughout the star’s lifetime.
White dwarfs (WD) with (non-interacting) main sequence star compan-
ions (WDMS) are an excellent laboratory for probing the influence of
a wide companion at late stages of planetary system evolution. WDs
are expected to have pure H/He photospheres, and it has been shown
that any metals observed in their spectra were deposited recently from
the planetary regime [19], making “polluted" WDs the only method
of probing the refractory compositions of exoplanetary material [e.g.
20, 17, 21, 13]. The role of a wide companion in deposition of material
onto the WD is unknown and hampered by low population statistics. I
am currently conducting the ExAO Pup Search: a survey to probe plan-
ets in wide binaries by leveraging the power of extreme adaptive optics
towards White Dwarf + Main Sequence star systems4.

The Pup Search has three main objectives:
1. Detect new non-interacting WDMS binary systems with MagAO-

X on the Magellan Clay Telescope and SCExAO on Subaru Telescope.
2. Monitor orbits of new and previously known resolved WDMS

systems with imaging and radial velocity to determine prevalence of
high-eccentricity orbits of MS companions for polluted WDs and com-
pare to estimated orbital parameters for the binary to be influencing pol-

lution, such as those in Stephan et al. [15] and Veras et al. [18] Fig 3.
3. Determine pollution rates for WDMS systems with Keck/HIRES and HST, compare to sin-

gle WDs and as a function of cooling age, and compare to estimates such as Veras et al. [19]
The first Pup Search observations were conducted in fall 2022 with MagAO-X on the Magellan

Clay Telescope, with one new WDMS detection, shown in Figure 4. Another MagAO-X observa-
tion of the Pup Search target list will occur in Spring 2024. This survey will provide the exoplanet
community with a robust investigation of S-type planets in binaries at the end of the star’s lifetime,
with new WD pollution data providing more evidence of refractory compositions of exoplanets,
and provide the white dwarf community with an expanded population of WDMS systems. These
data produced by this survey will be invaluable to both fields.

Current Research Project #3: Exoplanets in Reflected Light with GMT and GMagAO-X:
A detailed above, in 2023 I won funding through the NSF INTERN program to spend 6 months

4The name is a reference to the first known wide White Dwarf- Main Sequence system, Sirius AB discovered in
1844 by Friedrich Bessel when he observed changes in the proper motion of Sirius [3], first observed by Alvin Graham
Clark [6], and confirmed as the second ever known WD via its spectrum obtained by Walter Adams [1]. Since Sirius
A is the “Dog Star", Sirius B was nicknamed “The Pup"
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at NASA Ames Research Center to work with Dr. Natasha Batalha, an expert in exoplanet at-
mosphere modeling. I am using the exoplanet atmosphere modeling code Picaso [2], which she
maintains, to to produce the ReflectX model reflected light spectra of hundreds of star and planet
configurations and combine them with noise models to produce signal-to-noise and exposure time
estimates for broadband and high-resolution spectroscopic observations of exoplanets in reflected
light, particularly for upcoming MagAO-X and GMagAO-X reflected light surveys. ReflectX mod-
els are being made public for the DI community working on ground-based reflected light exoplanet
imaging, and are contributing to the design of GMagAO-X and GMT. ReflectX is open-source,
maintained publicly on GitHub, with extensive documentation in accordance with software best
practices.

Figure 4: A new WD companion (red cir-
cle) to a main sequence star discovered in i’
band with MagAO-X in 2022 as part of the
Pup Search program. Host star PSF was re-
moved by unsharp mask and radial profile
subtraction; mask, chip defect, and speck-
les caused by the deformable mirror are la-
beled. The new WD companion is indicated
by the red circle.

Outreach #1: Veteran Outreach: My status as a
student veteran has been a significant part of my iden-
tity as a researcher. I am motivated to help my student
veteran peers make the most of the opportunities avail-
able in undergraduate and graduate programs. As a PhD
student at the University of Arizona I worked for three
summers as a Research Project Leader for the Warrior
Scholar Program (WSP), conducting week-long projects
introducing scientific research and coding as part of
WSP’s two week "boot camp" for veterans transitioning
into undergraduate programs. In 2022-2023 I worked
for a full academic year as a consultant for WSP’s Di-
ana Davis Spencer Scholars program in which I gave
workshops, shared resources, and gave application ma-
terial feedback for a cohort of 25 WSP alumni who
were applying for graduate school. I created and pre-
sented three professional development workshops with
DDSS, and three different research projects with WSP,
all of which are publicly available on my website and
GitHub. Finally in 2021 I founded of the Student Veter-
ans Research Network (SVRN), a peer network of grad-
uate student veterans connecting across disciplines and
across the country to support each other and share re-
sources. In 2022 I presented SVRN at the Student Vet-
erans of America National Conference in Orlando, FL.

I am currently starting the annual Student Veteran Research Symposium to showcase veteran
research at the undergraduate, graduate, and post-doc levels and encourage recruitment and reten-
tion of veterans into STEM research. I have developed a detailed plan for the Symposium with my
PhD advisor Dr. Jared Males (also a Navy veteran) and have begun the initial work to host a local
Symposium for Arizona schools this upcoming spring at UA.

Outreach #2: Astronomy on Tap Tucson: Since 2021 I have served as Lead Organizer for
Astronomy on Tap (AoT) in Tucson. AoT is a worldwide organization of local public astronomy
outreach talks in bars and breweries. In Tucson we operate as Space Drafts and host public talks
every month at a local brewery. We have a robust program of talks, trivia, games, and merchandise
and see a loyal audience month after month. I lead a team of six to put on the show in a relaxed
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atmosphere making the cutting edge astronomy happening in Tucson accessible and fun to a public
audience. I love AoT and intend to participate in the Ann Arbor show if awarded this fellowship.

ADDITIONAL PLANS FOR THIS FELLOWSHIP

Continuation of the Pup Search: Locating my postdoc at Michigan has the added benefit of
enabling the continuation of the Pup Search survey described above. As described in the previ-
ous section, the Pup Search targets new and known non-interacting white dwarf + main sequence
binaries in an effort to obtain new population members and understand how the wide companion
influences the planetary regime around the white dwarf. This survey relies heavily on data from
the MagAO-X instrument on the Magellan Telescope, of which Michigan is a consortium member.
The Pup Search also relies on access to SCExAO, Keck, and HST, all of which I plan to apply for
through public time allocations. As a member of the MagAO-X team during my PhD I have had 24
hours MagAO-X observing time as PI awarded over 2 semesters, 18 of which were for preliminary
Pup Search observations. The remaining 6 hours resulted in publication of a new binary system
HIP 67506 AC [12]. Additional MagAO-X Pup Search observations are planned for Spring 2024.
I have extensive experience with long-period orbit monitoring [8, 9, 10] and with high-contrast
image processing and data analysis [11, 12], so I am well qualified to carry out this project during
my postdoc tenure.

Student Veterans Research Symposium with Michigan Area Universities: Finally, I intend
to continue my outreach to the student veteran population during my postdoc tenure. Veterans are
a statistically underrepresented group in higher education despite the numerous education benefits
accompanying veteran status. Veterans are 7% of the US population over 18, yet they make up
3.7% of undergraduate students at the University of Arizona (UA), and 3.6% of STEM majors.
At UA, veteran retention also lags compared to all students, with 31% of veteran STEM majors
graduating after 6 years compared to 63% of all undergraduates5. The veteran population dis-
proportionately comes from other underrepresented groups as well, such as racial minorities and
first-generation college students. Veterans are significantly more likely to have dependents, mil-
itary reserve obligations, and specific requirements related to education benefits (e.g. needing to
take a full course load in order to receive a housing stipend), all of which can limit access to the
kinds of opportunities that make graduate school applications stand out.

Figure 5: Symposium timeline

Veterans often don’t realize how their mil-
itary experience can be applied to STEM aca-
demics and careers. In addition to techni-
cal skills, veterans tend to underestimate the
“soft skills" they’ve attained in the service,
such as leadership and management, and how
they can be leveraged for academic and re-
search success. Many student veterans I’ve
known were nervous about how their age and
life experience makes them different from
their college peers, something which actually is a major strength.

5Source: UA Analytics as of 2020

6



Getting STEM-inclined veterans involved in STEM research in undergrad can increase re-
tention by (1) helping them see past barriers such as difficult classes, (2) fostering community
in academia by becoming contributing members of a research group, mitigating perceptions of
otherness due to age and life-stage differences with peers, (3) fostering a sense of purpose by
contributing meaningfully to active research, and (4) utilizing skills from service in a new way or
uncovering new skills.

Figure 6: Example Symposium
budget for the first local Sympo-
sium.

I propose to start the annual Veterans Research Sym-
posium at the University of Michigan, a student veteran fo-
cused scientific research conference showcasing the research
produced by veterans across disciplines at undergraduate, grad-
uate, and post-doc levels. Together with my PhD advisor at
UA, Dr. Jared Males (also a US Navy veteran), we have al-
ready begun the work of refining this idea and taking the first
steps at the University of Arizona; I will extend this to UM and

Michigan-area schools. The goal of the conference is to promote community among student vet-
erans across disciplines, increase visibility of veteran researchers and encourage recruitment into
research, enable connection for graduate programs looking to recruit student veterans, and show-
case the skills and achievements of veterans in STEM research to encourage recruitment and
retention of veterans. Taking place over two days, the conference will consist of multiple poster
and/or talk sessions, workshops, and a keynote speaker. We plan to begin with local area universi-
ties initially, building eventually to a national conference. Figure 1 displays a proposed timeline;
Figure 2 displays an example budget for the first local Symposium. We will work closely with UM
and veteran groups to fund the initial Symposium, and build on its success to expand funding for
the larger events. We will track participation rates by veteran researchers, as well as attendance
by non-veterans to assess the utility of this symposium. If funded through the Michigan ELT
Fellowship, I will continue this work with Dr. Males to make this dream a reality.
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2017 Chambliss Prize HonorableMention 230th American Astronomical SocietyMeeting
2017 J.W. Cox Endowed Scholarship J.W. Cox Endowment for the Advanced Studies in Astronomy
2017 Award for Excellence in Astronomy College of Natural Science Undergraduate Research Forum,

and Astrophysics Research University of Texas at Austin
2017 Jean Perkins Foundation Scholarship Jean Perkins Foundation Grant for Undergraduate Combat Veterans
2016 Best Presentation Fall Undergraduate Research Symposium, Univ. Texas
2016 HonorableMention Gulf Coast UGResearch Symposium, Rice Univ.
2016 Jean Perkins Foundation Scholarship Jean Perkins Foundation Grant for Undergraduate Combat Veterans
2015 W. Dawson Sterling Endowed Fellowship Univ of Texas Board of Regents Award

OTHER
2009 Teacher of Promise KealingMS, Austin TX
2008 USNavy CommendationMedal USS John C. Stennis (CVN-74)

BROADER IMPACTS
2022-2023 Mentor & Consultant Diana Davis Spencer Scholars/Warrior Scholar Project

2021- Founder Student Veterans Research Network
2020-2022 Research Project Leader Warrior Scholar Project
2020-2021 Liaison StewardObservatory DEIMentoring Task Force

2019- Co-host/ organizer SpaceDrafts (Astronomy on Tap Tucson)
2016-2019 Graphics andMerchandise Astronomy on Tap ATX
2016-2019 UGRepresentative University of Texas AstronomyDepartment
2016-2017 Co-author White paper for UT Astro Dept external review

2017 Co-founder Undergraduate Astronomy Journal Club
2018 Peer mentor Student Veteran Association

REFERENCES
Dr. JaredMales StewardObservatory, Univ of Arizona (jrmales@email.arizona.edu)
Dr. Natasha Batalha NASA Ames (natasha.e.batalha@nasa.gov)
Dr. AlyciaWeinberger Carnegie EPL (aweinberger@carnegiescience.edu)
Dr. AdamKraus University of Texas at Austin (alk@astro.as.utexas.edu)
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NSF AAP Fellowship Application - Project Summary Logan Pearce

PROJECT SUMMARY
OVERVIEW:

White dwarf stars (WDs) are incredible laboratories for exoplanet science. Their strong gravities cause
elements to stratify leaving pure hydrogen and/or helium photospheres. Any metals observed in their
photosphere spectra (called pollution) must have been deposited recently from the planetary regime,
providing one of the only probes of exoplanetary material refractory composition. The mechanism
for deposition of material onto the WD surface is not well understood. While there is some research
on influence of a wide stellar companion on the formation of exoplanets, a population study of the
pollution rates of SLS will probe the influence of a wide stellar companion of the planetary regime for
mature systems following the AGB phase of the host. While there is some research on influence of
a wide stellar companion on the formation of exoplanets, a population study of the pollution rates of
SLS will probe the influence of a wide stellar companion of the planetary regime for mature systems
following the AGB phase of the host. Understanding of the dynamical influence of a wide stellar
companion on the planetary regime is hampered however by low population statistics, particularly for
WDs with AFGK stars (called “Sirius-Like Systems", SLS) where the WD’s contribution to the spectral
energy distribution is drowned out by the brighter main sequence star.

The latest generation of extreme high-contrast adaptive optics (ExAO) instruments are exception-
ally well suited for this science case. Extending her previous work with the ExAO instrument MagAO-
X, Logan Pearce, the proposer, has designed an extensive observational survey to detect new SLS and
examine the WD for pollution called The ExAO Pup Search 1. The Pup Search will use the ExAO
instruments MagAO-X and SCExAO to detect new systems, astrometric and RV monitoring to con-
strain orbits, and spectroscopy from HST and Keck/HIRES to look for pollution. This program will be
carried out at Steward Observatory at the University of Arizona, which provides unparalleled access to
the resources required for the program, with the sponsoring scientist Dr. Olivier Guyon.

INTELLECTUAL MERIT:
The data-set produced by the Pup Search will be invaluable to both the exoplanet and white dwarf
communities. It will produce a new population of SLS and (un)polluted white dwarfs which will grow
the sample size of these systems to enable population-level studies of pollution rates and orbital charac-
teristics. It will provide more pollution measurements of the refractory compositions of exoplanetary
material, and probe the influence of a wide stellar companion post-AGB phase. It will also provide
observations for comparison to theoretical predictions of the orbital parameters for which the wide
companion would be contributing to driving material onto the WD surface.

BROADER IMPACTS:
Veterans are a statistically underrepresented group in higher education, and their retention lags peers,
particularly in STEM fields. Student veterans face a unique set of challenges to completing undergrad-
uate STEM degrees, but getting them involved in STEM research in labs and research groups can help
mitigate some of these challenges. Building on the success of student veteran research programs at the
University of Arizona, Pearce will produce the Student Veterans Research Symposium to showcase the
science being conducted by undergrad, graduate, and post-doctoral veterans to promote community,
increase visibility, promote professional development, and showcase achievements. The Symposium
will begin with local area universities and grow to a national event. Pearce will work with Dr. Jared
Males, NSF, and UA stakeholders to organize and fund the Symposium.

1The name is a reference to the first known wide White Dwarf – Main Sequence system, Sirius AB. Since Sirius A is
the “Dog Star", Sirius B was nicknamed “The Pup"



NSF AAP Fellowship Application - Project Description Logan Pearce

PROJECT DESCRIPTION

The ExAO Pup Search:
Probing planets in wide binaries by leveraging the power of extreme
adaptive optics towards White Dwarf + Main Sequence star systems

OBJECTIVE: The study of the pollution and orbital characteristics of non-interacting white
dwarf/main sequence star systems provides a direct probe of the influence of the wide companion
on the planetary region.

ASTRONOMICAL CONTEXT: Multiple star systems are an extremely common outcome of
the star formation process, especially for higher-mass stars [14]. I am interested in the formation and
dynamical evolution of planetary systems around one star in a wide binary — “S-type", as opposed to
“P-type" (circumbinary) planets — under the gravitational influence of the wide stellar companion. It is
becoming clear that S-type planets are not uncommon [8, 5, 6], and companions will exert gravitational
influence on the planetary regime throughout the star’s lifetime impacting the formation and survival
of S-type planets. Observational tests are critical for theoretical predictions of how and to what
degree companions influence planetary systems throughout the star’s lifetime.

White Dwarf - Main Sequence polluted bi-
naries are crucial to exoplanet research:
• WD pollution is the only method of prob-

ing the non-volatile composition of exo-
planetary material

• Polluted WDMS systems probe the for-
mation and survival of exoplanetary ma-
terial in wide binary systems

• Small population statistics currently
hinder studies

• High-contrast imaging instruments and
techniques are ideal for addressing this
problem

White dwarfs (WD) with (non-interacting) main
sequence star companions (WDMS) are an excel-
lent laboratory for probing the influence of a wide
companion at late stages of planetary system evo-
lution. Due to their extreme gravity, elements strat-
ify on short timescales (minutes – years) leaving
pure H and He photospheres. Any metals observed
in the spectra of WDs, called pollution, were de-
posited recently from the planetary regime [29].
WD pollution is the only method of probing the
refractory compositions of exoplanetary mate-
rial [e.g. 31, 26, 33, 23]. WDs show pollution in-
dependent of cooling age [27], requiring a mech-
anism(s) to deposit material that is independent of

age [22]. A wide stellar companion is one such possible mechanism [32, 22]. The role of the com-
panion in driving material onto the WD is unknown, but may impact the planetary regime through: 1.
pushing previously stable planet orbits into regions of chaotic orbits as the primary loses mass and the
companion’s orbit expands [32, 11], 2. evolving onto high-eccentricity orbits through external pertur-
bations [4, 9, 28] inducing regions of chaos [2], 3. driving von-Zeipel-Kozai-Lidov oscillations [9, 15],
4. driving secular resonances [2], 5. pushing surviving planets onto close orbits [13], 6. inducing a 2nd
or 3rd generation of planet formation [21].

Many of these scenarios produce observationally testable predictions. Stephan et al. [25] deter-
mined the distribution of orbital parameters for a WD polluted by the Eccentric Kozai-Lidov (EKL)
mechanism to which the orbits of a population of polluted WDMS systems can be compared. Veras
et al. [28, Fig 3] made predictions of companion semi-major axis and eccentricity combinations for



which the primary’s planetary regime is (un)stable at various stellar evolutionary phases which can be
compared to (non-)polluted WDMS system architecture.

As one star evolves off the main sequence, they can either evolve into interacting or non-interacting
systems [30]; non-interacting WDMS orbits expand as primary loses mass into a regime amenable to
direct imaging instrumentation. Additionally, the number of known nearby white dwarfs is fewer than
expected from stellar evolution — the “missing white dwarf" problem [12, 10]. For so-called ‘Sirius-
Like Systems" (SLS), a multiple system containing a white dwarf with a more-luminous K-type or
earlier companion(s), the white dwarf contribution to the SED is drowned out by the more luminous
MS star, and can’t be easily detected. This motivates probing this population via high-contrast
imaging detection methods.

INTELLECTUAL MERIT
My plan as an NSF fellow is to execute an observational survey to leverage the power of the
new extreme adaptive optics (ExAO) instruments MagAO-X and SCExAO towards detection
and characterization of SLS with a survey called The ExAO Pup Search: The extreme AO non-
interacting white dwarf-main sequence binary system survey1. The Pup Search has three main
objectives:

1. Detect new non-interacting WDMS binary systems with MagAO-X and SCExAO and observe
new systems for pollution with VIS-X, HST, and Keck/HIRES

2. Monitor orbits of new and previously known resolved WDMS systems with imaging and radial
velocity to determine prevalence of high-eccentricity orbits of MS companions for polluted WDs
and compare to estimated orbital parameters for the binary to be influencing pollution, such as
those in Stephan et al. 25 and Veras et al. 28 Fig 3.

3. Determine pollution rates for WDMS systems with VIS-X, HST, and Keck/HIRES, compare to
single WDs and as a function of cooling age, and compare to estimates such as Veras et al. [29]

There is a demonstrated need in both exoplanet and WD communities for a dataset of this
kind. We will grow the sample size of non-interacting white dwarf-main sequence binaries and produce
observational tests of the role of wide companions on the planetary regime; as a byproduct we will also
be contributing to the missing WD problem by identifying new WDMS systems in the local region
and testing the wide companion influence on pollution. This proposed research addresses several gaps
identified in the NASA/JPL Exoplanet Exploration Program Science Gap List (Stapelfeld & Mamajek,
2023, JPL Document No: 1792073-2) including SCI-14: Exoplanet interior structure and material
properties and SCI-04: Planetary system architectures and occurrence rates.

We observed 5 Pup Search systems with MagAO-X in 2022 and detected at least one new
WD companion (Figure 1), which demonstrates the effectiveness of this survey. Zuckerman [32]
compiled 38 polluted WDMS and found that the companion suppresses the formation and/or long
term stability of planets; they acknowledge that these are small-number statistics and call for further
observational surveys with this goal in mind. It is possible that polluted WDMS may be rare, however
a larger population size is required, which this survey will provide. It will also be challenging to detect
pollution lines with VIS-X as optical metal lines are typically rare and weak; spectra in the 0.3-0.4 µm
range with HST and Keck/HIRES is optimal for line detection. The smaller mirror of HST is not a
challenge to spatial resolution moving to UV wavelengths as for both HST at 0.3µm and MagAO-X at
0.8µm, 1λ/D ≈ 25 mas, so new systems detected by MagAO-X should be accessible to HST in UV.

1The name is a reference to the first known wide White Dwarf- Main Sequence system, Sirius AB discovered in 1844
by Friedrich Bessel when he observed changes in the proper motion of Sirius [3], first observed by Alvin Graham Clark [7],
and confirmed as the second ever known WD via its spectrum obtained by Walter Adams [1]. Since Sirius A is the “Dog
Star", Sirius B was nicknamed “The Pup"



The Keck/HIRES instrument offers high-resolution spectra from 0.3-0.9 µm, offering a broad spectral
range covering multiple regimes with pollution lines. Additionally, orbital periods for SLS can be
long making orbital parameter determination difficult. Non-interacting orbital periods from 3−300,000
years are common [30]. The Pup Search is targeting objects close to the inner working angle of nearby
stars, where periods are shorter and radial velocity will yield better orbit constraints. Astrometric and
RV measurements made during this fellowship will contribute to long-term orbit monitoring of these
systems for future orbit constraints beyond the fellowship period.

Figure 1: A new WD companion (red circle) to a main
sequence star discovered in i’ band with MagAO-X in
2022 as part of the Pup Search program. Host star PSF
was removed by unsharp mask and radial profile sub-
traction; mask, chip defect, and speckles caused by the
deformable mirror are labeled. The new WD companion
is indicated by the red circle.

Applicant Qualification. As a member of the
MagAO-X team during my PhD I have had 24
hours MagAO-X observing time as PI awarded
over 2 semesters, 18 of which were for pre-
liminary Pup Search observations. The remain-
ing 6 hours resulted in publication of a new bi-
nary system HIP 67506 AC [20]. I have exten-
sive experience with long-period orbit monitor-
ing [16, 17, 18] and with high-contrast image
processing and data analysis [19, 20].

TIMELINE
Figure 2 displays a plan for the organization of
this project. In year one my focus will be on
detecting previously unknown WDMS systems
with MagAO-X and SCExAO (Objective 1). As
this process has already begun during my PhD,
I already have a robust target list of MS stars
highly likely to contain a hidden WD as selected
by UV excess in Ren et al. [24], from which I
have discovered at least one new WDMS (Figure
2). I will also compile a target list for orbit moni-
toring of known SLS and begin observations with
other telescope resources (Objective 2). I expect
publication of new WDMS detections at the end
of year one. In year two I will continue Objective
1 and 2 observations and begin to shift focus to
Objective 3 by applying for HST, Keck, and VIS-X time, with a second publication of new detections
and preliminary orbit monitoring results expected near the end of year two. In year three my focus will
primarily be on HST, Keck, and VIS-X spectroscopic observations, with publication of (un)polluted
WDs and pollution rates expected near the end of year three.

RISK MITIGATION
This ambitious survey relies on the availability of primarily ground-based instruments, MagAO-X,
SCExAO, and Keck, which are subject to observing and maintenance schedules, travel restrictions,
and weather. MagAO-X’s observing schedule was significantly impacted by COVID and related travel
restrictions, and our 2022A observing run was hampered by weather, both of which would impact
Objective 1. I will mitigate this risk by applying for time over multiple observing seasons on all
instruments/telescopes. Objective 2 can be supplemented with other telescope resources, and HST
observations of Objective 3 are not impacted by ground-based restrictions. Objective 3 relies on the
availability of HST and Keck spectroscopy, with the main risk being continued availability of HST and



Figure 2: Project plan and timeline

being awarded HST and Keck observing hours for this program.

OUTCOMES
Short term outcomes of the fellowship include providing the exoplanet community with a robust in-
vestigation of S-type planets in binaries at the end of the star’s lifetime, with new WD pollution data
providing more evidence of refractory compositions of exoplanets, and providing the white dwarf
community with an expanded population of SLS. These data produced by this fellowship will be in-
valuable to both fields. This program builds upon all the strengths developed during my PhD while also
pushing me into the new regimes of UV spectroscopy, radial velocity observations, and space-based
observations. It enables me to build new professional relationships within the exoplanet community as
well as forge new collaborations in the polluted white dwarf community.

BROADER IMPACTS
When I separated from the US Navy in 2008 after a 5 year career as an officer, I found it much more
difficult to transition to civilian life than I had expected, both socially and professionally. I struggled to
translate my experiences into a civilian-friendly resume, and to find a group of people who understood
where I was coming from. When I decided to return to university for a bachelors degree in astronomy
and physics in 2015, I connected with the Student Veterans Association at the University of Texas
(UT), and found the kind of personally and professionally supportive community I wish I had had 7
years earlier.

Veterans are a statistically underrepresented group in higher education despite the numerous edu-
cation benefits accompanying veteran status. Veterans are 7% of the US population over 18, yet they
make up 3.7% of undergraduate students at the University of Arizona (UA), and 3.6% of STEM majors.
At UA, veteran retention also lags compared to all students, with 31% of veteran STEM majors gradu-
ating after 6 years compared to 63% of all undergraduates2. The veteran population disproportionately
comes from other underrepresented groups as well, such as racial minorities and first-generation col-

2Source: UA Analytics as of 2020



lege students. Veterans are significantly more likely to have dependents, military reserve obligations,
and specific requirements related to education benefits (e.g. needing to take a full course load in order
to receive a housing stipend), all of which can limit access to the kinds of opportunities that make
graduate school applications stand out.

Figure 3: Symposium timeline

Veterans often don’t realize how their mil-
itary experience can be applied to STEM aca-
demics and careers. In addition to technical
skills, veterans tend to underestimate the “soft
skills" they’ve attained in the service, such as
leadership and management, and how they can
be leveraged for academic and research suc-
cess. Many student veterans I’ve known were
nervous about how their age and life experi-
ence makes them different from their college
peers, something which actually is a major
strength.

Getting STEM-inclined veterans involved in STEM research in undergrad can increase retention
by (1) helping them see past barriers such as difficult classes, (2) fostering community in academia by
becoming contributing members of a research group, mitigating perceptions of otherness due to age
and life-stage differences with peers, (3) fostering a sense of purpose by contributing meaningfully to
active research, and (4) utilizing skills from service in a new way or uncovering new skills.

It’s for these reasons that I have been motivated to help my student veteran peers make the most of
the opportunities available in undergraduate and graduate programs. As a PhD student at the University
of Arizona I worked for three summers as a Research Project Leader for the Warrior Scholar Program
(WSP), conducting week-long projects introducing scientific research and coding as part of WSP’s two
week "boot camp" for veterans transitioning into undergraduate programs. I worked for an academic
year as a consultant for WSP’s Diana Davis Spencer Scholars program in which I gave workshops,
shared resources, and gave application material feedback for a cohort of 25 WSP alumni who were
applying for graduate school. I intend to continue serving my veteran community as a postdoctoral
researcher at the University of Arizona.

Figure 4: Example Symposium bud-
get for the first local Symposium.

Building on the success of research conferences aimed at
diversity and specific student groups, such as The Conference
for Undergradute Women in Phyiscs (CUWiP) and the Society
for Advancement of Chicanos/Hispanics & Native Americans
in Science conference (SACNAS), I propose to start the an-
nual Veterans Research Symposium at UA, a student veteran
focused scientific research conference showcasing the research
produced by veterans across disciplines at undergraduate, grad-

uate, and post-doc levels. Together with my PhD advisor, Dr. Jared Males (also a US Navy veteran),
we have already begun the work of refining this idea and taking the first steps at the University of Ari-
zona. The goal of the conference is to promote community among student veterans across disciplines,
increase visibility of veteran researchers and encourage recruitment into research, enable connection
for graduate programs looking to recruit student veterans, and showcase the skills and achievements
of veterans in STEM research to encourage recruitment and retention of veterans. Taking place over
two days, the conference will consist of multiple poster and/or talk sessions, workshops, and a keynote
speaker. We plan to begin with local area universities initially, building eventually to a national con-
ference. Figure 1 displays a proposed timeline; Figure 2 displays an example budget for the first local



Symposium. I anticipate spending approximately 10% of my time on developing the conference, ramp-
ing up to 25% as the conference approaches. We will work closely with UA and NSF to fund the initial
Symposium, and build on its success to expand funding for the larger events. We will track partici-
pation rates by veteran researchers, as well as attendance by non-veterans to assess the utility of this
symposium. The support of this fellowship at UA will enable me to continue this work and see the
Symposium through to success.

JUSTIFICATION OF HOST INSTITUTION
Host Institution: University of Arizona
Faculty Mentor: Olivier Guyon
The University of Arizona’s Steward Observatory (hereafter UA) is the ideal institution to host the sur-
vey I am proposing. MagAO-X on the Magellan Clay Telescope, of which UA is a partner, is especially
well suited to this science. It is built for extreme high contrast imaging on the order of 10−7, so the con-
trasts involved in Sirius-Like Systems (SLS) [O(10−2

− 10−4)] are easily achieved in short observation
times. MagAO-X is optimized for optical wavelengths where WDMS star contrasts are much lower
and inner working angles are smaller compared to IR-optimized high-contrast instruments. MagAO-X
achieves exceedingly high Strehl ratio (∼ 70% in z′) in optical wavelengths compared to other adaptive
optics instruments. We also plan to use its high-resolution spectrograph, VIS-X, for spatially resolved
spectra. While optical pollution features in white dwarfs are less common and harder to detect than
UV, VIS-X will complement our planned UV HST and Keck/HIRES spectra (Objective 3). As a cur-
rent member of the MagAO-X team I have already begun initial Pup Search observations with new
white dwarf companion discoveries. Steward Observatory additionally offers a wealth of telescope
resources for Pup Search Objective 2 - orbit monitoring of SLS. In addition to the astrometry provided
by MagAO-X, Steward offers access to several radial velocity instruments including the MIKE spec-
trograph at Magellan, NEID, and the Habitable Planet Finder (HPF) to complement the astrometry
and provide better orbit constraints. Astrometry can also be supplemented with additional Steward
resources like MMT/MAPS and LBT/SHARK-NIR or SHARK-VIS.

Due to the joint appointment of Olivier Guyon to Steward and NAOJ, hosting my fellowship at
Arizona offers access to SCExAO, the extreme AO instrument on Subaru Telescope of which Olivier
is the PI. This opens up the Pup Search survey to both northern and southern hemisphere targets.
SCExAO/VAMPIRES offers a newly-commissioned four color imaging mode which enables fast color
characterization of candidates to vet white dwarf status.

In addition to the expertise that Dr. Jared Males (MagAO-X PI) and Dr. Olivier Guyon (SCExAO
PI) will lend to the success of this survey, there are a number of other faculty at Arizona that can
provide additional support. Dr. Chad Bender (NEID PI and HPF team member) will be invaluable for
the RV objective of this survey, as students and post-docs in Daniel Apai’s and other exoplanet groups
in Steward and Lunar Planetary Laboratory also on UA campus.

Additionally, while a grad student I have done work contributing to the science goals of GMagAO-
X, the ExAO instrument our group is building for the GMT. GMT/GMagAO-X will be invaluable tools
for WDMS characterization, in addition to detection and characterization of hundreds of exoplanets in
reflected light. I am excited by the mission of GMagAO-X, and hosting my fellowship at Arizona will
allow me to continue to collaborate on this vital instrument for the future of exoplanet direct imaging.

Finally, hosting my fellowship at Arizona is ideal for my diversity, equity, and inclusion efforts.
Below, in my Broader Impacts section, I detail a proposal for a veteran-specific research symposium.
Dr. Jared Males and I have begun the work of initiating this symposium at UA, including formulating
a plan and beginning discussions with relevant University parties. This is an effort I care deeply about
seeing through, and hosting my fellowship at UA will allow me to continue to build on work already



begun.
After serving 5 years on active duty in the Navy and teaching 6 years in middle school, I have

learned what it takes to thrive in my professional life. Given my previous professional experiences,
and my already well established world-wide collaborator network, continuing my research program by
hosting my fellowship at UA is the best match for me both personally and professionally.

LONG TERM CAREER GOALS
I intend to pursue a career in astronomical research in exoplanet direct imaging. I will pursue research
scientist positions at observatories, research facilities, or universities, however I will also consider
faculty positions. As an NSF fellow at the University of Arizona, I will pursue my proposed and related
research as well as continue my service to the student veteran community. In my postdoctoral career
and beyond I will strive to meaningfully contribute to the exoplanet and white dwarf communities and
provide a welcoming and supportive community for student veterans and non-traditional students.
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DATA MANAGEMENT PLAN

Data Products: Data associated with this project will include imaging and spectroscopic data
obtained from astronomical instrumentation (fits files) and code used to reduce and analyze the data.

Data Storage and Computation: I anticipate that 4 TB of storage will be necessary to manage
the instrument data, which I will store locally on an external hard drive. Some instruments may also
maintain an archive for data storage, but not all. I will maintain local copies of all instrument data files
used in this survey. The data analysis code will be maintained on my local machine, on Dropbox, and
on my personal GitHub.

Data and Research Product Dissemination: I will make all data reduction and analysis code
publicly available on my GitHub account. I will share my methods and results with the scientific
community via peer reviewed publications, with my GitHub repositories clearly associated with each
paper. I anticipate that my research will result in three publications over the course of the three year
fellowship. I also maintain a robust research website in which I will summarize my work in public-
friendly language and provide links to resources I generate for the community.

Broader Impacts: I will produce a website for the Student Veterans Research Symposium with
all public-facing information and products relating to the symposium. Internal documentation will be
hosted on a Google drive and enable collaboration while producing the symposium. Data collected
on participation and demographic information will be privately maintained and not accessible to the
public. The event will also be documented on my personal website.
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FACILITIES, EQUIPMENT, AND OTHER RESOURCES

Data collection for my research will be conducted at the Magellan Clay Telescope at Las Campanas
Observatory in Chile using the MagAO-X instrument, at the Subaru Telescope in Hawai’i using the
SCExAO instrument, at the Keck II Telescope in Hawai’i using the HIRES instrument, and at local
telescopes at Kitt Peak in Arizona. Magellan and the Arizona telescopes are maintained by Steward
Observatory and accessed via Steward’s time allocation committee (TAC), Keck is maintained by the
Keck Observatory and accessed via their TAC, and Subaru is maintained by NOAJ and access via their
TAC.

My proposed research analysis will primarily be completed on a laptop or desktop, as stated in
the Data Management Plan. Large or long analysis computations can be completed using the high-
performance computing facilities at Steward Observatory. I will require a 4TB hard drive to store the
data.

The Student Veteran Research Symposium will make use of the University of Arizona room facil-
ities and catering services. We will work with UA to reserve adequate rooms for the seminar, keynote
speaker, poster hall, and conference dinner.
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National Science Foundation 
Astronomy and Astrophysics Postdoctoral Fellowship Office 
 
To Whom it May Concern: 
 
We are writing in regard to Logan Pearce’s application for a NSF AAPF.  Her proposed scientific 
mentor, Olivier Guyon, has reviewed her research proposal. The University of Arizona (UA) will 
welcome her here and offer her full support and access to facilities if a Fellowship is awarded.  
Fellows and postdocs are fully integrated into the educational and research activities at 
UArizona, including teaching courses if they express an interest in gaining teaching experience, 
participating in research activities and seminars, and have access to all telescopes, observatory 
labs, and computing facilities under the operation of the UArizona.  The proposed Student 
Veteran Research Symposium aligns with the UA’s mission to serve veteran student population, 
especially in STEM, and complements UA's ASEMS-V program, a partnership between Arizona’s 
Science, Engineering, and Math Scholars (ASEMS) Program to get veterans into STEM research 
experiences.  
 
Professor Olivier Guyon has agreed to collaborate with and mentor Logan Pearce in the 
research aspect of this project. Logan will be able to interact and collaborate with an excellent 
group of faculty and researchers in our department, and her past collaboration with campus 
veteran services provides a foundation for the success of the proposed educational program. 
Logan has demonstrated high levels of engagement in the educational, outreach and research 
activities of Steward Observatory throughout her PhD experience, and we are confident she will 
continue to do so as a postdoctoral researcher. 
 
Sincerely, 
 

 
Dr. Buell T. Jannuzi         Dr. Olivier Guyon 
Head, Department of Astronomy &     Astronomer 
Director, Steward Observatory      Steward Observatory  
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PROJECT SUMMARY
OVERVIEW:

Doctoral Granting Institution and state: University of Arizona, Arizona
Current position: Graduate Researcher
Current Institution and state: University of Arizona, Arizona
Proposed Host Institution and state: University of Arizona, Arizona
Proposed Scientific Mentor: Olivier Guyon
Proposed Duration: 36 months
Secondary unit of Consideration: Division of Astronomical Sciences

White dwarf stars’ (WDs) strong gravities cause elements to stratify leaving pure hydrogen and/or
helium photospheres; any metals observed in their photosphere spectra (called pollution) provide one
of the only probes of exoplanetary material refractory composition. The mechanism for deposition of
material onto the WD surface is not well understood. Understanding of the dynamical influence of a
wide stellar companion on the planetary regime is hampered by low population statistics, particularly
for WDs with AFGK stars (called “Sirius-Like Systems", SLS) where the WD’s contribution to the
spectral energy distribution is drowned out by the brighter main sequence star. While there is some
research on influence of a wide stellar companion on the formation of exoplanets, a population study
of the pollution rates of SLS will probe the influence of a wide stellar companion of the planetary
regime for mature systems following the AGB phase of the host.

Extending her previous work with the extreme adaptive optics (ExAO) instrument MagAO-X, Lo-
gan Pearce, the proposer, has designed an extensive observational survey to detect new SLS and exam-
ine the WD for pollution called The ExAO Pup Search. The Pup Search will use the ExAO instruments
MagAO-X and SCExAO to detect new systems, astrometric and RV monitoring to constrain orbits, and
spectroscopy from HST and Keck/HIRES to look for pollution. This program will be carried out at
Steward Observatory at the University of Arizona, which provides unparalleled access to the resources
required for the program, with the sponsoring scientist Dr. Olivier Guyon.

INTELLECTUAL MERIT:
The data-set produced by the Pup Search will be invaluable to both the exoplanet and white dwarf
communities. It will produce a new population of SLS and (un)polluted white dwarfs which will grow
the sample size of these systems to enable population-level studies of pollution rates and orbital charac-
teristics. It will provide more pollution measurements of the refractory compositions of exoplanetary
material, and probe the influence of a wide stellar companion post-AGB phase. It will also provide
observations for comparison to theoretical predictions of the orbital parameters for which the wide
companion would be contributing to driving material onto the WD surface.

BROADER IMPACTS:
Veterans are a statistically underrepresented group in higher education, and their retention lags peers,
particularly in STEM fields. Student veterans face a unique set of challenges to completing undergrad-
uate STEM degrees, but getting them involved in STEM research in labs and research groups can help
mitigate some of these challenges. Building on the success of student veteran research programs at the
University of Arizona, Pearce will produce the Student Veterans Research Symposium to showcase the
science being conducted by undergrad, graduate, and post-doctoral veterans to promote community,
increase visibility, promote professional development, and showcase achievements. The Symposium
will begin with local area universities and grow to a national event. Pearce will work with Dr. Jared
Males, NSF, and UA stakeholders to organize and fund the Symposium.
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PROJECT DESCRIPTION

INTRODUCTION AND BACKGROUND
I intend to pursue a career as an observational astronomer in the field of high-contrast imaging and
exoplanet science. As a PhD student and NSF GRFP fellow at the University of Arizona (UA), I
used the MagAO-X instrument, one of the newest cutting-edge high-contrast imaging instruments, to
detect new exoplanet, stellar, and white dwarf companions to main sequence stars and produce some
of the first astrophysics published with this new instrument. I also collaborated with colleagues at
NASA Ames Research Center, with support from the NSF INTERN program, to model exoplanet
atmospheres and predict survey yields for GMagAO-X, the first-light coronagraphic instrument for the
Giant Magellan Telescope that will detect and characterize hundreds of planets in the light they reflect
from their host stars, something which has not been done before and is essential for the next phase
of exoplanet science. As a student veteran and a “non-traditional" student, I have served my student
veteran community in several ways both at UA and remotely.

With the support of this fellowship I will conduct novel research benefiting both the exoplanet and
white dwarf science communities. My program will utilize ground-breaking new ground-based tele-
scope high-contrast imaging instrumentation to detect new white dwarf companions to main sequence
stars and study the pollution rates of white dwarfs in wide binary systems compared to single white
dwarfs using ground- and space-based instrumentation, in order to study the influence of the wide com-
panion on planets and planetesimals around the white dwarf, and to enable population-level statistics
by uncovering new systems. In my Research Proposal section, I outline how my proposed survey will
make a significant impact in multiple open questions in both the exoplanet and white dwarf fields.

Additionally, with the support of this fellowship I will continue to serve my student veteran com-
munity and encourage veteran participation in STEM research through the Student Veterans Research
Symposium. Student veteran participation and graduation rates in STEM fields lags their non-veteran
peers. Veterans face several barriers to success in STEM degrees not faced by non-veteran students, and
are more likely to come from traditionally underrepresented groups in STEM such as first-generation
college students and racial minorities. In my Broader Impacts section, I detail how participation in
STEM research can mitigate some of these challenges and how the proposed symposium will help
encourage participation in STEM research.
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RESEARCH PROJECT DESCRIPTION

The ExAO Pup Search:
Probing planets in wide binaries by leveraging the power of extreme
adaptive optics towards White Dwarf + Main Sequence star systems

OBJECTIVE: The study of the pollution and orbital characteristics of non-interacting white
dwarf/main sequence star systems provides a direct probe of the influence of the wide companion
on the planetary region.

ASTRONOMICAL CONTEXT: Multiple star systems are an extremely common outcome of
the star formation process, especially for higher-mass stars [18]. I am interested in the formation and
dynamical evolution of planetary systems around one star in a wide binary — “S-type", as opposed to
“P-type" (circumbinary) planets — under the gravitational influence of the wide stellar companion. It is
becoming clear that S-type planets are not uncommon [9, 6, 7], and companions will exert gravitational
influence on the planetary regime throughout the star’s lifetime impacting the formation and survival
of S-type planets. Observational tests are critical for theoretical predictions of how and to what
degree companions influence planetary systems throughout the star’s lifetime.

White Dwarf - Main Sequence polluted bi-
naries are crucial to exoplanet research:
• WD pollution is the only method of prob-

ing the non-volatile composition of exo-
planetary material

• Polluted WDMS systems probe the for-
mation and survival of exoplanetary ma-
terial in wide binary systems

• Small population statistics currently
hinder studies

• High-contrast imaging instruments and
techniques are ideal for addressing this
problem

White dwarfs (WD) with (non-interacting) main
sequence star companions (WDMS) are an excel-
lent laboratory for probing the influence of a wide
companion at late stages of planetary system evo-
lution. Due to their extreme gravity, elements strat-
ify on short timescales (minutes – years) leaving
pure H and He photospheres. Any metals observed
in the spectra of WDs, called pollution, were de-
posited recently from the planetary regime [39].
WD pollution is the only method of probing the
refractory compositions of exoplanetary mate-
rial [e.g. 41, 36, 43, 30]. WDs show pollution in-
dependent of cooling age [37], requiring a mech-
anism(s) to deposit material that is independent of

age [29]. A wide stellar companion is one such possible mechanism [42, 29]. The role of the com-
panion in driving material onto the WD is unknown, but may impact the planetary regime through:
1. pushing previously stable planet orbits into regions of chaotic orbits as the primary loses mass and
the companion’s orbit expands [42, 13], 2. evolving onto high-eccentricity orbits through external per-
turbations [5, 11, 38] inducing regions of chaos [2], 3. driving von-Zeipel-Kozai-Lidov oscillations
[11, 19], 4. driving secular resonances [2], 5. pushing surviving planets onto close orbits [15], 6.
inducing a 2nd or 3rd generation of planet formation [28].

Many of these scenarios produce observationally testable predictions. Stephan et al. [32] deter-
mined the distribution of orbital parameters for a WD polluted by the Eccentric Kozai-Lidov (EKL)
mechanism to which the orbits of a population of polluted WDMS systems can be compared. Veras
et al. [38, Fig 3] made predictions of companion semi-major axis and eccentricity combinations for
which the primary’s planetary regime is (un)stable at various stellar evolutionary phases which can be
compared to (non-)polluted WDMS system architecture.
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As one star evolves off the main sequence, they can either evolve into interacting or non-interacting
systems [40]; non-interacting WDMS orbits expand as primary loses mass into a regime amenable to
direct imaging instrumentation. Additionally, the number of known nearby white dwarfs is fewer than
expected from stellar evolution — the “missing white dwarf" problem [14, 12]. For so-called ‘Sirius-
Like Systems" (SLS), a multiple system containing a white dwarf with a more-luminous K-type or
earlier companion(s), the white dwarf contribution to the SED is drowned out by the more luminous
MS star, and can’t be easily detected. This motivates probing this population via high-contrast
imaging detection methods.

INTELLECTUAL MERIT
My plan as an NSF fellow is to execute an observational survey to leverage the power of the
new extreme adaptive optics (ExAO) instruments MagAO-X and SCExAO towards detection
and characterization of SLS with a survey called The ExAO Pup Search: The extreme AO non-
interacting white dwarf-main sequence binary system survey1. The Pup Search has three main
objectives:

1. Detect new non-interacting WDMS binary systems with MagAO-X and SCExAO and observe
new systems for pollution with VIS-X, HST, and Keck/HIRES

2. Monitor orbits of new and previously known resolved WDMS systems with imaging and radial
velocity to determine prevalence of high-eccentricity orbits of MS companions for polluted WDs
and compare to estimated orbital parameters for the binary to be influencing pollution, such as
those in Stephan et al. 32 and Veras et al. 38 Fig 3.

3. Determine pollution rates for WDMS systems with VIS-X, HST, and Keck/HIRES, compare to
single WDs and as a function of cooling age, and compare to estimates such as Veras et al. [39]

There is a demonstrated need in both exoplanet and WD communities for a dataset of this
kind. We will grow the sample size of non-interacting white dwarf-main sequence binaries and produce
observational tests of the role of wide companions on the planetary regime; as a byproduct we will also
be contributing to the missing WD problem by identifying new WDMS systems in the local region
and testing the wide companion influence on pollution. This proposed research addresses several gaps
identified in the NASA/JPL Exoplanet Exploration Program Science Gap List (Stapelfeld & Mamajek,
2023, JPL Document No: 1792073-2) including SCI-14: Exoplanet interior structure and material
properties and SCI-04: Planetary system architectures and occurrence rates.

We observed 5 Pup Search systems with MagAO-X in 2022 and detected at least one new
WD companion (Figure 1), which demonstrates the effectiveness of this survey. Zuckerman [42]
compiled 38 polluted WDMS and found that the companion suppresses the formation and/or long
term stability of planets; they acknowledge that these are small-number statistics and call for further
observational surveys with this goal in mind. It is possible that polluted WDMS may be rare, however
a larger population size is required, which this survey will provide. It will also be challenging to
detect pollution lines with VIS-X as optical metal lines are typically rare and weak; spectra in the
0.3-0.4 µm range with HST and Keck/HIRES is optimal for line detection. The smaller mirror of
HST is not a challenge to spatial resolution moving to UV wavelengths as for both HST at 0.3µm and
MagAO-X at 0.8µm, 1λ/D ≈ 25 mas, so new systems detected by MagAO-X should be accessible
to HST in UV. The Keck/HIRES instrument offers high-resolution spectra from 0.3-0.9 µm, offering
a broad spectral range covering multiple regimes with pollution lines. Additionally, orbital periods

1The name is a reference to the first known wide White Dwarf- Main Sequence system, Sirius AB discovered in 1844
by Friedrich Bessel when he observed changes in the proper motion of Sirius [3], first observed by Alvin Graham Clark [8],
and confirmed as the second ever known WD via its spectrum obtained by Walter Adams [1]. Since Sirius A is the “Dog
Star", Sirius B was nicknamed “The Pup"
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for SLS can be long making orbital parameter determination difficult. Non-interacting WDMS orbital
periods from 3−300,000 years are common [40]. The Pup Search is targeting objects close to the
inner working angle of nearby stars, where periods are shorter and radial velocity will yield better
orbit constraints. Astrometric and RV measurements made during this fellowship will contribute to
long-term orbit monitoring of these systems for future orbit constraints beyond the fellowship period.

Figure 1: A new WD companion (red circle) to a main
sequence star discovered in i’ band with MagAO-X in
2022 as part of the Pup Search program. Host star PSF
was removed by unsharp mask and radial profile sub-
traction; mask, chip defect, and speckles caused by the
deformable mirror are labeled. The new WD companion
is indicated by the red circle.

As a member of the MagAO-X team during
my PhD I have had 24 hours MagAO-X observ-
ing time as PI awarded over 2 semesters, 18 of
which were for preliminary Pup Search observa-
tions. The remaining 6 hours resulted in publica-
tion of a new binary system HIP 67506 AC [27].
I have extensive experience with long-period or-
bit monitoring [22, 23, 24] and with high-contrast
image processing and data analysis [26, 27].

TIMELINE
Figure 2 displays a plan for the organization of
this project. In year one my focus will be on
detecting previously unknown WDMS systems
with MagAO-X and SCExAO (Objective 1). As
this process has already begun during my PhD,
I already have a robust target list of MS stars
highly likely to contain a hidden WD as selected
by UV excess in Ren et al. [31], from which I
have discovered at least one new WDMS (Figure
2). I will also compile a target list for orbit moni-
toring of known SLS and begin observations with
other telescope resources (Objective 2). I expect
publication of new WDMS detections at the end
of year one. In year two I will continue Objec-
tive 1 and 2 observations and begin to shift focus
to Objective 3 by applying for HST, Keck, and
VIS-X time, with a second publication of new detections and preliminary orbit monitoring results ex-
pected near the end of year two. In year three my focus will primarily be on HST, Keck, and VIS-X
spectroscopic observations, with publication of (un)polluted WDs and pollution rates expected near the
end of year three.

RISK MITIGATION
This ambitious survey relies on the availability of primarily ground-based instruments, MagAO-X,
SCExAO, and Keck, which are subject to observing and maintenance schedules, travel restrictions,
and weather. MagAO-X’s observing schedule was significantly impacted by COVID and related travel
restrictions, and our 2022A observing run was hampered by weather, both of which would impact
Objective 1. I will mitigate this risk by applying for time over multiple observing seasons on all
instruments/telescopes. Objective 2 can be supplemented with other telescope resources, and HST
observations of Objective 3 are not impacted by ground-based restrictions. Objective 3 relies on the
availability of HST and Keck spectroscopy, with the main risk being continued availability of HST and
being awarded HST and Keck observing hours for this program.

OUTCOMES
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Figure 2: Project plan and timeline

Short term outcomes of the fellowship include providing the exoplanet community with a robust in-
vestigation of S-type planets in binaries at the end of the star’s lifetime, with new WD pollution data
providing more evidence of refractory compositions of exoplanets, and providing the white dwarf
community with an expanded population of SLS. These data produced by this fellowship will be in-
valuable to both fields. This program builds upon all the strengths developed during my PhD while also
pushing me into the new regimes of UV spectroscopy, radial velocity observations, and space-based
observations. It enables me to build new professional relationships within the exoplanet community as
well as forge new collaborations in the polluted white dwarf community.

JUSTIFICATION OF HOST INSTITUTION
The University of Arizona’s Steward Observatory (hereafter UA) is the ideal institution to host the
survey and broader impacts I am proposing. MagAO-X on the Magellan Clay Telescope, of which UA
is a partner, is especially well suited to this science. It is built for extreme high contrast imaging on
the order of 10−7, so the contrasts involved in Sirius-Like Systems (SLS) [O(10−2

− 10−4)] are easily
achieved in short observation times. MagAO-X is optimized for optical wavelengths where WDMS
star contrasts are much lower and inner working angles are smaller compared to IR-optimized high-
contrast instruments. MagAO-X achieves exceedingly high Strehl ratio (a measure of the amount of
light contained in the image core; ∼ 70% in z′) in optical wavelengths compared to other adaptive
optics instruments. We also plan to use its high-resolution spectrograph, VIS-X, for spatially resolved
spectra. While optical pollution features in white dwarfs are less common and harder to detect than UV,
VIS-X will complement our planned UV HST and Keck/HIRES spectra. As a current member of the
MagAO-X team I have already begun initial Pup Search observations with new white dwarf companion
discoveries. Steward Observatory additionally offers a wealth of telescope resources for Pup Search
Objective 2 - orbit monitoring of WDMS. In addition to the astrometry provided by MagAO-X, Steward
offers access to several radial velocity instruments including the MIKE spectrograph at Magellan,
NEID, and the Habitable Planet Finder (HPF) to complement the astrometry and provide better orbit
constraints. Astrometry can also be supplemented with additional Steward resources like MMT/MAPS
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and LBT/SHARK-NIR or SHARK-VIS.
Due to the joint appointment of Dr. Olivier Guyon to Steward and NAOJ, hosting my fellowship

at Arizona offers access to SCExAO, the extreme AO instrument on Subaru Telescope of which Dr.
Guyon is the PI. This opens up the Pup Search survey to both northern and southern hemisphere targets.
SCExAO/VAMPIRES offers a newly-commissioned four color imaging mode which enables fast color
characterization of candidates to vet white dwarf status.

In addition to the expertise that Dr. Jared Males (MagAO-X PI) and Dr. Olivier Guyon (SCExAO
PI) will lend to the success of this survey, there are a number of other faculty at Arizona that can
provide additional support. Dr. Chad Bender (NEID PI and HPF team member) will be invaluable for
the RV objective of this survey, as students and post-docs in Daniel Apai’s and other exoplanet groups
in Steward and Lunar Planetary Laboratory also on UA campus.

Additionally, while a grad student I have done work contributing to the science goals of GMagAO-
X, the ExAO instrument our group is building for the GMT. GMT/GMagAO-X will be invaluable tools
for WDMS characterization, in addition to detection and characterization of hundreds of exoplanets in
reflected light. I am excited by the mission of GMagAO-X, and hosting my fellowship at Arizona will
allow me to continue to collaborate on this vital instrument for the future of exoplanet direct imaging.

Finally, hosting my fellowship at Arizona is ideal for my diversity, equity, and inclusion efforts. In
my Broader Impacts section I detail a proposal for a veteran-specific research symposium. Dr. Jared
Males and I have begun the work of initiating this symposium at UA, including formulating a plan
and beginning discussions with relevant University parties. This is an effort I care deeply about seeing
through, and hosting my fellowship at UA will allow me to continue to build on work already begun.

After serving 5 years on active duty in the Navy and teaching 6 years in middle school, I have
learned what it takes to thrive in my professional life. Given my previous professional experiences,
and my already well established world-wide collaborator network, continuing my research program by
hosting my fellowship at UA is the best match for me both personally and professionally. There is
no other US institution that offers comparable scientific resources for the accomplishment of my
proposed research and the institutional and personnel resources for the proposed symposium.
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BROADER IMPACTS
When I separated from the US Navy in 2008 after a 5 year career as an officer, I found it much more
difficult to transition to civilian life than I had expected, both socially and professionally. I struggled to
translate my experiences into a civilian-friendly resume, and to find a group of people who understood
where I was coming from. When I decided to return to university for a bachelors degree in astronomy
and physics in 2015, I connected with the Student Veterans Association at the University of Texas
(UT), and found the kind of personally and professionally supportive community I wish I had had 7
years earlier.

Veterans are a statistically underrepresented group in higher education despite the numerous edu-
cation benefits accompanying veteran status. Veterans are 7% of the US population over 18, yet they
make up 3.7% of undergraduate students at the University of Arizona (UA), and 3.6% of STEM majors.
At UA, veteran retention also lags compared to all students, with 31% of veteran STEM majors gradu-
ating after 6 years compared to 63% of all undergraduates2. The veteran population disproportionately
comes from other underrepresented groups as well, such as racial minorities and first-generation col-
lege students. Veterans are significantly more likely to have dependents, military reserve obligations,
and specific requirements related to education benefits (e.g. needing to take a full course load in order
to receive a housing stipend), all of which can limit access to the kinds of opportunities that make
graduate school applications stand out.

Figure 3: Symposium timeline

Veterans often don’t realize how their mil-
itary experience can be applied to STEM aca-
demics and careers. In addition to technical
skills, veterans tend to underestimate the “soft
skills” they’ve attained in the service, such as
leadership and management, and how they can
be leveraged for academic and research suc-
cess. Many student veterans I’ve known were
nervous about how their age and life experi-
ence makes them different from their college
peers, something which actually is a major
strength.

Getting STEM-inclined veterans involved in STEM research in undergrad can increase retention
by (1) helping them see past barriers such as difficult classes, (2) fostering community in academia by
becoming contributing members of a research group, mitigating perceptions of otherness due to age
and life-stage differences with peers, (3) fostering a sense of purpose by contributing meaningfully to
active research, and (4) utilizing skills from service in a new way or uncovering new skills.

Figure 4: Example Symposium bud-
get for the first local Symposium.

Building on the success of research conferences aimed at
diversity and specific student groups, such as The Conference
for Undergradute Women in Phyiscs (CUWiP) and the Society
for Advancement of Chicanos/Hispanics & Native Americans in
Science conference (SACNAS), I propose to start the annual
Student Veterans Research Symposium at UA, a student vet-
eran focused scientific research conference showcasing the re-
search produced by veterans across disciplines at undergraduate,

graduate, and post-doc levels. Together with my PhD advisor, Dr. Jared Males (also a US Navy vet-
eran), we have already begun the work of refining this idea and taking the first steps at the University

2Source: UA Analytics as of 2020
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of Arizona. The goal of the conference is to promote community among student veterans across
disciplines, increase visibility of veteran researchers and encourage recruitment into research, enable
connection for graduate programs looking to recruit student veterans, and showcase the skills and
achievements of veterans in STEM research to encourage recruitment and retention of veterans. Tak-
ing place over two days, the conference will consist of multiple poster and/or talk sessions, workshops,
and a keynote speaker. We plan to begin with local area universities initially, building eventually to
a national conference. Figure 1 displays a proposed timeline; Figure 2 displays an example budget
for the first local Symposium. I anticipate spending approximately 10% of my time on developing the
conference, ramping up to 25% as the conference approaches. We will work closely with UA and NSF
to fund the initial Symposium, and build on its success to expand funding for the larger events. We
will track participation rates by veteran researchers, as well as attendance by non-veterans to assess
the utility of this symposium. The support of this fellowship at UA will enable me to continue this
work and see the Symposium through to success.

CAREER DEVELOPMENT
I intend to pursue a career in astronomical research in exoplanet direct imaging. I will pursue research
scientist positions at observatories, research facilities, or universities, however I will also consider
faculty positions. As an NSF fellow at the University of Arizona, I will pursue my proposed and related
research as well as continue my service to the student veteran community. In my postdoctoral career
and beyond I will strive to meaningfully contribute to the exoplanet and white dwarf communities and
provide a welcoming and supportive community for student veterans and non-traditional students. The
support of this fellowship will enable not only research impacting two astronomical subfields but will
enable me to continue work already begun serving the student veteran community at UA and eventually
nationally.

PAST ACCOMPLISHMENTS AND RESULTS FROM PRIOR SUPPORT
Research: I was awarded the NSF GRFP in 2019 in the final year of my undergraduate experience
at the University of Texas at Austin. I was on tenure status for the first three years and reserve for
the remaining two years. During my GRPF fellowship I published three first-author peer reviewed
journal articles [24, 26, 27], including the first astrophysics paper published with MagAO-X data [27],
and made meaningful contributions to 10 peer-reviewed articles [17, 4, 21, 33, 20, 34, 6, 35, 25, 10].
I was awarded 24 hours of Magellan/MagAO-X as principal investigator for the initial Pup Search
observations and observations resulting in the publication of a new binary star system [27], and 8 hours
as Co-PI for an accelerating stars survey called Xoomies, which is still ongoing. I presented 9 invited
and contributed science talks and 5 conference posters.

From April – Sep 2023 I completed a six month internship at NASA Ames Research Center in
Mountain View, CA, with the support of the NSF INTERN program. I worked with Dr. Natasha
Batalha, an expert in modeling exoplanet atmospheres and lead scientist of PICASO, an open-source
python package for modeling atmospheres and producing model spectra. I produced a suite of models
using PICASO of exoplanet reflected light spectra. Observing exoplanets in the light they reflect from
their host star has never been done before but is the necessary next step in exoplanet science. Reflected
light observations with MagAO-X are a few years away, and GMagAO-X on the GMT will detect and
characterize hundreds of exoplanets in reflected light. I combined my reflected light models with an
ExAO noise model [16] to produce survey yeild estimates and detection capabilities for reflected light
imaging with MagAO-X and GMagAO-X. The work is ongoing but the models and exposure time
estimates will be made available as a public service to the community. Publication of the models and
analysis is expected in spring 2024.

Veteran Outreach: As detailed in the Broader Impacts section of this document, my status as a
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student veteran has been a significant part of my identity as a researcher. Thus I have been motivated to
help my student veteran peers make the most of the opportunities available in undergraduate and gradu-
ate programs. As a PhD student at the University of Arizona I worked for three summers as a Research
Project Leader for the Warrior Scholar Program (WSP), conducting week-long projects introducing
scientific research and coding as part of WSP’s two week "boot camp" for veterans transitioning into
undergraduate programs. in 2022-2023 I worked for a full academic year as a consultant for WSP’s
Diana Davis Spencer Scholars program in which I gave workshops, shared resources, and gave appli-
cation material feedback for a cohort of 25 WSP alumni who were applying for graduate school. I
created and presented three professional development workshops with DDSS, and three different re-
search projects with WSP, all of which are publicly available on my website and GitHub. Finally in
2021 I founded of the Student Veterans Research Network (SVRN), a peer network of graduate student
veterans connecting across disciplines and across the country to support each other and share resources.
In 2022 I presented SVRN at the Student Veterans of America National Conference in Orlando, FL. If
funded through this fellowship, I intend to continue serving my veteran community as a postdoctoral
researcher at the University of Arizona.

Other Outreach: In addition to my student veteran outreach detailed in the past accomplishments
section, all of which occurred while on GRFP support, I also served as Lead Organizer for Astronomy
on Tap (AoT) in Tucson. AoT is a worldwide organization of local public astronomy outreach talks in
bars and breweries. In Tucson we operate as Space Drafts and host 2 talks and/or trivia every month at
a local brewery. I lead a team of six to put on the show every month in a relaxed atmosphere making
astronomy accessible and fun to a public audience.

I also worked for three semesters as a consultant with the UA GRFP Application Development
Program, helping my peers craft compelling GRFP application materials. I maintain a robust personal
website with numerous resources for graduate school and fellowship applications and professional
science skills like talks and writing, and a blog with academia topics. I am committed to sharing the
things learn when I learn them to help others succeed in academia and STEM.
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October 17, 2023
Dear NSF Program Coordinator,

If the proposal submitted by Logan Pearce entitled “The ExAO Pup Search: Probing planets in
wide binaries by leveraging extreme adaptive optics towards White Dwarf + Main Sequence star
systems” is selected for funding by NSF, it is my intent to collaborate and/or commit resources as
detailed in the Project Description or the Facilities, Equipment and Other Resources section of the
proposal. Sincerely,

Jared R. Males
Associate Astronomer
Steward Observatory
University of Arizona
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Dear MPS-Ascend Fellow Coordinator: 

 

As Department Head, I have reviewed the scientific mentor statement for Logan Pearce and 

hereby state my overall support and commitment to provide the necessary Departmental 

resources described in the statement. 

 

Sincerely, 

 
Dr. Buell T. Jannuzi  

Head, Department of Astronomy & 

Director, Steward Observatory  
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Dear MPS-Ascend Fellow Coordinator: 

 

As the Subaru Coronagraphic Extreme Adaptive Optics (SCExAO) group lead, I am the main 

supervisor of 3 postdoctoral fellows and 2 graduate students, and at any given time I co-

supervise and work closely with ~10 graduate students and ~5 postdoctoral fellows. The students 

and postdoctoral fellows come from diverse backgrounds, with near parity in gender, diverse 

academic backgrounds (astronomy, optics and computer science), and geographical origin (US, 

Europe, Japan, India). I am committed to mentoring members of historically excluded and 

currently underrepresented groups, and have leveraged every opportunity I have had to do so. 

Specifically, I have welcomed in my team Hawaii-born students, which I actively seek by 

participating in local outreach activities and running the citizen science PANOPTES project I 

created. I am a partner to the Akamai Workforce Initiative, and I have mentored local Hawaii 

students through the program. I also currently supervise an African American PhD student, and 

support her ongoing efforts to promote optics among the African American community. I 

welcome the opportunity to work with Logan and Jared to reach out to the student veteran 

community, working towards a future mentorship. 

 

The SCExAO instrument is both a scientific instrument and a R&D platform supporting 

technology maturation efforts in adaptive optics and high contrast imaging. A key mission of the 

project is to provide a path for early career scientists (graduate students and postdoctoral fellows) 

to develop new approaches to high contrast imaging, including hardware (for example 

coronagraph masks, photonic devices for wavefront sensing), software (for example speckle 

control, wavefront control algorithms, PSF reconstruction) and innovative observational 

programs. In each of these areas, I have been, with my core team and extended network of 

collaborators, mentoring early career staff.  

 

I am also an active member of the MagAO-X instrument team led by Dr. Jared Males. The two 

projects share common goals and the overlapping teams work together on several projects. 

Thanks to a common adaptive optics real-time control software framework, students and 

postdoctoral fellows can develop and test algorithms on both systems. Dr. Males and I have 

ensured that our team members and collaborators can work with both systems, both for 

instrumentation development projects and observing programs. 

 

Logan’s project leverages the capabilities of both MagAO-X and SCExAO. Both systems are in 

science operation, and routinely provide diffraction-limited optical wavelength high contrast 

imaging (HCI). Historically, HCI has mostly been done in the near-IR, and visible-light HCI, 

offering improved angular resolution, has only recently become possible thanks to advances in 

adaptive optics. SCExAO and MagAO-X have been optimized to operate in the visible, and are 

currently the leading visible light HCI systems. Logan’s project requires visible-light HCI, so it 

is a perfect match to the MagAO-X and SCExAO capabilities, as white dwarfs emit the bulk of 

their light in the UV and optical. 
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I am personally committed to promoting short wavelength HCI on large telescopes, as it is key to 

observing reflected light habitable exoplanets on upcoming 30-m class telescopes. My academic 

work has been focused on achieving this goal, with the development of extreme AO techniques 

and coronagraphs able to operate at small angular separation.  

 

On current (~6-10m diameter) telescopes, I am committed to both develop the required 

technologies, and assist observers with science programs that leverage short wavelength HCI 

capabilities. I am therefore committed to assisting Logan’s research program. Logan’s project 

overlaps with PSF calibration research I am now conducting with Dr Males (funded by a NSF 

ATI grant starting this year), as well as a NASA-funded project I lead for robust PSF calibration 

(also starting this year). I am looking forward to assisting Logan with data reduction, ensuring 

she will both benefit from these activities and she gains experience and knowledge in this 

emerging approach to adaptive optics HCI. My mentoring plan for Logan will be focused on 

achieving three goals: (1) ensuring timely completion of her observations at both MagAO-X and 

SCExAO systems, working closely with Logan and the instrument teams to optimize instrument 

configurations for her program, (2) planning with Logan observations, including follow-up 

characterization using spectroscopy  (3) training Logan to leverage new tools and approaches in 

PSF calibration. 

 

 
Dr. Olivier Guyon 

Subaru Coronagraphic Extreme Adaptive Optics group lead 

Subaru Telescope & University of Arizona 

Mailing address: Subaru Telescope, 650 N. A’ohoku Place, Hilo, HI 96720 

guyon@naoj.org 

Phone: 818 293 8826 
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NSF MPS Ascend Fellowship Application - Budget Justification Logan Pearce

BUDGET JUSTIFICATION:
The requested duration is 36 months. A Budget Justification is not required for a MPS-Ascend pro-
posal.
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NSF MPS Ascend Fellowship Application - Data Management Plan Logan Pearce

DATA MANAGEMENT PLAN

Data Products: Data associated with this project will include imaging and spectroscopic data
obtained from astronomical instrumentation (fits files) and code used to reduce and analyze the data.

Data Storage and Computation: I anticipate that 4 TB of storage will be necessary to manage
the instrument data, which I will store locally on an external hard drive. Some instruments may also
maintain an archive for data storage, but not all. I will maintain local copies of all instrument data files
used in this survey. The data analysis code will be maintained on my local machine, on Dropbox, and
on my personal GitHub.

Data and Research Product Dissemination: I will make all data reduction and analysis code
publicly available on my GitHub account. I will share my methods and results with the scientific
community via peer reviewed publications, with my GitHub repositories clearly associated with each
paper. I anticipate that my research will result in three publications over the course of the three year
fellowship. I also maintain a robust research website in which I will summarize my work in public-
friendly language and provide links to resources I generate for the community.

Broader Impacts: I will produce a website for the Student Veterans Research Symposium with
all public-facing information and products relating to the symposium. Internal documentation will be
hosted on a Google drive and enable collaboration while producing the symposium. Data collected
on participation and demographic information will be privately maintained and not accessible to the
public. The event will also be documented on my personal website.



NSF MPS Ascend Fellowship Application - Facilities, Equipment, and Other Resources Logan Pearce

FACILITIES, EQUIPMENT, AND OTHER RESOURCES

See Letters of Collaboration


	title-pages
	MichiganELTappmaterials.pdf
	Michigan_ELT_Cover_Letter.pdf
	Michigan_ELT_Fellowship.pdf
	Publications.pdf
	CV.pdf

	MichiganELTappmaterials
	title-pages.pdf
	NSFAAPFapplication.pdf
	NSF_AAPF_Project_Summary.pdf
	NSF_AAPF_Project_Description.pdf

	NSFAAPFapplication
	NSF_AAPF_Project_Description_References.pdf
	NSF_AAPF_Data_Management_Plan.pdf
	NSF_AAPF_Facilities__Equipment__and_Other_Resources.pdf
	NSF_AAPF_Host_Inst_Letter_for_Logan_Pearce.pdf

	title-pages.pdf
	NSFMPSAscendapplication.pdf
	NSF_MPS_Project_Summary.pdf

	NSFMPSAscendapplication
	NSF_MPS_Project_Description.pdf

	NSFMPSAscendapplication
	NSF_MPS_Project_Description_References.pdf
	males_collab.pdf
	NSF MPS - Dept Head letter.pdf
	NSF MPS - Logan Pearce-Guyon letter.pdf
	NSF_MPS_Budget_Justification.pdf
	NSF_MPS_Data_Management_Plan.pdf
	NSF_MPS_Facilities__Equipment__and_Other_Resources.pdf




