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The Space Astronomy Summer Program (SASP) underwent a transformation in 2020, moving
to a virtual-only program for students and mentors alike. While this year’s interns encountered
many challenges working in a remote environment, they met these challenges and succeeded.
And in this 28th year of STScI’s summer intern program, we continue to work towards these goals:
• To expose undergraduates to leading research in astrophysics, and the workings of
a space based observatory
• To provide participants with opportunities for growth, achievement, and
personal development
• To place students in a cohort of friends and colleagues
In this Program Booklet, you’ll find eight interns who were part of SASP, and six students who
interned for STScI outside of SASP. We are happy to be able to share the accomplishments
of all of these interns with you!

— C arolyn Slivinski
2020 SASP Program Chair, on behalf of the SASP Team
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SASP

Improving the Precision of
Exoplanet Atmospheric Detections
Through Pixel-level Decorrelation (PLD)
Kevin Ortiz Ceballos, University of Puerto Rico
Mentor – Néstor Espinoza, Assistant Astronomer

O

ne of the most exciting areas of research in modern astronomy is the detection and characterization of exoplanet
atmospheres—the elements that make up the atmospheres of distant worlds orbiting stars other than the Sun.
Detecting these signals is, however, at the very limit of what our instruments are able to do. This imposes several
technical, instrumental, and statistical challenges when it comes to analyzing the data that allow us to glimpse into the interior
of these planets.
As data arrive to our either space- or ground-based telescopes, different instrumental systematics severely contaminate these
tiny signals in a time-dependent way. Finding ways to optimally improve the accuracy of the observations is one of the most
important challenges when it comes to analyzing the data.
Typically, these data are modelled using external parameters (e.g., movement of the telescope, position of the object in the
detector, etc.) through ad-hoc linear models, whose final forms vary on a dataset-by-dataset basis. The reduction process
is hard to automate, and has not been able to consistently reach the photon-noise levels of the instruments. In this project,
we will use a technique called pixel-level decorrelation (PLD)—which has been heavily tested for photometry, but not yet for
spectrophotometry—in which each of the pixels in the frame is used to remove systematic trends without any input from external parameters. We will apply this technique to spectrophotometric data taken by the Hubble Space Telescope, which has
been the workhorse for transit spectroscopy studies to date. If successful, PLD could become the technique to use in future
exoplanet atmospheric studies, allowing us to truly exploit the exquisite precision achieved by current and future telescopes
and instrumentation.
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Fitting the Stellar Birth Function of
Resolved Stellar Populations with
Approximate Bayesian Computation
Vedant Chandra, Johns Hopkins University
Mentor – Mario Gennaro, STScI Scientist

W

e are developing a Python package for the analysis of the stellar birth function of resolved stellar populations from
photometric data. We laid out the theoretical work and showcased our method in several recent publications based
on Hubble Space Telescope (HST) data. However the coming James Webb Space Telescope (JWST) and Nancy
Grace Roman Space Telescope missions warrant further work to optimize these tools for larger datasets. Our software is
based on advanced techniques in Bayesian inference and optimization strategies. Early simulation studies demonstrate that
our method improves upon the accuracy of past techniques whilst using a fraction of the computational resources. We are
currently using our software to analyze the Small Magellanic Cloud using Hubble data—future targets include the Galactic
bulge and nearby dwarf galaxies. We will release and distribute our package in time for the analysis of the JWST early release
data. I will present an overview of our techniques and summarize the progress I’ve made over the past few months.
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SASP

Effects of Post-Observation Data
Processing on ACS/WFC Polarimetry
Delondrae Carter, Arizona State University
Mentor – Tyler Desjardins, Staff Scientist II

P

olarimetric observations with ACS use three polarization filters rotated at 60° angles relative to each other, and the
calculation of the Stokes parameters from ACS polarimetric data is sensitive to changes in the relative count rates in
the three polarization filters. After nearly 18 years in low-Earth orbit, the charge-transfer efficiency (CTE) has degraded
significantly from its initial value, and thus ACS observations are now routinely corrected using a pixel-based CTE correction.
The efficacy of the CTE correction has been examined for most ACS applications; however, no examination of the effect of
the CTE correction on the calculation of Stokes parameters has been carried out. In this study, we quantify the impact of the
CTE correction algorithm on the characterization of the electric field vector using simulated ACS observations of point sources
in a grid that samples a range CTE-impacting parameters. The results from this work will inform future GO programs about
best strategies for polarimetric observations, and will also instruct users about any potential limitations in archival polarimetry
data.
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Magneto-Optic Kerr Effect (MOKE)
Measurements of Magnitostric Materials
Brook Daba, Morgan State University
Mentor – Greg McLeskey, Senior Technologist

M

agnetostriction is the property which allows some materials to change in dimension as a response to an external
magnetic field. In reverse, it also allows changes in magnetization depending on applied stress. This is due to the
shift and rotation of molecular dipoles in the magnetic domain boundaries (Bloch walls) of the material while under
external magnetic fields. The amount of dipole shift and rotation depends on the external magnetic field’s strength and the
magnetocrystalline anisotropy. By measuring the magnetic coercivity of a magnetostrictive sample, more can be learned
about its magnetocrystalline anisotropy. Magneto-Optic KERR effect (MOKE) measurements can be used to measure the material’s magnetic coercivity. MOKE relates a material’s magnetic properties and its optical property (polarization) to measure
coercivity.
A Terfenol-D/Iron thin film sample was grown using plasma sputtering. Linearly polarized light (red Ne laser) was reflected
off of the sample and directed to a light sensor which is connected to a lock in Amplifier, in a typical MOKE experimental
setup. Polarization was measured as a function of magnetic strength applied on the sample in both forward and backward
directions, and plotted. The plot forms a hysteresis loop from which the coercivity can be measured. The measurement was
repeated, rotating the sample along the plane of incidence. The different coercivity measurements show the symmetries in
the magnetocrystalline anisotropy of the sample. Magnetostrictive materials have application in sensors, flux converters, and
vibrational energy generators.

7

28th ANNUAL SPACE ASTRONOMY SUMMER PROGR AM
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An Exposure Time Calculator (ETC)
Validation Tool for STIS
Giovanni Lawrence, Morgan State University
Mentor – Joleen Carlberg, STScI Scientist

H

ubble Space Telescope users rely on the Exposure Time Calculators (ETCs) to accurately plan the observing time
requirements for their programs. Over the more than 25-year history of the Space Telescope Imaging Spectrograph
(STIS), the parameters feeding into the ETC have been updated many times, guided by the results of different calibration programs. Given the complex interplay of some of these parameters, we have begun developing a tool to compare
Hubble STIS data against ETC predictions to quantify their agreement and validate the current level of realism of the ETC
outputs, which will guide its future improvements. Early results are presented on a few of the many available modes of STIS.
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WFC3 Quicklook Deep Learning;
Sorting of Anomalies
Afra Ashraf, Barnard College
Mentor – Heather Olszewski, Science Support Analyst I

T

he Wide Field Camera 3 (WFC3) Quicklook project involves examining incoming data to find detector anomalies (pixelto-pixel) found on UVIS/IR science and calibration images. We build a deep-learning algorithm to detect these anomalies in WFC3 IR data, using Pytorch. Our algorithm recreates the input image as a prediction of a convolved clean
image and compares the recreation to the original, looking for outliers. Using this method, we can separate images into two
groups: clean, and contains anomalies. This separation will cut down on the WFC3 Quicklook team’s manual hours by 33%.
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Systems Engineering’s Role in
Development of the Roman Space
Telescope Science Operations Center
Braden Rothwell, University of Maryland, College Park
Mentor – Christina Gallo, Senior Systems Engineer

T

he Nancy Grace Roman Space Telescope is a NASA flagship mission that was the highest-ranked large space mission
in the 2010 National Research Council Decadal Survey. Roman’s main science objectives are to conduct wide-field
infrared surveys, understand the nature of dark energy and the fate of the universe, carry out a statistical census of
planetary systems in the Galaxy, and enable General Observer and Guest Investigator programs using the Roman Wide-Field
Instrument and the Roman Archive to study topics across all areas of general astrophysics. Roman also contains the Coronagraph Instrument to conduct a technology demonstration of high-contrast coronagraphic imaging and spectroscopy in space,
maturing technologies that will enable a future mission capable of detecting and characterizing exoplanets down to Earth-size.
As part of Roman’s ground segment, the Space Telescope Science Institute (STScI) is responsible for Roman’s Science Operations Center (SOC). The SOC systems engineering team is supporting, as per the NASA systems engineering process, the
design, realization, technical documentation, operations, and retirement of the system. Systems engineering is a way to look
at the “big picture” to achieve stakeholder functional, physical, and operational performance requirements in the intended use
environment over the planned life of the system. A dedicated systems engineering team greatly enhances the chance of the
system being successfully developed within time and cost constraints. In a complex system like Roman’s, a detailed understanding of internal and external interfaces is needed to ensure the delivered system functions as expected within the ground
system. Working collaboratively with development teams, the SOC systems engineering team institutes their processes by
developing and maintaining SOC requirements, Operations Concept Documentation, Interface Control Documentation, as well
as various other technical documentation to ensure the system delivered meets all of the customer’s needs
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Looking into the Past History of the
Barred Spiral Galaxy NGC 1313
Autumn Winch, Bryn Mawr College
Mentor – Svea Hernandez, Post-doctoral Fellow

W

e analyze spectroscopic observations of five young massive clusters (YMCs) in the barred spiral galaxy NGC 1313
to obtain detailed abundances from their integrated light. Our sample of YMCs was observed with the X-Shooter
spectrograph on the Very Large Telescope (VLT). We make use of theoretical isochrones to generate synthetic
integrated-light spectra, iterating on the individual elemental abundances until converging on the best fit to the observations.
Our measurements of the chemical composition of individual elements such as Fe, Ca, and Mg are helping us obtain hints of
the evolution and past events in this nearby galaxy.
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Time Series Analysis of ACS/WFC
Bias Striping
Mary Brewer, University of Virginia
Mentor – Melanie Olaes, Science Support Analyst I

T

he Wide Field Channel of the Advanced Camera for Surveys (ACS/WFC) on the Hubble Space Telescope (HST) exhibits
instrumental noise in the form of a striped pattern on 0-second exposure “bias” images. This noise was noticed after
Servicing Mission 4 (SM4), where the CCD Electronics Box Replacement was installed (CEB-R). The CEB-R contains
an Application-Specific Integrated Circuit (ASIC) which imparts a low frequency noise which appears to have direct correlation
with the striping pattern. This pattern was characterized for mitigation in science exposures shortly after its discovery (Grogin
et al. 2011, STScI Instrument Science Report ACS-2011-05). Now we apply the same analysis to determine if this noise has
evolved over time.
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JWST Mid-Infrared
Instrument Simulations
Casey Cohen, Johns Hopkins University
Mentor – Christine Chen, Associate Astronomer with Tenure

T

his summer, I have been using the JWST MIRI simulator to simulate the performance of the Mid-Infrared Instrument,
with the goal of observing exoplanets and disks. JWST is the James Webb Space Telescope, tentatively set to launch
in 2021. It operates at higher wavelengths than Hubble, while maintaining great angular resolution and sensitivity. My
main goal over the summer was to use a simulator of JWST’s Mid-Infrared Instrument, called MIRISIM, to predict how we are
going to be able to study the data we receive.
More specifically, I spent the summer working in the field of high-contrast imaging. Essentially, this refers to the study of faint
planets and disks next to comparatively much brighter stars. I used the MIRI simulator to create scenes of high contrast, and
then fed them through the JWST Calibration Pipeline. I have simulated scenes including: a planet and a brown dwarf; a debris
disk; and bare stars, as seen by both the MIRI imager and the Medium Resolution Spectrograph (MRS), an integral field
spectrograph that allows spectroscopy at every point in the scene.
For the MRS, I have also tested how well Point Spread Function (PSF) subtraction can be performed when looking at planets
or disks next to bright stars. PSF subtraction is a method of studying high-contrast images, which involves taking data of a
bright star and a companion from different dithering points, and then subtracting the point-spread function of the star.
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SASP

Galaxy Mass Estimates from
Tracer Kinematics
Allison Erena, Smith College
Mentor – Laura Watkins, ESA/AURA Astronomer

C

osmology tells us that just one quarter of the matter in the Universe is made up of regular baryonic matter. The rest
is in the form of dark matter, but the nature of dark matter remains highly uncertain. One key question is how is dark
matter distributed inside galaxies? We can’t see dark matter directly, but we can see its effect on visible tracer objects: in particular, it exerts a gravitational pull on objects in the galaxy. So by measuring the motions of these objects, we can
work backwards and figure out the mass of dark matter that must be present for them to move in the way they do, and how
the mass is distributed. But how well do these dynamical mass-estimators perform? How accurate are they? Are they biased?
In this project, we have applied mass-estimator tools to simulated galaxies to learn about their performance, which will help us
interpret the results when we apply them to real data.
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When Do Galaxies Form
Thick Stellar Disks?
Kathleen Hamilton-Campos, University of Maryland, College Park
Mentor – Raymond Simons, Giacconi Fellow

I

n the Milky Way (and similar disk galaxies) today, there is a well-established relationship between stellar age and vertical
velocity dispersion: older stars generally have a higher vertical velocity dispersion and inhabit a thicker disk than their
younger counterparts. Two competing (and conflicting) models have attempted to explain these results. A historical model
holds that stars form in thin galactic disks at early times, which then thickens through internal heating. A new school of
thought suggests that stars form in thick disks in the early universe and in progressively thinner disks at later times. Measurements of the vertical velocity dispersion of galaxies at redshifts up to 2 are necessary to break this degeneracy. Our project
uses a suite of high-resolution zoom-in hydrodynamic galaxy simulations to calibrate a new indirect method to make such a
measurement. By comparing the true vertical velocity dispersion of the simulations against what we infer through synthetic
observations of the simulated galaxies, we are calibrating and assessing the validity of this approach.
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Modeling the Highly Variable
Background Around Cluster
Stars in IFU Data Cubes
Peter Luljak, Harvey Mudd College
Mentor – Elena Sabbi, Scientist
Mentor – Peter Zeidler. Post-doctoral Fellow

Y

oung star clusters are one of the main star-formation sites in the Universe. Westerlund 2, the second most massive
young star cluster in the Milky Way, is of particular interest due to its young age and close proximity. It offers detailed
insights into how such clusters form and evolve over time. In this project, we worked with data taken with MUSE, an
integral field spectrograph mounted on the ESO/Very Large Telescope.
The highly variable gas and dust density of the H II region in which Westerlund 2 is located creates a non-uniform background, which makes its subtraction difficult. The standard methods for background subtraction to extract clean stellar
spectra from the MUSE data cubes are not sufficient for the majority of stars.
To obtain clean, background-subtracted stellar spectra, we created a library of gas spectra from each data cube to model
the gas contribution at each individual spaxel. This new method allows us to subtract the gas emission on a spaxel-by-spaxel
basis. The clean stellar spectra resulting from this process allow us to better classify the stars in the cluster, determine their
spectral energy distributions, and measure stellar radial velocities throughout the cluster region.
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SASP

Predicting the Distant Galaxy
Merger Rate to be Observed by the
James Webb Space Telescope
Teddy Peña, Tufts University
Mentor – Greg Snyder, Astronomical Data Scientist

W

e investigated predictions for the distant galaxy merger rate made by some of the latest models of galaxy formation
publicly released by the Illustris Project. Such calculations predict the evolution of thousands of galaxies in a large
slice of the universe over cosmic time. These simulations have proven important for interpreting distant galaxy surveys conducted by the Hubble Space Telescope (HST) by determining how long important events like galaxy mergers would
be observable in HST data. We extended these methods to estimate how the James Webb Space Telescope (JWST) might
observe the evolution of galaxy mergers even more distant than those found in Hubble surveys. We exploited the Illustris
JupyterLab science platform to accelerate our access to the vast simulation outputs and shape them into mock catalogs of
sources as they might be observed in deep cosmological surveys. These mock observations constitute some of the largest,
yet most detailed, predictions for Webb galaxy surveys to date. We analyzed the mock catalogs to select candidate merging
pairs and quantify their evolution during the universe’s first 2 billion years, and contrasted these findings to current results
from HST data.

17

28th ANNUAL SPACE ASTRONOMY SUMMER PROGR AM

About the SASP interns

“I love
studying and
discussing
Christian apologetics
- and making
electronic
music”

“I
recently
built a telescope, grinding
the primary mirror
from a glass blank
by hand. It’s the
coolest thing I’ve
ever made”

“I’m the
president of Tufts
video game and
esports club! Right
now we’re recreating
the university in
Minecraft”

“I
love
chess”

About the SASP interns

“I own
an acre of
land on Mars
(purchased
through
Groupon)”

“I enjoy
learning to play
traditional songs
on the Puerto Rican
Cuatro, one of my
favorite instruments”

“I love
skeet and trap
shooting; I’d like
to compete in the
Olympics for
that one day”

“One of
my passions
is bourbon!”

For further information:
http://www.stsci.edu/opportunities/space-astronomy-summer-program

RUBIN’S GALAXY

