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ABSTRACT

In an era of shrinking research budgets and limited access to new
observations, archival telescope data provides a powerful and ac-
cessible pathway to student-centered research in astronomy and
astrophysics. Observations from high-profile missions such as the
Hubble Space Telescope, JWST, Chandra, Kepler/K2, TESS, and
ALMA are stored in public repositories where they become free-
ly accessible after proprietary periods expire. These archives offer
professional-grade imaging, spectra, and time-series data that can
be explored by anyone with a computer and internet connection.
This paper highlights how archival data can support authentic,
student-centered research without requiring telescope proposals,
travel, or external funding. It outlines how such data can be in-
corporated into independent study projects, capstone courses, or
classroom-based research experiences. With the availability of us-
er-friendly archive interfaces and Python-based analysis tools, stu-
dents can gain hands-on experience in data analysis, visualization,
and scientific interpretation, using the same datasets employed
in professional research. The paper presents practical strategies,
adaptable frameworks, and a selection of tools that enable faculty
to mentor students through meaningful, data-driven inquiry. Ar-
chival telescope data represents a sustainable and scalable opportu-
nity to expand research participation and inspire the next genera-
tion of scientists without the need for direct telescope access.

Keywords: archival telescope data, undergraduate research, astron-
omy education, astronomical archives, data analysis tools, open-ac-
cess science
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Astronomia accesible: potenciando la investigacion
estudiantil con datos de archivo de telescopios

RESUMEN

En una era de presupuestos de investigacion cada vez mas reduci-
dos y acceso limitado a nuevas observaciones, los datos de archivo
de telescopios ofrecen una via potente y accesible para la investiga-
cion centrada en el estudiante en astronomia y astrofisica. Las ob-
servaciones de misiones de alto perfil como el Telescopio Espacial
Hubble, JWST, Chandra, Kepler/K2, TESS y ALMA se almacenan
en repositorios publicos, donde se vuelven de libre acceso una vez
vencidos los periodos de propiedad. Estos archivos ofrecen image-
nes, espectros y datos de series temporales de calidad profesional
que cualquier persona con una computadora y conexion a inter-
net puede explorar. Este articulo destaca como los datos de archivo
pueden respaldar una investigacion auténtica, centrada en el estu-
diante, sin necesidad de propuestas de telescopios, viajes ni finan-
ciacién externa. Describe como estos datos pueden incorporarse
en proyectos de estudio independientes, cursos de fin de carrera
o experiencias de investigacion en el aula. Gracias a la disponibi-
lidad de interfaces de archivo intuitivas y herramientas de analisis
basadas en Python, los estudiantes pueden adquirir experiencia
practica en analisis de datos, visualizacion e interpretacion cientifi-
ca, utilizando los mismos conjuntos de datos que se emplean en la
investigacion profesional. El articulo presenta estrategias practicas,
marcos adaptables y una seleccion de herramientas que permiten
al profesorado guiar a los estudiantes mediante una investigacion
significativa basada en datos. Los datos de archivo de telescopios
representan una oportunidad sostenible y escalable para ampliar la
participacion en la investigacion e inspirar a la préxima generacion
de cientificos sin necesidad de acceso directo a los telescopios.

Palabras clave: Datos de telescopios de archivo, investigacion uni-
versitaria, educacién astrondmica, archivos astrondmicos, herra-
mientas de andlisis de datos, ciencia de acceso abierto
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What is Archival
Telescope Data?

rchival telescope data refers to
Aobservations collected during

previous astronomical cam-
paigns that are preserved and made
publicly accessible after their initial pro-
prietary period. These datasets originate
from major ground-based and space-
based observatories and missions. Once
the proprietary period (typically one
year) expires, the data are released to
public archives where they can be freely
accessed by researchers, educators, and
students around the world.

These repositories serve as long-
term scientific resources, extending the
value of each mission well beyond its
original observing goals. For instance,

early-release datasets from JWST are
already available and have enabled rap-
id scientific discovery. Similarly, the
Kepler and TESS missions continue to
produce new exoplanet candidates and
stellar variability studies through com-
munity-driven reanalysis of their archi-
val data.

Archival datasets span a wide
range of formats and scientific content.
Common data types include imag-
es, spectra, light curves, or time series
which track how an object’s brightness
or position changes over time. These
datasets are typically available in stan-
dardized formats (e.g., FITS files) and
can be analyzed using modern software
tools, making them ideal for both pro-
fessional research and student-led in-
vestigations.
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Why Use Archival Data
for Student Research?

ne of the greatest advantag-

es of archival telescope data

is its free and unrestricted ac-
cessibility. Unlike traditional research
pipelines that require competitive pro-
posals, funding, and travel to observa-
tories, archival data allows anyone with
a computer and an internet connection
to access and analyze astronomical ob-
servations. These datasets are the same
used in peer-reviewed publications and
cutting-edge astrophysical studies.

This accessibility makes archival
data especially well-suited for under-
graduate and early-career researchers,
who may not yet have the resources,
institutional infrastructure, or experi-
ence to secure telescope time or grant
funding. Working with archival data
provides students with authentic train-
ing in data reduction, visualization, and
scientific interpretation. It also supports
the development of transferable skills in
coding, statistical analysis, and scientif-
ic reasoning.

From a mentoring perspective,
archival data enables a scalable and
flexible research model. Faculty can su-
pervise multiple students working on
similar topics or datasets, each pursuing
a unique research question or project
scope. Many undergraduate projects us-
ing archival data have resulted in con-
ference presentations, honors theses,
and even co-authored journal articles.

Faculty can integrate archival
datasets into a wide range of educa-
tional settings. These include outreach

projects, classroom-based research ex-
periences, summer research programs,
and capstone courses. Archival data
empowers institutions to offer mean-
ingful, real-world research experiences
without the traditional logistical and
financial hurdles of observational as-
tronomy.

Where to Find Archival Data

here are many excellent sources

of archival telescope data that

are publicly accessible, cover-
ing a wide range of wavelengths and
missions. Below is a categorized list of
some of the major observatories and ar-
chives you can explore, all offering free-
ly downloadable observational data for
analysis:

MAST (Mikulski Archive for Space
Telescopes): mast.stsci.edu. Hosting
data from Hubble, JWST, TESS, Kepler,
GALEX, and FUSE, MAST provides
optical, ultraviolet, and infrared data
through a modern, user-friendly
interface. MAST also supports
programmatic access via Astroquery
and Jupyter notebooks.

HEASARC (High Energy Astrophysics
Science Archive Research Center):
heasarc.gsfc.nasa.gov. Focused on
high-energy astrophysics, HEASARC
hosts data from Chandra, XMM-
Newton, NuSTAR, Fermi, and Swift.

It provides tools like Xamin and
specialized software for analyzing
X-ray and gamma-ray observations.

IRSA (Infrared Science Archive): irsa.
ipac.caltech.edu. Curating infrared
datasets from Spitzer, WISE, IRAS, and
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2MASS, IRSA supports both object-
based and coordinate-based queries
and provides image cutout and catalog
services.

NOIRLab Astro Data Archive:
astroarchive.noirlab.edu. As the U.S.
national optical-infrared observatory,
NOIRLab hosts data from DECam,
KPNO, CTIO, and Gemini, including
raw and pipeline-processed images.

ALMA Science Archive and NRAO
Archive: https://almascience.nrao.
edu/; https://data.nrao.edu. Offering
calibrated data cubes and continuum
maps from the ALMA and VLA
observatories, these archives support
cutting-edge work in star formation,
disks, and molecular clouds.

ESO Science Archive: https://
archive.eso.org. Hosting VLT, La
Silla, and Paranal Observatory data,
ESO provides deep imaging and
high-resolution spectra in optical
and infrared from one of the most
productive astronomical facilities in
the world.

NED (NASA/IPAC Extragalactic
Database): https://ned.ipac.caltech.
edu. The NED Database offers
aggregated data on extragalactic
objects and features object-based

search, photometry, spectra, and
redshifts.

These archives are increasingly
interoperable, supporting cross-
mission queries and virtual
observatory standards, making them
powerful resources for large-scale,
multi-mission analyses.

Getting Started: Tools
and Tutorials

ne of the greatest advantages
Oof working with archival tele-

scope data today is the abun-
dance of accessible tools and learning
resources. Most major archives now of-
fer intuitive web portals that allow users
to search for, preview, and download
data without needing extensive techni-
cal expertise. For example, the MAST
Portal and IRSA Viewer enable users to
locate imaging, spectra, and time-series
data from missions like Hubble, JWST,
Kepler, Spitzer, and WISE using simple
coordinate searches or object names.

To support learning and on-
boarding, several online platforms ofter
step-by-step tutorials and code exam-
ples. Astrobetter, STScI tutorials, and
numerous public GitHub repositories
provide guides and educational note-
books designed for students and educa-
tors alike. These resources help demy-
stify astronomical data and walk users
through the process of data access, vi-
sualization, and basic analysis.

For those interested in deeper
exploration, Python-based tools offer
powerful and flexible ways to interact
with archival data. The Python pack-
age Astroquery (https://astroquery.
readthedocs.io) allows users to pro-
grammatically access many of the most-
used archives including MAST, IRSA,
HEASARC, Vizier, and Simbad. Tools
like Lightkurve (https://lightkurve.
github.io/lightkurve/) are tailored for
light curve analysis from missions
such as Kepler and TESS, while Astro-
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py (https://www.astropy.org/) provides
core functionality for coordinate trans-
formations, units, and data structures.

Other valuable platforms include
SkyView Virtual Observatory (https://
skyview.gsfc.nasa.gov), which allows
users to generate custom, multi-wave-
length images of specific sky regions
using data from multiple missions. For
catalog and image visualization, tools
such as Aladin (https://aladin.cds.unis-
tra.fr/) and TOPCAT (https://www.
star.bris.ac.uk/~mbt/topcat/) support
interactive analysis of large datasets and
enable cross-matching across multiple
catalogs.

Together, these platforms and
tools significantly lower the barrier to
entry for students and faculty new to
data-driven astronomy. With just curi-
osity and guided exploration, students
can gain hands-on experience with real
telescope data and contribute meaning-
tully to research projects, even without
prior coding experience.

Designing a Student
Research Project

esigning a research project
D with archival telescope data be-

gins by identifying a scientific
theme or object of interest, such as ex-
oplanets, galaxies, stars, or supernova
remnants. Once a topic is selected, the
next step is to explore relevant missions
and archives that provide appropriate
data. After selecting and downloading
a dataset, students can formulate a re-
search question and begin exploring
the data under faculty guidance.

Although archival data low-
ers many barriers to research, certain
challenges remain. Students often need
structured mentorship in navigating
unfamiliar software tools, data for-
mats, and scientific workflows. Projects
should be scoped to match the available
timeframe, course context, and student
experience level. Clear milestones, scaf-
folded skills development, and regular
feedback are essential to help students
build confidence and stay on track. In-
structors should also be aware of lim-
itations in data completeness or quality,
especially when working with older or
legacy missions.

Well-defined project ideas might
include: analyzing light curves from
TESS; studying the morphology of su-
pernova remnants using X-ray data
from Chandra; performing galaxy clas-
sification or investigating star forma-
tion using Hubble or SDSS images; or
examining dust spectral features from
missions like IRAS or ISO. Each of
these projects can be scaled in complex-
ity, making them ideal for independent
studies, capstone experiences, or group
research.

Takeaway

rchival telescope data opens the

door to meaningful scientific

inquiry without the need for
observing proposals, travel budgets, or
research funding. For students and fac-
ulty alike, it offers a path to discovery
that is both intellectually rewarding and
logistically feasible. The accessibility
of these datasets allows primarily un-
dergraduate institutions (PUIs), com-
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munity colleges, and teaching-focused toring programs, or summer projects,
departments to engage in authentic, faculty can cultivate the next generation
data-driven research on par with larg- of scientists while making the universe
er institutions. By integrating archival accessible from any internet-connected
data into course-based research, men- classroom or lab.
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