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The Universe's Hidden Treasures:
Searching for Exoplanets (Part 3)
Space-Based Observatories & Future Missions
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While ground-based observatories have made significant contributions to exoplanet research, space-based
telescopes have truly revolutionized the field. By operating above Earth's atmosphere, these missions can
achieve unprecedented precision and sensitivity in their observations.
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The Hubble Space Telescope (HST) has made significant contributions to exoplanet research since its launch
in 1990. Here's an overview of how Hubble is advancing our understanding of planets beyond our solar
system:

Key Features and Capabilities

Hubble's unique capabilities make it an invaluable tool for exoplanet research:

¢ High-resolution imaging: Hubble's sharp optics allow for detailed observations of exoplanetary systems.

¢ Broad wavelength coverage: Its ability to observe in visible, ultraviolet and near-infrared light enables
diverse studies of exoplanets.

e Spectroscopic capabilities: Hubble can perform spectroscopy to analyze the chemical composition of
exoplanet atmospheres.

o Stability and sensitivity: Being above Earth's atmosphere, Hubble can make precise, long-duration
observations crucial for exoplanet studies.

Objectives in Exoplanet Research

Hubble's main objectives in the field of exoplanet science include:

Characterizing exoplanet atmospheres
Studying planetary formation and evolution
Investigating potentially habitable worlds
Supporting other exoplanet-focused missions



Key Achievements
Atmospheric Studies

Hubble has pioneered the study of exoplanet atmospheres:

o First detection: In 2001, Hubble made the first detection of an exoplanet atmosphere using transmission
spectroscopy.

¢ Chemical composition: It has detected various elements and compounds in exoplanet atmospheres,
including sodium, methane, and carbon dioxide.

o Weather patterns: Hubble's observations have revealed information about clouds, hazes, and weather
systems on distant worlds.

Planetary Formation Studies
Hubble has contributed to our understanding of how planets form:

e Protoplanetary disks: It provided the first direct visible-light evidence of planet-forming disks around
young stars in the Orion Nebula.
¢ Disk evolution: Hubble has helped catalog numerous disks at various stages of planetary formation.

Habitable Zone Exploration
Hubble has made significant strides in studying potentially habitable exoplanets:

¢ TRAPPIST-1 system: It conducted the first atmospheric study of Earth-sized exoplanets in the
TRAPPIST-1 system, which lies in the star's habitable zone.

o Atmospheric composition: Hubble's observations have helped rule out thick, hydrogen-dominated
atmospheres on some potentially habitable worlds, increasing their chances of habitability.

Supporting Other Missions
Hubble plays a crucial role in supporting other exoplanet missions:

o Target selection: It helps identify promising candidates for more detailed study by future missions like
the James Webb Space Telescope.

o Complementary data*: Hubble's visible and ultraviolet observations complement the infrared
capabilities of other telescopes, providing a more complete picture of exoplanets.

Future Prospects
As exoplanet research continues to evolve, Hubble remains a vital tool:

e Ongoing observations: Astronomers continue to use Hubble for follow-up studies of known exoplanets
and the discovery of new ones.

e Methodology development: Techniques pioneered with Hubble, such as transmission spectroscopy,
pave the way for future exoplanet characterization missions.

o Comparative exoplanetology: Hubble's diverse observations enable astronomers to compare and
categorize different types of exoplanets, advancing our understanding of planetary systems beyond our
own.

The Hubble Space Telescope has been instrumental in advancing exoplanet research, from the initial
discoveries to detailed atmospheric studies. Its ongoing contributions continue to shape our understanding of
these distant worlds and lay the groundwork for future exploration



Spitzer Space Telescope

The Spitzer Space Telescope has made significant contributions to exoplanet research since its launch in
2003. As an infrared observatory, Spitzer has unique capabilities that have advanced our understanding of
exoplanets and their atmospheres.

Key Features and Objectives
Spitzer's infrared capabilities make it particularly well-suited for exoplanet studies:

¢ Infrared Sensitivity: Spitzer can detect the faint infrared emissions from exoplanets, allowing for direct
observation of their heat signatures.

¢ High Precision Photometry: The telescope's Infrared Array Camera (IRAC) enables extremely precise
measurements of stellar brightness variations, crucial for detecting transiting exoplanets and
characterizing their atmospheres.

¢ Long-term Stability: Spitzer's stable environment in space allows for extended observation periods,
which is essential for studying exoplanet transits and phase curves.

Achievements in Exoplanet Research

Spitzer has made numerous contributions to the field of exoplanet science:
Atmospheric Characterization

e Thermal Emission Detection: Spitzer has been instrumental in detecting and measuring the thermal
emission from exoplanets, providing insights into their temperature structures.

¢ Chemical Composition: By analyzing the infrared spectra of exoplanet atmospheres, Spitzer has helped
identify the presence of various molecules and elements.

Exoplanet Discovery and Confirmation

o Transit Observations: Spitzer's precise photometry has been used to confirm and characterize
transiting exoplanets discovered by other missions.

e Phase Curve Analysis: The telescope has enabled the study of exoplanet phase curves, revealing
information about atmospheric circulation and heat distribution.



Brown Dwarf Studies

Spitzer has also contributed to our understanding of brown dwarfs, which serve as analogs for some
exoplanets:

o Variability Studies: The telescope has been used to detect and characterize photometric variability in
young, low-mass brown dwarfs, providing insights into the atmospheric dynamics of Jupiter-like
exoplanets.

o Distance Measurements: Spitzer's long-term observations have allowed for precise parallax
measurements of Y dwarfs, the coldest known brown dwarfs, helping to constrain their physical
properties.

Innovative Techniques

Spitzer's contributions to exoplanet science have also included the development of new observational and data
analysis techniques:

o BLISS Mapping: This technique was developed to handle Spitzer's intra-pixel sensitivity variations,
improving the precision of exoplanet transit and eclipse observations.

e Multi-Wavelength Observations: By combining Spitzer data with observations from other telescopes,
researchers have been able to construct more comprehensive models of exoplanet atmospheres.

The Spitzer Space Telescope has been a crucial tool in advancing our understanding of exoplanets. Its
infrared capabilities, high-precision photometry, and long-term stability have enabled groundbreaking
discoveries and characterizations of distant worlds, paving the way for future missions like the James Webb
Space Telescope to build upon its legacy in exoplanet research.

Kepler Space Telescope

The Kepler Space Telescope has made significant contributions to exoplanet research since its launch in 2009.
Here's an overview of its key features, objectives, and achievements:

Key Features and Design

Kepler was specifically designed to survey a portion of the Milky Way galaxy in search of exoplanets. Its main
features include:

¢ A photometer as its sole scientific instrument, which continuously monitored the brightness of
approximately 150,000 main sequence stars.



o Afixed field of view covering 115 square degrees, focusing on parts of the constellations Cygnus, Lyra,
and Draco.
o The ability to detect periodic dimming of stars caused by transiting exoplanets.

Objectives
Primary objectives of the Kepler mission were:

e To discover Earth-sized and smaller planets in or near the habitable zone of their host stars.
o To determine the frequency of potentially habitable planets around other stars.
e To estimate how many of the billions of stars in our galaxy might have such planets.

Achievement

Kepler's contributions to exoplanet research have been remarkable:
Exoplanet Discoveries:

o As of June 16, 2023, Kepler has detected 2,778 confirmed planets.
¢ Over 3,601 unconfirmed planet candidates have been identified.

Diversity of Exoplanets:

Hot Jupiter’s

Super-Earths

Circumbinary planets

Planets in the habitable zones of their stars

Milestone Discoveries:

e On February 26, 2014, NASA announced the discovery of 715 newly verified exoplanets around 305
stars.
o By May 10, 2016, Kepler had verified 1,284 new planets, with about 550 potentially being rocky planets.

Habitable Zone Planets:

o Kepler has identified several potentially habitable planets, including Kepler-296f, which is less than 2.5
times the size of Earth and orbits in its star's habitable zone.

Statistical Insights:

o Based on Kepler data, astronomers estimated that there could be as many as 40 billion rocky, Earth-
size exoplanets orbiting in the habitable zones of Sun-like stars and red dwarfs in the Milky Way.

Legacy and Ongoing Research
Even after its retirement in 2018, Kepler's data continues to yield new discoveries:

e The K2 mission, an extension of Kepler's original mission, discovered over 300 exoplanets with several
hundred more candidates.

¢ Artificial intelligence algorithms, such as ExoMiner, are now being used to analyze Kepler data, leading
to the discovery of additional exoplanets. In one instance, ExoMiner identified 301 previously unknown
exoplanets in Kepler data.

Kepler's legacy extends beyond its operational lifetime, providing a vast dataset that continues to fuel
exoplanet research and our understanding of planetary systems in our galaxy.



TESS (Transiting Exoplanet Survey Satellite)

Contributions to Exoplanet Research

The Transiting Exoplanet Survey Satellite (TESS) is a NASA mission designed to discover exoplanets by
monitoring the brightness of stars for periodic drops caused by planetary transits. Since its launch on April 18,
2018, TESS has significantly contributed to the field of exoplanet research through its advanced survey
techniques and discoveries.

Key Features

o Wide-Field Cameras: TESS is equipped with four wide-angle telescopes and associated CCD
detectors, allowing it to perform an all-sky survey covering 85% of the sky.

e Precision Photometry: The satellite measures stellar brightness with high precision, enabling the
detection of small planets, including Earth-sized ones.

o Data Transmission: Science data are transmitted to Earth every two weeks, with full-frame images
taken every 30 minutes and cutouts around selected stars every 2 minutes.

Objectives

e Primary Mission: The main goal was to survey the brightest stars near Earth over a two-year period to
find transiting exoplanets. This included studying approximately 500,000 stars and finding more than
3,000 exoplanet candidates.

o Extended Mission: Following the primary mission's success, TESS entered an extended phase with
objectives such as searching for new exoplanets, re-observing regions for longer-period planets, and
increasing measurement precision.

Achievements

o Exoplanet Discoveries: During its primary mission, TESS confirmed 66 exoplanets and identified
nearly 2,100 candidates. As of July 2024, it had discovered 7,203 candidate exoplanets, with 482
confirmed.

o Diversity of Planets: TESS has found a wide range of planetary types, including super-Earths, mini-
Neptunes, hot Jupiters, and potentially habitable worlds.

¢ Notable Discoveries: Some significant findings include TOI-700 d, a potentially habitable Earth-sized
planet, and LHS 3844 b, a rocky planet without an atmosphere.

Impact on Exoplanet Science

¢ Expanding the Exoplanet Catalog: TESS has dramatically increased the number of known
exoplanets around bright nearby stars, providing a comprehensive view of planetary diversity in our
galaxy.
¢ Facilitating Follow-up Studies: The exoplanets discovered by TESS serve as prime targets for further
observations using other telescopes like the James Webb Space Telescope (JWST) to study their
atmospheres and compositions.
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Contributions Beyond Exoplanets

TESS's precise measurements have also contributed to other areas of astrophysics, including the study of
stellar physics, galactic dynamics, and transient phenomena like supernovae. Its data continues to inspire new
research avenues across multiple disciplines.

TESS has revolutionized our understanding of exoplanets by discovering numerous new worlds and providing
valuable data for studying planetary systems' diversity. Its ongoing mission promises further breakthroughs in
our knowledge of the cosmos.

CHEOPS (CHaracterising ExOPlanet Satellite)
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CHEOPS is making significant contributions to exoplanet research through its focused mission and advanced
capabilities. Here's an overview of its key features, objectives, and achievements:

Key Features
CHEOPS is a small space telescope with several notable characteristics:

A 30 cm diameter Ritchey-Chrétien telescope

Highly precise photometer for measuring star brightness

Orbits Earth at an altitude of 700 km in a sun-synchronous orbit

Weighs approximately 280 kg (including propellant)

Uses a single CCD detector covering visible to near-infrared wavelengths

Primary Objectives
The main goals of CHEOPS include:

e Studying the structure of exoplanets ranging from super-Earths to Neptune-sized worlds
e Measuring precise radii of known exoplanets transiting bright stars
e Providing targets for future in-depth characterization of exoplanetary atmospheres



Contributions to Exoplanet Research
CHEOPS is advancing our understanding of exoplanets in several ways:
Precise Size Measurements

o CHEOPS can detect Earth-sized planets transiting G5 dwarf stars with a photometric precision of 20
ppm in 6 hours of integration time. This allows for accurate radius measurements of exoplanets.

Density Determination

¢ By combining CHEOPS' precise radius measurements with mass data from ground-based
spectroscopic surveys, scientists can calculate exoplanet densities. This provides crucial insights into
planetary composition and structure.

Follow-up Observations

o CHEOPS focuses on bright stars with known exoplanets, allowing for detailed follow-up studies of
previously discovered worlds.

Target Selection for Future Missions

e By identifying promising exoplanets for further study, CHEOPS helps select prime targets for more
powerful instruments like the James Webb Space Telescope.

Notable Achievements
Since its launch in December 2019, CHEOPS has made several significant discoveries:

o Revealed the rugby ball-like shape of the gas giant WASP-103 b, demonstrating its ability to determine
planetary shapes.

o Discovered additional planets in systems previously thought to host only one planet.

e Contributed to the discovery of a ring system around the dwarf planet Quaoar in our solar system.

Unique Approach

Unlike previous exoplanet missions focused on new discoveries, CHEOPS is dedicated to characterizing
known exoplanets. This approach allows for a deeper understanding of planetary systems and their formation.

CHEOPS continues to operate beyond its initial 3.5-year primary mission, with an extension granted until at
least 2026. Its ongoing observations promise to further expand our knowledge of exoplanets and their diverse
characteristics.

Chandra X-ray Observatory




The Chandra X-ray Observatory has become an invaluable tool for exoplanet research, providing unique
insights into the habitability and characteristics of planets beyond our solar system. Here's an overview of
Chandra's contributions to exoplanet science:

Key Features and Capabilities

Chandra is a space-based telescope specifically designed to detect X-ray emissions from hot regions of the
universe. Its key features relevant to exoplanet research include:

e High sensitivity to X-rays, allowing detection of faint signals from distant stars and planets
o Ability to operate above Earth's atmosphere, which absorbs X-rays
e Precise imaging capabilities, enabling detailed studies of stellar systems

Objectives in Exoplanet Research
Chandra's primary objectives in exoplanet studies include:

o Assessing the habitability of exoplanets by analyzing X-ray emissions from host stars
e Studying the interactions between exoplanets and their host stars
¢ Investigating the formation and evolution of planetary systems

Contributions and Achievements
Habitability Assessment

Chandra has been instrumental in evaluating the potential habitability of exoplanets by studying the
X-ray output of nearby stars. This research is crucial because:

o High levels of X-rays and ultraviolet light can damage or strip away a planet's atmosphere, reducing its
habitability

¢ Chandra's observations help identify stars with X-ray environments similar to or milder than Earth's,
which may be more likely to host habitable planets

Exoplanet Detection
While not its primary function, Chandra has contributed to exoplanet detection:

e Researchers used Chandra to detect a possible exoplanet candidate in the M51 galaxy, potentially the
first planet detected outside the Milky Way

e The observatory can detect exoplanets through the X-ray transit method, which can be more effective
at greater distances than optical light studies

Stellar Environment Studies

Chandra has provided valuable insights into the stellar environments that influence exoplanet formation
and evolution:

¢ It has revealed examples of planets under assault by outside forces, such as radiation from host stars
or the powerful gravity of white dwarfs

e The observatory has shown that young stars can emit intense X-ray radiation that may significantly
shorten the lifetime of planet-forming disks

Future Implications
Chandra's research is helping to guide future exoplanet studies:

¢ The X-ray data collected by Chandra is helping refine and prioritize target lists for next-generation
telescopes aiming to image Earth-like planets

¢ This work may accelerate the discovery of potentially habitable exoplanets by focusing observations on
the most promising stellar systems



The Chandra X-ray Observatory has proven to be a crucial tool in exoplanet research, providing unique data
that complements other observatories and enhances our understanding of planetary systems beyond our own.
Its continued operation promises to yield further insights into the nature and habitability of exoplanets.

James Webb Space Telescope (JWST)

THE JAMES WEBB SPACE TELESCOPE
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The James Webb Space Telescope has made significant contributions to exoplanet research since its launch,
revolutionizing our understanding of worlds beyond our solar system. Here's an overview of its key features,
objectives, and achievements in exoplanet studies:

Key Features for Exoplanet Research
Infrared Capabilities

JWST's ability to observe in infrared light is crucial for exoplanet studies. This allows it to:

e Detect cooler objects, including planets far from their stars
e Penetrate cosmic dust that often obscures visible light
e Analyze exoplanet atmospheres by detecting molecular signatures

Powerful Instruments

¢ Near-Infrared Spectrograph (NIRSpec): Capable of analyzing the chemical composition of exoplanet
atmospheres

e Mid-Infrared Instrument (MIRI): Detects longer infrared wavelengths, ideal for studying cooler
exoplanets and their atmospheres

o Near-Infrared Camera (NIRCam): Captures high-resolution images and spectra of exoplanets

Coronagraphs
o These devices block out the bright light of stars, allowing JWST to directly image exoplanets

Objectives
1. Characterize exoplanet atmospheres

2. Search for biosignatures and potential habitability indicators
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3. Study exoplanet formation and evolution

4. Explore a wide range of exoplanet types, from gas giants to rocky worlds
Achievements and Discoveries

Direct Imaging
JWST has successfully imaged exoplanets, including a super-Jupiter in the Epsilon Indi system, one of the
coldest exoplanets ever observed.

Atmospheric Analysis

o Detected carbon dioxide in the atmosphere of WASP-39 b, a first for exoplanets
¢ Identified quartz clouds on the exoplanet WASP-17 b, expanding our understanding of exoplanet
weather

Rocky Planet Confirmation
JWST confirmed its first exoplanet, LHS 475 b, a rocky world almost exactly Earth-sized.

Methane Detection

The telescope has observed methane in exoplanet atmospheres, providing insights into planetary
formation and evolution.

Future Prospects
JWST's capabilities are opening new frontiers in exoplanet research:

o Potential to study smaller, rocky planets similar to Earth
¢ Improved understanding of exoplanet carbon chemistry and formation processes
e Exploration of extreme environments and weather patterns on distant worlds

The James Webb Space Telescope has already made groundbreaking discoveries in exoplanet research and
is poised to continue expanding our knowledge of these distant worlds, potentially bringing us closer to
answering questions about the prevalence of life in the universe.

Future Missions

Several exciting space missions are on the horizon, promising to further advance our understanding of
exoplanets:

1. SPHEREYX, launched on March 11, 2025, will map water and organic molecules in star-forming regions,
providing insights into the building blocks of potentially habitable exoplanets. Its all-sky survey will also help
contextualize exoplanet systems within the Milky Way by mapping molecular ices and identifying targets for
further study. Ultimately, SPHEREX will give us a wider understanding of the environments where exoplanets
form.

2. PLATO (PLAnetary Transits and Oscillations of stars): An ESA mission set to launch in 2026, PLATO will
search for transiting planets around bright stars, with a particular focus on Earth-like planets in habitable
zones.

3. ARIEL (Atmospheric Remote-sensing Infrared Exoplanet Large-survey): Another ESA mission, scheduled for
launch in 2029, ARIEL will study the atmospheres of a large and diverse sample of exoplanets.

4. HabEx (Habitable Exoplanet Observatory) and LUVOIR (Large UV/Optical/IR Surveyor): These are concept
missions being studied by NASA, which would use advanced direct imaging techniques to study Earth-like
exoplanets in unprecedented detail. Possible launch dates are between 2035 to 2040.
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Challenges and Future Prospects

Despite the remarkable progress in exoplanet detection and characterization, significant challenges remain:

1. Detecting Earth-like planets in habitable zones around Sun-like stars remains difficult, especially for ground-
based observations.

2. Characterizing exoplanet atmospheres, particularly for smaller, rocky planets, is at the cutting edge of
current capabilities.

3. Distinguishing between planetary signals and stellar activity can be challenging, especially for small planets.

4. The vast distances to even the nearest stars make direct imaging of Earth-like planets extremely
challenging.

However, the future of exoplanet research is bright. Upcoming ground-based facilities like the Extremely Large
Telescope (ELT) and space missions like PLATO and ARIEL promise to push the boundaries of what's
possible.

Advancements in technology and data analysis techniques are also opening new avenues for discovery.
Machine learning algorithms are being employed to sift through vast amounts of data more efficiently,
potentially uncovering planets that traditional methods might miss.

Moreover, the field is moving beyond mere detection towards detailed characterization. The ultimate goal is to
not just find planets, but to understand their compositions, atmospheres, and potential habitability. This shift
towards characterization is driving the development of new instruments and observational techniques.

Conclusion

The search for exoplanets has come a long way since the first discovery in 1992. From ground-based
observatories to space-based telescopes, from the radial velocity method to direct imaging, our ability to detect
and study these distant worlds has expanded dramatically.

Each detection method offers unique insights, and the combination of multiple techniques provides a more
complete picture of exoplanetary systems. Ground-based observatories continue to play a crucial role, offering
high-resolution spectroscopy and the ability to conduct long-term surveys. Space-based missions, free from
atmospheric interference, push the boundaries of precision and sensitivity.

Although we have been discovering and learning about our exoplanet neighbor for over 30 years, we have only
scratched the surface. As we look to the future, the field of exoplanet research stands on the brink of
potentially transformative discoveries. The possibility of finding a true Earth analog — a rocky planet of similar
size to Earth, orbiting a Sun-like star in the habitable zone — is closer than ever before. Such a discovery
would be a milestone in our quest to understand our place in the universe and the potential for life beyond
Earth. Moreover, as our detection and characterization capabilities improve, we may soon be able to study the
atmospheres of rocky exoplanets in detail, searching for biosignatures that could indicate the presence of life.
The next generation of telescopes and instruments, both on the ground and in space, will push the boundaries
of what's possible, potentially bringing us closer to answering one of humanity's most profound questions: Are
we alone in the universe? The journey of exoplanet discovery has already revolutionized our understanding of
planetary systems and their diversity. From hot Jupiter’s to super-Earths, from multi-planet systems to planets
orbiting binary stars, the variety of worlds we've found has far exceeded our imagination. Each new discovery
challenges our theories of planet formation and evolution, driving further research and deeper understanding.
As we continue this exciting journey of exploration, the field of exoplanet research promises to remain at the
forefront of astronomical discovery, capturing the imagination of scientists and the public alike. The stars
above are no longer just distant points of light, but hosts to a multitude of worlds, each with its own story to tell.
Our quest to understand these distant planets is, in many ways, a quest to understand ourselves and our own
origins in the vast cosmic ocean.
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Image Resources

[A] Hubble’s Control and Support Systems and Instruments Diagram. The forward shell houses the telescope’s optical
assembly. In the middle of the telescope are the reaction wheels and the bays that house the observatory's control
electronics. The aft shroud houses the scientific instruments, gyroscopes, and star trackers. https://hubblesite.org/mission-
and-telescope/the-telescope

[B] The Spitzer Space Telescope. CREDIT: NASA/JPL-Caltech. https://www.scientia.global/dr-giovanni-fazio-the-spitzer-space-
telescope-exploring-the-infrared-universe/

[C] Kepler Spacecraft https://astrobiology.com/2013/05/kepler-mission-manager-update.html

[D] TESS | Missions | Astrobiology https://astrobiology.nasa.gov/missions/tess/

[E] ECE-CASA spacecraft design (image credit: ESA, CHEOPS Team) https://www.eoportal.org/satellite-
missions/cheops#spacecraft

[F] Chandra X-Ray Satellite: Chandra, the world’s most powerful X-ray telescope, was developed by NASA and launched in
July 1999. (credit: modification of work by NASA) https://courses.lumenlearning.com/suny-astronomy/chapter/observations-
outside-earths-atmosphere/

[G] The James Webb Space Telescope Components. Credit: NASA
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[1] Exoplanet and Planetary Science
https://www.stsci.edu/stsci-research/research-topics-and-programs/exoplanet-and-planetary-science

[2] Alien Worlds Show Incredible Diversity
https://hubblesite.org/mission-and-telescope/hubble-30th-anniversary/hubbles-exciting-universe/characterizing-planets-
around-other-stars

[3] NASA’s Hubble Telescope Makes First Atmospheric Study of Earth-Sized Exoplanets
https://science.nasa.qov/centers-and-facilities/goddard/nasas-hubble-telescope-makes-first-atmospheric-study-of-earth-
sized-exoplanets/

[4] NASA's Hubble Telescope Makes First Atmospheric Study of Earth-Sized Exoplanets
https://exoplanets.nasa.gov/news/1373/nasas-hubble-telescope-makes-first-atmospheric-study-of-earth-sized-exoplanets/

[5] New Analysis Indicates No Thermal Inversion in the Atmosphere of HD 209
https://arxiv.org/abs/1409.5336

[6] Revisiting Physical Parameters of the Benchmark Brown Dwarf LHS 6343 C Through a HST/WFC3 Secondary Eclipse
Observation
https://arxiv.org/abs/2408.05173

[7] Let the Great World Spin: Revealing the Stormy, Turbulent Nature of Young Giant Exoplanet Analogs with the Spitzer Space
Telescope
https://arxiv.org/abs/2201.04711

[8] Knot a Bad Idea: Testing BLISS Mapping for Spitzer Space Telescope Photometry
https://arxiv.org/abs/1607.01013

[9] Knot a Bad Idea: Testing BLISS Mapping for Spitzer Space Telescope Eclipse Observations
https://lwww.semanticscholar.org/paper/9a05aaéb24e4196f3b116afb0a95552ae309a78e

[10] Y dwarf Trigonometric Parallaxes from the Spitzer Space Telescope
https://arxiv.org/abs/1809.06479

[11] List of Exoplanets Discovered by the Kepler Space Telescope
https://len.wikipedia.org/wiki/List of exoplanets discovered using the Kepler spacecraft

[12] Kepler Exoplanet Mission
https://www.jpl.nasa.gov/missions/kepler/

[13] Kepler/K2
https://www.cfa.harvard.edu/facilities-technology/telescopes-instruments/keplerk2

[14] Al discovers over 300 unknown exoplanets in Kepler telescope data
https://www.space.com/artificial-intelligence-300-exoplanets-in-kepler-data
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