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JWST Exoplanet First Science Results

JWST spectrum of the gas giant exoplanet WASP-39b showing the first molecular and chemical profile of an 
exoplanet’s atmosphere, revealing the presence of H2O, SO2, CO, Na and K, as well as signs of clouds, and the 
first clear evidence of carbon dioxide in a planet outside our solar system. This planet is what is known as a “hot 
Saturn”. The data shown here provide the first concrete evidence of photochemistry.
Credits: NASA, ESA, CSA, J. Olmsted (STScI)
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Transit Observations     to    Direct Imaging 
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Exoplanet Populations

• Transit Observation
• Direct Imaging

• Direct Imaging

• Direct Imaging

• Fraction of systems with transiting exoplanets < 10% for small orbits

• Solar-type star with planet at 1 AU, fraction is < 1%
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Response to Decadal Survey
Habitable Worlds Observatory
• Decadal Survey (ASTRO2020)  priority science areas

- Are there habitable planets harboring life elsewhere in the universe?
- Survey sun-like, nearby stars for habitable planets and search 

for evidence of life
- Transformational astrophysics program (UV)

• Primary Technical Approach
- ≥ 6 meter Segmented mirror telescope
- Active control of telescope/coronagraph system 

for stability at level of ~10 pm over control cycle
- Coronagraph achieving contrast levels of 10-10

• Habitable Worlds Observatory
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How Will it Search for Life?
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How Will it Search for Life?
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Response to Decadal Survey
Habitable Worlds Observatory
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The Habitable Worlds Observatory
Big Picture Strategy
• Build to schedule: Mission Level 1 Requirement e.g. Planetary mission strategy

• Evolve technology:
- Build upon current NASA investments and TRL-9 technology
- Segmented optical telescope system from JWST
- Coronagraph from Roman ‘s coronagraphic imager program

• Next Generation Rockets:
- Larger telescope aperture sizes
- Leverage opportunities offered by large fairings to facilitate mass & volume trades

• Planned Servicing: Robotic servicing at L2
• Robust Margins: Design with large scientific, technical, and programmatic margins
• Mature technologies first: Reduce risk by maturing the technologies prior to formulation 10



Independent 
Research Papers

Mission Concept 
Reports

SMD Internal 
Study on Flagship 

Projects

National Academy 
Recommendations

GAO Report on 
Major Projects

Strategic Approach
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Decades of research-based consensus on megaprojects
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Coronagraph: Current State of the Art
• Segmented Mirror Aperture
⁃ 4.2x10-8 contrast, 9% BW
⁃ 2 – 13 /D

Credit: Por et al. 2022

• Unobscured simple Lyot Coronagraph
⁃ 4x10-10 contrast, 10% BW
⁃ 3 – 10 /D

Credit: JPL HCIT Team

⁃ 4x10-10 contrast, 20% BW
⁃ 5.5 – 13 /D

Credit: JPL HCIT Team
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Roman Coronagraph

Credit  V. Bailey

Credits: Jet Propulsion Laboratory
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Contrast vs Stability Trade
The Habitable Worlds Observatory 
will be the first mission where the 
interface between coronagraph and 
observatory will be key to meeting 
the science requirements


