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NASA, ESA, and G. Bacon (STScl)
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ESO/M. Kornmesser/Nick Risinger
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Imaging & Spectroscopy
of Giant Exoplanets




NASA/JPL-Caltech/T. Pyle (IPAC)
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Multiwavelength spectroscopy: " How do volatile abundances vary with:

* <970nm: C & O abundances from e.g. Planet-star separation?

CH, and H,0 features

Planet mass?
* L& M bands: C & O abundances from e.g.
CH,, CO, CO, features e ——

* 10um regime: nitrogen abundances from © !

the NH; feature

Host star mass?

Host star metallicity?

NASA/JPL-Caltech 17



Exoplanet observations
across multiple techniques |




Combining Reflected Light and

Clouds W ERS
Climate Radius est.
Albedo Atm. Chem.

Imaging
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Combining Reflected Light and

Clouds

Albedo

Mass
Climate
Atm. Chem.

Radius est.

Imaging

Constrain phase angles via imaging

Measure T via thermal imaging
to constrain radius

Radius and phase angle will inform
clouds’ scattering phase functions

Multi-A observations inform cloud
composition information

20



Predicted population of GAIA planets
detectable by TMT/PSI
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small Planets Come in Two Sizes

-
N

Kepler-22b

Kepler-452b ‘
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Imaging & Spectroscopy of Lz S
Temperate Rocky Exoplanets T



Jupiter Saturn- Uranus’ Neptune

Transit signals are deeper )
RV signals are larger .
Planet occurrence rate of small
planets favorable
Planet-to-star contrasts more
favorable in M-dwarf HZs

Gliese 667Cc

Stellar Mass (solar masses):
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Is this s_tar \ 1. Use precursor information to establish target list
promising?

/

s this a planet? \ 2. Multi-color point-source photometry and proper motion

/

Is this planet in - :
habitable zone? \ 3. Constrain orbits

/

What is the star like? \5. Characterize the star. Determine planet masses /
Mass of the planets?

. - 6. Search for biosignatures &
Are there signs of life constrain H,0 abundance

. . 7. Check O, biosignatures
Are the signs of life robust? \ aren't false positives /

_ . 8. Extend spectrum to find
What is the atmospheric context? additional features

9. Observe NUV &
longest A's

Are there other biosignatures?
Strength of the greenhouse effect?

How does the planet vary
with time? (e.g. seasons)

LUVOIR interim report

Is there water? \ 4. Search for atmospheric water /




Imaging Habitable Zone Exoplanets with the TMT
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Imaging Exo-Earths at 10um
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Packham+18/Hanel+72

The TMT resolves the HZ at
10 um out to 5 pc for G stars

At 10 um, contrast is >100X
more favorable than in vis.

Low res. spectra at 10 um
could enable biomarker
detection (e.g. O;, H,0, O,,
CH, and CO,)
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Instrumentation for Exoplanet
Imaging & Spectroscopy

* IRIS
 PSI
MICHI
- MODHIS



Port 3

Fiber bundle

31



Diffraction-limited High-resolution Spectroscopy

High Contrast Instrument High-Resolution Spectrograph
AO /WFC Coronagraph Data (planet + residual starlight + noise) M

Cross-

correlation SNR, profile, f(t)

ll‘ - Molecular characterization
| - Spin measurement

- Improved dynamic range

Theoretical template ~ Cross-Correlation - Doppler imaging

Data (e.g. molecule M) Function (CCF)

Mawet+17b 32
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Tech development roadmap part 1

HISPEC -> MODHIS

Slide credit: Nem Jovanovic
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PSI/MODHIS Timeline

2024 2025 202

Slide credit: Nem Jovanovic

2027 2028 2029 2030 2031

Technology/tej*chmque PDR DDR Construction | Testing Deploym
maturation ent and
Further technology commiss
CoDR /technique maturation ioning
and risk mitigation
SCALEs - phase | SCALEs @ Keck SCALEs phase |l
MODHIS MODHIS @ Keck MODHIS @ TMT

Request
full funding

Pursue alternative funding

First Light for
TMT PSI

36



Slide credit: Nem Jovanovic

Timeline
2 202 2026 2027 2028 2029 2030 2031
Technology/te.:chmque PDR DDR Construction | Testing Deploym
maturation ent and
Further technology commiss
CoDR /technique maturation ioning
and risk mitigation
SCALEs - phase | SCALEs @ Keck SCALEs phase |l
MODHIS MODHIS @ Keck MODHIS @ TMT
Reques:t First Light for
full funding
TMT PSI

Pursue alternative funding
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Timeline

Technology/technique
maturation

24 2025 2026 2027 2028 2029 2030 2031

Deformable mirror technology development
Focal plane wavefront sensing

Predictive wavefront control

Sensor fusion

Understanding the atmosphere

R whRE

38



The TMT will revolutionize
exoplanet science by imaging &
characterizing the atmospheres of 4
large samples of diverse exoplanets




Starshade actively matches transverse velocity and
acceleration of observatory; no radial constraints

Slide Credit: Mather & Peretz
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The TMT will revolutionize
exoplanet science by imaging & )
characterizing the atmospheres of N
large samples of diverse exoplanets

Thank you!



Extra slides
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Heinze+10

Min. Detectable Planet Mass

—
o

Age = 2Gyr, Dist = bSpc.
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Sensitivity Increase (mag)




Flux ratio to host star (thermal infrared)
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Flux ratio to host star (reflected light)
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Uranus (R=2000)
Neptune (R=2000)

Uranus (R=100)
Neptune (R=100)

Flux Density {Normalized)
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