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Direct imaging captures a 2D image of light emitted by objects in space, including The Roman Coronagraph Instrument is designed to observe targets with an absolute
exoplanets. The major challenge of direct imaging is capturing faint planets visual magnitude < 5 boasts a predicted visible-light planet/star flux ratio detection
adjacent to their intensely luminous host stars. Current direct imaging efforts are limit of 10-° or better at angular separation of approximately 0.1 to 1 arcsecond.
limited in the targets they can observe, focusing on planets that are easier to detect With three distinct observing modes—Direct Imaging, Polarimetry, and
and are: Spectroscopy.

 Massive (super-Jupiters) RCI utilizes four bandpass filters in
visible wavelength ranges. Bands 2 and —r

3 are used for spectroscopy, allowing megngSrettrmey
CGl to capture spectra of orbiting
planets by dispersing the light from the
planet’s location through a prism, with a2
signal from the reference star subtracted SR
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* Far from their host stars (Wide
Orbits)

* Young (less than 100 million years
old). These planets glow brightly in
infrared (IR) due to their residual
heat of formation, a wavelength

Figure 1. Direct image of four planets orbiting the star
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IS not as brlg ht. to an atmospheric spetctrum?2.
Advancements are needed in order to be able to image cooler, older jovians
and eventually terrestrial-sized planets. \

\ Our research will support the investigation of self-luminous young jovians in emitted
light and cool jovians in reflected light, to be imaged by the Roman Space Telescope.
Target selection is crucial due to limited observing time, but interpreting atmospheric
spectra poses challenges as it's an inverse problem that can lead to degenerate
solutions. To aid in target selection and data interpretation, we'll utilize the following

The Nancy Grace Roman Space Telescope represents a significant advancement in
space observation, building upon the achievements of both the Hubble and JWST
missions. Originally designated as WFIRST (Wide-Field Infrared Space Telescope), it

was renamed in 2020 to honor Nancy Grace Roman, NASA's first female executive tools:

and a key figure in the development of the Hubble Space Telescope. Scheduled for 1. PICASO: This Python Planetary Intensity Code for Atmospheric Scattering
launch by 2027, the telescope will orbit Observations? simulates the 1D structure of exoplanetary atmospheres, including
the Earth’s L2 point, boasting a primary temperature-pressure profiles and chemical composition. It incorporates a high-
mirror 2.4 meters wide, comparable to fidelity radiative transfer model to generate high-resolution, phase-dependent
that of the Hubble. spectra.

2. rfast: This inverse modeling tool, designed to support future missions like HabEXx
and LUVOIR, helps explore the information encoded within exoplanetary spectra.
It identifies regions of parameter space consistent with observed spectra,
facilitating data interpretation.

The telescope features two main
Instruments:

 The Wide-Field Instrument (field of
view 100 times that of Hubble)

« Coronagraph Instrument (narrower
| | field of view for high-resolution
Image Credit: NASA's Goddard Space Flight Center targets)
Clouds and hazes can obscure
spectral signatures, mask surface
features, and significantly impact 400 K
temperature and climate, thus
The Roman Coronagraph Instrument (RCI) is a technology demonstration that posing challenges to accurately [108,57,30] [188,141,53] [228,216,196]
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showcases novel starlight suppression that will improve capability over previous  characterizing planetary 0-25mg h 10.00 mg h Ng
coronographs like those flown on Hubble and JWST by a factor of 100 to 1000. The atmospheres. Labor_ato_ry Figure 5. Hazes produced in a laboratory at conditions relevant to
| technol inh t to the RCI | ised of experlments have hlghllghted the potential target atmospheres for the RCI from He et al. (2018)%. The
novel technology inherent 1o the IS comprised or. connection between haze metallicities from left to right are 100 X, 1,000 X and 10,000 X
] ] . : leading to differing formation rates shown at bottom in red.
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- determine haze number densities Figure 6. Jupiter in reflected light as modeled by the Planetary

to include in th diati t £ Spectrum Generator® to simulate viewing with the Hubble Space
O Include In the radiative transter Telescope (orange). The addition of haze (grey) based on Titan

* Ultra-low noise photon counting Electron
Multiplying Charge-Couple Device detectors

calculations. tholins produces broad absorption features at shorter wavelengths.

 Advanced algorithms for data
post-processing

The RCI will serve as a crucial precursor for initiatives such as the Great
Observatories Mission and Technology Maturation Program and the Habitable
Worlds Observatory (HWO), which will eventually allow for the direct imaging of
small, rocky planets.
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