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Directly imaged exoplanets from ground based telescopes
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Flux Contrast

Astro 2020 recommends direct imaging from space

Earth at 10 pc |
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Astro 2020 recommends direct imaging from space

e Known RV/transit Planets Earth at 10 pc

A  known directly imaged planets # Jupiter at 10 pc

107> A

Conclusion: A high-contrast direct imaging mission with a target off-axis inscribed diameter of
approximately 6 meters provides an appropriate balance between scale and feasibility. Such a
mission will provide a robust sample of ~25 atmospheric spectra of potentially habitable
exoplanets, will be a transformative observatory for general astrophysics, and given optimal
budget profiles 1t could launch by the first half of the 2040 decade.
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Integral Field Spectrograph (IFS)

Dispersed Spectra:
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Imaging Fourier Transtorm Spectrograph (1FTS)

Interferogram
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Imaging Fourier Transtorm Spectrograph (1FTS)
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Imaging Fourier Transtorm Spectrograph (1FTS)

® Pros: No dispersion, use much fewer pixels, less detector noise
e Cons: higher photon noise
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Numerical Simulation
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Input spectra

¢ Fiducial Target: an Earth
twin orbiting a Sun-like star
— Speckle —  [Exozodi at 1 AU at 10 pc away

— Planet — Zodi

e Speckle: 10A-10 starlight
¢ )3 mag/arcsec? zodiacal light
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Numerical Simulation
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& Instrument Parameters

Ttot — Toptical * Tcoronagraph * TQE

. Current level:
ROMAN N RAVAYE
2. Future level:
HabEx and LUVOIR

VIS: 140, NIR:70




Numerical Simulation
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IF'TS: comparing numerical SNR with analytical SNR

(a) Simulated 1FTS interferogram (b) Simulated spectra § (c¢) Simulated spectral SNR
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Numerical Simulation
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IFS: comparing numerical SNR with analytical SNR

[S—
NS
N

-
~J
N

3
—
.-
O
L
-y
7
L
N
—
S
—
—
-
—
O

(b) Simulated spectra § (c) Simulated spectral SNR

Signal-to-noise ratio

-

nput ;
$ IFS — [FS Analytical A& IFS Numerical

720 740 760 780 800 ' 740 760 780 800

Wavelength (nm) Wavelength (nm)

C, * AAF Ty,

7/ [(Cp + 2Cb)A/1 + Q'CdeiX]Texp

SNR g =



Visible: an 1FTS 1s limited by the photon noise
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Visible: required exposure time to achieve SNR of 5

Target: an Earth analog from 10 pc
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near-IR: the results depend on the instrument parameters
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near-IR: required exposure time to achieve SNR of 3
Target: an Earth analog from 10 pc
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Conclusion

In Optical, an 1FTS 1s limited by photon noise

In near-IR, an 1FTS remains a promising option, determined by
the detector noise.

Our simulation highlights the need for better detectors.
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required exposure time to achieve SNR of 5 1n different filters
Target: an Earth analog from 10 pc

6 meter telescope
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Readout noise (e-/frame/pix)

Readout noise (e-/Trame/pix)
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