


Simulating Reflected Light Spectra with
the Planetary Spectrum Generator
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= GSFC+ AMES = JPL/MolSpec

= Lowell = Koln/CDMS

= Jena/0CDB = GSFC/Fluor

Radiative transfer
= PUMAS
GSFC/Non-LTE
GSFC/GCM
Surface model
Scattering
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SOFIA

Flexible radiative transfer suite that allows the public to implement targeted

observing scenarios — see Villanueva et al. (2018)




—— : o " Jupiter

Geometry. Jupiter measured via Observatory from 5.2 A for date (2018)09/15 r Change Object
15401)

Atmosphere and surface: Surface pressure: 29,6 bar; Molecular weight: 26 : Change Compesitien :
gimal; Gases: H2,Me; Surface temperatre: 340 K; Albede: 0.343; Emissivity: 0.657; —

Instrument parameters: Measurement range 0.3-1um with a resolution of 200 ( Change Instrement )
RP. Molecular signatures inclued; Continmm/backgroend Pures enabled; h
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Charge image sensor [e-]

T e L L e—




WFIRST-AFTA

Planet name | Planet SMA | Planet mass | Separation Contrast Integration time ;
il il il Al e il Ups And D Parameters

HD62509b 1.69 0.1558 2.08E-08 0.0007

HR8974b 205 1.85 0.1389 1.39E-08 0.0128 Observation Derived
[UpsAndd 255 10.19 0.1805 8.74E-09 00298 | - i

x f = —U
47 Umab 21 2.53 0.1427 1.34E-08 0.1093 Plallot arv hIaSS l(] 2 ‘ AI Jupiter
Ups And e 5.25 1.059 0.3717 2.09E-09 0.1995

HD192310c 148 0075 01265 2.35E-08 02092 Planetary Radius - 1.0 2 R ‘
36 054 0.2446 4.3E-09 02353 e : Jupiter

Semi-major Axis - 2.53 au
Orbital Eccentricity - 0.316

Orbital Inclination - 23.758°

Model Parameters
T.ss (max, min, mean) - 260, 188, 215 K
Planetary Gravity (g) - 244.23 m/s>
Metallicity ([Fe/H]|star = 0.131) = 1/3/5/10x

Saxena et al 2021 AJ 162 30




Saxena et al 2021 AJ 162 30

CGI SPC transmission Lambert phase factor Lambert phase factor X transmission
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Filter color-color ratio flips depending on cloud

article size! Atmospheric Atmospheric Clouds ..
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Butler et al. Fits from Equilibrium Cloud Morphology + Planetary
(1999), MacDonald et al. Chemistry Abundances based Spectrum

y . . . . .
McArthur et (2018) from using GGchem on condensation Generator
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al. (2010), Fortney et al. code (Woitke curves and mass (Villanueva et al.
Deitrick et al. (2008) et al. 2018) conservation, Ersatz 2018)
(2015) Hazes
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Roman Filters

Observer's view Radiance spectrum  Simulation took 11.75 seconds (" tayering )(" &W )" download )
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Preliminary results:

©
N
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At 90 degrees from periastron, SNR=10 in
400h, with speckles and jitter in 675 — 785

nm band (SPC) — peak contrast of 3.5E-9,
also a promising target for HLC

I/F [geometric albedo]

e
[N)

0.75

Noise characteristics taken from SPC + Prism ' © Wavelength [um)
https://roman.ipac.caltech.edu/sims/Param db.html



https://roman.ipac.caltech.edu/sims/Param_db.html
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@ G J 121 4b

Geometry: GJ 1214h measured via Observatory from 14.6500 pc for date .
(2020/04/08 01:32 UT) Change Object

g/mol; Gases: H2,He,H20,CH4; Surface temperature: 888.1 K; Albedo: 0.164;

Atmosphere and surface: Surface pressure: 1.0 bar; Molecular weight: 2.36
( Change Composition )
Emissivity: 0.836;

Instrument parameters: Measurement range 0.5-17 um with a resolution of
200 RP. Molecular signatures included; Continuum/background fluxes enabled; Change Instrument

Upload config-file

Reset Download configuration Generate Spectra

psg.gsfc.nasa.gov/




Type | EXO[CHA]

( ) 1 I
{ Search ) Abundance scaler
Type | EX0[C02]

(Search > Abundance 1 scaler
Type | EXOINHR1

Search : Abundance 1 scaler

Continuum processes@: | Rayleigh ( hdd /\ Rayleigh /\ D Refraction @ CIA_all w@

Atmospheric scattering aerosols ©  Stream-pairs (NMAX) | phase LMAX | 2

Type * Dust Jager_MgSi03_HRI[r=0.01-100.00um 0.32-500.00um]

Abundance | 0 scaler i 10

psg.gsfc.nasa.gov/




@ Telescope /instrument @  Roman 6l ( Load template ( Remove )

p Sg gsfc n a S a gov/ The Coronagraph Instrument (CGI) of the Roman observatory provides high-contrast observations, key
L] L] L]

enabling technologies for future exo-Earth imaging missions. CGl is primarily designed to demonstrate
space coronagraphy at sensitivity levels of Jovian-mass planets and faint debris disks in reflected
starlight. Some key technologies include: precision optical wavefront control with deformable mirrors,
sensitive EMCCD photon-counting imaging detectors, low-resolution integral field spectroscopy, and

In S trume nt advanced algorithms for wavefront sensing and control.
Properties that
can be changed

Spectral range: 0.6 09 Resolution: 50 Resolving power Boxcar
Include molecular signatures @ (7@ Include continuum fluxes (W) Integrate stellar templates @
Exozo dl Terrestrial transmittance @ Apply @) Multiply @D

Spectrum intensity uni. & ®anteast (radiance ratio w.r.t. parent star) Log plot @@
Assuming a 10 hr

lntegratlon = eXpO sure Telescope @ Beam [FWHMI: 1.0 Diffraction (0.080 arcsec) | Exozodi level: 4.5
. Coronagraph
time/# exposures

Diameter [m, effectivel: 2.363 = Contrast and IWA [L/D]: 1.8e-7 Table w( Remove j}

Noise @ prosure [sl: 30 Number of exposures: 1200 mber of pixels: 15

Charge image sensor [e-]

Read [e-]: 0 Dark le-/sl: 2.69E- ' nTotal. opt. ToptlKl:\ 0.15 0.10 270 (_ Table )

\

Coronagraph throughput

«—— Separation Dependent Throughput

4
Separation (L/D)




HR 8799e Constrast

= (Clear Atm, Solar Metallicity
=—— Clear Atm, [Fe/H] = 0.48 (Molli ere)
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HR 8799e Constrast
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—}— Clear Atm, Solar Metallicity, ~today

—f— Clear Atm, [Fe/H] = 0.48 (Molliére), ~today
Clear Atm, [Fe/H] = 0.48 (Molliere), 2026 Prabal Bday
Enstatite Haze, [Fe/H] = 0.48 (Molliere), 2026 Prabal Bday
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More to come!




