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Goals

1. From solar and atmospheric physics to exoplanet climate and star/planet interactions;

2. Explore a wide range of parameters for habitability conditions;

3. Develop a procedure to assess space and ground based detection limits for exoplanets;

4. Supply a method to evaluate the required performances of future detectors.



Why the atmosphere?

(Bains, W., 2004)

o _ Atmosphere = known habitable planets: 1
Habitability =— Liquid environment v Water<
No atmosphere = known habitable planets: O
?

Other fundamental requirements:

* Characterization of the central star: activity and variability

Use what we learned from Sun and
Solar System

* Planetary magnetic fields

* Orbital stability conditions
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A case study: Proxima b
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Planet properties

Proxima b: derived parameters from radial velocity Proxima b: Unknown planetary parameters
(Anglada-Escudé, G. et al., 2016) (extrapolated for the simulation)
Parameter Symbol Value Parameter Symbol Value
Orbital period T 11.186 Earth days Mean density Pp Pa
Orbital semi-major axis a 0.0485 AU Radius Tp 1.08 Rg
Orbit eccentricity e < 0.35 Surface gravity acceleration Jp 10.64 m/s?
Planet minimum mass mp 1.27 Mg, Axial tilt a 0 deg
Eq. blackbody temperature Teq 234 K Rotation rate Wp 6.50x107° rad/s
. kg
mp = Mp sin pg = 5514 —

Rotation period = Orbital period
(Ribas, I. et al., 2016)
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Simulating an exoplanetary atmosphere

/3D Intermediate Complexity GCM

Planet Simulator (PlaSim)

(Fraedrich, K. et al., 2005)

Keplerian parameters

atmospheric composition

surface properties

1D RTM

Library for radiative transfer (libRadtran)
(Emde, C. et al., 2016)

Host star

Geometry of incident radiation

\ Clouds properties




Simulation initial conditions

Earth-like preindustrial atmosphere with 360 ppm of CO5;

Stationary vertical profiles for gasses (no seasonal changes), parameterized O3 profile,

taken from Green (1980);

Aquaplanet with a slab thermodynamic ocean of 50 meters depth;

Surface pressure of 1000 hPa (1000 millibars) and top of the atmosphere (TOA) fixed at

50 hPa.
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Flux (W m™2 zm™)
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Spectral density flux (W m™ ;a.m’1 sr'1_)

Atmosphere/climate detectability
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PlaSim + libRadtran output
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Simulate an observation:

* From space with the Mid-Infrared Imager on the James Webb Space Telescope

* From ground based instruments by photometry in the Earth’s atmospheric windows



James Webb Space Telescope — Medium Infrared Instrument Imager (MIRIM)
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N /

30 x 30 arcsec
Lyot Mask

113 arcsec

24 x 24 arcsec ‘
4QPMs ‘ 11.4um

10.65um

4.7 X 0.51arcsec “«——74 arcsec——>
LRS slit

(1.1) (5.1) (1028.1) (1032.1)

MIRIM input field of view FULL = 1024 x 1024;
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Filters and relative signal amplitude
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Color variation — Ground based observation simulation

ESO IR photometric passbands
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CONCLUSIONS AND PERSPECTIVES

3D GCM can be used to evaluate the instrumental observation limits for exoplanets;

* Exoplanet climatic conditions can be inferred by fitting model results to
observational data;

e Habitability can be studied under a wide range of conditions;

* Ongoing collaboration between UniToV, ISAC-CNR, UniCal and INAF-IAPS to develop a 3D
radiative, magnetic and particles model for planet/star interaction;

* We are able to simulate atmospheric spectra in the observing range of ARIEL.
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PlaSim / 3D Navier-Stokes equations: \

Conservation of momentum: u, v, w

Conservation of mass: g—i +V-(pu) =0

Grid-box
— Conservation of energy: T, {
[Simple radiative schemew‘ Levn \ /
Jv\ ’
/7
N~ /7
7/
Levn — 1 NS
0 = latitude (64) e Spectral transform method
¢ = longitude (128) ‘Pln Pn+1 | Q™ for non-linear terms
|
|
|
Lev 0 ]
Surface / atmospherew —
interface f Surface / Sea-ice / ocean

submodels
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Method for line-by-line planetary emission spectrum

gy input

EStellar input libRadtran off-line radiative transfer
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RESULTS
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Dynamics

M P - . phore Mass streamfunction:
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Zonal wind (ms™)
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Total Thermal Flux (W/m*2)
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