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ARIEL Targets

* Gas Rich Exoplanets
* Rocky Planets
* Rare and Extreme conditions Planets
* Planets in high eccentric orbits
e Circumbinary Planets
* Transiting Multi planet Systems
e Disintegrating Planets and
Planetesimals
* Planets Around Flaring Stars

Tinetti et al, 2018



ARIEL 3-tier approach ®

INDIVIDUAL PLANETS & POPULATION ANALYSIS

SURVEY

N
What fraction of planets have clouds?

Have small planets still retained H/He?

Main atmospheric component
Trace gases

Thermal structure

Cloud characterization

Colour-colour diagrams

Refinement of orbital/planet
parameters in IR

~ 1000 PLANETS

Atmospheric circulation

* Spatial & temporal
variability

Tinetti et al, 2018

ARIEL Italian Meeting, Rome 2018 October 2-3.




80 lllllllllllll I I I I

75

I
I
Na K
I
! H,0
! -22  WASP-17b

70

1
F
"1
|

65 WASP-39b

IIIIIII‘Illlll‘IllllIllll_

60
HD 2094580
55 4 ¢
C ¢ WASP-19b
|
T 50 ——t — Y
= - A o
P |
g T .
g’ 45 — !
5 C e ) HAT-P-1b
° - \ + $ X '
- »
3 40 or 47 - *
R - |
[ L
s .F :
s B ! WASP-31b ¥
g : + ‘ s ] ‘ .:'" |
K 30—— y | +| ® —
[ L ) | i
o -
. $.4%  wasp-12b ]
25— —
- —— -
b + ) .
20 Y HAT-P-12b
. A t AL
C I
s R HD 189733b ’
- NF

10

WASP-6b

Sing et al, 2016

_IIIIIIIIII

l | I lllllllllllllll 1 I | |
04 05 06 07 08091 15 2 25 335 4 5

Wavelength (um)

o
w



Mass flow
controllers

Pressure Thermocouple
gauge
(0]
&3 ) B
(GR- Pressure :
E gauge
Cold ' :
bath : Pumps :
\—/ v \4
i Table 2 | Measured production rates (mg h™)
100x 1,000x 10,000x
300 K Film 1043 Film
400 K 0.25 10.00 Film
600K 0.04 0.15 0.31

Film indicates that a film is observed on substrates that were in the chamber, but there was not
sufficient sample to collect and weigh.
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EXOGENIC PROCESSES
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A planet’ s spectrum is the product of a complex interplay of
environmental components and processes.

M. Allen, K. Nealson, V. Meadows



Atmosphere t Tube
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Facility for Exochemistry (LIFE)

hamber (~ 6 x 10" mbar)

e

Cold Finger
10K (% 0.1 K)

FTIR Spectrometer
400 - 104 cm-!

UV HiLya 1216 A
(1100 — 1800 A)



Gas line
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Pumping
System

Cooling system

Chamber Characteristics:
pressure: 10° - 2x103 mbar

temperature controlled

gas mixture 1-7 components
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Dadne-L UV-IR synchrotron facility

A unique facility combining IR and UV-VIS radiation operated with synchrotron
and standard sources for non destructive analyses and testing of bio-materials.

UV-IR experimental facility FPA detector for chemical imaging Long path gas cell
(1 mm —0.5um) . to characterize

atmospheres.

Extended IR range (from Far-IR to NIR-VIS) for analysis of inorganic and biological materials
Chemical microimaging of material samples as meteorites, organics in mineral matrices, etc.

Extended UV-VIS range (120-650 nm) irradiation for material testing & photochemistry

Real time study of UV photoageing & photochemical processes

Planetary atmosphere evolution and biosignature characterization

High temperature (1200°C) / high pressure (20GPa) setup simulating planetary environments
Simulation and analysis of planetary analogues for exobiology and life science



The experimental architecture
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activities @IAPS plab

Experimental set up used to characterize the optical
properties of gases at typical planetary conditions

People involved:

S. Stefani: (technologist)

G. Piccioni: (senior scientist)
M. Snels: (senior scientist)

A. Adriani: (senior scientist)
D. Biondi: (CTR)

A. Boccaccini: (CTR)



High Pressure-High Temperature
Gas cell (HP-HT) |

Multi Pass gas cell (MP)

SpecTraI range 31000- 700 em-! (0.4 - 20 um)
' Resolution 0.01 - 10 <:m'1 |

VERTEX 80

Optical parameters

Optical parameters
» Pressure up to 300 Bar
» Temperature up to 573 K
» Optical path:1= 2 cm

> O. P: variable from 2.5 to 30 m
> Pressure: 1-10 bar
» Temperature: 294 - 473 K

Optical parameters

>

YV V VYV

A\

<2 |3

Cavity Ring Down Gas cell (CRD)

Pressure up to 100 Bar
Temperature up to 400 K
Optical path: 1= 5 km
Spectral range: depends on the laser and on the
mirrors (we worked from 1.79 to 1.81 pm)

Resolution 0.01 nm



PASS (Planetary Atmosphere Simulation System):new

Temperature range: 100-520 K
Pressure range: 0-60 bar

Coolable/heatable (CRD) System
Coolable/heatable MP gas cell OP. %5 Km

OP. 210 m , Spectral range: depends on the laser
Spectral range 31000-700 cm™!  tynability and on the mirrors (we

(0.4 - 20 um) worked in the range 1.79- 1.81 pm)
Resolution 0.01 - 10 cm! Resolution about 0.1 nm




GEOPHYSICS LABORATORY

Mathematics and Physics Department

Responsabile:

Prof.ssa Elena
Pettinelli

Collaboratori:

Elisabetta Mattei
Sebastian Lauro

Barbara Cosciotti

ATMOSFERE IN PROVETTA

4-5/10/2018



EAPERIMENTAL ACTIVITY AND FACILITIES AT ROMA TRE UNPVERSITY
MATHEMATICS AND PHYSICS DERPARTIMIENT

M Time Domain Reflectometry

M LCR meter (20 Hz — 30 MHz)
B Vector Analyzer

B Coaxial, three wire and cage probes

B LCR meter: Capacitors and inductors
B VNA: Coaxial, three wire /cage

M
MMMMMMM




DIELECTRIC SPECTROSCOPY: DEVELOPMENT OF FUTURE WORK:

OVERVIEW LABORATORY SIMULATIONS RAMAN SPECTROSCOPY
OF HABITABLE WORLDS
/ \ (in collaboration with Daniela Billi) Ef.?.:ge ‘;:i‘;{ei’;“h'e;;‘;’nw,: f;g,if,;fand
ELECTROMAGNETIC 785nm (100mW) laser beam
PROPERTIES OF / \ Om(;z;iéed sample holder for spectral
TERRESTRIAL AND STUDY OF POTENTIAL ot e engesbetween agTEand
PLANETARY HABITABILITY IN WATER
ANALOGUES AS A ICE/SALTY MIXTURES
FUNCTION OF ENVIROMENT:
- TEMPERATURE (100- | ,1viTies investigate the possible
290 K), ON GOING habitable niches by
_ FREQUENCY (1MHZ- growing ice-liquid water
1GHZ) systems simulating salt

/ice mixtures in the

INVESTIGATING LARGE N A

VOLUME OF MATERIAL tolerant cyanobacterium.
AND CONTROLLING ITS \ /
COMPACTNESS

K (POROSITY). j
Different samples:

water/salt solutions made of
Dirty Ices (Mixtures of Silicate MgS04, Na2S04 and NaCl;
Dust and Ice, Salty ices: Mirabilite, * bi-distilled water sample.
Epsomite and Perchlorates).
Rocky Materials (powdered).
Magnetic Materials (e.g.

Containing Iron Oxides like Hematite
and Magnetite).

Clay Soil Samples.
Meteorites (powdered and
mixed with other materials).




Distance from area center (km) >
-50 50 100

-100

Distance from area center (km)

Fig. 3. Maps of basal topography and reflected echo power. (A) Color-
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Basal topography (m)

coded map of the topography at the base of the SPLD, computed with
respect to the reference datum. The black contour outlines the area in

which bright basal reflections are concentrated. (B) Color-coded map

of normalized basal echo power at 4 MHz. The large blue area (positive

Orosei, Petinelli et al et al, 2018
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values of the normalized basal echo power) outlined in black corresponds
to the main bright area; the map also shows other, smaller bright spots
that have a limited number of overlapping profiles. Both panels are
superimposed on the infrared image shown in Fig. 1B, and the value at
each point is the median of all radar footprints crossing that point.
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Padova Experiment

AIMS: Study the metabolism, vitality and gaseous production of
photosynthetic bacteria when forced to live in a different environment,
mimicing an earth-like planet orbiting around the HZ of an M type star.

0 Star simulator; Choice of Bacteria; Reaction Cell

@ Irradiation of bacteria in terrestrial conditions

9 Irradiation with M star simulator

@ Change of Fiducial environmental conditions:
P, T, Gas Mixture ...
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The Experiment Setup

Tunable Diode Laser Absorption

Spectroscopy (TDLAS)
Yokogawa Electric’'s model code: TDLS200
=
Laser diode _— :’;‘:;f’od:::;‘;'
Optical path
H = 1 = =H
e

Process gas stream



O, Detection System

* NomaSense O, P300 (Vinventions), used in wine quality assessment
* Based on Oxo-Fluorescence Technique

* Blue light transmitted through fiber to a tablet inside the AS
* Tablet reacts according to dissolved O, in the ASC

* Red light emitted back

* Amount of %0, 1s measured
e Detects up to 15 ug/L of O,

Optical signals
transmitted and
emitted back to the
analyzer

vttps://www.vinventions.com/ it/wine-quality-solutions

Probe (tablet) at the
end of the Optic Fiber




SLS Optic Fiber

Spectrometer ASC

3D Printed scaffold






Structure
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Atmosphere in a Test Tube

Laboratory Analogues of Solar System and
Extra Solar Planet Atmospheres

WHAT ARE THE PHYSICAL

PROCESSES AT WORK IN
HOT JUPITER
ATMOSPHERES?

HOW LIFE COULD MODIFY
THE ATMOSPHERE OF
SUPER EARTHS ORBITING

OTHER STARS THEN THE
SUN?

| WHAT ARE THE MAIN

SIGNATURES OF LIFE
RECOGNIZABLE BY REMOTE
| OBSERVATIONS?

INAF OAPD
SATURN™ Dlp di Fisica e Astronomia

INAF»’—fAf WL Ve

BB INFN _. ‘.‘.’ ‘ » ’ .

MAY EXPLORATION
FINDS TRACES OF
BIOLOGICAL oo,
ACTIVITIES OUT OF  [[iEE
THE SOLAR
HABITABLE ZONE
(MARS, EUROPA,
TITAN ...)?

alla sonda
HHHHHHHH

INAF OAPA




