o
°A - Fundacao
Clencms la F‘ I araaC.lenma
% LY e a Tecnologia
ULisboa g

instituto de astrofisica
e ciéncias do espaco

A reanalysis of ISO-SWS Jupiter
observations: preliminary results

José Ribeiro!, Pedro Machado!, Santiago Pérez-Hoyos? and Jodo Dias!

1-Instituto de Astrofisica e Ciéncias do Espaco, Faculdade de Ciéncias da Universidade de Lisboa, Lisbon, Portugal
2-Departamento de Fisica Aplicada I, Escuela de Ingenieria de Bilbao, Universidad del Pais Vasco (UPV/EHU), Bilbao, Spain



Methodology

& Observations of Jupiter from the ESA mission e Spc e
Infrared Space Observatory (IS O) in the 793 .65—3 125 The atmospheric composition and structure of Jupiter and Saturn
A . from ISO observations: a preliminary review
cm! (3.2-12.6 um) region using the Short-Wave e, B Drosurt. . 1 Lo, . B,

Spectrometer (SWS).

® Our work is focused on the 793.65-1492.54 cm™ (6.7-
12.6 um) region of the spectrum.

Encrenaz et al., The atmospheric composition and structure
of Jupiter and Saturn form 1SO observations: a preliminary
review, Planetary and Space Science 47, 1225-1242, 1999



Methodology

For doing all these analyses, the NEMESIS suite will be
used, which covers both reflection and emission from
planetary atmospheres.

NEMESIS i1s a 1s general purpose correlated-k retrieval
code.

Line-by-line model calculations are accurate but
extremely slow.

For this reason, the correlated-k method is used and k-
tables must be prepared before using NEMESIS to
simulate observations.

:11'..-;_
el

ELSEVIER

The NEMESIS planetary atmosphere radiative transfer and
retrieval tool

P.G rwin
C.

Irwin et al., The NEMESIS planetary atmosphere
radiative transfer and retrieval tool, Journal of
Quantitative Spectroscopy & Radiative Transfer
109, 1136-1150, 2008



First results

& We used the NEMESIS radiative transfer
suite to reproduce the results from
Encrenaz et al. 1999 as a way to verify the
validity of our method.

& This study was done using the CIRS
NEMESIS template as a base adapted to VA
the ISO-SWSS data. I T
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& We used correlated k-tables compiled for
NP EEE S @ERS 2 CH - @RV AESH

C2H6 A=l H2 ) CZH 4 and C 4H2- Figure 1: Plot of ISO-SWS data used in this work and NEMESIS best
fit model for 12CH, retrieval with x2/N = 7.54




Improved results

& The quality of our fit is determined by the
reduced x? value (x2/N):

2
/N = Z (Lmeasured = Lfit) N
Omeasured
@& Our initial results (Fig(1)) gave us a x2/N = 7.54

when for an excellent fit x2/N should be less
than 1.

& QOur current best fit is for a retrieval of NH;,
a Xz /N = 1.34 for the 793.65-1200.00 cm-! Figure 2 Plot of ISOZ-SWS data and curreqt best model fit (left) and
region (Flg ( 2))’ using e generate B e the variation of the x? with wavenumber (right)
spectral line database of Fletcher et al. 2018
(https://arxiv.org/abs/1809.00572).



Molecule abundance study

& First results of the study of
abundances of '?*CH;D, 1“CH,,
BCH,, C,H, and C,H of Jupiter's
atmosphere (Fig (3)).

& The volume mixing ratio of NH,
goes to 0 near 0.1atm and the volume
mixing ratio of H, 1s a constant
1.32+0.02 over all pressure levels.

Figure 3: Plot of the volume mixing ratio of NH,, >’CH,D, ?CH,, *CH,, C,H,,
C,H¢ and H, as it varies with atmospheric pressure for the a priori model (dashed
lines) and best fit (continuous with error bars)



Pressure-Temperature profile study

Our 1nitial study of the
pressure-temperature profile of
Jupiter, retrieved using the
NEMESIS suite (Fig (4)).

Figure 4: Plot of the a priori pressure-temperature profile of Jupiter and of the best fit pressure-
temperature profile retrieved with NEMESIS (left) and plot of the temperature difference between

the best fit and the a priori profile (right)



Isotope ratio study

From the study of abundance of ?CH,D, '?CH,, 1*CH, we obtained a preliminary ?C/13C ratio
of 28+8 and an H/D ratio of (2.2+0.1) x 104

UMT ¢4 + VMT12¢H3D H/D Aymryacga + 3VMTi2cgsp + 4VMTy30h4

ZZC/].S’C =
va13CH4 vmrlZCH:gD




Future Prospects

& Improve our understanding of Jupiter:
& We expect to study the 15N/ 14N ratio.
¢ Obtain the best fit for the rest of 1200-1500 cm-1 region and 793.65-3125 cm-1 region.

¢ Constrain the Pressure-Temperature profile, abundances and isotopic ratios for a fit with a x> /N
less than 1.

¢ Expand methodology to other targets (Saturn, Uranus, Neptune, Titan)



