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A)L- 77 s L7 (Sushil Atreya)

When I was a child, my favorite place was
the roof of my dad’s house. My dad built his
house in the foothills of the Aravalli Moun-
tains. There was no electricity. And, that was
the best part. As a child, I would gaze at the
sky overhead night after night, wondering
about those distant worlds twinkling in total
darkness. One night I noticed a “star” crossing
from one end of the sky to the other. In those
days there was no internet to go to find out
what was that all about. After some digging, I
learned it was a manmade satellite. That was
my introduction to space exploration!

I went on to study physics, chemistry and
mathematics as an undergraduate. At Yale Uni-
versity, while studying physics as a graduate
student, I got curious about the workings of our
own planet. That led to a doctorate in atmo-
spheric science at the University of Michigan
(UM). It was 1973. NASA had embarked on
an ambitious exploration of the giant planets. I
was fortunate to have had the opportunity to
join the science team of the Voyager Missions,
while working as a faculty member at UM, but
frequently commuting to the Jet Propulsion
Laboratory (JPL) and the University of Arizo-
na for first look at the data. Voyager’s revela-
tions of new worlds never before seen or imag-
ined were unbelievably exciting! At that time,
my role on the project was to determine the
structure and composition of the atmospheres
of the giant planets.

The remote sensing results of Voyager flybys
needed to be supplemented with actual in situ
measurements in order get a handle on the ori-
gin and evolution of the atmospheres and of the
planetary system itself, which is my primary
research focus. I helped define the require-
ments for a possible entry probe into Jupiter for
NASA. When NASA decided to send a probe
to Jupiter as part of the Galileo Mission, with
colleagues at Goddard Space Flight Center
(GSFC), we proposed and won a mass spec-
trometer investigation on the probe. In Decem-
ber 1995, the Galileo probe entered the atmo-
sphere of Jupiter. In just one-hour duration of
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the probe mission, all our previous notions of
Jupiter’s formation were challenged by the data
it returned. We found the elements heavier than
helium in Jupiter’s atmosphere, including car-
bon, nitrogen, sulfur and the noble gases — ar-
gon, krypton and xenon — are enriched relative
to their solar abundances by a factor of approx-
imately three! This was contrary to the expec-
tation of solar abundances. But, there is a miss-
ing element, oxygen, which is believed to be
largely sequestered in water in Jupiter. Galileo
probe failed to measure water in the deep well-
mixed atmosphere since it entered a very dry
spot. Water is crucial to the formation models,
as it was presumably the original carrier of the
heavy elements that formed the planet’s core.
Core accretion is the conventional model of the
formation of Jupiter, early work on which was
done by Japanese scientists (e.g. H. Mizuno,
Progress in Theoretical Physics, volume 64,
pp544-557, 1980), amongst others.

The Juno mission was conceived to fill in the
“water gap” left behind by Galileo. Using pas-
sive microwave radiometry, we “listen” to Jupi-
ter at radio frequencies, as the spacecraft dives
from the north pole to the south pole of the
planet in a highly elliptical 53-day orbit that
brings Juno within 4000 kilometers of the
cloud tops. That close flyby is crucial to mini-
mize Jupiter’s huge synchrotron radiation
noise. We are now half way through the mis-
sion and much progress has been made on
mapping the distribution of water and its global
abundance.

While working on the Voyager missions, I
got intrigued by the unusual finding of a thick
atmosphere on Saturn’s moon, Titan. I devel-
oped evolutionary models to explain how Titan
acquired and retained an earth-like atmosphere
of nitrogen. The Cassini orbiter and Huygens
probe — on which I worked from 1997 to 2017—
allowed me to refine the models of the origin
and evolution of Titan’s atmosphere. Those
data were also the basis of my models of the
cycle of methane on Titan that acts much like
the hydrological cycle on Earth, except that

methane, instead of water, serves as the work-
ing substance in Titan’s thermodynamic heat
engine.

In 1987, I made my first trip to Japan. I had
numerous fruitful discussions with scientists at
ISAS and University of Tokyo, Professor
Takafumi Matsui amongst them. Professor
Matsui’s research on impacts was quite relevant
to the question of the origin of Titan’s atmo-
sphere I had been pursuing. We continue to ex-
change ideas regularly on this topic and many
others to this date.

I have also been deeply involved in Mars
missions, with special focus on planetary habit-
ability. With the tunable laser spectrometer and
mass spectrometer on the Curiosity Rover of
the Mars Science Laboratory (MSL), we have
unambiguously detected methane on Mars and
found that it undergoes strong and as yet unex-
plained seasonal variation. My models have
narrowed the origin of that methane to just two
possibilities - microbes and geology - though
the data to discriminate between them will
have to await future missions. In that regard, I
have had a number of discussions with col-
leagues in Japan, in particular Professor Take-
hiko Satoh, Professor Masato Nakamura and
Professor Matsui, about mission concepts for
possible future Japanese Mars missions with a
focus on climate evolution and habitability,
which go far beyond the capability of the un-
successful Nozomi mission that I had worked
on for many years.

Besides scientific collaboration, I have been
involved in the organization of Mars sessions
at JpGU for several years. It was a pleasure to
work with Professor Seiji Sugita as co-chair for
planetary and space science on the Program
Committee of the First JpGU-AGU Joint Meet-
ing in 2017. I truly believe that international
collaboration is crucial for the advancement of
science. My long-term association with Japa-
nese colleagues and friends has convinced me
that Japan has a special role to play in the hu-
man endeavor of unraveling the mysteries of
the solar system and the exoplanets beyond.
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