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Low-cost air quality sensors were installed at 19 sites
in the city of Indore and recorded varied sources of
air pollution. Credit: Neeraj Mishra, John Snow India

Identifying Local Hot Spots

Pilot studies conducted with LCSs in rural
parts of the Indo-Gangetic plain already have
shown that PM, 5 levels are quite comparable
in different settlements across the region,
irrespective of the settlement type—village,
town, city.

Saumya Singh, a postdoctoral researcher at
the University of California, Berkeley and lead
author of the new study, said, “Low-cost sen-
sors are helping us understand the urban-
rural gradient. These results suggest that we
need additional observations in rural settings
about source dynamics and concentrations
of PM2.5~”

Pratima Singh agreed that LCSs have their
advantages, and CSTEP has installed a net-
work of them in Bengaluru, Punjab, and Delhi
to study different aspects of air pollution.

“Low-cost sensors have a high temporal
resolution that helps identify hot spots at
local levels, which RGMs cannot because of
their incapability to be moved around,” she
said.

By Deepa Padmanaban (@deepa_padma),
Science Writer
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Long-Gone Moon Could Explain
Birth of Saturn’s Rings

caterpillar emerges from its chrysa-
A lis as a butterfly, ready to dazzle the

world with its beautiful wings. And
according to a recent study in Science, a chrys-
alis at Saturn underwent its own transforma-
tion (bit.ly/Chrysalis-moon). Today the pul-
verized remains of a small moon—named
Chrysalis by the study’s authors—are daz-
zling the rest of the solar system as the plan-
et’s beautiful rings. The study argues that
that scenario would explain not only the birth
of the rings but Saturn’s tilted axis as well.

“It’s always nice to find solutions that can
elegantly explain multiple different observa-
tions,” said Tracy Becker, a planetary scien-
tist at the Southwest Research Institute in San
Antonio who studies Saturn’s rings but was
not involved in the new research. “It could
explain Saturn’s obliquity and the age and
formation of the rings.”

The project began with Jack Wisdom, a pro—
fessor of planetary science at the Massachu-
setts Institute of Technology, and his col-
league studying Saturn’s obliquity, or the
planet’s tilt on its axis. Saturn and the other

giant planets should have developed with a
tilt of near zero, yet Saturn tips at an angle of
26.7°.

“Saturn is a massive planet, so it takes a
massive force to tilt it like that,” said Burk-
hard Militzer, a professor of Earth and plan-
etary science at the University of California,
Berkeley and a coauthor of the study. “Jack
Wisdom said that even though it’s far, far
away, Neptune could do the job.”

A resonance between a wobble in Nep-
tune’s orbit and a wobble in Saturn’s rotation
on its axis could have applied enough torque
to change the axial tilt. Wisdom and others
suggested that Saturn’s largest moon, Titan,
could also have played a part in that process.

A Possible Moon Comes to the Rescue
Dynamical simulations show that Saturn and
Neptune are not in resonance today. How-
ever, “it’s very close—about 1% away,” said
Wisdom. “We argued that because it’s so
close, it couldn’t have been by chance.”

“We were always so close” to an explana-
tion, said Militzer, who studies the interiors

Titan passes in front of Saturn in this view from the Cassini spacecraft, with the edge-on rings forming a thin stripe

and thick series of shadows. Titan could have played a crucial role in the rings’ formation. Credit: NASA/JPL-Caltech/

Space Science Institute
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of Saturn and other outer solar system giants.
“It went on for weeks, and it was a big misery.
What could get us to the critical value? Then
the concept of this moon appeared. At that
moment, what had been a problem became a
real opportunity.”

“You could add an extra satellite, and that
would allow the obliquity to rise due to the
resonance with Neptune as Titan migrated
outward,” said Wisdom.

Observations from NASA’s Cassini space-
craft, which orbited Saturn from 2004 to 2017,
showed that Titan is moving away from Sat-
urn at a rate of about 11 centimeters per year.
As Titan migrated outward, it altered Saturn’s
axial precession—a wobble that causes the
axis to trace a big circle on the sky. Changes
in the precession rate brought Saturn and
Neptune into resonance. “About a billion
years ago, Saturn entered the resonance with
Neptune just by the migration of Titan,” Wis-
dom said.

Simulations showed that the hypothetical
moon, Chrysalis, probably orbited between
Titan and lapetus, Saturn’s third-largest
moon (though it’s only about a quarter the
diameter of Titan). Chrysalis was likely a little
less massive than Iapetus, according to the
study, and probably consisted mainly of water
ice.

As Titan receded from Saturn, it created a
3:10rbital resonance with Chrysalis, Wisdom
said, which increased Saturn’s tilt to as much
as 36°.

The Titan-Chrysalis resonance made the
moon system chaotic. Chrysalis’s orbit was
pumped to a higher and higher eccentricity,

drastically altering the smaller satellite’s dis-
tance from Saturn and creating closer and
closer encounters with Titan and Iapetus.
About 100 million years ago, its eccentricity
doomed Chrysalis to being kicked out of the
Saturnian system, causing it to crash into
Titan or another moon or bringing it so close
to Saturn that it would be ripped apart.

Chrysalis’s orbit was
pumped to a higher

and higher eccentricity,
drastically altering the
smaller satellite’s distance
from Saturn and creating
closer and closer
encounters with Titan

and lapetus.

Wisdom’s simulations didn’t necessarily
favor any of those scenarios. But one other
factor argued for destruction by Saturn: the
planet’s rings.

As Chrysalis Disintegrates, So Does
the Resonance

Scientists have long debated the origin and
age of Saturn’s rings. Today there’s a consen-
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sus that they formed from the icy debris of
one or more pulverized bodies—small moons
or passing comets. There’s less consensus on
the age of the rings, however. Some have
argued that the rings formed not long after
Saturn itself did. Cassini observations, along
with other work, suggest that the rings are
much younger—perhaps 100 million or so
years, matching the time frame for the disin-
tegration of Chrysalis.

“This study predicts the breakup of a moon
at around the time a lot of evidence is show-
ing the rings might have been formed and
gives a mechanism for how it happened,” said
Becker.

According to Wisdom, Chrysalis disinte-
grated when it passed by Saturn at roughly
the same distance away as the planet’s diam-
eter. At that range, the side of Chrysalis closer
to Saturn faced a stronger gravitational pull
than the other side. The difference created
powerful tides (just as the Moon creates ocean
tides on Earth) that ripped the moon to
shreds. Much of its debris fell into Saturn, and
the rest spread out over the following hun-
dred thousand years or so to form the rings.

With Chrysalis gone, Saturn’s resonance
with Neptune was broken. “Titan is continu-
ing to recede, but as it recedes, the system
gets farther from resonance, so [Saturn’s]
obliquity is no longer increasing,” Wisdom
said. And Saturn retains its magnificent rings,
which might have emerged from a long-gone
chrysalis.

By Damond Benningfield, Science Writer






