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A Lunar Mission Spots Its Fallen Brethren

Images from NASA’s Lunar Reconnaissance Orbiter (LRO) reveal the impact site of Israel’s Beresheet lander. Credit: NASA/GSFC/Arizona State University

spacecraft near the south pole of the

Moon on 23 August 2023. The lander,
Vikram, and an accompanying rover col-
lected valuable data from the lunar surface
for nearly 2 weeks.

That successful landing was far from
assured. Just a few days earlier, Russia’s
Luna-25 spacecraft crashed trying to land in
the same region, the latest in a spate of
recent lunar missions that have ended in
failure.

To better understand what can go wrong
with a lunar mission, scientists and the pub-
lic alike have pored over data collected by
NASA’s Lunar Reconnaissance Orbiter (LRO)
to pinpoint the precise locations of recent
crashes. They’ve spotted clear evidence that
several spacecraft landed not so gently on
our nearest celestial neighbor.

I ndia’s Chandrayaan-3 mission landed a

All of the Moon, Every Month

Since 2009, LRO has been returning a trea-
sure trove of data about the Moon’s topog-
raphy, mineralogy, and water resources. The
truck-sized orbiter is currently cruising
roughly 100 kilometers above the surface of
the Moon. The Lunar Reconnaissance Orbiter
Camera (LROC)—actually a suite of cameras

consisting of two Narrow Angle Cameras and
one Wide Angle Camera—images most of
the lunar surface every month.

Data from the Narrow Angle Cameras are
particularly valuable for spotting minute
changes in the Moon’s landscape over time,
said Robert Wagner, a planetary geologist at
Arizona State University in Tempe and a
member of the LRO team. “It’s great for
finding small features,” he said. The Narrow
Angle Cameras return some of the highest-
resolution imagery of the Moon’s surface
collected to date from orbit—each pixel cor-
responds to roughly 50 centimeters.

And LROC data aren’t used by just profes-
sional scientists: About every 90 days, a
trove of new data are released to the public.
(The 55th data release occurred on 15 Sep-
tember.) Thousands of unique users access
the observations in a typical month, said
Nick Estes, the Science Operations Center
manager of LROC at Arizona State University
in Phoenix. “[They’re] definitely in use out
there,” he said.

Shanmuga Subramanian, a mechanical
engineer in Chennai, India, and a space affi-
cionado, is one such user. In 2019, Subrama-
nian learned that India’s space agency had
lost contact with an earlier Vikram. The

lander, which was roughly the size of a desk,
had been slated to touch down on the Moon
as part of the Chandrayaan-2 mission. Sub-
ramanian had experience working with
computer code, and he knew about the high-
resolution images of the Moon’s surface
captured by LRO. Perhaps those data could
be used to pinpoint Vikram’s crash site,
Subramanian hypothesized.

Data from the Narrow
Angle Cameras are
particularly valuable
for spotting minute
changes in the Moon’s
landscape over time.

A Meticulous Search

Subramanian downloaded an image
obtained by LRO on 17 September 2019,
10 days after Vikram’s purported crash. He
compared it with images of the same region

SCIENCE NEWS BY AGU // Eos.org 5



taken months earlier. Subramanian was
looking for minute changes in the 2- x
2-kilometer images—anything that might
correspond to debris from the 600-kilogram
lander or a crater excavated by its crash. It
was labor-intensive work, he said. “I started
searching pixel by pixel.”

But his meticulous sleuthing paid off: After
about 2 days of searching, Subramanian
noticed one anomalously bright pixel in the
17 September image that was conspicuously
absent in the earlier images. “It was a very
tiny little white speck,” Subramanian said.

He alerted the LRO team, who started
searching in the same vicinity. Wagner, who
often processes LRO data, assembled pairs
of images obtained before and after Vikram’s
crash and enlisted the help of his colleagues.
“We had at least half a dozen people here in
the office going through a large pile of little
before-after blink images I had made,”
Wagner said. In these, before and after
images alternate swiftly, allowing viewers
to identify differences easily.

The team confirmed Subramanian’s dis-
covery and identified more than 10 addi-
tional pieces of debris strewn over an area of
roughly 5 square kilometers. Subramanian’s
tip was instrumental in finding Vikram,
Wagner said, and the mechanical engineer

o

A combined before-and-after ratio image from LRO shows a halo of disturbed soil on the Moon’s surface
around the dark impact site where Chandrayaan-2’s Vikram crash-landed. Credit: NASA/Goddard/Arizona
State University

LRO, shown here in an artist’s rendering, has been returning high-resolution images of the Moon’s surface since 2009. Credit: NASA/GSFC
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LRO images show a fresh impact feature presumed to be from Russia’s Luna-25 lander. Credit: NASA’s Goddard Space Flight Center/Arizona State University

was duly credited in NASA’s announcement
that the lander had been spotted (bit.ly/
Vikram-found).

Missing Lander? Call LRO
LROC data have also revealed the final rest-
ing places of other crippled spacecraft.

Israel’s Beresheet lander was attempting
toland in the Sea of Serenity on 11 April 2019
when personnel at the mission’s command
center in Yehud lost contact with the space-
craft. Images captured by LRO 11 days later
revealed a crash site. They showed that the
roughly washing machine-sized lander had
struck the rim of a small crater and exca-
vated a roughly 100-meter-long swath of
lunar regolith.

Earlier in 2023, Japan’s Hakuto-R Mis-
sion 1 lander also crashed on the Moon. The
lander, designed and built by the company
ispace, would have been the first private
spacecraft to land on the Moon. On 26 April,
1day after mission control in Tokyo lost con-
tact with the lander, the LRO team acquired
several images around the spacecraft’s
intended landing site near Atlas crater. By
comparing those images with data taken pre-
viously, the team homed in on what appeared
to be at least four pieces of debris scattered
around a roughly 50- x 100-meter site.

And when Russia’s Luna-25 hit the Moon
on 19 August, just a few days before the suc-
cessful landing of Chandrayaan-3, LRO once
again played a starring role in pinpointing
the crash site.

“We had at least half

a dozen people

here in the office going
through a large pile

of little before-after blink
images | had made.”

Estes noticed something that resembled
a fresh impact in data collected 5 days after
the crash. The feature was enough of a visual
oddity that he first spotted it without having
to compare it with before-crash imagery. “I
saw something that looked plausible,” he
said.

The LRO team later confirmed Estes’s dis-
covery and determined that Luna-25 had

crashed roughly 400 kilometers from its
intended landing site. The impact excavated
a crater roughly 10 meters in diameter that
showed up in LRO data as a brighter-than-
normal spot. “It was this very, very spectac-
ular brightness change,” Wagner said.
“Once we did a ratio between the before and
after images, it just popped out as this spray
pattern of ejecta.”

After 14 years, LRO’s data archive now
includes more than a petabyte of observa-
tions and accompanying metadata, Estes
said. And just this year NASA launched an
interactive map featuring LRO data (bit.ly/
LRO-map). Scientists and the public can
compare LRO images with observations of
the Moon made in the 1960s by five NASA
spacecraft that orbited the Moon to spot
changes in the lunar surface.

By Katherine Kornei (@KatherineKornei),
Contributing Writer
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