
 

How radiation rules Mars exploration
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Radiation dose equivalent chart comparing Martian mission radiation to levels
those experienced on Earth. Credit: JPL

Nearly everything we know about the radiation exposure on a trip to
Mars we have learned in the past 200 days.

For much longer, we have known that space is a risky place to be,
radiation being one of many reasons. We believed that once our
explorers safely landed on Mars' surface, the planet would provide
shielding from the ravages of radiation. We didn't how much, or how
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little, until very recently. Radiation and its variations impact not only the
planning of human and robotic missions, but also the search for life
taking place right now.

The first-ever radiation readings from the surface of another planet were
published last month in Science Express. The take-home lesson, as well as
the getting-there lesson and the staying-there lesson, is this: don't forget
to pack your shielding.

"Radiation is the one environmental characteristics that we don't have a
lot of experience with on Earth because we're protected by our
magnetosphere and relatively thick atmosphere. But it's a daily fact of
life on Mars," said Don Hassler, the principle investigator on the paper,
"Mars' Surface Radiation Environment Measured with the Mars Science
Laboratory's Curiosity Rover."

On Earth, we often associate radiation exposure with fallout from
catastrophes such as Chernobyl and Fukushima. We sometimes worry
over CAT scans, chest x-rays or transcontinental flights. However,
according to the Health Physics Society, the biggest source of radiation
for most of us, by far, is inhaled radon, which comes from the natural
decay of material present since the Earth's formation,

In open space, human beings continuously contend with intense solar and
cosmic background radiation. Solar Energy Particles (SEPs) and
Galactic Cosmic Rays (GCRs) turn a trip to Mars into a six-month
radiation shower.

The Mars rover Curiosity has allowed us to finally calculate an average
dose over the 180-day journey. It is approximately 300 mSv, the
equivalent of 24 CAT scans. In just getting to Mars, an explorer would
be exposed to more than 15 times an annual radiation limit for a worker
in a nuclear power plant.
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Data from Curiosity also demonstrated that landing only partially solves
the problem. Once on the Martian surface, cosmic radiation coming
from the far side of the planet is blocked. This cuts down detected GCRs
by half. The protection from strong solar particles, though, is shoddy and
inconsistent. Substantial variations in SEPs occur as the meager Martian
atmosphere is tussled by solar wind.

Radiation and its variations impact not only the planning of human and
robotic missions, but also the search for extraterrestrial life. Without a
substantial atmospheric protection, powerful particles entering the air
can penetrate straight into the Martian soil. On impacting the surface,
the GCRs and SEPs from space produce cascades of other energetic
particles. Of these newly produced particles, gamma rays and neutrons
are easily capable of breaking molecular bonds in the soil, destroying
evidence of past life, as well as any life that may be presenting trying to
survive there.
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The Mars' Surface Radiation paper estimates that finding intact organic
molecules means digging deeper, down a meter or so. In addition to
digging deeper, we need to dig for newer evidence, near impact sites
where the rock has spent less time exposed to the elements.

"Radiation is probably the key parameter in determining how much
alteration organics are experiencing in the rocks on the surface,"said
Jennifer Eigenbrode from Goddard Institute of Space Studies, and an
author of the paper. "If we find organics on mars, the circumstance in
which we find them [the context of the rocks], the history of the rocks,
and the chemistry that we find, will help guide our mission strategy."

Radiation detected by Curiosity has given us a better guide on how and
where to look for former or current life. Future life, specifically the lives
of our astronauts, also hinges upon these radiation measurements.

"Fundamentally "situational awareness is the strategy we have to use
going forward," Hassler said. "We can design shelters on the surface to
protect the astronauts."

Deep space, the place of greatest exposure, remains an issue.

"Perhaps one of the areas they would be most vulnerable would be
during a spacewalk [on the way] to Mars."

In transit and on the planet, surviving space means predicting space
weather. Space weather forecasting is a relatively new field, but one
that's proving to be critical to all space missions.

4/7

https://phys.org/tags/mars/
https://phys.org/tags/space+weather/
https://phys.org/tags/space+weather/


 

Space weather involves forecasting solar flares, coronal mass ejections,
and geo-magnetic storms. These highly energetic events emanate from
the sun. When they cross the orbit of a planet, the same SEPs attacking
organics can spell disaster for satellites, space stations, astronauts and the
communication systems they all depend upon.

  
 

  

Radiation Assessment Detector. Photo of RAD flight model in the lab (left) and
artwork of an older MSL rover design, showing RAD charged particle channel
65-degree field-of-view pointing towards the zenith. Credit: JPL

"To protect our satellites is becoming more and more important here on
Earth," Hassler said.

Protecting satellites and people around Earth and Mars likely involves
setting up two separate systems. Using Earth-based technologies to
predict the radiation levels on Mars isn't the best choice. The distance
and opposition of the planets compounds the problem. When Mars is on
the far side of the sun, it isn't even an option.
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"When we send astronauts to Mars, we will have to do our own space
weather monitoring from [Mars]," said Hassler.

From beneath the shelter of Earth's ample atmosphere, we continue to
receive daily updates from Curiosity. Its 3-pound Radiation Assessment
Detector (RAD) informs us about surface radiation events, particle type
and relative frequencies. For now, RAD is the only way that we can
study Martian radiation and make plans for the future.

In the future, what we've learned from RAD will be used to better look
for life on the surface, to design suits and habitats, to plan extravehicular
activities. Because of what we have learned, we can begin to establish
weather prediction systems. We can tell explorers that there is an
increased risk of cancer associated with a trip to Mars (approximately 5
percent over a lifetime).

In these ways, radiation rules the past, present and future of effective
planetary exploration. Thanks to RAD measurements and the resulting
analysis, we can begin to write a survival guide for life on Mars.

  More information: "Mars' Surface Radiation Environment Measured
with the Mars Science Laboratory's Curiosity Rover." Donald M.
Hassler, Cary Zeitlin, Robert F. Wimmer-Schweingruber, Bent
Ehresmann, Scot Rafkin, Jennifer L. Eigenbrode, David E. Brinza,
Gerald Weigle, Stephan Böttcher, Eckart Böhm, Soenke Burmeister,
Jingnan Guo, Jan Köhler, Cesar Martin, Guenther Reitz, Francis A.
Cucinotta, Myung-Hee Kim, David Grinspoon, Mark A. Bullock, Arik
Posner, Javier Gómez-Elvira, Ashwin Vasavada, John P. Grotzinger, and
MSL Science Team. Science 24 January 2014: 343 (6169), 1244797.
Published online 9 December 2013 [DOI: 10.1126/science.1244797]
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