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search for life: ices, "¢ g % Low-cost Mars surface missions are enabled by two types of

Crucial scientific measurements for mineralogy, chemistry, / - . : :
) . _ ; » f technological advancements: (1) maturation and development in
understanding the Mars system require access isotopes, organics [ key ar%as to enable fundam(ef')tally new capabilities af)d (2)

to and interaction with the Mars surface. adaptation and application of existing commercial state-of-the-art
As robotic sample return is underway and the U.S., to bring needed capabilities at lower cost
Europe, China, India, and the UAE are all currently
operating spacecraft at Mars, it is prime time to
consider "what comes next?"

New Tech Maturity: Improving the State-of-the-Art
What aspects need TRL-raising?
* Transit systems to Mars (prop systems, architectures)

* Innovative Entry-Descent-Landing (EDL) (at small size and largest size)
e.g., rough lander (high-g) EDL and accompanying instrument and

boundary layer L ¥ e B 4 i '
The depth and breadth of our scientific understanding winds t?a,lceygas T ) eelgec;[g?g 'eciqgigk; éqlli:]/gry systems
have generated a set of priority science questions - nd w;ter exchange M e A ® e o

that require measurements that are only
achievable on the Martian surface by visiting
multiple discrete locations (Mars Architecture
Strategy Working Group report, 2020), e.qg.,

« Search for Life

« Search for Deep Water

The next revolution in Mars science will come from a
comprehensive exploration of the diversity that we
already know exists at Mars.

Lowering Cost: Adapting & Applying the State-of-the-Art

What aspects of CubeSat/SmallSat/CLPS designs can be used close to
‘as-is’ for Mars missions?

e Commercial electronics and batteries: system-level approaches in Mars

» Understanding processes driving terrestrial planet i @ggolog.ic history and atmosphere/gravity/radiation (e.g., single component failure redundancy;
evolution, recorded in the unique, 4-Gyr historical search’for life: petrology, see Ingenuity Snapdragon).
ice and rock record (isotopes, organics, chemistry, 1 mineralogy, chemistry, note: environments in some categories less challenging than the Moon
. rglréeralfgyg_ ; M i ) < T e / heat flow, seltsmlc ik 3PKPRes, ofganics » Telecom: Mars orbiters with high bandwidth Direct-To-Earth (more power,
nderstanding dynamic Mars (volatile exchange, =~ Ny MRS L gl IR higher gain than Moon) + proximity links between landed missions and
surface boundary layer, seismicity) and prep for A subsurface ice and water %

orbiter (similar requirements at Mars and Moon)

human exploration. T . . — —— .
High priority scientific investigations require access to and interaction with the Mars surface in multiple locations across Mars e Software and avionics in semi-autonomous mode with Iong time delays

* Mobility systems, roving and aerial (adapt lunar rovers, terrestrial UAVS)

THE CHALLENGE THE OPPORTUNITY -E\I/D()Ii_(;;enl(a:;ed sensors: |IMUs, radar, lidar, terrain-relative nav, hazard

The technological challenge going forward is not Matured science instruments and common system requirements allow
simply to land payloads of various sizes on Mars— capitalizing on broader trends in aerospace to enable low-cost surface PROGRAMMATIC CONSIDERATIONS
this ability has been demonstrated—but to do so at an access: new launch providers, lunar robotic system-level maturation,
average per mission cost that enables multiple space-ready COTS technology, and a growing number of partners Enabling low-cost missions requires a  FREQUENT
landings to answer the many scientific questions that programmatic approach across multiple missions //

require surface access at different locations. * Recognized commonalities « Commercial-off-the shelf + New launch opportunities at
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