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Executive Summary

Within the framework of the proposed joint N/ ESA 2018 mission to Mars, thR@ver
International Science Analysis GroupH{3RG) committee was convened by the Mars

Exploration Program Analysis Group (MEPAG) to evaluate the potential for incremental science
return through the simultaneous operiain at the same landing site of two rovers, specifically
9{! Q& 9 EZ2al NBukedlrofdRcohcepbdesighated here as MAXThe group was
asked to consider collaborative science opportunities from two perspectives: 1) no change to
either rover, aad 2) some change allowed.

As presently planned/envisioned, the ExoMars and MAXvers would have complementary
science objectives and payloads. Initiated in 2002 and currently approved for launch in 2018,
9{! Qa 9E2al NAEQ &aOA %add Hr sty efPaiandp@sent life\dhd @)wov  § 2
characterize the subsurface in terms of physical structure, presence of water/ice, and its
geochemistry. The payload selected to achieve its goals is centered around the ability to obtain
samples from tke subsurface with a 2m drill. It comprises panoramic and high resolution
cameras and a close up imager (microscope) as well as a gpamedrating radar to

characterise the surface and sshrface environment and to choose relevant sites for drilling.
Infrared (IR) spectroscopy would provide downhole mineralogy while the mineralogy of the
drilled materials would be obtained by IR/ Raman spectroscopy amag Hiffraction (XRD).

Laser desorptioigas chromatographynass spectrometry (LBGMS) and pyrolysi&€CMS

would determine the composition of organic molecules including any chiral preference in
molecular structure. A life marker chip (LMC) is designed to detect and identify markers of
fossil or extant life.

The currently proposed objectives of M&Xre to cache suitable samples from well

characterised sites that might contain evidence of past life and/or prebiotic chemistry in
preparation for a possible future Mars Sample Return mission. The emphasis is on detailed site
evaluation to determine the pential for past habitability and preservation of physical and
chemical biosignatures. The strawman payload (which has not been selected) therefore
includes instrumentation for surface characterization: an abrading tool, a 5 cm drill, a
panoramic camera ahnearinfrared (NIR) spectrometer, a set of amounted instruments

capable of interrogating the abraded surfaces by creatingegistered 2D maps of visual

texture, major element geochemistry, mineralogy, and organic geochemistry, and a rock core
acqusition, encapsulation, and caching system.

The value of collaborative activity can only be judged with respect to a stated scientific
objective. To this end, the previously stated objectives of ExoMars and@ves{independent
entities have been analyzddr significant common aspects. We conclude that these two
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rovers have two crucial shared objectives that could, in fact, form the basis of highly significant
collaborative exploration activity. We therefore propose the following set of scientific
objectives for a 2018 dual rover mission, consisting of both a shared component and an
independent component.

1. At a site interpreted to contain evidence of past environments with high habitability
potential and with high preservation potential for physical aimémical biosignatures,

a) Evaluate the paleoenvironmental conditions;
b) Assess the potential for preservation of biotic/ prebiotic signatures;
c) Search for possible evidence of past life and prebiotic chemistry.

2. Collect, document, and package irugable manner a set of samples sufficient to achieve
the scientific objectives of a possible future sample return mission.

Achieving these shared objectives would result in greater science return than would be likely
using two independent rovensith independent objectives

Because the rovers would not be identical, they would have separate capabilities that could be
exercised independently in addition to their contributions to the above shared objectives.
Separate objectives for ExoMars would incl§8echaracteriation ofthe stratigraphy of

ancient rocks and the aqueous/geochemical environment as a function of depth in the shallow
subsurface (up to 2 m depth), and (Ag search for possible signs of present.lifer MAXC

they would includg5) lateral characteriation of exposed sequences of geological uover

several Kmometers and documeribn ofgeological and geochemical variation at scales from
10° down to 10° m.

The proposed payloads for ExoMars and MAMvers have complementary cajlaies. Most
obviously, ExoMars plans vertical exploration capabilities, via a drill, that would not be present
on MAXC, and MA>C would have better horizontal mobility and rapid reconnaissance
capabilitieshan ExoMars A primary finding of this anais is thatgiven thistechnological
complementarity and theomplementaryscientific objectives listed above, there are a number
of ways in which cooperative exploration activity by these two rovers would add significant
value without making hardware chges to either. For instance, MAXcould enhance the
science value of ExoMars drilling operations by exploring and gathering data both to help
choose drill sites and to better characterize the geologic context of the drill samples. If some
hardware chage is allowed, even more important scientific value could be added through
cooperative action. For exampliere would be a major upgrade to the returned sample
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collectionif one or more of the ExoMars samples from depth could be added to the®@AX
sampe cache.

The most beneficial impact on the total science return of a possHote/@r mission would be
certain hardware modification in the systems implicating

1. landing hazard avoidance to allow landing in a mitexdain site,

2. improvements to the Exolrs and MA>C sample transfer systems to allow
subsurface ExoMars samples to be cached for possible return to Earth.

3. the ability to command and receive adequate data from each rover twice per sol
would significantly enhance efficient surface science apens.

4. extendngthe ExoMars roving capabilities to ~10 km and its nominal life time
from 180 to 360 sols.

To be complete, carrying out cooperative@er science activities would imply making certain
compromises by each rover. Some important consequsméearrying out cooperative activity

AyOf dzZRSY wm0 fSaa GAYS | @FAfFofS F2NJ LJzNAEdzA y 3
share a landing site that might not be optimized for either rover (e.g. safe site for sky crane and
pallet, ExoMarsredth O A2 yda 2F2 B8R SEIYFSSR F2NI KITIFNR | @24
some hardware modifications. Tlegnificantcooperative added value of these activities

however warrants their consideration.
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1. Introduction

Over the past several years, NABAl ESA have separately developed planning for rovers that
O2dz R 68 Ftz2¢6y (2 alNB Ay (GKS ySEGU RSOIFIRSO
constituted the central element of the ExoMars mission, a concept put forward in 2002 as a
result of planniig activity that extended back to 199Brack and others 1999; Westall and

others 2000) The ExoMars rover mission was first formally proposed in 2005 for launch in
2011. However, it suffered a series of programticadelaysand it is now (as of May, 2010)
approvedby ESA 2 NJ f | dzy OK A Y Hnmy thas beergferted to asMAC O a4 S =
(Mars Astrobiology ExploréZacher). It was first defined in detail using this name in 2009
(MEPAG MRRAG 20103sa result of planning activity that begam 2006 §eeMEPAG MRR

SAG 2010)ESA and NASA are presently studying a gwigtemission to Mars for the 2018

launch opportunity, which wouldeploytwo rovers at the same landing sitssing a single EDL
sydem. The purpose of this report is to evaluate opportunities for collaborative science in the
two-rover mission scenario, to identify consequences of this mission implementation, and to
suggespossiblesolutions to &hieve the proposed science goals

A rumber of recent actual and proposed missions have made use of multiple separate
spacecraft elements (see Appendix B). Two excellent recent summaries have been published by
Burgard and other§2005)and Leitner(2009) Although there have been several dual
elementmissions to Mars starting with Mariners 6/7 in 1969, alepkdars Pathfinder have

involved the launching of two independent spacecraft. Only with Mars Pathfinder was there
mutual dependence on the martian surface in this case between the Sojourner rover and the
static lander (Golombek et al., 1999). In additiseveral missions with multiple landers have

been proposed that would make simultaneous observations of the same phenomena such as
seismic and atmospheric activity from different vantage points.

However, there are very few actual or proposed examplesppendix B of the kind of

cooperation we are exploring in this report. We will be evaluating the use of two vehicles, each
of which would be independently capable of discovery and discovery response, both to increase
the possibility of discovery, and tdl@v for mutual discovery response. This kind of

cooperative exploration has never been attempted before.

1.1Charter.

The 2RSAGcommittee (2Rover International Science Analysis Groua$ formed early
December, 2009 with the mandate to first examine wbabperative science could be done by
ExoMars andhe proposedVAXC as they are currently defined, and then to address additional
cooperative science that could be achieved with some changes in capabilifyosbibility of
changedo ExoMars being morénhited than those for M\xC(see Appendix | for full charter)

It was assumed thatt two rovers wuld be delivered to Mars on a shared pallet. A
presentationon 2RA { ! D Q& wasyjiveh & MEP&AG March 17, 2010 anthe discussion

that ensued wasery helpful in refining the analysis presented in this report.

2. Science and Engineering, When Envisioned @sver Missions
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2.19 { !'ERaMarsRover.
2.1.1 History

The premise for th ExoMargoveris that, early in the history of Mars, environmental
conditions wee compatible with an independent origin of lif@¢/éstall, 2005; Southam and
Westall, 2007, and that some of the processes considered important for the origin of life on

9 NI K YI& KIgS | OGSR 2y SIENIe& al NE® er@ dzNI KS NY

Aurora programme, determining whether there is or was life on Mars is essential for planning
future human missions.

2.1.2 Sciencgwhenoriginallyenvisioned as a staralone missioh

The scientific objectives of the ExoMars missiaruld therefore be (1) to search for signs of
past and or present life, and (2) to characterize the subsurface in termspifysical structure,
presence of watr/ice, and its geochemistry.

ExoMarswvould be looking for physical and geo/biochemical traces of life that would sezndy

be different for extant and extinct life. On Earth, microbial life can be broken down into
chemical components or biomarkers, such as amino acids, nucleobases, sugars, phospholipids,
pigments etc. Extant martian life may not be based on the saongponents, buit would be

built around repetitive complex molecules that could not be produced by abiotic means. As
with terrestrial life, it is likely that martian life forms would favor the lighter stable carbon
isotopes over the heavier ones; andstalso likely that structural characteristics, such as
chirality, would be a representative feature of martian life. ldeally, if organic traces of martian
life were to be found, identification of molecules with a different chirality to that on Earitp (
excess of [Amino acidsather than Lamino acids common to terrestrial lifevould be a clear
signature of an independent origin of life on Mars. Extinct martian life may be expressed as
the fossilized remains of microbial colonies or structures, @l &6 by the organic residues of

the past life forms. Depending on the degree of preservation and degradation/alteration of the
latter, it should still be possible to determine the degree of complexity and the structural
characteristics of the organic rfezules. Finally, whether or not life appeared on Mars, there
would be a trace of the exogenopsebioticorganic input from meteoritic and cometary infall
throughout its geological record.

The present surface of Mars is, however, inhospitable for exitens we know it It is

extremely cold and dry (life needs available liquid water), its atmosphere is very tenuous (6
mbar), all surface environments are subjected to very high levels of UV and ionizing radiation
and, furthermore, one or more oxidant giesispresent in the surface materials. Past life may
be exposed at the surface, for example in a stratified impact crater wall or in impact ejecta, as
fossilized remnants and, depending the protective qualities of the rock in which the fossil
remains occur, organic molecules may still be present below the surface. If life is still present
on Mars, it would be in protective subsurface environments. Similarly, it is more likely that
organic biomarkers would be present in the subsurface rather thahe oxidized surface.
Thus,use of a drill to accesbe subsurfaceind characterize thetrata that could potentially
contain traces of past or present lifeigimportant aspecsA 'y 9 E2al NAQ &St NDK
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2.1.3 Engineering System

The ExoMars rovavould besolar powered angmaller than MSL but larger than MERach

wheel pair (there are six wheelspuld besuspended on an independently pivoted bogie, and
each wheetanbe independently steered and driven. All wheedsbe individually pivotedo

adjust the Rover height and angle with respect to the local surfacetrendbycreate a sort of
walking ability, particularly useful in soft, n@ehesive soils, such as dunes. ExoMars features a
2-meter drill to obtain subsurface samples for an@ysy its payload instruments. The Pasteur
payload, focused othe search for traces of lifend geochemistry researcimcludes a

panoramic camera system (with a wide angle stereo pair plus arbgghution camera), a

closeup imager, a groungbenetrating radar, a miniaturized IR spectrometer inside the drill, an
IR imaging spectrometer, a Raman spectrometar X-ray-/X-rayfluorescenceliffractometer,

a laser desorption and gas chromatograph mass spectrometer (LDMSGCRI®)and an
antibodyimmunoassay instrument. ExoMars is presently required to last 180misluct
measurements in at least 6 different locations, and analyze 26 core samples, including 3 mission
blanks.

s
il

Subsurface Drill - - 7
(travelling position) £ N Y GPR Antennas
Close-Up Imager

Figure 1.Computergenerated representation of ExoMars, in its rovingfaguration, as
envisioned April, 2010.

2.2MAX-C.
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2.2.1 Background

A MEPAG Science Analysis Group (MEPAGMRBRR2010) was formed in 2009 to
formulate a mission concept for a single rover mission that could be launched in 2018 and that
would address two general géxrtives: (1)onduct highpriority in situ scienceand (2)make
concrete steps towards the potential return of samples to Ealthorder to reflect the dual
purpose of thigoroposed2018 rover mission, the MRE®AG proposed the name Mars
Astrobiology ExXprer-Cacher (MAXC). Based on programmatic and engineering considerations
the MRRSAG assumed that the MAXmission would use the Mars Science Laboratory (MSL)
skycrane landing system, have a targeting accuracy of ~ 7 km-(aajar axis landing elligs,
include a single solgyowered roversimilar in size to ExoMarkave a mobility range of at least
10 km to traverse across the landing ellipse, a lifetime on the martian surface of at least one
Earth year, and no requirement to visit a Planetary Petsn Special Region. In the
development of the MAXC concept, the MRBAG did not consider the possibility of a two
rover missiorto the same site

2.2.2. Science Objectives

~h

Over most of the last decade, the Mars Exploration Program has pursued& dtiat 2 F G F2 € f 2
GKS g1 GSNE OF2NXIffe& AyiliNEREROGROSWilethsnnT &SS
strategy has been highly successful in the Mars missions of2@3B5, it is increasingly

appreciated that assessing the full astrobiological potential of martian envirotsrequires

going beyond the identification of locations where liquid water was present (éaghler 2007;

Knoll and Grotzinger2008) ¢ KSaS O2yaARSNIGAz2ya KIFI @S SR a!
Signsof iS¢ & AG& ySEUG OMNBRAB208F LY 2NJ A2y &adGNI GS3

The scientific objectives proposed by MBRG (2010) for the MAX mission are summarized
in the following statement: At a site interpreted to represent high potential fort pas
habitability, and with high preservation potential for physical and chemical biosignatures:
evaluatethe paleoenvironmental conditions, characterize the potential for preservation of
biotic or prebiotic signatures, and access multiple sequences of gealagits in a search for
evidence of past life and/or prebiotic chemistry (MEPAG MR, 2010). In addition, MRR
SAG recognized that MAXwould need to contribute to @rojectedfuture Mars sample return
mission by preparing a returnable, intelliggnlelected set of diverse rock core samples of high
scientific value. This cache would be left in a position (either on the ground or on the rover)
where it could be recovered bysaibsequent sample return missiotihuspladngthe program

on the pathway ba 3element Mars sample return campaign.

The primary investigation strategies envisioned by MIA&S included comprehensive
characterization of the macroscopic and microscopic fabric of sedimentary materials,
identification of the organic molecules, @astruction of the history of mineral formation as an
indicator of preservation potential and geochemical environments, and determination of
specific mineral compositions as indicators of oxidized organic materials or coupled redox
reactions characteristiof life. It was concluded that this type of information would be critical
to select and cache relevant samples for addressing the life question in samples intended for
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possiblestudy in sophisticated laboratories on Earth. In addition, detailed chaiaaten of

the geology of the landing site would lbssentiato our understanding of conditions that may
have enabled or challenged the development of life and would guide the search for evidence of
ancient life and/or prebiotic chemistry within the laimgj site region and more broadly across
Mars.

2.2.3. Proposed Engineering System (when envisioned ae\aef mission)

Some preliminary engineering for MAXas a Xover mission was considerdy the Mars
Program Officsubsequent to the MRBAG visio of the mission.Conceptually, MA>C, as a
single rover missiowould have employed heritage from both the Mars Exploration Rover
(MER) and MSL missions. The proposed {@A¥ver vas envisioned as a MEfass rover,
upsized to accommodate the need tollezt and cache samples. Iriaover scenario for 2018,
the selection and caching of samples by MaMere envisioned to be based on measurements
made by its scientific payload. Although specific instruments to accomplish theQw&kence
objectives hae not yet been defined or selected, the following payload for the NCAXission
was proposed by MRBAG: (1) an abrading tool to produce a flat surface for subsequent
analysis and a drill to collect 10 mm diameter cores up to 50 mm long , (2) ond&sdy-
mounted instruments including a panoramic camera and fieftared (NIR) spectrometer
capable of establishing local geologic context and mineralogical remote sensing to identify
targets for closeup investigation, (3) a set of armounted instruments gaable of

interrogating the abraded surfacéy creating ceregistered 2D maps of visual texture, major
element geochemistry, mineralogy, and organic geochemistry to understand the diversity of
the samples at the landing site and to select an outstandegfrock cores samples for
potential return to Earth, and (4 rock coreacquisition, encapsulation, and caching syst&m
the standards specified by MEPAG Next Decade Science AnalysigM3ERHG NISAG 2008)

Instrument/Sensing Mast i
g Quad UHF Helix High Gain Antenna

Low Gain Antenna

SHEC
“Sample Cache”

Hazard Cameras

Sampling/Science Arm

Figure 2. Computergenerated representation dhe proposedMAXCrover, in its roving
configuration, as envisioned April, 2010.
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Abraded ro& surfacesaving high scientific valuas determinedoy the MAXC instrument

payload could then be acquired by MAXQ& &I YL Ay3 KIFIyRfAy3a aeadsSys:
deposited in a sample cache. Specific requirements for the aachlkel be the subject of

future tradeoff studies, but itmight be feasible to incorporate a cache of at least 20 cores, plus

some extra sleeves/caps to allow for swaynt and/or sample lossThe capability for the

proposed MAXC rover to drop off the sample cache at a locatiorofable for retrieval by a

subsequent mission woulde important to facilitaterapid access by LI2 § SY GAFf aFSiG Ol
Once the cache is dropped off, the Mi&Xover could go into more rugged terrain for its owvn

situ science without increasing thésk to a potential sample return. This would benefit the

analysis of potential returned samples by expanding the regional context of those collected

samples.

2.3 Potentially UsefulComplementarity.

In many regard€:xoMars andMAXChave complementarpbjedives and payloads. While the
principle objective of both missiongould bethe search for evidence of life and past habitable
environments, the two approaches are different. The main fdougxoMargsthe subsurface.

In its search for evidence ofdifExoMarsvould spend a significant part of its [Heme and
resources drilling and analyzing subsurface materials. In contrast, the main apprddabxaf
would beon characterizing the local and regional geology as expressed in outcrops so that an
array of intelligently selected samplesuldbe collected and cached for eventual return to

Earth. The two approaches nicely complement each other. While Exedald bedrilling
MAXCcouldbe exploring and gathering data both to help choose subseqdelhsites and to
better characterize the geologic context of the drill samples. The reconnaissance capabilities of
MAXCthuswould have the potential for significantly enhancing the science value of the
ExoMars drilling operations. Similarly, ExoMaas the potential for significantly enhancing the
science value of the samples cachedw§xC. Possibly the most desirable attribute of a
returned cache of samplasould beinclusion of some samples that contain orgamiatter.
Organiamatterismuch mae likely to be preserved below the surface than on it. The drilling by
ExoMarshas the potential for not only providing samples from below the surface for caching
but also for identifying geologic units that contain organiatter that would otherwise be

missed by surface instruments, but which could be further samplddA¢C

FINDING #1The proposed KoMarsand MAXC rovers have complementary capabilities.
Most obviously, ExoMarsvould havevertical exploration capabilitiesvia a drillnot present
on MAXC,while MAX-C hasvould havebetter horizontal mobility and rapid reconnisance
capabilities. This complementarity naturally lends itself to cooperative exploratermd
sample cachingpportunities.

3. A PotentialCooperative 2Rover Mission Candidée Scientific
Objectives

It is possible to take the set of scientific objectives of the two rovers, as they were envisioned
by their separate planning teams, and identify the stated or implied objectives they have in
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common, as well as the objectives thabuld beunique to each rover. This leads to the
formulation of a proposed set of objectives for a possible 2Bt@ver mission.

3.1.1 Candidate Shared Scientific Objectives.

Ancient Life.As discussed above, these two rovars beingdesigned independentl(and at
different times)but have a common objective in tieearch for possible ancient life on Mars.
However, he two roverswvould have rather different strategies for pursuing this objective
Achieving this objectiverould require that the rovers bsent to a site that has ancient rocks

that may have preserved the evidence of ancient life. There are three specific derived sub
objectives within this overall objective that are common to the scientific planning of both rover
activities. , These sukpbjectivesshould be incorporated into a common overall objective
statement.

e Thepaleoenvironmental conditionsas reconstructed from the rocks at the site, should
be interpreted from the sedimentary structures, geochemical parameters and
mineralogical evidece that relates tahe potential for habitability. Thisvouldrequire
interrogation of rocks of different character, and of known relationship to each other,
which implies access to outcrops. Once a fi'Elded model for the ancient
environmental condions exists, it would serve as the context for deciding how and
where to collect samples, and for the interpretation of any samples that might be
returned to Earth for more detailed investigation.

e Thepotential for preservatiorof different kinds of bisignatures throughout the post
depositional geologic history of a set of rocks should be evaluakeakces of biological
activitycan be preserved in rocks as speqgficperties such as thésotopicratios of
different elementsthe presence of biminerals and biologicaliproducedtextures (at
different scales), and inorganic and organic geocleairsignaturesall of whichcould
be alteredby one or more postlepositional geological processes. This cannot be done
in general for Mars, but must be dor every site for whiclthe searchfor life is to be
attempted.

¢ Within the rocks investigated at the landing site that are interpreted to represent an
ancient environment with high potential for ancient habitability, as well as high
potential for the presevation of a liferelated signal (if presentyearch for the evidence
of past life Since it is possible that Mars may never have had life, it is also important to
investigate possibl&aces ofpre-biotic chemistry since thisiight help us to understand
why life never arose on Mars, if that is the situation.

Support Mars Sample Returm longrange strategic intent of both NASA and ESA is to achieve
a set of scientific objectives thatould only be possible using samples returned to Earth (for a
full discussion oproposedMSR scienceseeMEPAGND-SAG, 2008). Furthermore, NASA and ESA
have publically stated their desire to carry out MSR as a partnership between these two agency
partners, and possibly others (see, @ARS, 2008 oradini 2009; Coradini 2010; McCuistion 2009;
McCuistion 2010) Recent technical analysis has shown that the most effective way to carry out a
sample return goal is as part of a campaign of missionswbatd involve three separat flight elements

(Li and Hayati 2010he first of whichwould bea rover mission thatvould prepare a
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scientifically compellingotentiallyreturnable, cache of sample3.o solidify and sustain the
partnership through the duation of the MSR campaignwould benecessary for the samples
acquired and packaged in 2018 to be judged valuable by both organizations. Strictly speaking,
it does not matter whether this shared objective®uld becompleted by the actions of one or

both rovers, only that it be completed at a sufficient level of quality.

Although one of the primary purposes thie proposedVMAXC, when it was envisioned as a
singlerover mission, was to carry out this caching acidpiePAG MRBAG 201Q}his was not

the case withExoMars For ExoMars, when it was envisioned as an individual mission, this was
not possible because there was no pathway to return samples to Earth. However, if ExoMars
weredelivered to the same site as MAX this possibilityvould exigt ExoMars would be at

the place where the sample cachwuld beassembled and where the future Mars Ascent
Vehicle necessary to lift the samples off the surface would land. Thus, the opportunity for
ExoMars to contribute to an MSfelated objective woulgrovide an additional role for

ExoMars in 2018 and extenddlpartnership beyond the 2018 mission tgatential future

joint MSR mission.

Several factors that would play a role in ensuring that the cache of samples would be of
sufficient quality to jusfy the return step include I)nderstanding the geological variations at
the various collection sites, so that the sample collectiauld reflect the diversityof materials
found in the region studied, Zample acquisition and encapsulationa mannethat preserves
sample qualityat the time of collectionand 3)Documentation of theiéld context of the
samples must be documented so that the samgesldbe interpreted properly when
returned.

3.1.2 Candidate Independent Scientific Objectives.

Subsurface sence. A key hypothesis to be tested by ExoMausuld bethat organic material

of critical importance to the search for life on Mars is preserved at shallow depth, and not
preserved at the martian surface. To test this hypothesis, ExoMautd beequipped with a
sampling drill capable of accessing the subsurface to a depth of 2 m, along with several
instruments designed to evaluate the subsurface samples acquired. In addition, in support of
this objective, the rovewould need the capability to intergt subsurface geological
relationships by means of geophysical sounding.

Modern Life. One instrument on ExoMars (the Life Marker Chip) has the capability to detect
modern life, should any be encounteredrhis capability does not exist tire proposedVAX

C. Of relevance here is the concept teatzironmentson Mars where terrestrial life may
propagate are referred tasa & LIS O A | {COSBR 2008) (Canteptually, special regions
are environmental niches within which terrestrial life forms could reproduce, and potentially
colonize the planet. Although there are many physibemical limits to terrestrial life, two are
most useful in intgpreting Marg lower limits on temperature and water activitgee MEPAG
SRSAG, 2006 We have no information about the habitability requiremewtsmartian life

forms since they have not yet been detected and it has therefore not been possible to measure
their vital properties. However, if martian life resembles terrestrial life, it is most likely that it
would be foundm these samepecial regions. Unfortunately, as of this writing, no sites on
Mars have been identified that have the properties of speregions (there are places on Mars
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for which the data needed to classify them is uncertaun, that, neverthelessare treated as if

they are specidlor planetary protection purposes). In addition, deliberately targeting a special

region would requirencreased sterilization of the spacecraft, which would have an effect on its

cost For these reasons, MAX(peoposedscientific objective$MEPAG MRBAG 2010Jo not

include the search for extant lif@Oneg | @ (2 GKAY 1 I 062 dzibjedieBal NEQ Y
that it would look for life in environments that are not hospitable to Earth life.

Surface scienceWe know from investigations of ancient traces of life on Earth, as preserved in
the geologic record, that scale matters. Biosignatures iofobial life may be very small,
especially those related to the types of primitive organisms that might have inhabited Mars
(10spm or lesg. On the other hand, determination as to whether rocks at the outcrop level
were formed in a habitable environmeand whether they could have preserved potential
biosignatures requires wideanging field investigations that may reach a scale of meters to
severalkm. The need to investigate a variety of stigfl outcrops over a range of spatial scales,
which may ao cross temporal boundaries, is an essential component of a credible life search
process.

3.1.3 Proposed objective statement, 20P8Rover Mission.

Given the above considerations, as well as the broader context of current scientific objectives
for the exploraton of Mars(MEPAG 2008; MEPAG 2009; NRC 20@¥propose the following
statement of primary scientific objectives for a 2Q2-8over mission.

POTENTIAL PRIMARY SCIENTIFIC OBJECTIVES, 2018 DUAL -ROVER
MISSION
Overall Scientific Objectives

1. At a site interpreted to contain evidence of past environments with high habitability
potential, and with high preservation potential for physical and chemical
biosignatures,

a) Evaluate paleoenvironmental conditions;
b) Assesghe potential for preservation of biotic and/or prebiotic signatures;
c) Search for possible evidence of past life and prebiotic chemistry

2. Collect, document, and package in a suitable manner a set of samples sufficient to
achieve the proposed scientific objectives of@otential future sample return
mission.

Independent Scientific Objectives

ExoMars Rover

3. Characterize the stratigraphy of ancientrocks and the aqueou#gyeochemical
environment as a function of deph in the shallow subsurface (up t® m depth).

4. Search for possible signsf present life

MAX-C Rover

5. Characterize exposed sequences of geological units across a lateral extesevtral

km, documenting geological and geochemical variation at scales from 10”3 down t
107-5 m.
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FINDING #2The currently stated scientific objectives for MAX and EoMarsare similar
enough that theycould be combined into two major shared objectives, along with separate
objectives for each rover. Defining a shared purpose for-eo2er mission would be critical tg
driving a spirit of cooperation between two operations teasrthat might be facing different
political and cultural pressures.

4. A PotentialCooperative 2Rover Mission Preliminary Engineering
Design

¢KS LRGSYGALFLE nnanmy YAdaAadWR HIdAOR 9IERR | INB{ INRIS S
pallet using thesky crane concept developed for the Mars Science Laboraistgltzner et al.,

2006) This mission would be launched in May 2018 on a NABgliedlaunch vehicle on a

Type | trajectory and would arrive approximately 8 months later in January B@a®theend

of the martian dust storm season. The rovers would land in a region of Mars between latitudes

25°N and 5°8he ExoMargoveris currentlydesignedor 5S to 35Nand MAXC has latitude

constraints o25°N and 15°%othe mission is likely to settle fdahe intersection of the ranges,

5S to 25N The starting point of this analysis is the assumption that, in thever

O2y TAIAdzNY GA2Y T GKSNB g 2 dstidntifio @yloga@latiGeKdthed& G2 SA
they were considered as separategdver missions (see Section 2 above).

ExoMars

Pallet

Figure 3.Computergenerated representation of thproposedMAXC and ExoMars rovers in
their stowed configuration, on the landing pallet, as envisioned April, 2010.

In the current design, the rovers would be eys®d in an aeroshell inside the cruise stage for

the duration of cruise. The entry system would consist of the aeroshell, winald protect

the pallet, rovers, and descent stage during cruise and entry, and a supersonic parachute to
slow the entry vehdle until thesky crane and its payload are released. The descent stage would
employ a platform above the pallet and rovers to provide powered descent akgaane to
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lower the platform and rovers onto the surface of Mars. After the pallet has toudbaah, the
bridle to the pallet would be cut and thsky crane would fly away from the touchdown site.
Alternative systems for Entry, Descent, and Landing are also being studied.

Once the pallet has been deployed onto the martian surface, the platformdameileveled by
bipods to provide a more controlled egress path from the top deck. Egress would be
accomplished utilizing inflated textile egress ramps deployed over the bipods, thereby
providing a safe and controlled path in any direction from the topkdef the landing pallet.
After egress, the two rovers would go through a checkout period and then begin science
operations.

5. OPPORTUNITIE®R COLLABORATIVE SCIENCE.
5.1ldea Generation and Prioritization

Through internal brainstorming and discussion, &l &s through extensive interaction with

the external Mars science community, the-BB2G committee developed the list of possible
opportunities to add value through cooperation in ader mission shown in Table The list

of ideas was prioritized othe basis of the value of the science added and expected
implementation difficulty. Science criteria included degree of positive impaéxaMars

science objectivg degree of impact othe proposedMAXC objectives, including MSR, and the
value of the ollective science added. Implementation factors included cost, resources, and

risk. In addition, the prioritized list was divided into two groups. Group 1 ideas assume that the
both ExoMarsand MAX-Cwould remain as currently configured. Group 2 ideasumehat

changes could be made to the current configurations.

The engineering impact of each concept was analyzed in three areas: Cost, Resources, and Risk.
Cost primarily involved an analysis for the suggested new hardware, additional support

hardware, and new teams to implement both science and hardware. Resources included mass,
power, data, workforce, and schedule. Each idea was analyzed for cost and resource impacts to
MAXC and ExoMars individually. Risk included the complexity of the charugy$tem to

both rovers), technology development, testing and validation/verification, and the needed
interaction between rovers (ranging from none to roserrover contact). Each of the three

areas was assigned a rating of Minor, Medium, or Major impmtte currently designed

system. The most significant relationships involving benefit and consequences are summarized
graphically on Figure 4.
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\(/:A(\)ILLIJ_,E\QSEAE'I?IOB PRELIM. ENGINEERIN
. _ JASSESSMENT. Scale is|
(Scale is 1-5, 5 i )
(5 is best)
best)
Separate Cost | ResourcgRisk
Objectives
*
(2 @ [ [
Sol a9 S slolg|els
® Qo x |85 X x
sss|l 2|2 |6el2|S|8 2|6
. 3¢m| W = |Og|lu|=|d|=]|Y
Ref. [2-Rover Collaboration concept c3al e | e |eole|ele|e]|Bd
Group 1: Assume no hardware changes to the system relative to the current configurg
1 |EXM instruments applied to MAX-C discovery Near 4 5 VH] L] L L L L
2 |MAX-C acquires second sample after EXM discovery Near 4 D) VH] L] L L L L
3 |MAX-C instruments applied to EXM discovery Near 4 5 vHl L] L] L L L
6 |EXM helps MAX-C pick analysis/cache samples Mid 4 4 H LjrjLrpLry]t
5 |MAX-C does site characterization around EXM discovery Near 5 4 H L]L L L L
4 |Use complementary capabilities for efficient site search Open 5 4 H L L L L L
7 |EXM and MAX-C split up to improve spatial coverage Far 4 4 H L] L L L L
8 |MAX-C surface geology extends EXM GPR ground truth Mid 4 & M L] L L L L
10 [Cross-calibrate instruments by analyzing same samples Near 3 3 M L] L L L | ML
11 |Cross-calibrate cameras on same scene Open 2 3 M LlL]L L | ML
14 |Rover 1 images Rover 2 to help with mobility issues Near 3 %) M Loy L|m
Trailing rover examines materials disturbed by leading rover oL L L L
9 |looking for temporal effects Mid 2 3 L
13 |Rovers image each other for PR value Near 2 2 L L] L L L | ML
15 |Cross-monitoring to avoid hazards and reduce risk Near 2 2 L L]L]L L | ML
12 |Two-rover long-baseline stereo imaging for path planning Open 3 2 L L] L L L | ML
Calibrate elevation measurements by using known height on of] oL L Ll me
18 [rover Mid 2 2 L
16 |Provide a better color image Open 2 L LlL]L L L
Imagers/spectrometers examine same target at different angleg oL L Lol
17 |for photometry Mid 2 2 L
Group 2: Assume a change somewhere in the system is made relative to the current configuration is permitfed.
19 [EXM-collected sample returned to Earth Near 4 5 VHIM|M]| M
Add hazard avoidance to the landing system to improve geolog Open
M L M
20 |access 4 4 | VH
. . . s . Open
Improved science operations with two communication sessions
) L . MIM| M| M]|MH
21 |Per sol for each rover (may require modifications to 2016 orbite] 4 4 H
24 |Max-C analyzes/caches separated drill cuttings from EXM Near 3 4 H M]M]|ML H
22 Recon. tools added to MAX-C to improve its scouting for EXM Open 4 4 M LM L ML
23 |[MAX-C measures methane concentration in EXM drill holes Near 3 4 M LimM| L]IM]|WM
25 [GPR added to MAX-C improves subsurface picture Near 3 4 M LI{M] L ]|M]|M
26 Ar detrmination for age measurements and cosmogenic effects Open 3 3 M M |MH| M H | MH
- Near
30 Max-C arm camera for better characterization of rover anomalles 3 3 M L|ML] L | ML|ML
29 LOS atmospheric measurements constrain trace gas variationg g 3 3 L MIH]|M H | MH
Lower frequency (VHF) antennas on both GPRs gets high-valu[  Mid
. . ML
28 |bistatic measurements 3 3 L
27 |Solar panel cleaning mechanism on rovers Contact] 3 3 L
36 IP or DS instrument constrains subsurface composition (e.g., Open 2 2 L L
clays)
Precise dist. measurements between rovers improves traverse
31 |reconstructions Mid 2 2 L M MMLE LM
6/30/RPeQHF) sounding to km with Tx on landing pI2RIBAG finaPefvc) 2 2 L |wm M| H|MH|16
Meteorological stations on 2 of 3 platforms characterize weathg vl o L L
33 |fronts Open 2 2 L
L N Open
34 Seismic sensor uses drill signal source to map shallow subsurface 2 2 L Ll H L H H



Tablel. List of possible ways that the MAXand ExoMars rovers could add valuetigh
cooperation. Abbreviations. EXM: ExoMars, MAX/1ars Astrobiology Explor@acher, GPR:
GroundPenetrating RadaRR Public Relationd)HFE Ultra High Frequen¢yWHFE Very High
FrequencyLOSLine of sightlP. Induced PolarityDS TBD.

5.2 Group 1 conceptsrfo hardware change allowed

521Cc2ftt2¢ dzZLJ 2y 2y S NE @S NEplinReqéApdmendeddNE dzi A Y
instruments.

CKS (62 NROSNAR ¢2dz R KIS O2YLX SYSYyGl NE Ayad

make detailed analyses of subsurface awltes, including measurements of volatiles and

organics; those dIAXCemphasize primary rock chemistry and mineralogy. ExoMars

instruments could be applied toMAXCdiscovery and vice versa in order to take

advantage of the two complementary instrumesgts andobtain more comprehensive

analyses, particularly of especially interesting or contentious samples.

5.2.2 UseMAXCto scout for drill locations foExoMars

Take advantage of MY Q& KA IKSNJ Y20AfAGe@E FFHadqSNI YSI &dzN
limit on the number of samples thabuldbe interrogated to serve as a scout to help

identify drill locations for ExoMars. This could significantly improve the chances that
ExoMarswvould acquire samples that have the highest potential for achieving its obgsctiv

and acquiring samples most suitable for caching.

523! 4S8 9E2al NBAQ RIGF (2 KSt LICaaSHasd@ahelg | Y LI S
document their context.
The data collected by ExoMars might be extremely important in helping to make the crucial
decisionn which rock samples to add to the MA&Xcache The geological context within

which the collection needs to be assembled, and eventually interpreted, would need to be
the result of information obtained by both rovers.

5.2.4 The rovers could spend part of thenission exploring independently, such as
moving up and dowa stratigraphicsection.

This would improve our knowledge of the heterogeneity of the site leatdirtugptter
knowledge of the geologic context in which drilling, sampling and other collaborativie
would beperformed. It would also lead to better path planning.

FINDING #3A number of specific ways have been identified in which exploring a single
martian landing site with theproposedExoMarsand MAXC rovers, given the objectives
above, would add scientific value compared to exploring the same site with only one of the
two rovers.

v

a) There are important ways in which two cooperating rovers could improve total mission
science return without making any hardware change (relative to current des)goseither
rover.
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5.3 Group 2 concepts (somieardware change allowel

5.3.1 CacheExoMarsacquired samples for return to Earth via MSR

Followup on a compelling discovery by the ExoMars analytic instruments in a sample
acquired by the ExoMars drill by haviBgoMars collect a second sample, either from

deeper in the same drill hole, or from a second, adjacent drill hole; and have the capability
to cache the sample for potential return to Earth by a future MSR misdibare are

several possibilities involvirige proposed MA>C, ExoMars, the landed platform, and the
projected MSR Lander as to how the sample transfer could be managed and the pathway by
which it would end up on a potential MSR

5.3.2 Enabling Although these are not scientific objectives in their avght, the

following two concepts would enable a more complete science progranmAdt) hazard
avoidance to the common landing system to allow landing at more geologically diverse
sites than would otherwise be possible. iStapability must also be im@mented for

MSR 2). Solve the telecommunications bottleneck.

Thesechangewould potentially have a major effect on rover operations by allowing
landing at sites where the main targets of interest are within the landing ellibsis
eliminating long tine-consuming traverses out of and back into the landing ellipse
telecommunications bottleneck would be created by having the two rovers at the same
sitet this would need to be addressed to achieve full commandability of the rovers.

5.3.3 Consider adding addinal reconnaissance tools such as methane detection and
GPR taMAXC to improve selection cExoMardrill sites.

The adition of reconnaissance tools to MAXcould improve decisions about where to
locate theExoMardrill holes, thereby improving thpossibility of making a compelling
discovery. However, measurement of trace gas compositiould havereconnaissance
value only if it occurs at the scale of surface operation, which may be indicated by MSL.
Addition of asecondGPR woulgrovide morecoverage and, when used in tandem, would
give abetter 3-dimensional view of the landing sites, thergmpvidinginformation on
regolith depth and bedrock configuration between outcrops. The bendditsug cost of
these additions have yet to be deterneid

5.3.4 Improve the lifetime and range of the ExoMars rover, so that it would better
match the capability of MAX.

It would be far easier to select a common landing site that would make effective use of the
NEDSNEQ OF LI oAf AlGASaimiafin these3wadspezts N2 S NE 6 SNB
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* MAX-C scouts for drill * Follow up on a discovery
MULTIPLE LOW- locations for EXM using the other rover.

* Rovers to diff. targets to
COST, LOWER- improve coverage

VALUE IDEAS * EXM results used in MAXA

C sample selection

Low

* MAX-C acquires, caches |+ Solve telecom issue
EXM drill cuttings

A FEW IDEAS * Additional recon

instruments added to

MAX-C

* Return an EXM-acquired
sample to Earth via MSR.

A FEW IDEAS * Improve ability to land in

rough terrain

Impact (Money/ Time/ Risk)
High

Low . . High
Science Benefit

Figure 4.Summary of the relationship between benefit and consequences of operating the
proposed2018 MAXC and ExoMars rovers cooperative{ee detailed discussion
related to drill cuttings below).

1.1 Public Outreach:A Special Note

An aspect of the MER rovers Spirit and Opportunity that has connected well with the public is
the fact that they are our surrogates on Marshey are the equivalent of a human geologist
moving around in the field, studying rock outcropseif stereo cameras allow them to have a
humantlike, 3Dview of the terrain. Thegre able to move across the martian terrainas
geologist would do and, with their arrthey cantouch and analge the rocks. Thegan
communicate by means of transmitgg and receiving radio signals from Earth. The notion of
two rovers- one from Europe and one from the U&orking collaboratively on the surface of
Mars, working together towards common objectives and to potentially be available to help with
difficulties would represent a "first" in planetary exploration and would provide an inspiring
story for the global community at several levels. We believe that the public outreach planners
in both NASA and ESA would be abledpitalize enormously on these aspects

2. POSSIBLEBPERATIONS SCENARIOS

The two rovers having a common landing pallet wdayddefinitionbegin their journeys on the
martian surface togethefFig. 5) Once MX/ Qa Ol OKS KI aAXC&&Gneél2 f £ SO S
to drive to a safe landing area for RR& (Fig. 5) in order to get the driving distance for the
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potential MSR fetch rover as low as possibldherewould beno reason foExoMargo do this
so the rovers would likely end their lives separated. There are multiple pathways in between
that would involve both independent and collaborative activisgd Fig. §.

Each rover team would require an early, independent, ckhagkphase to learn how to operate
its vehicle. Subsequent operations would depend strongly on whether the targets of interest
are within the landing ellipse (mixed terrain site) or outside the ellipse with the consequent
necessityof a long drive to reach the targets (¢go site). For a mixed terrain site, after
checkout, the rovers could travel to separate sites and exploregaddently. ExoMarsvould
drive and drill. MAXCwould roam further, scouting the area for interesting sites for joint
operations. Although independent, they would remain within close driving distance (< a few
km?) so that should either rover make exciting find the other rover couldgoinit and the
combined capabilities of the rovers could be used to exploit the find. The process of
independent and cooperative operations would be repeateid) (§ until the MAXCcacheis
complete, at which timéMAXCwouldtravel to the center of the MSL landing ellipse and

leave its cache. Subsequent operations would depend on what was found earlier.

Operations at a Gto site would be quite differenfFig. 5, left side) After the checlout phase
both roversmightbe faced (depending on where they are in the ellipse) with a drive of several
kilometers that could take months in order to reach the main targets of interest. The drive
could be done in two ways. ik unlikely that nothing of interest would b&een on the way.
MAXCcould move ahead as quickly as possible, scout the area of interest, andeafiars

to the most interesting sites. MeanwhilexoMarsvould bedriving and occasionally drilling
targets of secondary interest. Alternatively, thevers could remain within easy driving
distance(this would have to be quantified through additional studyach other while going

to the main target area so that they could work cooperatively should any of the secondary
targets prove compelling.
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Option 1

Option 2

m'., 3 v 7 5 ’-",“_}{ Z vi‘

Example MAX-C/EXM landing ellipse O Example MAX-C sampling site (~5 samples/region)
© Example MAX-C/EXM landing location @ Example EXM sampling site (~5 samples/region)

M Cache for possible sample return O Example common MAX-C and EXM sampling site
placed in centerof landing'ellipse ~ Example MAX-C traverse up to ~20 km
Potentially hazardous terrain ~v Example EXM traverse up to ~10 km

Figure 5. Example ellipses of operations at afgosite (North Meridiani, left) and a mixed
terrain site (Eberswalde crater, right). Ellipses based on landing sites proposed for the 2011
Mars Science Laboratory, landing ellipses for the 2018 missigint differ. An example site in

b2NI K aSNARAFYA of §REV adA i B KSNBLINIKSS I yRRAY 3

smooth Meridiani plains in the southern portion of the image and the ExoMars and@®1AX
rovers would then be required to travel up to 10 kemd 20 km, respectively, to interrogate the
primary science targets (including possible fluvial morphologies) in the somewhat higher relief
terrain to the north(note that the traverse that would required by ExoMars in this scenario
significantly exceedss currentdesign capability) The greater traverse of tiHdAXCrover

would relate to the need to return to the center of the landing ellipse to make cached samples
available to the fetch rover on M&L{whose range (TBD) would be limited to the MSRlilagp

error ellipsg. Another example ellipse provides access to a mixed terrain site within Eberswalde
crater where the ellipsavould belocated on the crater flogrpossiblyprovidingaccess to

materials including lacustrine deposits associated with flastdling and ejecta from the nearby
Holden crater. Nevertheless, the primary science target within Eberswaddél bealso

outside of the ellipse andiouldinvolve access to a fluvial deltaic system on western wall of the
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crater. ExoMars could rove up 1® km within the ellipse and sample lacustrine and other

deposits while MA>C could traverse up to 20 km to interrogate materials comprising the

ellipse. In the case of Eberswalde, relief within the ellipse (red shaded areas) that likely

represent the highst priority local science targets also comprise landing hazards. Therefore,

the ability to access a mixed terrain site, which would hold high priority targets for both rovers,
would probablyrequire hazard avoidance capability during landing. Subfran@Tef images

P18 008218 1815 Xl _01NOO2W (left, near 1.5N, 357.2E) and B02_010474_1558 Xl _24S033W

(right, near 23.9S, 326.7E).

O
= Phase 6
o Phase 1 | Phase2 | Phase 3 Phase 4 Phase 5| Ext.
@ | Checkout | Travel 1st target | What's next? Cache | Mission
1 Cooperate at
discovery site
2 Independent| Travel, scout
Travel to | Exploration next site
3 Same 1st Independent [ Cache
Checkout |Target Area Exploration Wl pelivery
4 |systems and (0-6 months) Travel, scout J=l \ia MAX-C
calibrations Coop. next site § from
5 (~4 wks) Explor. Independ.ent =4 discovery
Exploration |d site
6 Drive to C?ooperate gt
: Independent | discovery site
different 1st Exploration | g q
7 targets ndepen .ent
Exploration

Figure 6. Two-rover scenario planning. A wide range of operational scenadaklbe
envisaged according to whether the twovers land at a Gto site (e.g. scenarios3)
or a Mixed terrain site (e.g Scenarios 6 & 7) and according to what discoveries are

subsequently made.

FINDING #4The two rovers would begin their traverses on the Martian surface from the
samelanding sike location It is presumed that they would end their lives separatexdter
achieving their cooperative science and exploration godalfiere are multiple potential
operational scenarios in between thawould involve sequential independent and cooperativ
activity. Determining the optimal scenario would depend on the attributes of the landing sjte
and the history of discovery within that site by each of the two rovers. In order to allow fol
discovery response, scenario planning must remain flexiafel mutually, not individually,

optimized.

D
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3. TWO ROVERS TO THE SAME SITE: GONEEQUENCES

A reality is that sending two rovers to work in concert at the same landing site would inevitably

lead to benefits in some areas andmeadverseconsequences in otherslable 2 lists many

ways in which benefit could be achieved by cooperation. However, there are many significant

ways in which thesproposedrovers are not identical, includirtige ability to survive the

martian cold, rate of movement across the surfageount of time required to carry out
AOASYOGATAO Ay@SaidAaalridrzyas SiOo ¢ KtBeNS ¢ 2 dzf R
joint operation If the two rovers are to function together, both rovers would have to be

managed to the parameters of tHeast capable rover. In every area, some excess capability on

one rover or the other wouldemainunused. This inefficiency has to be carefully considered in
comparison to the value that could be added by the various activities listed in Table 2.

Almostall of the various kinds of considerations related to adverse consequarardse
grouped in two categories: Issues theduld arise from sharing a common landing site, and
issues thatvould arise because of short lifetimes (the durations of which arekmowable in
advance).

3.1 Time

Both rovers have been proposed with individual sets of scientific objectives to achieve during
their nominal mission lifetime. The type of coordinated rover operations described in this
report would require resources, includg the time necessary to implement the recommended
joint activities.

The cooperative science activitiesuldd S Ay 4G NB RdZOSR Ay (KS NRBJSNEQ
expense of some of the time to be dedicated to individual mission objectives. This means that,

if both types of science (cooperative and singiger science) are consideréa be of high

Gl fdzS> GKS NROSNRQ y2YAYlf YAadarzy fAFSOGAYS 4
to ExoMars thamMAXC).

Example Present 1880l Reference Surfaséission for the ExoMars Rover

The ExoMars rover has a nominal mission lifetime of 180 sols. Its Reference Surface Mission
includes an agreed, realistic sequence of scientific measurements that the project teaasutili

to drive the rover industrial desigwork. The Reference Surface Mission is used to size the
NEOPSNDa adzomaeadSyasr &adzOK |a LRgSNE SySNHe:I (K
avionics, etc. For locomotion purposes, the Reference Surface Mission assumes that the

ExoMars rover has landex difficult, Viking dlike terrain. The latter is important because the
NEOBSNRa mnn Ykazft RNAGAYy3I RAaOlFIyOS A& RSTAYSR
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Assumed Rover position
o ava. beginning of an EC:
%+ 1500 m

' 20m

Rover is at a distance d = 20 m from the
® intended exploration location.

Figure 7: ExoMars Rover Reference Surface Mission: 180 sols, built using modules called
Experiment Cycles (EC)@dNertical Surveys (VS).

¢ KS 9 E2al NasolRe&fatefidd BuifaceMigsion (Figconsists of:
a) ROVER EGRESS: 10 sols
b) MOBILITY COMMISSIONING: 3 sols

This strategy is necessary to distance the rover from the landing site where organic
contaminatian from rocket exhaust would contaminate the terrain prior to opening up
the analytical laboratory to the Martian environment (TBC by project).

c) BLANK ANALYSIS RUNS: 3 sols

¢2 RSY2yaidNIGS GKIFIGO G0KS w2@SNRa al YLX S
contamination.

d) 6 EXPERIMENT CYCLES: 12¢18 sols, depending on distance travelled
Resulting in 6 surface and 6 subsurface samples.
e) 2 VERTICAL SURVEYS: 18 sols

At one location, collect and analyze samples at 0, 50, 100, 150, anch2d@pthin a
single boréole. Resulting in 10 additional subsurface samplesvpetical survey It is
assumed that only minimal displacements (tens of meters) are necessary.

The total duration allocated for egress, commissioning, and science actwdigd bel45 sols.
Theremaining 35 sols constitute a margin reserve against possible operational difficulties.

Analysis in view of possible twover collaboration

It is clear that some activities at the beginning of the missionld have to be performed
regardless of whetheit would bea single or a dual rover science scenario. This includes the

egress (whiclmightlast longer for two rovers), the commissioning, and probably the first three

experiment cycles. The science and engineering teams would probably need thiesaayc
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familiarize themselves with the vehicle, the instruments, the science, and to ensure a smooth
flow of operations (approx. B0 sols).

Thiswouldf SI S NRdzAKf & dn az2ta Ay (GKS y2YAyYylIf YAa

science objectives. Thsnot much time and introducing twoover cooperative science within
such a science operations scenasiould not be very realistic.

The goal of this section has been to illustrate thatrder to effectively perfornscientifically
desirable tweroveroperations, time becomes an essential resource.

3.2 Sharing a Common Landing Site

There are several implications of sharing a common landing site. Notehihédrding site
must satisfy the requirements dlfiree vehicles, MA>C,ExoMarsand MSR_(with itsfetch
rover), not just the two that are the subject of this repoithe toice of the landing site would
presumablybe limited by the most restrictive requirements for the three missions.

3.2.1 Latitude limitations and trafficability capability

Although theplanwould befor both MAXC andExoMardgo land together on the same pallet,
the two roverswould have different power/thermal designs, whigtouldlead to different
latitude limitations, and theyvould have different trafficability capabilities.

3.2.2 Teleommunications

Collocated rovers would introduce two interesting telecommunications issues: overlapping
view periods and resulting contention for services from relay orbiters, and the possibility of
direct roverto-rover communications.

Two collocated roves would have completely overlapping view periods for any relay orbiter

that passes overhead. Even if independent surface operations lead to a separaticB®ka0
between the rovers, from the altitude of the relay orbiters the contact periods woulld sti

almost completely overlap. However, the current suite of operational relay orbiters (ODY, MEX,
and MRO), as well as the baseline plans for the 2013 MAVEN and 2016 ExoMars/TGO missions,
incorporate relay payloads that can only support a single useregpaft at a time. As a result,

only one rover at a time would be able to access a relay service when an orbiter would be in
view. This situation could be addressed by three strategies:

¢ One strategy would be to simply alternate relay contact opportunitesveen the two
rovers: one relay overflight would be allocated to rover A, and the next overflight to
rover B. This strategy has several drawbacks. First, it would reduce the overall contact
time for each rover by a factor of two, with a correspondiaduction in the potential
data return from each rover. Second, it would decrease the frequency of relay contacts
for each rover by that same factor of two, increasing the gap times between contacts for
each rover and thus impacting the pace of surfagers® operations. Depending on
site latitude and relay orbit, each rover might have as few as two geometric contacts per
sol for a given relay orbiter; losing half of these contacts would jeopardize the ability to
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sustain a onesol rover planning cycle,hmch typically depends on AM and PM contact
opportunities.

¢ A slightly improved strategy would be to split each geometric relay contact in half,
allocating the first half of the overflight to one rover and the second half to the other.
This would allow bdt rovers to benefit from each relay overflight opportunity,
supporting a rapid planning cycle for surface operations; however, the potential data
volume from each rover would be still reduced by a factor of two due to the time
sharing. In addition, somedditional data loss would result from the finite time
required to effect the handover from one rover to the other, which would be occurring
in the middle of the overflight when link performance would be typically at its
maximum.

e The optimal strategy woulle to implement a multiple access capability on the relay
orbiter, allowing the orbiter to simultaneously support links to both rovers. This would
enable each rover to take maximum advantage of the relay orbiter overflights, both in
terms of the frequencyf contact opportunities as well as the integrated contact time
(and resulting data volume).

With two collocated rovers, there would also be the possibility of direct réwenver
communication links. (Note that the Pathfinder Lander and SojournerrRitiieed a direct
surfaceto-surface link; in fact, that was how all command and telemetry services were

provided to the rover.) Direct roveao-rover communications could in principle support

exchange of information between the two rovers, supportingoamomous operations and

closure of decision loops at Mars on time scales much faster than would be possible with Earth
in the loop. However, such inteover autonomy might be beyond current capabilities,

although direct rovetto-rover communications cdd be motivated by other considerations.

For instance, current plans call for the proposed MAkover to incorporate a diredtom-

Earth (DFE)-Kand link capable of delivering commands to the rover each sol (and capable of
low-data volume contingency temetry return). On the other hand, the ExoMars rover does

not plan any DFE communications capability. But with a roeover surface link, MAX

could serve as a relay provider for ExoMars, forwarding commands from Earth via AX 5 C 9
link. Note hat the baseline UHF radios currently planned for the ExoMars and®/vXers

would not support a direct roveto-rover cross link, as both rovers are designed to receive in

the 435450 MHz band (for orbito-surface forward linksand transmit in the 398105 MHz

band (for surfacéo-orbit return links). A modification to one or both radios would be required
to enable direct roveto-rover communications. Suchcammunication strategy would
STFSOUGAOSt-¢f-a NBKdz&E W5 & 6 A Yebakle omet@angmiSidnfo&and a O y
geometric lineof-sight, but would bea full research project to understand the link

characteristics as a function of surface morphology, surface dielectric properties, etc.
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3.2.3 Relationship of science targets to the landailipse

Ensuring a safe landing with the sitaneand pallet system envisioned for theroposed2018
missionwould likely result in landing terrain engineering requirements that are more
constraining than those applicable for the MSL misssoichas ensiringthat pallet attitude

after landingwould besafe for the egress of the rovers. To be sufficiently, shtesite may
need to be smooth and flat with targets of interest outside the ellipset(site). A travel
distance of at least 10 kmight be needed to reach the desired targets. However, having the
landing system with hazard avoidance capabfliy., the ability to move laterally TBD meters if
hazards are identified during descemtpuld allow us to consider scientifically compelling site
with a mixture of safe and unsafe terrain (mixed terrain site), thengdttentially eliminating
G3Ik2¢ .aA0Sa

LANDING #1 LANDING #2

Criterion MAXC ExoMars MSRL

1 Safe landing Essential Essential Essential

2 Large geological variability] Important, but hard/ Desired, but must also| Same as MAX
(to supportmultiple MSR | impossible to define include sedimentary
objectives) deposits

3 Ancient habitability Required Required Not new
hypothesized

4 Modern habitability Neither required nor Desired? Might be precluded
hypothesized precluded

5 Preservation potential for | Required Required Not new
>1 biosignature

6 Potential for organic Desired Required Same as EXM
preservation

7 Access to extensive Required Desired; but many Same as MAXC
outcrop small outcrops also OK

8 Interesting regolithwithin Acceptable, but Acceptable, but Required
landing ellipse currently not required currently not required

9 Science targets within Acceptable, and lower | Currently required Cacle within landing
landing ellipse science risk than #10 ellipse
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10 | Goto capability (traverse | Might be necessary to | Requires investigation| Cache within landing
out of landing ellipse) achieve all of the above| to determine how ellipse

capable ExoMars
would be

Table2. Preliminary landing siteriteria for MAXC, ExoMars and the MSRnder, all of which
would share a common landing site.

FINDING #5Having kKoMarsand MAXC share a landing site has multiple implications,
including accepting common latitude restrictions (despite different theain
constraints/designs), accepting the geological attributes of the common landing site, and
introducing a very constraining telecommunications bottleneck. Reconciling these kinds of
issues would require compromises, relative to current planniry,one o both rovers.

3.2.4 Planetary Protection

Having the two rovers launched, transported to Mars, and landed togetioeitd mean that

except for portions that are deliberately protected, they would share a common contamination
state. For each mission, thenmuld bea sensitive portion that would require a lower
contamination threshold. In the case of ExoMarsyould haveinstruments that are designed

to make life detection measurements on Mars and therefore the sample acquisition,
transportation and analyssub-systemsvould need to be cleaner than the rest of the rover. In
the case othe proposedMAXC, its sample contact surfaces must be kept clean because those
samples would be used for a variety of scientific and planetary protection purposes at the
potential conclusion of MSR. Once cleaned, both of these subsystems would need to be
protected against recontamination by Eargburced biological contamination until completion

of their primary missions on Mars. However, the same issues would existaf eftthese

rovers were delivered by itself, so thi®muld not be a consequence of the-tbver scenario.

There is, however, a different kind of concern related to planetary protection. Under current
planetary protection policyCOSPAR 200&perewould bea fixed limit to the amount of

bioload thatcouldbe delivered to the martian surface per landed event. If these rovers were
delivered to Marsseparately in two landed events, the amount of acceptable bioload would be
twice the acceptable level as in a scenario involving one landed event. This implies that the
landed hardware in a-Bover scenario would need to be cleanedsignificantlylower

thresholds.

4. DISCUSSION

The requirements for the specific landing location for the2er pallet system and the
proposed MSR.are likely to be very restrictive. Sparsely cratered, level areas with low rock
frequencies, few breaks in slope or positietief features would be needed. Unfortunately,
the characteristics that create hazards are the very ones that make a site scientifically
attractive. Craters, breaks in slope, hills and scattered boulders provide access tovamakis,
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enable the remote ensing instruments to detect targets of interest, and provide stratigraphic
depth for sampling. With a nominal ellipse diameter of 10 km, the two rovers must be capable
of travelling 5 km out of the ellipse then a few additional km as they conduct tRploeation

of the science target area. After assembling its cache,-RAXUust travel an additional 5 km or
more back to the center of the ellipse. The current projected life time and rover range of
ExoMarsvould beboth incompatible with landing at a GIo site. In the nominal reference
mission plan of 180 sols (Section 7.1), ExoMasld travel roughly 2 km, far short of what

would be needed for a G site.

There are different approaches to this dilemma. A search could be made in the hopeg find
hazardfree, scientifically acceptable sites. Given the desire for caching rock samples for
potential laterreturn to Earth, we consider this approach unlikely to succeed. The second
approach would be to incorporate hazard avoidance into the lansiystem. The third
approach would be to extend the range and lifetime of ExoMars, somethingrtiggit also be
needed for a collaborative mission even at a lamdsite (section 7.1)

FINDING #61t is a concern that ExoMars, as presently designeauld likely be unable to
achieve its scientific objectives at@o-to€ site. The experience with the MSL landing site
selection process is that gto sites were (and still are) of criticainportance to achieving a
broad enough spectrum of candidate sitesn drder for the planning of a Z2over 2018
mission to make senset would be necessary to undertakene of the followingactions

1. Provide a broad enough set of candidate landing sites with internal scientific targets
through one of two means:

e lIdentifysaS af2ly¥R aAGSE 0aOASYyOS GFNBSGa GKI
the landing ellipse) of sufficiently high priority;

e Establish the ability to land safely on sites that contain internal hazards that also
constitute scientific targets (EDhazard avoidancg;

2. Increase the ExoMars nominal mission duration AND mobility range, such thabgotes
become viable.

If hardware changes somewhere in the system are possible, we have concluded that the
following four changes would most benefit the enersed possible 2over mission.

4.1Hazard avoidance

The aldition of hazard avoidance to the landing system has the potential for significantly
enhancing the joint mission. The characteristics of the site must be such as to enable, with a
high degree of probaility, safe landing of both the pallet carrying the two rovers and the
vehicle forpotential subsequent return of samples to Earth. Landing errors areustihown

but, without hazard avoidanceare likely to be close to 10 km (95% probability), so a0 km
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in diameter site almost free of hazards would be required. A flat, sparsely cratered plain free of
blocks or hills, while ideal for landingpuld bethe least desirable kind of site for science. Relief
features such as craters, cliffs and hille\pde access to bedrock and allow different

stratigraphic units to be sampled so that a variety of rock units of different origin andcadge

be examined. Without hazard avoidance the rovers would likely have to land at a bland,
minimally interesting ise (Goto site), and then travel several kilometers to reach geologically
heterogeneous terrain where the science objectives could more readily be addressed. The long
journeywould not be without hazards even in bland terrain, as demonstrated by Oppaitun

The adition of hazard avoidance would enable landing between relief features such as low hills
and craters, thereby avoiding the need for a long journeys out of the ellipse and AC,

back to the center of the ellipseBy enabling both rovert® achieve their prime objectives

within the ellipse, there would naturally be more opportunities for collaborative actions and for
NBalLlRyasS (2 2yS Fy20KSNRA RAAZO02OSNRASa®

4.2Rover Rangk.ifetime

Because of the potential conflict between science desires aggheering requirements for

safe landing just alluded to, the joint landingght have to be at a Gto site. This would

require a drive up to 10 km long and several months in duration in order to exit the landing
ellipse. The current ExoMars referencefaoe mission being used to size the rover lasts 180

sols. During this time the roverould beexpected to explore 6 different locations, travelling
approximately 2 km. The ExoMars rover is designed to cover 70 m/sol on \Akadelrain

(very rocky) but is capable to achieve speeds of up to 100 m/hr on flatter terrains. Extending
the ExoMars roving capabilities to 10 km and 360 sols would preserve the option of landing at a
Goto site and travelling to a geologically more compelling site.

4.3Sample tansfer.

Introduction

The scientific value dhe sample collectiomached bythe proposedviAXCcould be

considerably enhanced if subsurface materadguired andanalyzed by ExoMars could be
transferred to MAXC for inclusion in the cache. This woulddagticularly true of materials in

which ExoMars had detected organics. As presently configured, ExoMars cannot deliver a
sample from depth within a drill hole to MAX for caching. MAR could access tailings from a
hole drilled by ExoMars but the taifis would be a mix of materials from all levels within the

hole that would have been oxidized under the conditions existing at the surface. The capability
of transferring samples obtained from the subsurface to MAXr caching would capitalize on

the cgability of the Mars Organic Molecule Analyzer (MOMA) in selecting samples that are
particularly relevant for the assessing the possibility of past or present life for return to Earth.

The ExoMars drill is designed to carry out discrete coring runghanthechanical nature of the sample
collected may range from solid rock cores to fragmented rock to a large propatimose material
(depending on the nature of the material being drilled). In addition, the action of the drill bit
would produce cuttigs, which would be cleared from the hole by means of auger flights,
thereby creating a stratified cuttings cone at the surfagethke interest of completeness, the
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potential acquisition and storage bbth core anccuttings from and ExoMars drill hole is
included in this analysisAs shown in Figurg, there are several potential pathways for
retrieving an ExoMaracquired sample by the MSR fetch roveome of which involve the
landing pallet Key distinctions between these pathways include whethergamplewould be
core ordrill cuttings, whether the samplerould beencapsulated (if at all) and, finally, where
the samplewould bestored while waiting for the fetch rover. This leads us to four primary
classes of scenario (see TaB)eseveral of with have some variants.

Figure8. Potential sample transfer pathways for an ExoMacguired sample to end up on
MSR Upper row: MAXC; second row: ExoMars; third row: delivery to the martian
surface; fourth row: Landing pallet.

Science priorities

The relative scientific value of the samples that might be returned via these different scenarios
(first set of columns in Tab® is driven primarily by the amount of oxidation and loss of
volatiles that thesamples would suffer. These effects dependlo@ amount of time between
sample acquisition and sample encapsulation, and on the quality of that encapsulation. The
authors of this report do not have sufficient information to generate quantitative estimates of
sample damage as a function of time priorencapsulation, and a relevant follewp study is
recommended. However, our preliminary assumption is that the samples would suffer little
damage Iif theyouldbe encapsulated in an airtight manner within one week whereas, if they
are notencapsulatedzy G Af (G KS FS0iOK NR®SaIfronNSdp@Sa o6 L2 0 Sy i
acquisition), there would be severe degradation in the quality of the samples with consequent
impact on their science value. Once properly encapsulated, it is assumed that the scientific
value of the samplesouldbe preserved, either at the martian surface, or in orbit, indefinitely.
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