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1. introduction ant] Study Backgrouncl

‘1’hc h4ars Togcthc.r joint US-Russian study was cstab]ishe.cl  or]
9 April 1994 by US and Russian scicn[ific delegations meeting in
Moscow, ‘1’hc delegations included rcprcse.ntatives  from the lJS
National Aeronautics and Space Acill~it~istlatiO1~  (NASA), the Russian
Space Agency (RSA) and ]nstitutcs  of the Russian Academy of
Scimccs  (RAS). At the Moscow mc.e.tin~, an agree.ment was forgcci to
investigate cooperation in Mars cxploratim “with emphasis on the
1998 and 2001 launch opporlunitics,” Whi]c the U.S. and USSR have
collaborated in human space flight and } ;ar[h application
missions, this is the first time in the history of cultural
relations bctwccn our two countries that American ad Russian
special ists have bccm authorizcc] to work together on a jf~i nt
space scicncc mission, The Jet Propu]siol) I.aboratory  N the
Jwincipal  contributor from the (JS sicic, whi lC 1.avochkin
Association and IKI arc the principal contributors from the Russian side,

‘1’wo technical concepts for joint mission to Mars in 1998
(“ MT-98”) were stuciiccl  : (]) a stack consisting of a lJS orbiter with a
Russian dcsccnt  mociulc,  APS (Autonomous l’repulsion System) an(i
J’RO’l’ON launch vchiclc, (2) a scaic.(i  down arrangement basc(i  on the
MO] .NIYA launcher, I/or a variety of reasons, neither of these concepts were
a(ioptcci. ]Iut progress towar(i more intimate cooperation in Matlian
exploration was achicvcci:  NASA invitcci  Russian scicntis[s to participate in
lJS mission Mars Surveyor 98 missions and that invitation was acccptmi.  V.
Moroz  is invoivcd  in the PM 1 RR cxpcrimcnt  on the Orbiter, provi(iing
rc.ftc.cting,  optical clcmcnts.  V. 1.inkin will provicic  a 1.i(iar inst rumcnt  for
lan(icr.  1 iarlicr, there ha(i been at] agrccmcnt  for cross participant ion in
each othm missions. l’his rcsultcci  in participation of lJS scientists in a
fcw cxpcrimcnts  on the Russian MARS 96. Onc lJS instrument (MC)X)  is
incorporatc~i  in the MARS-96 smai 1 stat ions pay]oa(is  .

1 lcncc  the dcvclopmcnt  of joint lJS/Russian  exploration of Mars
ilas bc.cm started, but on a more rcstrictc.d  scale than originally
anticipattxi.  Aiso, a ncw stuciy  was commissioned to investigate
ti~c possibility a combinc(i  lJS/Russian  mission in the. 2001 opportunity . A
ncw lJS/f<ussian  team to (icvclop a ]ml iminary concept
was cstablis}~cd  by the Hxccutivc Joint Working Group on Cooperation in
Space Scicncc  meeting it) Moscow in October 1995. ‘1’hc ncw team is
co-chairc(i  by R. S. Krcmncv  (I .avochkin  Association) ami P. }3. lJlrich



(NASA IIcactquartm),  IXlring the last year t}lcrc were two meetings (
lkbruary  and June of this year, both in Moscow), se.vcral viclcoconfcrcnccs,
ancl cxchangcs of technical information via c-mai  1
and faxes. l~inal]  y the basic opt iol~ for a proposed mission (abbrcvi  atccl
below as MT 2001) was adoptcct. ‘J’his option is dc.scribe.cl bc]ow.

‘J’hc MT 2001 team began its work with a review of the factors that lcct
to the demise of the ambitious MT ] 998 ideas. It was conclude.ci that a
financially modest program with minima] demands m both countries, basccl  on
]wovcn  hardware, had the best chance for SUCCCSS. I;IOIn the Russian side,
this imp]iccl  a mission concept that relied on the MCI] .N1 YA, a launch vchiclc
with heritage cxtcncling  back to the 50’s and an exceptional record of
rcliabilit  y.

in spite of the failure of MT 1998 to produce a truly joint mission,
the cxpcriencc  gained in that activity cstablisbcct  working relationships
that facilitated rapid progress toward an MT 2001 plan.

2. (JS and Russian National Programs

2..1 Goals

Mars Exploration was sclcc[c.d  some years ago as a baseline
Russian goal and has long been aa imporlmt ctcmcnt of the LJS
Solar System exploration program. Both Mars programs inc]uclc as
basic ot>jcc[ivcs  the. global mapping of the surP~cc,  long-term
meteorological surveys, ancl first studies of the iatcriors.  Both
programs cmphasim understanding the evolution of Martian
volatilcs  and climate and the search of life (at lcas[ extinct, ancl
possibly extant) as a kcy endeavor. Scientific topics inc]udc:

A, Studies of the surface: tectonic and volcanic procc.sscs
and products, crustal formation, wcalhcring,  allcicnt
aqueous scdimctlts,  fluvial processes, acolian processes,
hydrothcmal  systems, and polar ctcposits,  aging of rocks
and geological formations.

B. Studies of subsurface material: ground  ice, composition
of bedrock, possible subsurface organics,  soil oxictation
proccsscs, and structure of the crust, mantle, and core.

C. Atmospheric studies: present and past climate, trace gas
abundances, stab]c isotopes, atmospheric cscapc  rates,
and global circulation and the forces that (irivc it.

1). 1.ifc:  search of areas where recent atd/or  extinct Martian
biosphere could bc found with highest probability,
search of micro-organisms or their traces, products of
their living activity, micro-fossils,

‘1’hc history of water on the planet  Mars was recognimd  as
the. kcy to the most of these problems.

The sensational ctiscovcry  of possible traces of Martian
l~licro-olgal~is~~ls  in onc of the SNC mctcoritcs  ( McKay et al., Search for



Pas[ 1.ifc on Mars: Possible Relic Bioge.nic Ac[ivi[y in Mar[ian Mc[c.orite
Al ,}184001, Science, Vol. 273, ])]>. 92.4-930, ] 6 AUgUSi ] 996) has clcvatcd  the
impor[ancc  of Mars s[udics as who]c.

2.2 Current US Program

‘1’hc US Mars program (Suppl. 1 ) has as an initial goal the
rccovcry  of [hc science lost from the failed Mars observer,
1 lowevcr,  the LJS is taking an approach that diffm from Iba[
followed previous] y: It is embarking on a new program of a series
of focused, low cost missions termed Mars Surveyor. “1 lc first
clcmemt  is the Mars Global Surveyor (MGS) orbiter which, along
with the Mars Pa(hfindcr  ]anclcr,  is to be launched in ] 996. “1’hc
Mars Surveyor program was introduced in IJcbruary 1994 and
authorimd by the lJS Congress in the succeeding months.

After this, Mars Surveyor 1998 (M SP-98) orbiter/lander missions will
bc launched in 1998 and at least a MSP-01  olbitcr and 2001. MGS, MSP-98  and
h4SP-01 arc intended to rccovcr the majority of Mars C)bscrvcr  global
science and point toward the next step: Mars Sample Return. ‘J’hc lJS Mars
exploration program is cxpcctcd to procccd,  and the details arc currently
under rcconsidcrat  ion. l’hc Surveyor program goals may bc accomp] ishccl  by
the LJS joining forces with international partners, the Mars
~’ogcthcr  2001 concept being a prime example.

‘1’hc first Mars Sample Return mission (MRSM) was planned on
2005, but after Al ,1184001 discovery NASA is consi(icring  [hc possibility of
doing it even earlier. It is cxpe.ctccl  that a sccluc.ncc  of MSRM  will rccovcr
samples from different parts of Mars.

“1’0 accomplish this strategic plan within a realistic
budget, NASA is investigating the possibility of more international
Cooperation in all Mars missions after 1998. IIcnce NASA is very
interested in reaching an agrccmcnt  about joint mission in 2001 as a
prelude to more extensive coopc.ration  in the future. lJS/Russia cooperation
in MSRM also can bc forcsccn. Moreover MT 2001 may bc onc of the important
steps on the way to MSRM.

2.,3 Current Russian Program

“1’hc Russian govcrnmemt has approved a “Russian program of
fundamental scientific research in space to the. year 2000”
(abbre.viatcd  below as RPFS-2000), which inc]udcs two missions
for solar system exploration. The. first of thcm was planned for 1994
but postponed 2 years. It consists of an orbiter, two small
landed stations and two pcnctrators.  A second mission, originally
schcdLllcd  for 1996, was cancc]lcd.

‘1’here is no approved schcdulc  in Russia for ]aunchcs  to the
p]ancts after 2000. IIowevcr there arc proposals of the Solar
Systcm }ixploration  Section of Space Scicncc Council (Suppl.  2).
These proposals confirm that Mars is the first priority goal for
future p]anctary  missions. They include three flights:



2001- with MARSOKIIOD  ( a mvc.r ) as the main payloacl.  “l’his
MARSOK}1OII is inherited from the original] y schcdulcd  second 1<1%1 ;-2000 Mats
mission that was later canccllcd.

2003- Phobm Sample Return mission.
2005- Mars Sample Rctum  mission.

Cooperation with NASA in all of these missions is comidcrcd vc.ry desirable
and impor( ant.

3. Rationale for Mars q’ogcthcr 2001 Mission (M”J’-2OOI  ).

3.1 Rccommcndcd  M’J’-2OO1  baseline option.

A set of options for MT were dcvc]oped  by the. lJS and Russian
sides (SC.C Supp]. 4). in Jut]c, one was sclcctcd for detailed study. “1’his
mission consists of two spacccrail:

SPAC1lCRAIVJ’1:
RLJSSIAN l,AIJNC1l Vli}llC1,E  [ Molniya-Block  1,];
RUSSIAN DINCliNT  MODIJl .13 WJTII MARSOKI 101> ROVI{R
US I’ROV1lIF.11 CRUISE S“I’AGli

lJS cruise stage provides power, attitude and trajectory control  anti
col~~l~ltlllicatiol]  for the dcsccnt  module during, cruise. ‘1’hc crui sc stage is
jcl(isoncd  from the cIcsccnt module prior to entry.

S} ’ACl K31AlT 11:
US I,ALJNCII  VHIICI  .1; [ IIclta 7325]
lJS AliROCA1’’l’LJRll  ORBI’1’J ;R

Acrocapturc  orbiter clcsign  is bascci on Mars Surveyor J~rogram 1998 lander
design. It carries a gamma ray spectrometer, and Ill spcctromctcr,  and
potentially additional instrument It provides a relay for the Russian
h4arsokhod.

‘J’hc concept for M“I’-2OO1 is shown in I~ig.  1.

Orbiter and dcsccnt  moclu]c with rover wcm important
clcmcnts  of the original Russian mission. The orbiter in the
original all-Russian mission was designed primarily as a relay,
in M’I’-2OOI  this function will be provided by lJS orbiters (h4rJ’ 2001
plus possibly MGS).

An orbiter and lander were important elements in the original
lJS 2001 plan. The Russian rover will provide some of the functions
originally envisioned for a LJS lander.

3,2 Scimtific rationale

“1’hc main elements in the MT2001 missiol~  have bc.cn dc.vclopcd
as a result of years of scientific planning. ‘1’hc orbitc.r payload
of a gamma-ray spcctromctcr  (GIN)  complctc  the synoptic survey of
the Martian surface originally planned for Mars C)bscrvcr.  An



infrared spcctromctcr  will measure spcclral dctai  IS of rocks
to find Scdilncntarics  which Wi]l provicic  insights for future
scarc%cs  for extinct life by later missions. A similar process has
taken place on the Russian side resulting in the payloads and
missions for the rover. in ackiition  to their own intrinsic
scientific merit, an advantage accrues from the joint dcvclopmcmt
of Mars Together: Scientific cxpe.rimcnts on the rover from
one side and the orbiter from the other will bc complementary in
their mutual attack  on common scientific goals pcr[aining to the
Matlian  environment, limthmnorc,  both parts of the mission may
be scientifically reinforccct by a possib]c  cxchang,c  of
scientists bctwccn  the LJS and Russia.

3.3 l’rogrammatic  Rationale and Cost

The MT-2001 will achicvc  the scientific oljcctivcs for both
Russia  and tbc lJS at lower cost to both countries. I/or a fixed
total cost the lJS can usc one rocket instead of two ant] will not
build a separate lancicr. Russia, on the other hand, can avoid the
necessity to design anti pro(iuce  a ncw orbiter ((he “classicai”
I’I1OBOS orbiter cannot bc used with MO] .NIYA).

‘1’hc M’1’-2OO 1 will bc a combinc(i international planetary
mission involving Russian an(i lJS rockets, Russian Marsokhoci  an(i
lJS Orbiter and cruiser.

The MT-2001 wiil also bc the first cxpcricncc  for highly
c]ualific(i  lJS and Russian specialists in space scicncc an(i
technology to work together. 1[ provi(ics a perspective. for more
challcngitlg  fut urc projects, such as Mars Sample Return.

3.4 The Political and ]>ub]ic Rc]ations  Iiffccts

‘1’his joining of lJS and Russian cffor[s in a peaceful an(i
scientifically important ficl(i  will bc a ncw step in the.
(icvclopment  of good relations bctwccn the two countries. It is
likely to stimulate a positive public  response in the IJS, where
man y people  have a deep interest in planetary cxplorat  ion. I/or
peop]c in Russia, such a joint project woukl bc apprcciatc(i  as a
sign of the firm intc]lcctual  and tcchno]ogical  status Russia
enjoys  in the new post-co]ci  war worl(i.

4. Tccbnical  Options for MT-2001 an(i ‘1’heir  Iliscussion

4,1 Basic  Option Set

C)riginal] y four options were proposc[i for preliminary stuciics:

Option 1: RUSSIAN I.ALJNC1l VI{lliCl  .1;,
])I;S~ENrJ’  MODLJI  ,E W1rl’l J MARSOKIIOD.
lJ.S.PROPIJl.SIVIi  CAI’I’LJRI]  0R131’1’IIR.



Option 2: RUSSIAN 1,AUNCI  1 Vltl 110 .Ii,
DIEWENT MOIIIJ1 .1; W]’]’] 1 MARSOKl 1011
U.S. CRLJISE STAGIi

and
lJ,S, l,AIJNC}l V1;l  IIC1 ,Ii With
lJ.S, AT{ROCA})l’LJRl~  ORIII’I’I{R.

Option 3: RIJSSIAN 1.AIJNC11 VI1}lICI .I;,
DliSC}]N’1’  MOIIUI .}i Wlrl’ll  MARSOK}IOII
lJ.S. I.ANII1lR

and
lJ.S. I,AIJNC}I V};IIICI.}1  With
U.S. AEROCAPrl’UR}3 ORB1’1’liR.

Oplim  4: RIJSSIAN I.AIJNCII  VIHIIC1 .};,
IlliSC13N’1’  MOI)LJ1 .Ii WIrlsII MARSOKI1O1>.
IJ,S. AEROCAP’1’LJRli  ORB1’J’IiR.

More ctc.tailed infomalion  is available in Supplcmnts  2-3. ‘1’hc
pros and cons will bc discusscct below.

4.2. Justification of baseline option choice.

Rc.ally there arc two main types of options: single launch missions
(options 1 and 4) and double launch (2 and 3) . Single launch

options arc cheaper for lJS but require SOY U7./l~Rl GA’I’ (which has
not yet flown) from Ihc Russian side as launcher. la cm[rast  to
S0YlJ2A;RlKiN1’  the “classical” MO1 .NIYA with planetary block 1. (M-l’].
below) was tested in many flights during 30 years for scientific,
commercial and other purposes. For this rcasoa M-PI. was strongly
rccommcndcd  by the Russian side. for the, M’1’-2OO1  mission. M-}’]  can clclivcr
to Mars the stack of Russian dcsccnt  Jnodulc and lJ.S. cruiser but
not full a scale LJ.S. orbiter. So the only option compatible with M-l’].
]aunchcr  is option 2.

‘1’his  option gives the. best balance of minimal risk and minimal
cost for both sides and is simplest from the point of complexity
of technical interfaces.

1 lowcvcr  both sides have in mincl the possibility to rcdiscuss
basc]inc  option later if substantive progress with SOYLJYAJRliGArl’
dc.vclopmcnt is achicvcd  in the next year or otlmr  factors lead to a bcttc.r
opt ion.

5. Scientific Payload I;lc.nmnts  of M’I’-98 Mission

5.1. l)csccnt  modu]c.

‘1’hc descent moctulc  will deliver the rover (Marsokhod)  to the
surFacc of Mars. ‘1’hc rover is under the technical rcsponsibi  lit y
of Russia.



Scimtific  cxpcrimcnts  and instruments for Mmokhocl wcm
sclcctccl atldrccollllllcllClc(l  carlicr bytllcllltc.rllaliollill  Scientific
Commiticcof  thcMars-94/96P  roj,cct.  ‘I’J~e.ir  (lcsigi~a  l~cl(il~sol~lc
cascsfiabrication)  wasstar[cd. Allst ofthcsccarlicr
rccommcndcd  cxpcrimcnts  for the Marsokhod is given in Supplement
5. Modifications of this list arc possible. }/or examp]c, inclusion of ncw
cxpcrimcnts (from the U. S.) in the rover payload would
bc possible, although restrictions in mass, volume and power arc,
scvcrc. The. existing concept of the rover prcsumc,s its fall mass
will bc about 100 kg, with a scicmtific  payload of about 14 kg.

It is recognized by both side.s that if the opportunity for LJS
participation in the rover science matcrialims,  a free and open procc.ss
would bc initiated in the lJS to solicit proposals.
l~ollowing this process, a final rccol~ll~~cl~dati{)l~  will bc agreed
upon by both sides, A scientific confcrcncc  on future. h4ars studies
with emphasis on the rover mission will bc hc.ld in car] y 1997.

onc of the possible modifications to the currcmt list
of cxpc.rimcnts is to rmovc  from the rover itself all instruments that clo
not require mobility. It is conccivablc, that some could bc place.cl  on an
immobile platform that will bc the basic hmdcr and starting base for the
rover. Our current understanding is that first priorities should bc given
to scientific cxpcrimcnts  ancl technical tools that arc important
for preparation to sample rctum mission. Nvcn the uscofM’J’2001
Marsokhod  direct] y for collection of sample.s w}lich  later will bc
taken to deliver on the 13arlh may bc discussc.d.

5.2. orbiter

‘1’hc orbiter payload will consist of a gamma-ray spcctrome.tcr
(GRS) small TV camera and an infrarccl  spcctromctcr.  GIN will
complctc [hc synoptic survey of the Martian sur~~e.c  originally
planned for Mars observer. ‘l’he camera will provide a global
monitoring of mctcoro]ogical  events ancl surpdcc details
variability y. The 1 R spcctromctcr will measure spectral details
of rocks to search scciimcntarics on the surface.. These. places can
offer some pcrspcctivc  for co] lcct  ions of samples with potential
traces of extinct life..

Russian scientists may bc. involved  in orbitc.r  cxpcrimcats
(GRS for example).

Much of the design of M’]’ 2001 Orbitcr will bc inherited
from the MS]’ 98 mission.

6. Timlinc for MT-2001

‘1’hc current timclinc  proposed for M’J’-98  is given in
Supplement 7, 1.aunch is in February 2001 arrival at Mars in
November.

“1’hc mission schcmc is prcsmtc.d on l:ig.S.



7. ]ntcrfacc  control document (ICI)).

lntcrfacc  control document (ICD) for MT-2001 mission (base
line option) was created jointly by both sides. It is presented
in Supp]. 7. If the baseline option will be changed later the ICY)
content should be changed accordingly.

8. Cost estimates.

Preliminary cost estimates for Russia anti  lJ.S. arc presented
in Suppl,8  and 9.

9. Open Issucs for M1-2001

a) A mutual understanding must exist regarding the decision
making processes in both countries. Work should be
started in early 1997 with adequate financial
support to both sides, Final approval of the budget for the LJS
2001 mission will be made by the lJS Congress in
mid -1997. An imporiant  step will be the June 1997
endorsement by the Gore-Chcrnonlyrdin Commission which
will bc based OJ1  a summary report and other materials.
The first phase of work (phase A/B in American
terminology, “tckhnichcskoc  prcdlozhcnic”  and “cskiznyi
project” in Russia) should bc complctccl by late 1997. It
may be started imrncdiatc]y  in January 1997, if the
MT-2001 project is endorsed by the NASA and ISA.

b) Launch approval. The Russian spacecraft contains a radi-
oisotope thermoelectric generator (RTG). The LJS spacecraft
does not include any nuclear materials. Previous
studies reveal that the Russian planetary program has LJscd
RTGs and the Russians have a launch approval process
which appears to parallel the lJS process in many respects.
Discussions of the Russian process continue. From
the information available to the team, it aJq~cars  that
any lJS ]aunch approval requirements for this mission may
be largely or totally satisfied by the Russian process.
We expect that a deeper understanding of the Russian launch
approval process will reinforce that conclusion and
wc recommend that substantive discussions between the lJS
and Russia on launch approval proceed as soon as possible.

(c) There is a potential problem in the predicted strong
seasonal winds in the northern hcmisphcrc  at the time of
arrival. current  estimates of the wind velocities for
this time arc not compatible with the technical restric-
tions for Marsokhod and descent operations. Various so-



lutims  will bc stuciiui: 1) Changes in the design of the
(icscc~~t  clcl~lcl~ts  alldol~cratiol~  scqllc~~cc,  2)Adjusting
dcsccnt  time to correspond to the predicted daily mini-
mum of wind velocity.

10, Dcyond  2001

A possible future cooperative projects aflcr MT-200 1 was
discussed tentatively. acccptcci  by the stu(iy tc.am in JLIIIC.  ‘1’hcsc
possibilities inc]udc:

- A(iciitional  fligi~ts  of the basic configuration piannc.ci
for 2001.

- Phobos  Sample Return
- Network mission
- Mars Samp]c Return
Both si(ics agree that samp]c  return of cx[ratcrrcstrial

material has high scientific significance. initial discussions of
possibic  joint Phobos  and Mars sample return missions bc.yon(i  2000
were stark.d,

Pbobos  SRM is one of the probable options for the Russian
National program bcyon(i  2000 (SCC section 2). ‘1’i]c US position is
that oJlly a smali US participation in the Russian }’hobos SRM
coul(i cou](i  bc assunmi at the moment.

The US sicic  proposed a possible option of joint Mars SRM as
an extension of the Mars ‘J’ogcthcr  concept. Russian spccia]ists
think that a Pi~obos SRM could bc a useful precursor to the Mars
Sample  Return mission. Both sicics  plan to pmcccci with further
options studies for both kinds of potential joint samp]c return
missions, Phohos and Mars.

10. conclusion

Ti]c joint study results confirm ti~at M’1’-2OO1  can bc accomi>-
lishc(i by the LJS anti Russia as a joint mission, if a (iccision
process 1s startcci in Dccembcr 1996 anti  culminateci in June 1997. A
draft summary, suilablc  for delivery to the Gore Cimmomyr(iin
Commission, is given in suppkmcnt  9, l’i~asc A/13 of the M’1’-2OO1
project shou]d bc conducted in 1997.

I~lGIJJ<li  CAP’I’lJRIN
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4. (lbiter  for M’1’-2OO1  basc]ine option: a tentative concc.ption.

,



5. Mars Together 2001: the schcmc of mission..

1.1ST OF SIJPPI.}iMIiNTS

]. U.S. Strategic plane of Missions to Mars.

2. Missions to planets in Russia after the year 2000:
proposals of the Solar Systcm lixploration  Sc.ction of the
Russian Space Scicncc Council

3, IJasic options set of the Mars l’ogcthcr  2001 mission.

4. Analysis of Ml’ 2001 options,

5. l,ist of Ear]icr Rccommendcd  Experiments on hl arsokho(i.

6, Preliminary time line for MT-2001 ( baseline option).

7. lntcrface  control document (ICI)) for MT-21101 mission (base
line option) .

8. l’rcliminary  cost estimates of Mrl’-2001 baseline. option for
Russia.

9. I’rcliminary  cost estimates of MT-200 1 baseline option for
lJS.

10. Summary for senior management officials (draft)


