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1. introduction ant] Study Background

The Mars Together joint US-Russian study was established on
9 April 1994 by US and Russian scientific del egations meeting in
Moscow, The delegations included representatives from the US
National Aeronauticsand Space Administration (NASA), the Russian
Space Agency (RSA) and Institutes of the Russian Academy of
Sciences (RAS). At the Moscow meeting, an agree.ment was forged to
investigate cooperation in Mars exploration "with emphasison the
1998 and 2001 launch opportunities.” While the U.S. and USSR have
collaborated in human space flight and } {arth application
missions, this is the first time in the history of cultural
relations between our two countries that American and Russian
specia ists have been authorized to work together on a joint
space scicnce mission, The Jet Propulsion Laboratory is the
principal contributor from the US side, whi le 1.avochkin
Association and IK1are the principal contributors from the Russian side,

T'wo technical concepts for joint mission to Marsin 1998
(* MT-98") were studied : (]) a stack consisting of a US orbiter with a
Russian descent module, APS (Autonomous I’ repulsion System) and
PROTON launch vehicle, (2) ascaled down arrangement based on the
MQ] .NIYA launcher, For a variety of reasons, neither of these concepts were
adopted. But progress toward more intimate cooperation in Martian
exploration was achicved: NASA invited Russian scientists to participate in
US mission Mars Surveyor 98 missions and that invitation was accepted. V.
Moroz isinvolvedin the PM IRR experiment on the Orbiter, providing
reflecting optical elements. V. Linkin will provide al.idar inst rament for
lander. Iarlier, there had been an agrecment for cross participant ion in
each others missions. This resulted in participation of US scientistsin a
fcw experiments on the Russian MARS 96. One US instrument (MOX) is
incorporated in the MARS-96 smal 1 stat ions payloads .

Hence the development of joint US/Russian exploration of Mars
has been started, but on amore restricted scale than originally
anticipated. Also, ancw study was commissioned to investigate
the possibility acombined US/Russian mission in the. 2001 opportunity . A
new US/Russian team to develop apreliminary concept
was cstablished by the Executive Joint Working Group on Cooperation in
Space Science meeting in Moscow in October 1995. The new team is
co-chaired by R. S. Kremnev (I .avochkin Association) and P. B. Ulrich




(NASA leadquarters). During the last year there were two meetings (
February and June of this year, both in Moscow), several videoconferences,
and cxchanges of technical information via e-mai 1

and faxes. Finall y the basic opt ion for a proposed mission (abbreviated
below as MT 2001) was adopted. This option is dc.scribe.cl below.

The MT 2001 team began its work with a review of the factors that led
to the demise of the ambitious MT 1998 ideas. It was conclude.ci that a
financially modest program with minima] demands on both countries, based on
proven hardware, had the best chance for success. From the Russian side,
this implied a mission concept that relied on the MOILNI YA, alaunch vehicle
with heritage extending back to the 50's and an exceptional record of
reliability.

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

2. US and Russian National Programs
2..1 Goals

Mars Exploration was sclected some years ago as a baseline
Russian goa and haslong been animportant clement of the US
Solar System exploration program. Both Mars programs include as
basic objectives the. global mapping of the surface, long-term
meteorological surveys, and first studies of the interiors. Both
programs cmphasize understanding the evolution of Martian
volatiles and climate and the search of life ?at least extinct, and
possibly extant) as a kcy endeavor. Scientific topics include:

A. Studies of the surface: tectonic and volcanic processes
and products, crustal formation, weathering, ancient
agueous scdiments, fluvial processes, acolian processes,
hydrothermal systems, and polar deposits, aging of rocks
and geological formations.

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

C. Atmospheric studies: present and past climate, trace gas
abundances, stable isotopes, atmospheric cscape rates,
and globa circulation and the forces that drive it.

1). Life: scarch of areas where recent and/or extinct Martian
biosphere could be found with highest probability,
search of micro-organisms or their traces, products of
their living activity, micro-fossis,

The history of water on the planct Mars wasrecognized as
the key to the most of these problems.

The sensational discovery of possible traces of Martian
micro-organisms in one of the SNC meteorites ( McKay ct a., Search for




Past Lifc on Mars: Possible Relic Biogenic Activity in Martian Metcorite
Al ,} 184001, Science, Vol. 273, pp. 92.4-930, 16 August1996) has elevated the
importance of Mars studics as whole.

2.2 Current US Program

The US Mars program (Suppl. 1) hasas an initial goal the
recovery of the science lost from the failed Mars observer,
1 lowever, the US is taking an approach that differs from that
followed previous] y: Itis embarking on a new program of ascrics
of focused, low cost missions termed Mars Surveyor. ‘I 'he first
clement isthe Mars Global Surveyor (MGS) orbiter which, along
with the Mars Pathfinder lander, is to be launched in 1996. The
Mars Surveyor program was introduced in February 1994 and
authorized by the US Congress in the succeeding months.

After this, Mars Surveyor 1998 (M SP-98) orbiter/lander missions will
be launched in 1998 and at least a MSP-01orbiter and 2001. MGS, MSP-98 and
MSP-01 arc intended to recover the mgjority of Mars Observer global
science and point toward the next step: Mars Sample Return. The US Mars
exploration program is expected to proceed, and the details arc currently
under reconsiderat ion. The Surveyor program goals may be accomplished by
the US joining forces with international partners, the Mars
Together 2001 concept being a prime example.

The first Mars Sample Return mission (MRSM) was planned on
2005, but after Al ,1184001 discovery NASA is considering the possibility of
doing it even earlier. Itisexpected that a sequence of MSRM will recover
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 al Mars missions after 1998. Hence NASA isvery
interested in reaching an agreement about joint mission in 2001 as a
prelude to more extensive cooperation in the future. US/Russia cooperation
in MSRM also can be forescen. Moreover MT 2001 may be onc of the important
steps on the way to MSRM.

2.,3 Current Russian Program

The Russian government has approved a “Russian program of
fundamental scientific research in space to the. year 2000”
(abbreviated below as RPES-2000), which includes two missions
for solar system exploration. The first of them was planned for 1994
but postponed 2 years. It consists of an orbiter, two small
landed stations and two penetrators. A second mission, originally
scheduled for 1996, was cancelled.

There isno approved schedule in Russiafor launches to the
planets after 2000. However there arc proposals of the Solar
System Exploration Section of Space Science Council (Suppl. 2).
These proposals confirm that Mars is the first priority goal for
future planctary missions. They include three flights:



2001- with MARSOKHOD ( arover ) as the main payload. “I’his
MARSOK} 10I1 is inherited from the original] y scheduled second RPST-2000 Mats
mission that was later cancelled.

2003- Phobos Sample Return mission.

2005- Mars Sample Return mission.
Cooperation with NASA in all of these missionsis considered very desirable
andimportant.

3. Rationale for Mars Together 2001 Mission (MT-2001).
3.1Recommended MT-2001 baseline option.

A set of options for MT were developed by the. US and Russian
sides (sce Suppl. 4). in Junc, one was sclected for detailed study. This
Mission consists of two spacecraft:

SPACLICRAIVJ L
RUSSIAN LAUNCH VEHICLE [ Molniya-Block 1,];
RUSSIAN DESCENT MODUILE WITHMARSOKHOD ROVER
US PROVIDED CRUISE STAGE

US cruise stage provides power, attitude and trajectory control anti
communication for the descent module during, cruise. The crui sc stage is
jettisoned from the descent module prior to entry.

SPACHCRAFT I
USIL.AUNCH VEHICLE [ Delta 7325]
US AEROCAPTURE ORBITEHR

Acrocapture orbiter design is based on Mars Surveyor program 1998 lander
design. It carries a gamma ray spectrometer, and IR spectrometer, and
potentially additional instrument It provides a relay for the Russian
Marsokhod.

The concept for MT-2001 is shown in Fig.1.

Orbiter and descent module with rover were important
clements of the original Russian mission. The orbiter in the
origina al-Russian mission was designed primarily as a relay,
in MT-2001 this function will be provided by US orbiters(MT 2001
plus possibly MGS).

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

3,2 Scientific rationale

The main elements in the MT2001mission have been developed
asaresult of years of scientific planning. The orbiter payload
of agamma-ray spcctrometer (GRS) complete the synoptic survey of
the Martian surface originaly planned for Mars Observer. An



infrared spectrometer will measure spectral detai Is of rocks

to find sedimentaries which will provide insights for future
scarches 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 addition to their own intrinsic
scientific merit, an advantage accrues from the joint developrent
of Mars Together: Scientific experiments on the rover from

one side and the orbiter from the other will be complementary in
their mutual attack on common scientific goals pertaining to the
Martian environment, Furthermore, both parts of the mission may
be scientifically reinforced by apossible exchange of

scientists between the US and Russia.

3.3 Programmatic Rationale and Cost

The MT-2001 will achicve the scientific objectives for both
Russia and tbc US at lower cost to both countries. For afixed
total cost the US can usc one rocket instead of two ant] will not
build a separate lander. Russia, on the other hand, can avoid the
necessity to design and produce a ncw orbiter (the "classical”
PHOBOS orbiter cannot be used with MOIL.NI1YA).

The MT-200 1 will be acombined international planetary
mission involving Russian and US rockets, Russian Marsokhod and
US Orbiter and cruiser.

The MT-2001 will also be the first experience for highly
qualified US and Russian specialists in space science and
technology to work together. 1t provides a perspective. for more
challenging future projects, such as Mars Sample Return.

3.4 The Political and Public Relations Effects

This joining of US and Russian efforts in a peaceful and
scientifically important ficld will be ancw step in the
development of good relations between the two countries. It is
likely to stimulate a positive public response in the US, where
man y pcople have a deep interest in planetary cxplorat ion. |/or
people in Russia, such ajoint project would be appreciated asa
sign of the firm inteliectual and technological status Russia
cnjoys in the new post-cold war world.

4. Technical Options for MT-2001 and Their Discussion

4,1 Basic Option Set

Originall y four options were proposed for preliminary studics:
Option 1: RUSSIAN 1.,LAUNCH VEHICL L,

DESCENT MODULE WITHMARSOKHOD.
U.S.PROPULSIVE CAPTURE ORBITER.



Option 2: RUSSIAN 1LAUNCH VEHICLE,
DESCENT MODULE WITH1 MARSOKLHOD
U.S. CRUISE STAGI
and
U.S.1LAUNCH VEHIC].E With
U.S. AEROCAPTURE ORBITER.

Option 3:RUSSIAN 1. AIINC11 VEHICLE,
DESCENT MODUILE WITHMARSOKHOD
U.S. LANDER
and
U.S.1,AUNCH VEHICILE With
U.S. AEROCAPTURE ORBITER.

Option 4: RUSSIAN LAUNCH VEHICLE,
DESCENT MODULE WITH MARSOKI101>.
U.S. AEROCAPTURE ORBITER.

More ctc.tailed information is available in Supplements 2-3. The
pros and cons will be discussed below.

4.2. Justification of baseline option choice.

Really 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 US but require SOY UZ/FREGAT (which has

not yet flown) from the Russian side as launcher. In contrast to
SOYUZ/FREGAT the “classical” MO1 NIY A with planetary block 1. (M-I'].
below) was tested in many flights during 30 years for scientific,
commercial and other purposes. For thisrcason M-Pl. was strongly
recommended by the Russian side. for the MT-2001 mission. M-P1 can deliver
to Mars the stack of Russian descent module and U.S. cruiser but

not full ascale U.S. orbiter. So the only option compatible with M-I'].

launcher is option 2.

This 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 lowever both sides have in mind the possibility to rediscuss

basclinc option later if substantive progress with SOY UZ/FREGATT
development isachieved in the next year or other factors lead to abetter
opt ion.

5. Scientific Payload Ylements of MT-98 Mission
5.1. Descent module.
The descent module will deliver the rover (Marsokhod) to the

surface of Mars. The rover is under the technical responsibi lit 'y
of Russia



Scientific experiments and instruments for Marsokhod were
selected and recommended carlicr by the International Scientific
Committee of the Mars-94/96 Project. Their design and (in some
cases fabrication) was started. A list of these earlicr
recommended experiments for the Marsokhod is given in Supplement
5. Modifications of thislist are possible. For example, inclusion of new
experiments (fromthe U. S) in the rover payload would
bc possible, although restrictions in mass, volume and power arc
scvere. The. existing concept of the rover presumes its full mass
will be about 100 kg, with ascientific payload of about 14 kg.

It is recognized by both side.s that if the opportunity for US
participation in the rover science materializes, a free and open process
would bc initiated in the US to solicit proposals.

Following this process, afinal recommendation will bc agreed
upon by both sides, A scientific conference on future. Mars studies
with emphasis on the rover mission will be heldin car] y 1997.

One of the possible modifications to the current list
of experiments isto remove from the rover itself al instruments that do
not require mobility. It is conceivable that some could bc placed on an
immobile platform that will be the basic lander and starting base for the
rover. Our current understanding is that first priorities should bc given
to scientific experiments and technical tools that arc important
for preparation to sample return mission. Even the uscofM’ J 2001
Marsokhod direct] y for collection of sample.s which later will bc
taken to deliver on the Earth may bc discussed.

5.2. orbiter

The orbiter payload will consist of a gamma-ray spectrometer
(GRS) small TV camera and aninfrared spectrometer. GRS will
complete the synoptic survey of the Martian surface originally
planned for Mars observer. ‘I’he camera will provide a global
monitoring of mectcorological events and surface details
variability y. The 1 R spcctrometer will measure spectral details
of rocks to search sedimentarics on the surface.. These. places can
offer some perspective for co] lect ions of samples with potential
traces of extinct life..

Russian scientists may bec involved in Orbiter experiments
(GRS for example).

Much of the design of M’]" 2001 Orbiter will bc inherited
from the MSP 98 mission.

6. Timeline for MT-2001

The current timeline proposed for MT-98 is given in
Supplement 7. Launchisin February 2001 arrival at Mars in
November.

The mission scheme is presented on Fig.S.



7. Interface control document (ICD).

Interface control document (1CD) for MT-2001 mission (base
line option) was created jointly by both sides. It is presented
in Suppl. 7. If the baseline option will be changed later the ICD
content should be changed accordingly.

8. Cost estimates.

Preliminary cost estimates for Russia and U.S. arc presented
in Suppl.8 and 9.

9. Open Issucs for MT-2001

a) A mutua 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 US
2001 mission will be made by the US Congressin
mid -1997. An important step will be the June 1997
endorsement by the Gore-Chernonlyrdin Commission which
will be based on a summary report and other materials.

The first phase of work (phase A/B in American
terminology, "tekhnicheskoe predlozhenic" and "eskiznyi
project” in Russia) should be completed by late 1997. It
may be started immediately in January 1997, if the
MT-2001 project is endorsed by the NASA and RSA.

b) Launch approval. The Russian spacecraft contains a radi-
oisotope thermoel ectric generator (RTG). The US spacecraft
does not include any nuclear materials. Previous
studies revea that the Russian planetary program has used
RTGs and the Russians have a launch approval process
which appearsto parallel the US process in many respects.
Discussions of the Russian process continue. From
the information available to the team, it appcars that
any US launch 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
approva process will reinforce that conclusion and
wc recommend that substantive discussions between the US
and Russia on launch approval proceed as soon as possible.

(c) Thereis a potential problem in the predicted strong
seasonal winds in the northern hemisphere 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-




lutions will be studied: 1) Changes in the design of the
descent elements and operation sequence, 2) Adjusting
descent time to correspond to the predicted daily mini-
mum of wind velocity.

10. Beyond 2001

A possible future cooperative projects after MT-200 1 was
discussed tentatively. accepted by the study tcamin Junc. These
possibilities include:

- Additionalflights of the basic configuration planned
for 2001.

- Phobos Sample Return

- Network mission

- Mars Sample Return

Both sides agree that sample return of extraterrestrial
material has high scientific significance. initial discussions of
possible joint Phobos and Mars sample return missions beyond 2000
were started.

Phobos SRM isone of the probable options for the Russian
National program beyond 2000 (sec section 2). The US position is
that only asmall US participation in the Russian Phobos SRM
could could be assumed at the moment.

The US side proposed a possible option of joint Mars SRM as
an extension of the Mars Together concept. Russian specialists
think that a Phobos SRM could be a useful precursor to the Mars
Sample Return mission. Both sides plan to proceed with further
options studies for both kinds of potentia joint sample return
missions, Phobos and Mars.

10. conclusion

The joint study results confirm that MT-2001 can be accomp-
lished by the US anti Russia as ajoint mission, if adccision
process is started in December 1996 and culminated in June 1997. A
draft summary, suitable for delivery to the Gore Chernomyrdin
Commission, is given in supplement 9, Phase A/B of the MT-2001
project should be conducted in 1997.

FIGURE CAPTURES
1. Mars Together 2001 baseline option.
2. Marsokhod: the current conception.

3. Cruiser for MT-2001 baseline option: atentative conception.

4. Orbiter for MT-2001bascline option: a tentative conception.




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

1.1ST OF SUPPLEMENTS

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

2. Missions to planets in Russia after the year 2000:
proposals of the Solar System Exploration Scction of the
Russian Space Science Council

3. Basic options set of the Mars Together 2001 mission.

4. Analysis of MI" 2001 options,

5. List of Earlier Recommended Experiments on Marsokhod.

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

7. Interface control document (ICI3) for MT-21101 mission (base
line option) .

8. Preliminary cost estimates of MT-2001 baseline. option for
Russia

9. Preliminary cost estimates of MT-200 1 baseline option for
US.

10. Summary for senior management officials (draft)



