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GENERAL RELEASE:
NASA PREPARES FOR RETURN OF INTERSTELLAR CARGO

NASA’s Stardust mission is nearing Earth after a 2.88 billion mile round-trip journey

to return cometary and interstellar dust particles back to Earth. Scientists believe the
cargo will help provide answers to fundamental questions about comets and the origins
of the solar system.

The velocity of the sample return capsule, as it enters the Earth’s atmosphere at
28,860 mph, will be the fastest reentry of any human-made object on record. It sur-
passes the record set in May 1969 during the return of the Apollo 10 command mod-
ule. The capsule is scheduled to return on Jan. 15.

“Comets are some of the most informative occupants of the solar system. The more
we can learn from science exploration missions like Stardust, the more we can prepare
for human exploration to the moon, Mars and beyond,” said Mary Cleave, associate
administrator for NASA's Science Mission Directorate.

Several events must occur before scientists can retrieve cosmic samples from the
capsule landing at the U.S. Air Force Utah Test and Training Range, southwest of Salt
Lake City. Mission navigators will command the spacecraft to perform targeting maneu-
vers on Jan. 5 and 13. On Jan. 15 at 12:57 a.m. EST, Stardust will release its sample
return capsule. Four hours later, the capsule will enter Earth’s atmosphere 410,000
feet over the Pacific Ocean.

The capsule will release a drogue parachute at approximately 105,000 feet. Once the
capsule has descended to about 10,000 feet, the main parachute will deploy. The cap-
sule is scheduled to land on the range at 5:12 a.m. EST.

After the capsule lands, if conditions allow, a helicopter crew will fly it to the U.S. Army
Dugway Proving Ground, Utah, for initial processing. If weather does not allow helicop-
ters to fly, special off-road vehicles will retrieve the capsule and return it to Dugway.
Samples will be moved to a special laboratory at NASA's Johnson Space Center,
Houston, where they will be preserved and studied.

“Locked within the cometary particles is unique chemical and physical information that
could be the record of the formation of the planets and the materials from which they
were made,” said Don Brownlee, Stardust principal investigator at the University of
Washington, Seattle.

NASA expects most of the collected particles to be no more than a third of a millimeter
across. Scientists will slice these particle samples into even smaller pieces for study.



The Jet Propulsion Laboratory, Pasadena, Calif. manages the Stardust mission for
NASA’s Science Mission Directorate, Washington. Lockheed Martin Space Systems,
Denver, developed and operates the spacecraft.

For information about the Stardust mission on the Web, visit:
http://lwww.nasa.gov/stardust
For information about NASA and agency programs on the Web, visit:
http://lwww.nasa.gov/home

- end of general release -



Media Services Information

NASA Television Transmission

The NASA TV Media Channel is available on an MPEG-2 digital C-band signal
accessed via satellite AMC-6, at 72 degrees west longitude, transponder 17C, 4040
MHz, vertical polarization. In Alaska and Hawaii, it's available on AMC-7 at 137
degrees west longitude, transponder 18C, at 4060 MHz, horizontal polarization. A
Digital Video Broadcast compliant Integrated Receiver Decoder is required for recep-
tion. For digital downlink information for NASA TV’s Media Channel, access to NASA
TV’s Public Channel on the Web and a schedule of programming for Stardust activi-
ties, visit http://www.nasa.gov/ntv.

Media Credentialing

News media representatives who wish to cover the Stardust’s return to Earth on loca-
tion at the U.S. Army Dugway Proving Ground in Utah must be accredited through
Dugway’s Public Affairs Office. Journalists may phone the office at (435) 831-34009.

Briefings

News briefings will be held at the U.S. Army Dugway Proving Ground before and after
the encounter. Information about upcoming briefings will be available on the Internet as
noted below.

Internet Information

More information on the Stardust mission, including an electronic copy of this

press kit, press releases, fact sheets, status reports and images, can be found at
http://www.nasa.gov/stardust. Extensive information on the Stardust project including
an electronic copy of this press kit, press releases, fact sheets, status reports, briefing
schedule and images, is available from the Stardust project homepage,
http://stardust.jpl.nasa.gov.



Quick Facts

Spacecraft

Dimensions: Main structure 1.7 meters (5.6 feet) high, 0.66 meter (2.16 feet) wide,
0.66 meter (2.16 feet) deep; length of solar arrays 4.8 meters (15.9 feet) tip
to tip; sample return capsule 0.8 meter (32 inches) diameter and 0.5 meter
(21 inches) high

Weight: 385 kg (848 Ibs) total at launch, consisting of 254-kilogram (560-pound)
spacecraft and 46-kilogram (101-pound) return capsule, and 85 kilograms
(187 pounds) fuel

Power: Solar panels providing from 170 to 800 watts, depending on distance
from Sun

Mission Milestones

Launch: Feb. 7, 1999 from Cape Canaveral Air Force Station, Fla.

Launch vehicle: Delta Il (model 7426) with Star 37 upper stage

Earth-comet distance at time of launch: 820 million kilometers (508 million miles)

Interstellar dust collection: Feb. 22-May 1, 2000; Aug. 5-Dec. 9, 2002

Earth gravity assist flyby: Jan. 15, 2001

Altitude at Earth gravity assist: 6,008 kilometers (3,734 miles)

Asteroid Annefrank flyby: Nov. 2, 2002

Comet Wild 2 encounter: January 2, 2004

Number of pictures of comet nucleus taken during encounter: 72

Earth-comet distance at time of encounter: 389 million kilometers

(242 million miles)

Total distance traveled Earth to comet: 3.41 billion kilometers (2.12 billion miles)

Spacecraft speed relative to comet at closest approach: 22,023 km/h (13,684 mph)

Earth return: Jan. 15, 2006

Landing site: Utah Test & Training Range

Velocity of sample return capsule entering Earth’s atmosphere: 46,440 km/h
(28,860 mph) -- fastest reentry of spacecraft in history

Total distance traveled comet to Earth: 1.21 billion kilometers (752 million miles)

Total distance traveled entire mission (Earth to comet to Earth): 4.63 billion
kilometers (2.88 billion miles)

Program
Cost: $168.4 million total (not including launch vehicle), consisting of $128.4 million
spacecraft development and $40 million mission operations



Mission Overview

Launched in 1999, the Stardust spacecraft has circled the Sun a total of three times
over seven years. On the way to its comet encounter, it collected interstellar dust on
two different solar orbits. On Jan. 2, 2004, Stardust flew past the nucleus of comet
Wild 2 at a distance of 240 kilometers (149 miles). During this close flyby, a special
collector captured particles of the comet as the spacecraft flew through the coma, or
cloud of dust and debris, surrounding Wild 2.

Two years and 13 days after this first-of-its-kind cometary sample mission, the Stardust
spacecraft will eject a capsule that will descend into the Department of Defense’s Utah
Test & Training Range carrying the mission’s cosmic booty of cometary and interstellar
dust samples.

Stardust’s trajectory was calculated to allow the spacecraft to fly past Wild 2 at a rela-
tively low speed at a time when the comet is active -- but not too active. The trajectory
also minimized the energy needed to launch the spacecraft, allowing for a smaller,
less expensive launch vehicle; maximized the time for favorable collection of interstel-
lar dust; and made the spacecraft approach Earth at a relatively low speed when it
returns.

Launch

Stardust began its voyage on Feb. 7, 1999 from Space Launch Complex 17A at Cape
Canaveral Air Station, Fla., on a variant of the Delta Il launch vehicle known as a Delta
7426, one of a new series of rockets procured under NASA's Med-Lite program.

Launch events occurred in three phases. First, the Delta lifted off and entered a 185-
kilometer-high (115-mile) parking orbit; then it coasted for about a half-hour; and finally
an upper-stage engine fired to send Stardust out of Earth orbit.

Cruise

Stardust’s first two years of flight carried it on the first of its three orbital loops around
the Sun. In January 2000, when Stardust was between the orbits of Mars and Jupiter
-- the most distant point from the Sun that it reached during that orbit -- the space-
craft’s thrusters fired to place it on course for a later gravity assist swingby of Earth.

As Stardust traveled back inward toward the Sun, it collected interstellar particles
flowing through the solar system. From February through May 2000, the spacecraft
deployed its collector to capture these interstellar particles. One part of the collector
mechanism called its “B side” faced the incoming interstellar dust stream, while the
back side, called the “A side,” was later used for the spacecraft’'s dust collection at
comet Wild 2.



The spacecraft completed its first solar orbit when it flew by Earth on Jan. 15, 2001.
The flyby altitude at its closest approach distance was approximately 6,008 kilometers
(3,773 miles). The effect of Earth’s gravity increased the size of Stardust’s orbit so that
it circled the Sun once each 2-1/2 years, and placed it on a flight path leading to an
intercept of its quarry, comet Wild 2.

Beginning in August 2002, as the spacecraft traveled back inward toward the Sun on
the later part of its second orbit, Stardust again exposed the “B side” of its collector to
interstellar particles flowing through the solar system. It continued to collect interstel-
lar particles until December 2002. The total time it spent collecting interstellar particles
over the entire mission was 195 days.

During this second period collecting interstellar particles, Stardust flew within 3,100
kilometers (1927 miles) of asteroid Annefrank. This encounter took place on Nov. 2,
2002, and was used as a test of ground and spacecraft operations later put into prac-
tice during the comet encounter.

Comet Flyby

The chain of events leading up to comet encounter began nine days out when Stardust
deployed its “cometary catcher’s mitt,” a tennis-racket-shaped particle catcher featuring
more than 1,000 square centimeters (160 square inches) of collection area filled with

a material called aerogel. Made of pure silicon dioxide -- the same as sand or glass -

- aerogel is a thousand times less dense than glass because it is 99.8 percent air. The
high-tech material has enough “give” in it to slow and stop particles without altering
them radically.

Stardust entered the comet’s coma -- the vast cloud of dust and gas that surrounds
a comet’s nucleus -- on December 31, 2003. From that point on it kept its defensive
shielding between it and the stream of cometary particles it would fly through.

On Jan. 2, 2004, at 11:40 a.m. PST (2:40 p.m. EST), after traveling 3.41 billion kilo-
meters (2.12 billion miles) across the solar system over four years -- the Stardust
spacecraft made its closest approach of comet Wild 2 at a distance of 240 kilometers
(149 miles). During this close encounter, the faster-moving comet actually hurtled past
the slower Stardust at a relative speed of 22,023 kilometers per hour (13,684 miles
per hour). In terrestrial terms such velocity is guaranteed to smoke any police officer’s
radar gun, but in cosmic terms such relative speed between spacecraft and comet

is relatively leisurely, allowing Stardust to “soft-catch” samples of comet dust without
changing them greatly.

In the hours and days following the encounter, images and other science and engi-
neering data recorded onboard during the event were transmitted to Earth.
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The Stardust team expected to see a uniform increase in the number of particles as
the spacecraft approached the comet, then a reduction as it pulled away. Instead,
onboard instruments indicated Stardust flew through a veritable swarm of particles, fol-
lowed by a gap with almost nothing, and then another swarm. Data indicated that as
the spacecraft flew through sheets of comet particles, on at least 10 occasions the first
layer of its shielding was breached. (Despite this thumping by comet particles, telem-
etry indicates Stardust is in excellent shape as it closes in now on Earth.)

As particles impacted the spacecraft at 6.1 kilometers per second (3.8 miles per sec-
ond), onboard instruments performed near-instantaneous analysis of some samples.
Other particles were stored onboard for return to Earth.

During Stardust’s passage of the most concentrated region of cometary particles, its

dust flux monitor instrument logged into the spacecraft's computer memory measures
of the size and frequency of dust particle hits. At the same time, the comet and inter-
stellar dust analyzer performed instantaneous compositional analysis of material and
also stored its results in the spacecraft's onboard memory.



Along with this cosmic taste testing, the spacecraft also took some remarkable images
of comet Wild 2’s nucleus. The otherworldly landscape included such features as
steep, near vertical cliffs; house-size boulders; pinnacles; flat-floored craters with near
vertical walls; haloed pit craters; overhangs and materials with varying brightness. The
images of Wild 2 showed a complex rugged surface that is quite different from those
of other comets, asteroids and moons that have been imaged. The deep depressions
on the comet suggest that regions of the surface have eroded to depths of 100 meters
or more. One of the most spectacular findings was the comet had more than 20 active
jets, localized hotspots, spewing gas and dust into space.

Six hours after the comet encounter, the spacecraft carried out a half-hour process
of retracting and stowing the sample collector with its cometary pickings. From that
point on, the sample canister was to remain sealed until it is opened in a cleanroom at
NASA’s Johnson Space Center a few days following Earth return in January 2006.

Deep Space Navigation

To bring the spacecraft from beyond Earth’s orbit to a predetermined landing zone on
Earth, navigators will use techniques that have legacies in the Apollo missions of the
1960s and 1970s — as well as the return of the Genesis spacecraft’s solar wind sam-
ples in 2004. The Stardust navigation team must know the spacecraft’s position and
speed precisely -- and for this, they call upon the giant dishes of NASA's Deep Space
Network. Navigators analyze the spacecraft’s radio signal using techniques called
radiometric and Doppler tracking to help pinpoint its distance from Earth as an aid to
navigation.

Throughout the Stardust mission, tracking and telecommunications have been pro-
vided by NASA's Deep Space Communication Complexes in California, Australia and
Spain. The data rate from the spacecraft ranges from 1 to 33 kilobits per second. Most
data from the spacecraft are received by the Deep Space Network’s 34-meter-diameter
(110-foot) antennas, but 70-meter (230-foot) antennas have also occasionally been
used.

Earth Return

For planning purposes, the mission has defined Earth return as the time period from
entry minus 90 days until the sample return capsule enters Earth’s atmosphere. The
location of the landing footprint for the capsule will be predicted by tracking the space-
craft before capsule release. Since the capsule does not have a propulsion system,
there is no way to abort the entry sequence following its release.

The capsule will arrive at the top of Earth’s atmosphere at an altitude of 125 kilometers
(410,000 feet) on Jan. 15 at 2:57 a.m. Mountain Standard Time (MST). Mission navi-
gators are targeting the capsule to land within an ellipse 76 by 44 kilometers (47 by 27
miles) around a target point within the Utah Test & Training Range.
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Three trajectory correction maneuvers were planned during the final 90 days of
approach. The first was performed on Nov. 16, 2005. Two more are scheduled Jan. 5
and Jan. 13, 2006. If mission navigators feel another thruster firing is required to place
the Stardust sample return capsule within its designated re-entry corridor, a final “con-
tingency maneuver” may be performed Jan. 14.

At about 7 a.m. MST Jan. 14, the Stardust team will conduct one final teleconfer-
ence to discuss the status of the spacecraft’s trajectory. If all is “go,” they will radio the
spacecraft to start executing a series of commands to release the sample return cap-
sule.

Backup Orbit

As the spacecraft approaches Earth, the Stardust team will closely evaluate its trajec-
tory. If at any point navigators and mission planners feel the spacecraft and/or its sam-
ple return capsule are not on target, they can go to “plan B” -- a backup orbit. Under
this plan, ground controllers will command the spacecraft to fire its thrusters to place
itself and its capsule in a 3.5- to 4-year backup orbit around the Sun to come back to
Earth. If required, the maneuver to place the spacecraft and capsule in this tempo-
rary orbit would take place at entry minus 3.7 hours. This backup orbit could allow for
another opportunity for the capsule to land at the Utah Test & Training Range 3.5 to 4
years later.

Sample Return Capsule Release

On Jan. 14 at 10:57 p.m. MST -- when the spacecraft is 110,728 kilometers (68,805
miles) from Earth -- Stardust will release its sample return capsule. Two cable cutters
are fired to sever the cable harness connecting the capsule to the spacecraft, after
which three retention bolts are also fired to sever the connection between the capsule
and the spacecraft bus. A separation spin mechanism pushes the capsule away and
simultaneously spins it at 14 to 16 revolutions per minute. This spin helps to stabilize
the capsule’s orientation, or “attitude.”

About 15 minutes after separation, the main spacecraft will fire its thrusters in a divert
maneuver to keep it from hitting Earth. This maneuver will put the Stardust spacecraft
in an orbit around the Sun. The now-free-flying sample return capsule will continue
streaking toward Earth on a purely ballistic trajectory that will take it into Earth’s atmo-
sphere four hours later.

Atmospheric Entry
At 2:57 a.m. MST, the capsule will enter Earth’s atmosphere at an altitude of 125
kilometers (410,000 feet). (Note: This and other altitudes are expressed as distances

above mean sea level. The elevation at the Utah Test & Training Range is about 1,220
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meters (4,000 feet), so this amount should be subtracted from any altitude figure to get
a more precise distance above the ground.)

At this point, the capsule will be about 886 kilometers (551 miles) from its landing zone
in Utah, moving at a velocity of about 12.8 kilometers per second (28,600 miles per
hour). This will be the fastest human-made object to enter Earth’s atmosphere. In sec-
ond place was the Apollo 10 command module, which entered at a speed of 11.11 kilo-
meters per second (24,861 mph).

Within minutes of entering the atmosphere, the radar and other tracking assets at the
Utah Test & Training Range are expected to acquire the incoming capsule. By entry
plus 38 seconds, the capsule will have already covered half the horizontal distance

to its landing zone. At this point, aerodynamic friction will raise the temperature of the
capsule’s heat shield, making infrared tracking a possibility. At entry plus 52 seconds
and at an altitude of 61 kilometers (200,000 feet), the capsule will experience peak
heating. At this point, the temperature on the exterior of the heat shield will spike at
2700 Celsius (4900 Fahrenheit). Ten seconds later, peak deceleration will occur as the
slowing capsule experiences 38 times the force of gravity (or 38 G’s).

Drogue Chute Deploy

At entry plus 116 seconds, the capsule’s deceleration will ease off to 3 G’s, which will
initiate a timer. About 16 seconds later, the capsule’s avionics will command a mortar
to fire, deploying a drogue parachute. The sample return capsule is now at an altitude
of 32 kilometers (20 miles), and nearly overhead of its landing zone. The drogue para-
chute is deployed when the capsule is traveling at a supersonic speed (about mach
1.4).

At about entry plus 3 minutes and at an altitude of 24 kilometers (15 miles), the cap-
sule will begin its vertical descent over the Utah Test & Training Range. At about entry
plus 4 minutes, the capsule will enter the range’s special-use airspace at an altitude of
17 kilometers (11 miles).

Utah Test & Training Range

The Utah Test & Training Range provides the largest overland contiguous block of
restricted airspace in the continental United States authorized for supersonic flight,
available for aircrew training and weapons testing. The airspace, situated over 6,796
square kilometers (2,624 square miles), is under the jurisdiction of the U.S. Air Force.
The remainder is managed by the U.S. Army at Dugway Proving Ground. Airspace
boundaries do not necessarily coincide with the boundaries of the Defense Department
land beneath the airspace.

Operated and maintained by the 388th Range Squadron based out of Hill Air Force
Base some 50 miles to the east, the Utah Test & Training Range supports training for
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all branches of the armed services and their allies with capabilities for air-to-ground,
air-to-air and ground force exercises. More than 22,000 training sorties and more than
1,000 test sorties are flown out on the range annually. It is used for testing munitions
and propellants up to the most powerful ICBM rocket motors and non-nuclear explo-
sive components.

The Air Force range is supporting Stardust by providing range imagery and targeting
guidance. The range’s mission control center -- located at Hill Air Force Base -- will
radio information to the helicopter crews. An Air Force building at the Army’s Michael
Army Air Field will be home to the cleanroom erected to temporarily house the Stardust
capsule after it is captured.

Dugway Proving Ground

The U.S. Army’s Dugway Proving Ground serves as the nation’s chemical and biologi-
cal defense proving ground. It is a large, remote, closed post on the high desert that
employs about 1,200 military, government civilians and support contractors. Dugway’s
mission is to test U.S. and allied biological and chemical defense systems; perform
nuclear-biological-chemical survivable testing of defense material; provide support to
chemical and biological weapons conventions; and operate and maintain an installation
to support test missions.

Dugway is supporting Stardust by providing facilities, logistical, weather and range
expertise as well as security and support personnel. The majority of the events sur-
rounding the Stardust return will occur at the facility’s Ditto Test Area which approxi-
mately 19 kilometers (12 miles) from the installations main gate. Located in Ditto is the
Michael Army Air Field, where the Stardust recovery helicopters will be based.

Dugway is located approximately 130 kilometers (about 80 miles) west-southwest of
Salt Lake City, in the Great Salt Lake Desert in Tooele County, Utah. The Dugway
Proving Ground covers 3,233 square kilometers (1,248 square miles) -- larger than
the state of Rhode Island. Surrounded on three sides by mountain ranges, the proving
ground’s terrain includes mountains, valleys and a large, flat, sparsely vegetated area
that extends westward into the southern reaches of expansive salt flats of the Great
Salt Lake Desert.

Main Chute Deploy

After descending into the Utah Test & Training Range’s controlled airspace on its
drogue parachute, when it reaches an altitude of about 3 kilometers (10,000 feet), the
capsule will cut one of the lines holding the drogue chute. This in turn will allow the
drogue to pull out a larger parachute. At the same time the capsule will activate its
UHF locator beacon, transmitting through a single antenna located in a leg of the main
chute’s bridle. The UHF antenna remains with the sample return capsule after ground
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impact. Batteries powering the UHF have enough capacity to operate the beacon for
20 hours.

Touchdown

The Stardust capsule will touch down at about 3:12 a.m. MST. When it reaches the
ground, the capsule will be traveling at approximately4.5 meters (14.8 feet) per sec-
ond, or about 16 kilometers per hour (10 miles per hour). When the impact of landing
is sensed, a cutter will release the main chute from the capsule. This will prevent the
main chute from dragging the capsule across the desert.

The landing footprint for the sample return capsule is about 44 by 76 kilometers (27 by
47 miles), an ample space to allow for aerodynamic uncertainties and winds that might
affect the direction the capsule travels in the atmosphere.

Sample Return Capsule Ground Recovery

The primary goal of landing site operations is to preserve the condition of the interior
of the science canister, and the cleanliness and physical integrity of the canister itself.
Helicopters and vehicles will approach the capsule from a crosswind direction to avoid
potential contamination of the capsule

Even before the capsule touches down, personnel tracking it will provide intercept vec-
tors or advisories to the three recovery helicopters until sighting of the capsule by the
ground recovery team is confirmed. In the event the helicopters are grounded due to
poor weather, ground recovery teams will be dispatched and directed to the landing
site.

When helicopters arrive at the site, one of them will land. An explosive ordnance
disposal expert called the on-scene commander, or “Oscar,” will conduct a sweep

of the area for any unexploded ordinance from other programs at the test range,
while the recovery team’s safety lead visually evaluates the condition of the capsule.
Photographs will be taken of the capsule before moving it from its landed condition.
After verifying that the capsule’s state is nominal, personnel will prepare the capsule
for stowage in the helicopter.

Given the capsule’s small size and mass (about 43 kilograms (95 pounds)), mission
planners do not expect that recovering and moving it will require extraordinary handling
measures or hardware other than a specialized handling fixture to cradle the capsule
during transport. Using three people, the capsule will be lifted by the edges of its heat
shield (no special handling attach points are designed on the capsule), and any signifi-
cant mud will be removed from the capsule.

Following a normal entry, the capsule will be hand-carried to the helicopter for trans-
port. The capsule will be warm; temperature of the heat shield could be as high as 60
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Celsius (140 Fahrenheit), so handlers will be required to wear protective gloves. After
any mud is removed, the capsule will be double-bagged and lowered onto a handling
fixture. If in close proximity, the parachute will be recovered and preserved for analysis.

Cleanroom

Once the capsule is onboard, the helicopter will fly it to a hangar at Michael Army Air
Field. Here the capsule will be transferred from the helicopter to a truck, secured and
then transported to an adjacent building, where scientists and engineers will be waiting
in a temporary cleanroom. By this time, the capsule’s heat shield is expected to have
passively cooled to 25 Celsius (75 Fahrenheit).

In the temporary cleanroom, the sample canister will be removed from the capsule and
connected to a purge system that feeds it with a constant flow of ultra-pure gaseous
nitrogen. Time-critical events will conclude when the purge is in place.

The capsule, sample canister and associated hardware will then be prepared for travel
by aircraft to NASA’'s Johnson Space Center in Texas.

Bad Weather Recovery Operations

To insure the recovery of the capsule in the event poor weather grounds the helicop-
ters, two ground vehicles outfitted with all-terrain rubber tracks in place of wheels will
be staged outside the predicted landing footprint the day before landing. After the cap-
sule has landed and tracking personnel have determined the most likely landing point,
target coordinates will be communicated via radio to the recovery crew in the ground
vehicles.

The vehicles will then converge upon the coordinates while monitoring the capsule’s
UHF beacon frequency. Once the capsule has been located, it will be handled in
accordance with the nominal recovery procedures, placed into the vehicle and trans-
ported to a rendezvous point at the nearest road where the capsule can be transferred
into a wheeled truck. From that point, the capsule is transported to the hangar at
Michael Army Air Field and handled in accordance with the nominal plan.

Sample Curation

A dedicated handling and curation lab for the Stardust samples was prepared within
the past two years at NASA's Johnson Space Center, Houston, Texas. The lab has
new, specially designed equipment to optically scan the aerogel and locate captured
grains within it. It is also outfitted with a new generation of equipment to section aero-
gel and extract grains for later preliminary analysis in laboratories all over the world.

The lab is a Class 100 cleanroom in the same building that houses NASA’s astromate-
rials collections including stratospheric dust particles, Antarctic meteorites, Moon rocks
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and solar wind samples. In a Class 100 cleanroom, no more than 100 particles larger
than 0.5 microns are present in any given cubic foot of air. By comparison, a typical
hospital operating room is Class 10,000 (10,000 such particles per cubic foot of air).

Once safely in the lab, the canister will be opened and the aerogel and its comet and
interstellar dust harvest will be inspected. The capsule contents, including the aerogel
and contained samples, must be maintained at a Class 100 clean-room environment or
better during this process. Continuous particle counters and “witness plates” that keep
a record of any particulate and non-volatile residue will be used to monitor the environ-
ment during all times the aerogel is open to the laboratory air. When not under exami-
nation, the samples are stored in clean, dry nitrogen gas.

About six months of preliminary investigation by a dedicated team will precede release
of the Stardust samples to the general analysis community. This preliminary investiga-
tion period has the goal of documenting the state of the collected sample, identifying
the range of samples present, assessing the best way to proceed with general sample
distribution and analysis, and answering a few key questions about comets and the
birth of the solar system.

The largest particle collected is expected to be nearly a millimeter across, but most
particles from a comet are smaller than the diameter of a human hair. While the mis-
sion will return about a million dust particles, the total mass of the sample returned by
Stardust will probably be about 1 milligram. Though this sample quantity could seem
small, to cometary scientists this celestial acquisition is nearly an embarrassment of
riches. Abundant evidence indicates that solid samples from both cometary and inter-
stellar sources are very fine-grained, most of them on the scale of a micron (1/100th
the diameter of a human hair) or smaller. Because the Stardust science team is
focused on these grains, they do not require a large sample mass. A single 100-micron
cometary particle could be an aggregate composed of millions of individual interstellar
grains. The key information in these samples is retained at the micron level, and even
aggregates of 10 microns in size are considered giant samples -- so large, in fact, that
they have to be sliced or otherwise subdivided for many of the analytical investigations.

Planetary Protection

The United States is a signatory to the United Nations’ 1967 Treaty of Principles
Governing the Activities of States in the Exploration and Use of Outer Space, Including
the Moon and Other Celestial Bodies. Known as the “Outer Space Treaty,” this docu-
ment states in part that exploration of the Moon and other celestial bodies shall be
conducted “so as to avoid their harmful contamination and also adverse changes in
the environment of the Earth resulting from the introduction of extraterrestrial matter.”
Stardust has been evaluated by NASA's planetary protection officer to be appropri-
ate for an “unrestricted” Earth return, meaning its sample is considered safe to Earth’s
biosphere and inhabitants, which is consistent with recommendations of the Space
Studies Board of the National Research Council.
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Comets are small, cold, primordial bodies that formed at the edge of the solar system,
near Pluto. They are made of material that is nearly unchanged since the Sun and
planets formed 4.6 billion years ago. Comets are frozen bodies, far from the Sun, that
have never been exposed to the environments similar to those on the early Earth that
preceded and led to the emergence of life. Comets are among the most inhospitable
places in the solar system for life.

Comet dust is not considered to be a threat because it is a natural component of our
environment. More than 30,000 tons of comet falls to Earth every year. In a single day,
the state of California collects a billion times as many 10-micron cometary particles as
the Stardust mission will return. This flux of outer solar