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WHAT IS THE ASTEROID BELT?

A BROAD REGION BETWEEN MARS AND JUPITER CONTAINING MILLIONS OF ROCKY AND METALLIC BODIES,

~

NOT A SOLID WALL

THE ASTEROID BELT IS
NOT A CONTINUOUS RING
OF ROCK. SPACE BETWEEN
ASTEROIDS IS VAST—
A SINGLE GRAIN OF DUST

» . CAN TRAVEL FOR KILOMETERS
WITHOUT HITTING ANYTHING.

~
MOSTLY ROCK AND METAL

” ASTEROIDS ARE COMPOSED
PRIMARILY OF ROCKY MATERIALS
AND METALS SUCH AS IRON
AND NICKEL. THEY RANGE IN SIZE
FROM SMALL DUST PARTICLES TO
BODIES HUNDREDS OF KILOMETERS

3, ACROSS.

BUT

WITH ENORMOUS DISTANCES BETWEEN OBJECTS.

WHERE IS THE ASTEROID BELT?

SOLAR SYSTEM PLACEMENT (NOT TO SCALE)

MERCURY VENUS

EARTH  MARS e JUPITER SATURN URANUS  NEPTUNE

ASTEROID BELT

BETWEEN MARS
AND JUPITER

ASTEROIDS ARE REMNANTS FROM THE EARLY SOLAR SYSTEM
THEY ARE PRIMORDIAL BUILDING BLOCKS THAT NEVER MERGED INTO A PLANET,
OFFERING A WINDOW INTO OUR SOLAR SYSTEM'S ORIGINS.

LEFTOVER
BUILDING MATERIAL

THE ASTEROID BELT CONTAINS
PRISTINE REMNANTS OF THE
EARLY SOLAR SYSTEM.

THESE MATERIALS HAVE
CHANGED VERY LITTLE OVER
BILLIONS OF YEARS.

NEVER MERGED
<@ INTO A PLANET

“s/ GRAVITATIONAL INFLUENCES—
ESPECIALLY FROM JUPITER—
PREVENTED THESE BODIES
FROM COMING TOGETHER

TO FORM A PLANET.
ASTEROIDS ARE THE REMNANTS
OF THAT UNFINISHED PROCESS.

)
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WHERE IS THE ASTEROID BELT LOCATED?

BETWEEN THE ORBITS OF MARS AND JUPITER

THE ASTEROID BELT IS A BROAD POPULATION OF ROCKY BODIES ORBITING THE SUN.

MARS ASTEROID BELT
THE RED PLANET // . BROAD REGION OF ROCKY BODIES

IT IS NOT A SHARP RING, BUT A VAST REGION THAT EXTENDS THROUGH SPACE.

JUPITER
h THE GAS GIANT

s >
H DISTANCE
‘\ INCREASES
\ OUTWARD
\
AVERAGE DISTANCE EXTENDS APPROXIMATELY FROM AVERAGE bISTANCE
FROM THE SUN 2 1 AU TO 3 3 AU FROM THE SUN
OUR STAR _ 1.5 AU S e 5.2 AU
AVERAGE DISTANCE I t + @ —t t 4
FROM THE SUN 1] 1AU 2 AU 3 AU 4 AU 5 AU
(IN ASTRONOMICAL UNITS) SUN
iy 3 P ERa a T B\
THE ASTEROID BELT LIES BETWEEN THE ORBITS OF MARS (ABOUT 1.5 AU FROM THE SUN) o
AND JUPITER (ABOUT 5.2 AU FROM THE SUN). 1 AU = “ ..............
IT SPANS ROUGHLY 2.1 TO 3.3 ASTRONOMICAL UNITS (AU) FROM THE SUN. -
EARTH SUN |

(ABOUT 150 MILLION KILOMETRES).

AN ASTRONOMICAL UNIT (AU) IS THE AVERAGE DISTANCE FROM THE EARTH TO THE SUN.

ABOUT 150 MILLION KILOMETRES
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HOW DID THE ASTEROID BELT FORM?

FOUR-STAGE EXPLANATION: GRAVITY PREVENTED A PLANET FROM FORMING

THE ASTEROID BELT IS A REGION BETWEEN MARS AND JUPITER CONTAINING MILLIONS OF ROCKY AND METALLIC SMALL BODIES.
THE LEADING SCIENTIFIC EXPLANATION IS THAT STRONG GRAVITATIONAL INFLUENCES—ESPECIALLY FROM JUPITER—
PREVENTED THESE OBJECTS FROM ACCRETING INTO A SINGLE PLANET.

S S TR S\ (7
@ EARLY SOLAR SYSTEM DISK W PLANETESIMALS FORM JUPITER’S GRAVITY STIRS SURVIVING FRAGMENTS REMAIN
~4.6 BILLION YEARS AGO ’ ~4.6 TO ~4.5 BILLION YEARS AGO ~4.5 TO ~4.1 BILLION YEARS AGO ~4.1 BILLION YEARS AGO TO PRESENT

© A DISK OF GAS AND DUST ORBITED THE YOUNG SUN. © PARTICLES GREW INTO KILOMETER-SIZED BODIES © AS JUPITER GREW, ITS STRONG GRAVITY EXERTED e MOST PLANETESIMALS WERE EITHER EJECTED,

o SOLID PARTICLES (DUST, ICE, AND ROCK) CALLED PLANETESIMALS THROUGH COLLISIONS. POWERFUL PERTURBATIONS ON PLANETESIMALS. | COLLIDED AND SHATTERED, OR REMAINED IN
COLLIDED AND STUCK TOGETHER. e PLANETESIMALS BECAME NUMEROUS IN THE o THESE GRAVITATIONAL PULLS PUMPED UP | STABLE, NON-ACCETING ORBITS.
© CONDITIONS DIFFERED ACROSS THE DISK; THE REGION THAT IS NOW THE ASTEROID BELT. ECCENTRICITIES AND INCLINATIONS. o THE LEFTOVER ROCKY AND METALLIC FRAGMENTS

L COMPRISE THE ASTEROID BELT WE OBSERVE TODAY.
REGION THAT BECAME THE ASTEROID BELT WAS o THEY BEGAN TO GRAVITATIONALLY INTERACT H e T e OMPRIS
POOR IN VOLATILES AND WATER ICE. WITH ONE ANOTHER.  THUS FAR, NO SINGLE PLANET HAS FORMED HERE.

L INTO A SINGLE PLANET. g, )

WHERE IS THE ASTEROID BELT?

THE ESTABLISHED EXPLANATION ——>  STABILIZING ORBITS MERCURY ~VENUS  EARTH  MARS ERASIEROIDBELTE  jyprren

THE ASTEROID BELT DID NOT ACCRETE INTO A PLANET BECAUSE JUPITER'S STRONG GRAVITY
CONTINUOUSLY PERTURBED THE REGION, RAISING ORBITAL ECCENTRICITIES AND INCLINATIONS. —=—> PERTURBED ORBITS

- »
THIS KEPT COLLISIONS DESTRUCTIVE RATHER THAN GROWTH-PROMOTING AND MADE IT ‘ PLANETESIMAL / ASTEROID e m
DIFFICULT FOR PLANETESIMALS TO STAY ACCRETED. THE RESULT IS A BELT OF REMNANTS
RATHER THAN A SINGLE PLANET. - DUST AND SMALL PARTICLES
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WHY DID THE ASTEROID BELT NEVER BECOME A PLANET?

JUPITER’S STRONG GRAVITY KEPT THE REGION GRAVITATIONALLY STIRRED,
PREVENTING THE BUILDUP OF A SINGLE PLANET. . JUPITER: THE STIRRER
ST e gt

In the asteroid belt, Jupiter’s gravity repeatedly perturbs the

orbits of asteroids, increasing their speeds and orbital inclinations. across the solar system,
High-speed collisions are more likely to fragment rather than

build, making it difficult for a planet to form.

Planets grow when small bodies collide gently and stick together.
combined. Its gravity extends

constantly perturbing asteroid
orbits through close encounters
and resonances.

CLOSER TO THE SUN FARTHER FROM THE SUN

N\ N
QUIET ACCRETION GRAVITATIONALLY STIRRED REGION
LOW VELOCITIES + NEARLY COPLANAR ORBITS JUPITER'S GRAVITY HIGH VELOCITIES + ECCENTRIC, INCLINED ORBITS
PERTURBS ORRITS
1. SMALL BODIES COLLIDE GENTLY 2. THEY STICK AND GROW 3. PLANETESIMALS BUILD A PLANET ~ S 1. ORBITS ARE EXCITED 2.{COLLISIONS AREFAST SAFRAGMENTSINSTEAD
-y AND DESTRUCTIVE OF GROWTH
oy | PR el
- ‘\ @ ¢ » a.v\\' i
- 5 a S 4 ~ T
. g e o 4‘- \’
e a2 STER
®-- - Py a2
increase eccentricities e o x
LOW RELATIVE SPEEDS EFFICIENT GROWTH PLANET FORMATION (elongated orbits) and HIGH RELATIVE SPEEDS INEFFICIENT GROWTH NO RUNAWAY GROWTH
Collisions are less destructive Material builds up into larger Runaway growth can lead toa inclinations (tilted orbits). Collisions are more likely to Fragments are produced Large bodies cannot grow
and more likely to lead to bodies that can clear their fully formed planet. This raises collision shatter or erode rather than faster than they can be fast enough to dominate
growth. neighborhoods. speeds across the belt. lead to growth. reaccreted. their region.
[ THIS IS HOW THE TERRESTRIAL PLANETS INSIDE THE ASTEROID BELT FORMED. ] [ THIS IS WHY THE ASTEROID BELT NEVER BECAME A PLANET. J
>4 S
KEY THE ASTEROID BELT IS NOT THE REMAINS OF A DESTROYED PLANET. Jupiter's presence is what :?:h:el‘a'::::‘:i;s';:f—d ﬁ:;esr:::::::g‘ ;:i;:::z:ls
TAKEAWAY IT IS A PRIMORDIAL REGION WHERE JUPITER'S GRAVITY keep.s the belt excited building blocks that never e anetory oysterne
PREVENTED PLANET FORMATION IN THE FIRST PLACE. tothis day. came together. we observe.
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- WHAT ARE ASTEROIDS MADE OF?

THREE MAIN MATERIAL GROUPS, MANY MIXTURES, SURFACES VS. INTERICRS

ASTEROIDS: PRIMORDIAL REMNANTS
Asteroids are leftovers from the early Solar
System, about 4.6 billion years old. Studying
their composition reveals the raw materials
that built planets—including Earth.

SURFACE VS. INTERIOR
SURFACE OBSERVATIONS gt
From and 2
spectra, color, albedo, and morphology. i
. INFERRED INTERIOR COMPOSITION

From density, gravity, meteorites, and

@ CARBON-RICH ASTEROIDS

C-TYPE AND RELATED

@ ROCKY (SILICATE) ASTEROIDS

S-TYPE AND RELATED

@ METAL-RICH ASTEROIDS (

M-TYPE AND RELATED

MANY ASTEROIDS
CONTAIN MIXTURES

While these are the main groups,
most asteroids are not pure
end-members. They can contain
combinations of rock, metal,
carbonaceous materials, and
ices in their surfaces or interiors.

COMMON

INGREDIENTS

SURFACE OBSERVATIONS: VERY BRIGHT, HIGH REFLECTANCE;

Eoduinpsiiatiniayiliabenesth the SxfGos ‘ SURFACE OBSERVATIONS: VERY DARK, LOW REFLECTANCE; 0 SURFACE

KEY TAKEAWAY

Asteroids are not all the same. They fall into

REDDISH TO NEUTRAL COLORS; OFTEN POROUS.

INFERRED INTERIOR: RICH IN CARBON AND VOLATILES
(WATER, ORGANICS, AMMONIA, ETC:); LOW DENSITY;

GRAY TO TAN COLORS; STONY, CRATERED SURFACES.

INFERRED INTERIOR: MADE OF SILICATE MINERALS
(OLIVINE, PYROXENE, PLAGIOCLASE); DENSER THAN
CARBON-RICH ASTEROIDS; MAY BE DIFFERENTIATED

PRIMITIVE, PARTIALLY

(ROCKY CORE, POSSIBLE METAL CONTENT).

broad material groups, and many contain

SILVERY APPEARANCE; SMOOTHER IN PLACES.

INFERRED INTERIOR: HIGH IN IRON-NICKEL METAL;
VERY DENSE; LIKELY REMNANTS OF PLANETESIMAL
CORES OR DIFFERENTIATED BODIES.

W ROCK
W METAL
B CARBONACEOUS

mixtures or layered interiors.

( EOMiPOSITION ) A;PEARANtE Vcioid;AiRISON 2 ) )
PROPERTY CARBON-RICH ASTEROIDS (C-TYPE) ROCKY (SILICATE) ASTEROIDS (S-TYPE) METAL-RICH ASTEROIDS (M-TYPE)

@ | TYPICAL APPEARANCE VERY DARK, REDDISH TO NEUTRAL MODERATE BRIGHTNESS, GRAY TO TAN VERY BRIGHT, SILVERY

“O- | REFLECTANCE (ALBEDO) Low MODERATE HIGH

A. | MAIN COMPOSITION CARBON, ORGANICS, HYDRATED MINERALS SILICATE (ROCK-FORMING) MINERALS IRON-NICKEL METAL

53 TYPICAL DENSITY LOW (LESS DENSE) INTERMEDIATE HIGH (MOST DENSE)
_—_uxeu INTERIOR PRIMITIVE; MAY CONTAIN ICE AND ORGANICS ROCKY; OFTEN DIFFERENTIATED METAL-RICH; REMNANTS OF CORES

Q | COMMON LOCATION OUTER MAIN BELT AND BEYOND THROUGHOUT MAIN BELT THROUGHOUT MAIN BELT (LESS COMMON)

MATERIALS & ICES
\ _

INTERIORS CAN BE LAYERED
Some asteroids are differentiated, with
layers—similar to planets and large moons.

ROCKY CRUST

SILICATE MANTLE

_~——— METAL CORE

POROUS / FRACTURED
SURFACE LAYER
e

Not all ids are diffe iated y are

rubble piles or undifferentiated primitives.
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HOW DO ASTEROIDS MOVE AROUND THE SUN?

ASTEROIDS ORBIT THE SUN, GENERALLY IN THE SAME DIRECTION AS THE PLANETS, BUT WITH A RANGE OF ORBITAL SHAPES AND TILTS.

ASTEROIDS ORBIT THE SUN ASTEROIDS HAVE A RANGE OF ORBITAL SHAPES AND TILTS
@ Asteroids are small rocky bodies that orbit the Sun. .

Most are found in the MAIN ASTEROID BELT between o LOW ECCENTRICITY

Mars and Jupiter. They follow the same basic rules Nearly circular orbits keep ‘

of gravity that govern all orbits. . 4 asteroids at a fairly constant

distance from the Sun.

@ MORE ELONGATED
Higher eccentricity creates ‘
more elongated orbits with
closer and farther points

from the Sun. i
€ INCLINED

Orbits can be tilted up or 4 A

down relative to the plane /

of the planets. PLANETARY PLANE\.

ASTEROIDS SHOW A WIDE VARIETY OF ORBITS. SOME CROSS PLANETARY ORBITS
(INCLUDING EARTH’S), WHILE OTHERS REMAIN IN THE MAIN BELT.

ORBITAL RESONANCES WITH JUPITER

Jupiter’s strong gravity creates ORBITAL RESONANCES—regular gravitational
patterns where asteroids would be repeatedly disturbed.
These resonances clear gaps in the asteroid belt.

5:2 7:3

3:1 : 2:1
RESONANCE RESONANCE RESONANCE RESONANCE
. | 1 .

MOST ASTEROIDS ORBIT THE SUN IN THE SAME DIRECTION AS THE PLANETS— MARS p
COUNTERCLOCKWISE AS VIEWED FROM ABOVE THE SUN’S NORTH POLE.

s JUPITER
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CERES: THE LARGEST OBJECT L
TR 1 3T R ——

A DWARF PLANET AT THE HEART OF OUR SOLAR SYSTEM : ‘

LARGEST OBJECT IN THE MAIN ASTEROID BELT
Ceres contains about one-third of the belt's total mass.

CLASSIFIED AS A DWARF PLANET
@ Ceres is not a moon and has enough mass for its gravity

to make it nearly round, but it has not cleared its orbit.

BRIGHT SPOTS
Highly reflective
areas, likely rich
in salts.

/_\. LOCATED BETWEEN MARS AND JUPITER
R s .\\/ Ceres orbits in the main asteroid belt, the region

between the orbits of Mars and Jupiter.

NEARLY ROUND
Ceres is large enough
| for its own gravity to

pull it into a nearly
spherical shape—an

,f STUDIED BY NASA’S DAWN SPACECRAFT

Dawn arrived at Ceres in 2015 and mapped its surface,
revealing a world with ancient craters and signs of
water-rich material.

important signature of §
\QESEHplapets: ' —— WHY CERES IS NEARLY ROUND
CERES IN OUR SOLAR SYSTEM Pt ™ Gravity acts on all the material inside Ceres, pulling it toward the
/ \ " : .
y aDD e e T / \  center. Over time, this self-gravity overcomes the strength of the
""" BRI R 3 s lee Ol ol 1 Q - Q | rock, causing the body to flow and settle into a shape with the
= CERES '\\ // least surface area for its volume—a nearly perfect sphere.
- MAIN ASTEROID BELT \'\'\\_ »__,./ This is why Ceres is a dwarf planet.
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A TIMELINE OF MAJOR MILESTONES IN ASTEROID EXPLORATION

MAIN-BELT MISSIONS . BEYOND MAIN BELT
DESTINATIONS WITHIN THE ASTEROID BELT DESTINATIONS OUTSIDE THE MAIN BELT,
BETWEEN MARS AND JUPITER INCLUDING NEAR-EARTH ASTEROIDS
GALILEO - NEAR SHOEMAKER | HAYABUSA2

FLYBYS OF GASPRA AND IDA EXPLORATION OF EROS 2 VESTA AND CERES SAMPLE RETURN FROM RYUGU

Y
199111993 1996-2001 2007-2015 2014-2020
NASA'S GALILEO SPACECRAFT WAS THE FIRST NASA'S NEAR SHOEMAKER WAS THE FIRST NASA'S DAWN SPACECRAFT ORBITED TWO JAXA'S HAYABUSA2 VISITED 162173 RYUGU,
TO VISIT ASTEROIDS IN THE MAIN BELT. SPACECRAFT TO ORBIT AN ASTEROID. MAJOR MAIN-BELT WORLDS. IT STUDIED A NEAR-EARTH ASTEROID OUTSIDE THE
IT FLEW BY 951 GASPRA IN 1991 AND IT ORBITED 433 EROS, MAPPED ITS SURFACE 4 VESTA FROM 2011-2012, REVEALING A MAIN BELT. IT COLLECTED SAMPLES AND
243 IDA (AND ITS MOON DACTYL) IN 1993, IN DETAIL, AND LANDED ON IT IN 2001, LARGE DIFFERENTIATED ASTEROID, THEN RETURNED THEM TO EARTH IN 2020,
PROVIDING THE FIRST CLOSE-UP IMAGES RETURNING VALUABLE DATA ON ITS TRAVELED TO 1 CERES, ORBITING FROM ENHANCING OUR UNDERSTANDING OF
OF ASTEROID SURFACES. COMPOSITION AND GEOLOGY. 2015 UNTIL THE MISSION ENDED. PRIMITIVE SOLAR SYSTEM MATERIAL.
FIRST CLOSE-UP IMAGES OF FIRST ORBIT AND LANDING FIRST MISSION TO TWO MAJOR - SAMPLE RETURN FROM A
ASTEROID SURFACES ON AN ASTEROID MAIN-BELT BODIES 'k‘* NEAR-EARTH ASTEROID
THE ASTEROID BELT BEYOND THE MAIN BELT WHY IT MATTERS
A TORUS-SHAPED REGION BETWEEN ASTEROIDS CAN HAVE ORBITS THAT TAKE 4 THESE MISSIONS REVEAL CLUES ABOUT THE EARLY
MARS AND JUPITER CONTAINING THEM CLOSER TO THE SUN (NEAR-EARTH SOLAR SYSTEM, PLANET FORMATION, AND THE
MILLIONS OF ROCKY BODIES. ASTEROIDS) OR FARTHER OUT. ORIGINS OF WATER AND ORGANIC MATERIALS.
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COULD THE ASTEROID BELT SUPPORT FUTURE SPAGE MINING?

POTENTIAL RESOURCES, MAJOR CHALLENG

The main asteroid belt between Mars and Jupiter
contains millions of rocky bodies with a range of
compositions. Some asteroids are thought to
contain water-bearing minerals and valuable
metals. Large-scale commercial asteroid mining
has not yet been demonstrated.

FUTURE MINING IS A SCENARIO
THAT DEPENDS ON TECHNOLOGICAL
BREAKTHROUGHS, ECONOMICS,
AND POLICY DEVELOPMENT.

« . Y]

G e PR

ES, AND KEY QUESTIONS—

A SCENARIO, NOT A FORECAST

WE ARE STILL LEARNING
Asteroid compositions vary widely
and data are limited. Continued
observation and sample-return
missions are essential to reduce
uncertainty.

1. POTENTIAL RESOURCES

Asteroids may contain a variety of useful materials.
Compositions differ from one asteroid to another.

WATER-BEARING MINERALS

Hydrated minerals and water ice are found on

some carbon-rich asteroids.

Water can support life support, radiation shielding,
and be split into hydrogen and oxygen for rocket fuel.
Enables in-space resource utilization and reduces the
cost of missions beyond Earth orbit.

METALS AND OTHER MATERIALS

+ Some asteroids are rich in metals such as iron, nickel,
cobalt, and platinum-group elements.

+ These metals are used in construction, electronics,
energy technol and adt ing.

« Silicon, magnesium, and rare metals may also be present
in useful quantities.

RESOURCE POTENTIAL IS REAL, BUT THE DISTRIBUTION,

@ LA D L AT A ) NO END-TO-END ASTEROID MINING SYSTEM HAS BEEN @ CLEAR RULES, TRANSPARENT POLICIES, AND INTERNATIONAL
T e o T DEMONSTRATED AT COMMERCIAL SCALE. COOPERATION WILL BE ESSENTIAL.
SJEENS Sy N /

LEES

2. ENGINEERING CHALLENGES

Mining asteroids requires solving complex technical
problems in a harsh and distant environment.

PROSPECTING AND CHARACTERIZATION

Identifying ich and
iti , and h

ing their
| properties.

ACCESS AND EXTRACTION

Landing on small, often irregular bodies; anchoring securely;
and extracting materials without letting the asteroid spin

or escape.

PROCESSING AND REFINING
Separating, purifying, and, if needed, converting materials
in space. This requires energy, equipment, and reliability.

TRANSPORT AND DELIVERY
Returning materials to useful orbits (e.g., lunar orbit or
Earth orbit) safely and cost-effectively.

RISK AND RELIABILITY
Extreme di: limited
exposure, and system failures all pose significant risks.

options,

3. ECONOMIC AND LEGAL QUESTIONS
Even if technically feasible, asteroid mining raises
important economic and legal uncertainties.

ECONOMIC VIABILITY
High upfront costs, uncertain market demand, and competition
from Earth-based resources could affect profitability.

MARKETS AND USE CASES

In-space use (e.g., propellant, construction) may be the first
and most practical market. Earth-return markets are more
uncertain.

LEGAL FRAMEWORK

The Outer Space Treaty prohibits national appropriation of
celestial bodies. Property rights for extracted resources are
not clearly defined internationally.

GOVERNANCE AND EQUITY

Questions include who benefits, how activities are regulated,
and how to ensure responsible and sustainable use of
space resources.
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COPYRIGHT AND LICENSING

COPYRIGHT AND LICENSE NOTICE

Copyright © 2026 NEWSPACEECONOMY.CA. Except where otherwise noted, the original content of this
document is licensed under the Creative Commons Attribution 4.0 International License. A copy of the license
is available at https://creativecommons.org/licenses/by/4.0/.

NO ENDORSEMENT

References to organizations, products, services, technologies, publications, or individuals do not constitute or
imply endorsement, recommendation, sponsorship, or approval by the author or publisher. Reuse of this
document must not be represented as endorsed by the original author, publisher, or any person or
organization identified for attribution.

ACCURACY AND COMPLETENESS

The information in this document is provided in good faith and was believed to be accurate at the time of
publication. The author and publisher do not guarantee that the information is complete, current, error-free, or
suitable for every purpose. Readers should independently verify information that may affect important
decisions.



Feedback and Suggestions

This document is revised as its material is corrected and extended. Corrections, omissions,
and suggestions for what a future edition should cover are all welcome, and are read by
the people who maintain it. The most useful feedback names the page or the figure it is
about, says what is wrong or missing, and — where it is a correction — points at a source.

Feedback about the document as a whole, including whether it answered the question you
opened it with, is just as welcome.

Share your feedback on this document
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