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NASA’s Dawn Mission 
Journey to the Asteroid Frontier
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9th Discovery Mission

Presenter�
Presentation Notes�
Dawn is the 9th mission in NASA’s Discovery Program. http://discovery.nasa.gov/

Dawn will undertake a mission  through space and time by journeying to the two oldest and most massive asteroids in our solar system, Vesta and Ceres.  Using the same set of instruments to observe both minor planets, Dawn will provide new answers to questions about the formation and evolution of the early solar system.�
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Dawn Explores the Earliest Epochs

Vesta and Ceres
are intact 
survivors of the 
earliest 
epoch of 
planetary 
formation.

Presenter�
Presentation Notes�
During the earliest epochs of our solar system, the materials in the solar nebula varied with their distance from the sun.  As distance from the sun increased, the temperature dropped, with terrestrial bodies forming closer to the sun, and icy bodies forming farther away.  Dawn will examine the dividing line between our solar system’s rocky and icy bodies. We believe this line may be between Vesta and Ceres, as Ceres  probably has water ice beneath its surface. �
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The Asteroid Belt

Presenter�
Presentation Notes�
Many hundreds of thousands of small bodies orbit the Sun in the Main Asteroid Belt--the region between the orbits of Mars and Jupiter. They formed at the same time and in similar environments as the bodies that grew to be the rocky planets (Mercury, Venus, Earth, and Mars). Scientist theorize that these budding planets were never given the opportunity to grow due to massive Jupiter’s gravitational pull.  In some cases, their formation also may have been disrupted by collisions in the asteroid belt.  Sometimes called minor planets, asteroids contain clues that reveal the conditions and processes at work inside the orbit of Jupiter during the Solar System’s earliest epoch. 


�
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Dry mass:    745 kg
Wet mass: 1240 kg
Solar array power (1 AU): 10.3 kW
Solar array power (3 AU):   1.3 kW

Delta II 7925H-9.5

Launched Sept. 27, 2007
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Ion Propulsion System 

Deep Space 1

8-Year Journey made possible by ion 
propulsion. IPS will thrust for more than 
50,000 hours. 

Presenter�
Presentation Notes�
Innovative Propulsion System (IPS) : Dawn’s journey to the asteroid belt, spanning eight years from launch to completion of data return, is made possible by ion propulsion. 

While ion propulsion was initially tested and proven successful on NASA’s Deep Space 1 mission, the Dawn mission represents the first time this innovative technology has been  applied in the design and implementation of a dedicated scientific space flight.  Ion propulsion will allow Dawn to undertake a bold and important mission that would be unaffordable—or perhaps even impossible—with a more conventional propulsion system. Dawn will thrust with its IPS for about 50,000 hours. This is three times the longest powered flight by any spacecraft.�
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Interplanetary Trajectory

Presenter�
Presentation Notes�
Trajectory Launching from Cape Canaveral in September 2007,, the Dawn spacecraft encounters Vesta four years later, then travel an additional three years to reach Ceres in 2015.

The Dawn mission marks the first time that a spacecraft will orbit not one but two main belt asteroids, enabling detailed and intensive studies. Because this mission orbits two asteroids that are both large and massive with contrasting properties (Vesta-Dry), (Ceres-Hydrated), Dawn has the potential for tremendous scientific return.�
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Framing Camera
– Near-global image mosaics in 

three filters

– Three clear maps in different view 
angles for topography

VIR
– Spatially-averaged high-spectral 

resolution near global coverage

– High-spatial/high-spectral 
coverage of sparse global grid 
and selected targets

Science Return - Data Sets
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Science Return - Data Sets
FeO (wt.%) Thorium (ppm)

GRaND γ-ray/ Neutron 
Detector

– Maps of major and selected 
minor element abundance with 
greater than 36 pixels (Vesta) 
and >10 pixels (Ceres)

– Hydrogen abundance map for 
Ceres (and possibly Vesta)

Gravity
– Coefficients of spherical 

harmonic expansion to  
degree 9 (Vesta) and 5 
(Ceres)
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Topographic shape 
model and grids 

Higher resolution local 
elevation grids

Gravity map

Registration of:
Image mosaics 

Mineral 
composition 
maps

Elemental 
abundance 
maps 
(deconvolved)

Body-centered 
Reference 
Frame

• Density model 

• Integrated 
geological map 
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Science Return 
Integrated Data Products
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Mission has motivated new 
knowldege
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Ceres’ Albedo features
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New Spectral Features found in 
Ceres

Rivkin et al. 2006
Li et al. 2008

UV spectrum of Ceres.  The crosses are the 
new data points from HST/ACS/SBC.   The 
uncertainties are ~<20%.  

 

The absorption 
band at 280 nm appears to be confirmed.
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Vesta
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•Dark greenish color indicates single pyroxene component that formed close to the surface.
•Bright yellowish color indicates mixing with several pyroxene or with olivine formed below the 
crust.

Vesta albedo and color maps 
Hubble Space Telescope 

Binzel et al. 1997Li et al. 2007
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Mission Status

17

Spacecraft coasting optimally and scheduled to do so until 
June, 2009.
Trajectory Correction Maneuver #1 (TCM-1) Nov. 20, 2008.

Trajectory refinement in progress.
TCM-2 is cancelled.

Mars Flyby scheduled for February 17, 2009
Instrument sequences are complete and tested.

Instrument Sequence Planning for observations of Vesta
beginning.
Monthly science telecons, weekly tag-up and sequence 
planning and review.
Watch NSPIRES for Participating Scientist Program early 
2009.
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http://dawn.jpl.nasa.gov
• Where is Dawn now? http://dawn.jpl.nasa.gov/mission/live_shots.asp
• History and Science of Dawn 

– http://dawn.jpl.nasa.gov/DawnClassrooms/1_hist_dawn%5Cindex.asp
• Ion Propulsion simulation

– http://dawn.jpl.nasa.gov/mission/ion_engine_interactive/index.html
• Dawn for Kids

http://dawn.jpl.nasa.gov/DawnKids/activities.asp
• Mars Gravity Assist Educator Workshop 

– http://dawn.jpl.nasa.gov/getInvolved/index.asp?page=overview

http://dawn.jpl.nasa.gov/mission/live_shots.asp
http://dawn.jpl.nasa.gov/DawnClassrooms/1_hist_dawn%5Cindex.asp
http://dawn.jpl.nasa.gov/mission/ion_engine_interactive/index.html
http://dawn.jpl.nasa.gov/DawnKids/activities.asp
http://dawn.jpl.nasa.gov/getInvolved/index.asp?page=overview
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Back-up Slides
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Asteroid Flyby targets to scale

Longest dimension

Lutetia 95km
Mathilde 60km
Ida-56km
Eros-36km
Gaspra-18km
Steins-6km
AnneFrank-5km
Braille-2km
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Framing Camera
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FC current design (left)
FC EM (below)

Supports:  Imaging Science
Navigation
Topography
Gravity Science 

These functions are mission critical

Two identical units to fly for
100% redundancy

1024 x 1024 pixels
frame-transfer CCD
14 µm pixel size
F/8 system
5.5° x 5.5° FoV
93 µrad  iFoV (1 pixel)
7 filters + clear channel
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Visible Infrared Mapping 

Spectrometer

22

VIR  experiment is a compact imaging 
spectrometer housing two data channels in 
the same optical head . It is made of 2 
modules
•Optical head
•Electronics box

VIR will allow to perform spectroscopic 
measurements of the Vesta and Ceres 
surface in the range 0.35-5.01 um were most 
signatures of rock-forming minerals are 
present

REQUIREMENT VIR  VISIBLE VIR  IR

Spectral Range  
(μm)

0.25 - 1.0 0.95 - 5.0

Spectral Resolution (λ/Δλ) 50-170 30-170

Spectral Accuracy 0.6 nm 3 nm

Radiometric Accuracy
absolute
relative

< 20 %
< 10 %

< 20 %
< 10 %

Spatial Resolution (mrad) 0.250 0.250

Field of view (mrad) 64 64
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GRaND

25.7 cm18.0 cm

Cutaway view of GRaND

Features
Neutron spectroscopy using Li-loaded 
glass and boron-loaded plastic phoswich
Gamma ray spectroscopy using Bismuth 
Germanate and Cadmium Zinc Telluride 
(new technology)
Design enables measurement and 
suppression of background from the 
space environment

Operating modes
Standby
Operating
Anneal

CBE Uncertainty
Mass (g) 10,100 900

Power (mW)
Standby 1,400 420
Operating 11,200 1,680
Anneal 12,800 2,560

Data Rate (bps) 3,100 adjustable
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Recent Observations of Vesta
And Ceres With Hubble Space
Telescope

McFadden et al. 2007
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And now for a dwarf planet
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1. Lightcurve magnitude, 
amplitude, and shape are all 
consistent with earlier 
observations

2. Amplitude is small (0.04 mag), 
however should be totally due 
to albedo variations

3. Different shapes at three 
wavelengths – color variations

555 nm555 nm

330 nm330 nm

220 nm220 nm

Ceres Lightcurve- Li et al. 2005
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Thomas et al. 2005

Ceres too is differentiated
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Exploring New Worlds

Vesta

Dawn’s Itinerary: 
Launch Sept. 27, 2007

The Dawn Spacecraft will travel

• 6.3 billion kilometers (almost 4 billion miles)

• In almost ten years

• To the asteroids,  4 Vesta and 1 Ceres.

Presenter�
Presentation Notes�
By investigating two very different asteroids, Ceres and Vesta, the Dawn mission hopes to unlock some of the mysteries of planetary formation, including the building blocks and the processes leading to the present state of these asteroids.

Why Vesta and Ceres? Two of the largest main belt asteroids, Vesta and Ceres, survived the cosmic tug of war between the Sun and Jupiter and have remained intact since their formation. Furthermore, the distinct characteristics of these asteroids demonstrate that each has followed a different evolutionary path. Vesta appears to be dry, evolved, and differentiated, with surface features ranging from basaltic lava flows to a deep crater in its southern hemisphere. Ceres, in contrast, has a primitive surface and evidence of water, with hydrated minerals on its surface, and perhaps even frosty polar caps. Vesta’s physical characteristics reflect those of the inner planets, whereas Ceres is thought to be more like the icy moons of Jupiter. By studying these contrasts and comparing these two minor planets, scientists hope to develop an understanding of the transition from the rocky inner to the icy outer regions of the Solar System.
Vesta and Ceres are unlike any asteroids that have been visited by spacecraft.
They are 2 of the most massive asteroids.
Vesta is believed to be the source of the HED (howardite, eucrite, and diogenite) achondrite meteorites.
• Ceres has no candidate meteorites found on Earth.
All of what we now know about Vesta and Ceres comes from ground-based and Earth-orbiting telescopes like NASA’s Hubble Space Telescope (HST) and numerous observatories around the world.  This information is revealed by sunlight reflected from the surface in the ultraviolet, visible and near-infrared, and by emitted radiation in the far-infrared and microwave regions.   
Vesta’s diameter extends about the length of the state of Arizona.  However,  from the Hubble Space Telescope, its appears to be about the size of a potato suspended from one goal post and viewed from the other end of the football field. Vesta rotates once every 5 hours, 20.5 minutes on it short axis.
Even though Ceres was the first asteroid to be discovered 200 years ago, its physical characteristics have remained a mystery.  It is about as big as Texas and is located farther from the Sun than is Vesta.  Recent measurements with Hubble Space Telescope have revealed Ceres’ shape, indicating that it has experienced global processing, resulting in  density differentiation.  Thus, it appears to have heavier material in the center, a less dense crust most likely composed of water ice,  and a thin crust of dust on top of that ice.

Dawn’s Itinerary
The Dawn Spacecraft will travel:
 6.3 billion kilometers
 For almost eight years
 To the asteroids,  4 Vesta and 1 Ceres.�
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Partners

– University of California, Los Angeles
• Scientific Leadership

– JPL – Jet Propulsion Laboratory
• Management and Navigation

– Orbital Sciences Corporation
• Spacecraft design and build

– Los Alamos National Laboratory
• GRAND instrument

– DLR – German Aerospace Center
• Framing Camera

– Max Planck Institute for Solar System Research
• Framing Camera

– ASI – Italian Space Agency
• VIR

– New Roads School, University of Maryland, and McREL
• Education and Public Outreach 

Presenter�
Presentation Notes�
Dawn is the ninth Discovery mission in NASA’s Science Mission Directorate and is a collaborative partnership made up of the University of California, Los Angeles; Jet Propulsion Laboratory; Orbital Sciences Corporation; Los Alamos National Laboratory; German Aerospace Center; Max Planck Institute for Solar System Research; Italian Space Agency, and Italian National Institute of Astrophysics. Dawn outreach materials are developed under contract by Mid-continent Research for Education and Learning (McREL), Aurora, CO.
	University of California, Los Angeles
Principal investigator, science team lead, overall mission responsibility for the science requirements.
	Science Team: 
Science team members from: Brown University, University of Tennessee, University of Maryland, Los Alamos National Laboratory, Italian Space Agency (ASI)	
	JPL
Project and systems management, delivery of some portions of spacecraft, systems engineering, mission design, and mission operations 
	Orbital Sciences Corporation
Spacecraft development, integration, and test
	Max Planck Institute for Solar System Research
	DLR – German Aerospace Center
Framing camera, fabrication, integration, test, sequencing and analysis. Integrate mapping spectrometer provided by CNR/IAS
	Los Alamos National Laboratory
GRaND instrument design, build, test, integrate, sequence and analyze data 
	ASI – Italian Space Agency
Mapping spectrometer design, build, test, integrate, sequence and analyze data 
McREL, New Roads School, and University of Maryland, 
Education and Public Outreach
�
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Learn More!

http://dawn.jpl.nasa.gov

Presenter�
Presentation Notes�
NASA invites you to come along and share Dawn’s exciting journey through the asteroid belt. Through education and public outreach, NASA provides opportunities to learn about the science of the Dawn mission, to meet the team, and to chart the Dawn spacecraft’s progress throughout its nearly decade-long exploration. Educational activities for space enthusiasts of all ages are available at the Dawn mission website. For more information visit: http://dawn.jpl.nasa.gov 


�
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Meteoritic Samples from Vesta
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Background of CeresBackground of Ceres
First asteroid discovered in 1801First asteroid discovered in 1801

Biggest asteroid with a diameter about 1000 kmBiggest asteroid with a diameter about 1000 km

aa=2.77 AU, =2.77 AU, ee=0.079, =0.079, ii=10.6=10.6°°

Probably hydrated (Probably hydrated (LebofskyLebofsky 1981, 1981, FeierbergFeierberg 1981) or 1981) or 
ammoniated (King et al. 1992)ammoniated (King et al. 1992)

Target of Dawn, scheduled to orbit Ceres in 2015 for 5 Target of Dawn, scheduled to orbit Ceres in 2015 for 5 
monthsmonths
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