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• Spacecraft and instruments are healthy and data 
return has been excellent to date 
 

• Primary mission ended on June 30 2016. All mission 
objectives and Level-1 requirements were met. 
 

• Extended mission at Ceres ends June 30 2017. All 
mission objectives and Level-1 requirements were 
met. 
 

• Primary mission data archive complete pending 
ongoing review; extended mission archive is up to 
date 
 

• NASA is considering options for continued operations 
beyond June 2017 
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• Loss of third reaction wheel on April 23rd limits Dawn’s 
lifetime – but otherwise does not affect the mission 
– dependent on hydrazine jets for attitude control 
– Lifetime decreases with orbit altitude   

 

• Dawn is currently in a ~20000x50000 km eccentric orbit 
 

• Recently performed opposition observation 
 

• Four special journal issues in work: 
– Icarus: Geological Mapping (in revision) 
– Icarus: Mineralogical Mapping (submitted) 
– MAPS: Composition/Crosscutting (in submission) 
– Icarus: Occator Crater (in progress) 
– Interest in a special issue on ground ice: contact Britney Schmidt 

if you would like to participate 3 



Ceres Extended Mission Timeline 

Start of 
Extended Mission 

Operations 

End of 
Extended Mission 

Operations 

End of 
Project 



XM1 Science Plan  
Extended Mission Orbit #1 (XMO1, ~385 km altitude) 
•Obtain IR spectra of high-priority targets (VIR)  ✓ 
•Expand high-resolution color imaging (FC)   ✓ 
• Improve elemental mapping (GRaND)  ✓ 
•Expand high-resolution surface coverage for topography (FC)  ✓ 
• Improve the gravity field determination  ✓ 

Extended Mission Orbit #2 (XMO2, ~1,500 km altitude) 
•Observe Oxo in IR (VIR)  ✓ 
•Obtain 7-filter color coverage south of ~60o S (FC)  ✓ 
•Remap the surface in 7-color filters to look for changes since HAMO (FC)  ✓ 
•Observe the persistently shadowed regions near poles (FC)  ✓ 
•Characterize Ni signal variation with altitude (GRaND)  ✓ 

Extended Mission Orbit #3 (XMO3, >7,200 km altitude) 
•Obtain GRaND background spectra to improve the signal-to-noise ratio of the elemental 

measurements collected at low-altitude ✓  
•Obtain opposition surge measurements of Occator (FC) ✓ 
•Monitor energetic electrons to look for a transient atmosphere (GRaND) ✓ 
•Monitor for surface changes with opportunistic imaging (FC, VIR) ✓ 
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Ceres Under a New Light 
Opposition Observations on April 29  
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12 Dawn Follow-On Extended Mission Options May 24, 2017 

Bouguer Anomaly Superimposed on Ceres Topography 

Gravity Field Connects Surface and Interior 
• Determination of the gravity field to degree 17, exceeds requirement by x3 
• Gravity anomalies provide insights into subsurface structure 

Ermakov et al. (submitted) 

Presenter
Presentation Notes
Ceres Bouguer anomaly (n=3-17), i.e., difference between observed gravity and gravity assuming homogenous Ceres.Ceres Bouguer anomaly (n=3-17) relative to Ceres topography.



High-Resolution Topography Map Reveals 
Exquisite Details 

• Final Ceres shape using the stereo-photoclinometry method 
• Average height uncertainty better than 20 m 
• Spatial resolution better than 100 m 

Ceres global elevation (km) 

13 



W
ater E

quivalent H
ydrogen (w

t.%
) 

The presence of abundant ice in Ceres’ subsurface was predicted from geophysical 
models. However until recently only patches of surface ice had been found on Ceres. 
Dawn’s Gamma Ray and Neutron Detector (GRaND) has performed global mapping of 
several elements present in the first meter below Ceres’ surface. Its observations have 
produced the hydrogen distribution map presented below.  

Abundant hydrogen is found in the structure of the rocks on Ceres’ surface and in the form of ice. The 
amount of water ice in the surface material increases from the equator to the poles. Water bound 
within rocks dominates near the equator while ice lies right below the surface in the polar regions. This 
is definitive evidence that Ceres is a water-rich body. 

Dawn makes a splash with discovery of 
extensive water ice in Ceres’ subsurface 

Prettyman et al. (2017) 

Presenter
Presentation Notes
Prettyman, T. H., et al. (2017) Extensive water ice within Ceres’ aqueously altered regolith: Evidence from nuclear spectroscopy, Science 355.



Abundance of iron          
in the top ~1 meter 

Elemental mapping points to Ceres’ 
differentiation in oceanic setting 
• Spatial Resolution requirement met, precision exceeded by x2-3 
• Iron abundance is lower than the average value for CI/CM chondrites 
• Preferred explanation is the faster sinking of metal-rich particles in a global 

ocean, early on 
• This provides complementary evidence to gravity data for partial 

differentiation of the interior 
 

Prettyman et al. (2017) 

Presenter
Presentation Notes
Prettyman, T. H., et al. (2017) Extensive water ice within Ceres’ aqueously altered regolith: Evidence from nuclear spectroscopy, Science 355.



Distribution of organic materials (red areas) at 
multiple sites within and around Ernutet crater 
Credit: NASA/JPL/MPS/DLR 

     
  

     
  



Band depth of 3.4 µm 
absorption feature 

Band depth of 3.9 µm 
absorption feature 

 Dawn has found extensive signature of 
organics at Ceres, in multiple sites 

 Their association with carbonates 
suggests an endogenic origin 

 The emplacement mechanism remains 
to be identified 

 This discovery adds to Dawn’s 
observations of water, energy, and key 
elements involved in prebiotic 
chemistry in Ceres’ past and possibly at 
present 

 

Spectrum of red organics regions on Ceres 
compared against areas with no organics. 



• Crater-based dating yielded refined time of formation for 
Occator to be as young as 34 My 

• Cerealia Facula (central dome) appears to be even younger 
• Geology indicates that Cerealia Facula was formed by a 

recurring, eruptive process 
• The central dome shares similarities with cryovolcanic features 

found on icy satellites 

Nathues et al. (2017) 
Roatsch et al. (2016) 

High-resolution images of Occator crater show 
evidence for long-lived geologic activity 

Presenter
Presentation Notes
Dawn Science Team Meeting, Oct. 2016
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Villarreal et al. (2017) The dependence of the Cerean exosphere on solar energetic 
particle events, ApJ Lett. 838, L8. 

SEP Events May Explain the 
Transient Nature of the Cerean Exosphere 

Before Dawn arrived in orbit at Ceres in 2015, 
evidence for an atmosphere had been detected by 
some observatories at certain times, but not others, 
suggesting that it is a transient phenomenon (see 
figure to the right).  
Villarreal and colleagues showed that past 
detections of the transient atmosphere coincided 
with higher concentrations of energetic protons from 
the sun. Non-detections coincided with lower 
concentrations of these particles. The best 
detections of Ceres' atmosphere did not occur at its 
closest approach to the sun. This suggests that 
solar activity, rather than Ceres' proximity to the sun, 
is a more important factor in generating an 
exosphere. This can be further tested by monitoring 
solar activity and outgassing at Ceres with 
telescopic observations. 
These results bear implications for other airless, 
water-rich bodies of the solar system, including the 
polar regions of the moon and some asteroids. 
Atmospheric releases might be expected from their 
surfaces, too, when solar activity erupts.  

Exospheric activity at Ceres sensed by space 
telescopes and Dawn. The lightning bolt symbol 
indicates the occurrence of solar energetic 
protons prior to the emergence of activity. This 
figure demonstrates that Ceres’ outgassing 
activity is not restricted to perihelion.  

Arrival 

Aphelion 
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Ground Ice Flow Features 



• Vesta data archive complete (with minor liens) 
– Level 2 VIR band parameter maps are certified with 

minor liens 
– Liens-resolved FC cruise data in process of redelivery 
 

• Ceres data archive is up-to-date 
– VIR L1a and L1b data through HAMO are archived, 

except Survey VIS L1-b data are currently under review 
– VIR LAMO data are currently under review 
– FC L1a and L1b data are archived through HAMO, 

LAMO data are certified with minor liens 
– GRaND data are archived through LAMO Cycle 8 
– Image mosaics (L2) and shape model from HAMO data 

are archived 
– Gravity data are archived 

 
• Extended Mission Data have been delivered; reviews 

are ongoing 
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• Data analysis continuing  
– Cosmic ray background data set collected in extended 

mission is resulting in improvements to GRaND elemental 
results 

 
• Remaining hydrazine and xenon could support continued 

operations through at least end of 2018 
 

• Primary mission data archive complete pending ongoing 
review and minor liens resolution 
 

• Extended mission data archiving will be completed by end of 
2017 
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