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Psyche: 
Science of a metal world 

Presenter
Presentation Notes
Psyche: The Science of a Metal World (16) Psyche is a large metallic asteroid orbiting in the outer main belt at 3 AU. Psyche’s metal composition is indicated by high radar albedo, thermal inertia, and density.  Models show that among the accretionary collisions early in the solar system, some destructive “hit and run” impacts could strip the silicate mantle from differentiated bodies. This is the leading hypothesis for Psyche’s formation: it is a bare planetesimal core. It is the only one we can explore for substantial information about a metal core (other metallic asteroids are far smaller and not roughly spherical). If our observations indicate that it is not a core, Psyche may instead be highly reduced, primordial metal-rich materials that accreted closer to the Sun, and never melted. Psyche is also a Discovery-class mission, selected for a Step 2 concept study, to investigate this metal body. The Psyche investigation has three broad goals: Understand a previously unexplored building block of planet formation: iron cores.Look inside the terrestrial planets, including Earth, by directly examining the interior of a differentiated body, which otherwise could not be seen.Explore a new type of world. For the first time, examine a world made not of rock, ice, or gas, but of metal. We will meet our science objectives with three domestic high heritage instruments and radio science:Multispectral imagers with clear and seven color filters map surface morphology and reveal the distribution of residual mantle silicates. A gamma-ray and neutron spectrometer determines elemental composition, particularly the concentrations of iron, nickel, silicon, and potassium.Dual fluxgate magnetometers, in a gradiometer configuration, characterize the magnetic field.Radio science maps the gravity field sufficiently to differentiate among core-formation hypotheses. New models for magnetic dynamo generation and solidification of planetesimal cores make testable predictions for geophysical measurements, and lead as well to predictions about tectonics and surface compositions. In this presentation we will show how measurements from these flight instruments can confirm or disprove hypotheses for Psyche’s formation and evolution. 
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Presenter
Presentation Notes
Let’s talk about what’s happening in just the first tens of millions of years. Very very quickly the first dust and pebbles accrete into planetesimals – Differentiation from radiogenic heatingThese are the FIRST GENERATION of differentiated bodies, bodies with metal cores and rock exteriorsPsyche is the most valid core to visit.  It's not disjoint from Earth or other planets."Earth is the Cake.  What were the eggs and flour?”  



3 



4 



5 



6 

Why Psyche? 

Directly addresses SMD 
Planetary Science 
Division goals 

Largest metal body 
Not just unique, highly 
improbable 

 

6 Image Credit: Peter Rubin/ASU 

Strong testable hypothesis: Is Psyche an exposed core? 

Presenter
Presentation Notes
This mission addresses the first two Science Mission Directorate (SMD) Planetary Science Division goals: “explore and observe objects in the solar system to understand how they formed and evolved”, and 2) “advance the understanding of how chemical and physical processes in our solar system operate, interact, and evolve” [NASA, 2014].These SMD Planetary Science Division goals are directly associated with the following Decadal Survey priorities:• Building new worlds – advance the understanding of solar system beginnings• Working of solar systems – reveal planetary processes through time.Improbable body – not just unique, but improbable – take several hit-and-runs to clean off the rocky exterior…cores larger than this should not survive in the solar systemStatistics say just one or two Psyches, and we have one"Everything about it is improbable, but yet it exists.”AND…it is the only core that humankind will ever be able to visit. Cannot complete the planetary tapestry until we visit a core…this is the only place we can do that.Community recognizes this. Only a first visit once. We should be the first.
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Psyche 
R = 105.5 km Vesta 

R = 265 km 
M = 9MPsyche 

Bennu 
R = ~0.25 km 

M = (0.000000003)MPsyche 

Eros 
R = 16 km 

M = (0.00024)MPsyche 
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Science Goals 

1. Understand a previously unexplored building block of planet formation: 
Iron cores 
 

2. Look inside the terrestrial planets, including Earth, by directly examining 
the interior of a differentiated body, which otherwise could not be seen. 
 

3. Explore a new type of world. For the first time, examine a world made not 
of rock or ice, but of metal. 

Presenter
Presentation Notes
We can never go to the Earth’s coreOur core lies at 3000 km depth but we have only drilled to 12 km – that’s the most out technology allows todayAnd our surface our core lies at about 3 million times the pressure of the atmosphere Abd the temp is about 5000 CSo we are NEVER going to go thereBut Psyche gives us the chance to visit inner space, by visiting outer spaceThis is true exploration and the only way you can ever visit a core
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Psyche’s Payload: Three Low Risk Science Instruments and  
       Deep Space Optical Communications Technology Demonstration 

+Y +X 

+Z 

Magnetometer 
Sensors 

Imagers 

2.4m 

3.1m 

+Y +X 

+Z 

Gamma Ray 
and Neutron 

Spectrometer 

Deep Space 
Optical 

Communication 

Presenter
Presentation Notes
Let me introduce our instruments, the simplest suite of high-performing instruments that will answer our science questions.We have selected SSL’s SEP chassis, which is a subset of their standard bus, to minimize modifications and maximize economy Our payload fits easily in this bus <ahem>DSOC – ideal for testing, all the way to 3 AU, operations and use completely separate from science, no interference Dawn tip-to-tip deployed array length: 19.7 m.  Psyche is 31.1 m tip to tip.Dawn BOL power at 1 AU: 10.3 kW.  Psyche BOL power at 1 AU: 17 kWWe get more power per unit length because our cells are more efficient, and our panels are wider.



10 

Science Objectives 

Objective A: Determine whether Psyche is a core, or if it is unmelted material. 
 
Objective B: Determine the relative ages of Psyche’s surface regions.  
 
Objective C: Determine the global abundances, in portions of Psyche's surface 
that appear to be a metal phase, of light elements S, K, and Si. 
 
Objective D: Determine whether Psyche was formed under more oxidizing or 
more reducing conditions than Earth's core. 
 
Objective E: Characterize Psyche’s topography. 
 



Objective A: Is Psyche a core? 

Low Nickel High Nickel 

Magnetometer 
Imagers 
Gravity experiment 
GRNS 

Presenter
Presentation Notes
Let’s start with this – Psyche is fundamental science. We think it’s the core of a planetesimal that had its rocky exterior stripped.  We’ll never see our Earth’s core, and there’s no other large metal object in our solar system. Psyche is it.Refugees and survivors
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Objective B: Determine the relative ages of regions of Psyche’s surface 
Imagers 
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Objective C: Light elements in the core 

Psyche detection limit 

GRNS 
Imagers 
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Objective D: Oxidizing or reducing conditions of core formation 

Imagers 
GRNS 
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Objective E: Characterize Psyche’s topography 

Imagers 
Gravity experiment 

http://img.gawkerassets.com/img/194ahm36pe467jpg/original.jpg 
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Science Enabled by Electric Propulsion 

Psyche 

Mars 

Sun 

Earth 

Close Approach 
5/13/23 

Close Approach 8/19/22 

Rendezvous 3/14/26 

Launch 7/31-8/20/21 

Science Operations 
20 months 

Presenter
Presentation Notes
4.6 year cruise
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SPT-140 Hall Thruster 

High Power spacecraft (> 20 kW)  

Electric  
Propulsion 

Presenter
Presentation Notes
100 s/c on orbit; 4-8 s/c/year, 8 launches in 2016HP: 14 high power on orbitEP: 23 SPT-100 s/c on orbit; 5 SPT-140 s/c in production
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Modular highly reconfigurable structure 

Psyche 

17 kW Power BOL (1100 kg) 

23 kW Power BOL (3600 kg) 

Commercial GEO 
Spacecraft 

102” 122” 140” 176” 220” 240” 

Presenter
Presentation Notes
Comm GEO: maximize RF payload in smallest bus; design to minimal MPT marginsPsyche: unique mission accommodation; small bus with ample MPT margins
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Psyche: Journey to a Metal World 
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