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16th asteroid, discovered in 1852

Largest M-type “Metal” asteroid
Composition determined by radar studies
Very high density/strong gravity
Predicted to be 30-60% metal
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“Not just unique, but an improbable body

Creation hypothesis
- Psyche is the exposed core of larger
planet that was forming
or
- Psyche was created by a slow accretion
of metal-rich material near the sun
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Psyche Launch Period:
October 5-25, 2023
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We do not know what Psyche looks like

Image by Patrick Young and Karen Knierman




Psyche shape
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Psyche rotates every 4.2 hours, and is more of
a potato shape than it is a sphere.




How Psyche Formed*

Planetesimals Planets

Accrete in <500,000 to Embryos Accrete in 10s to 100s of Myr
a few million years

v @

2 Chondritic materials

M Liquid iron-nickel metal
M Iron-nickel metal core
W Liquid silicates

B Solid silicates

Accretionary
impacts

Hit-and-run
impacts

*only likely hypothesis



The Psyche Spacecraft




Maxar (formally SSL)

Commercial GEO spacecraft manufacturing

SPT-140 Hall Thruster
Electric Propulsion

High Power spacecraft (> 20 kW)




Psyche (Stowed)

Gamma-Ray +Z +7
Spectrometer ' .
Neutron .)\ Magnetometer i \l/*x
Spectrometer 2 :
. Cold Gas +Z Deck
X-Band High [ Thrusters

Gain Antenna

DSOC Aperture
Cover 5 4.9m

DSOC Sun
Shade

2.49m

Sun Sensors

Multispectral 2.17m
Imagers

o 2.39m

N

+X LGA Sun Sensor

Star Trackers spT Solar Array

Solar Array
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Deep Space Optical Communications (DSOC)

Flight Laser
Transceiver

Ground Laser Transmitter
(GLT)

Table Mountain, CA
1m-OCTL Telescope (5 kW)

Ground Laser Receiver
(GLR)

Palomar Mountain, CA
5m-dia. Hale Telescope

Psyche ORR/MRR
The technical data in this document is controlled under the U.S. Export Regulations, release to foreign persons may require an export authorization.




Psyche (Deployed)




With one solar array wing partially deployed
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Science Goals

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

2. Lookinside 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.

Multispectral Imager Magnetometer Gamma-Ray and Neutron Spectrometer
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Magnetometers .,
installed onthe [ R —
spacecraft




Gamma ray
and neutron
spectrometer
installed Aug.
2021

NASA Psyche mission



Also need shape/gravity models to navigate around it
Psyche Radio Science

Earth’s Deep Space Network to the spacecraft Spacecraft to Psyche

Range data measures
the distance
Doppler data measures relative to DSN ! ‘ Onboard imaging measures

the line-of-sight velocity / the landmark-relative position
relative to DSN \ - ¢

Target shape created
from stereo shape
reconstruction

Developed by JPL+MIT with heritage from Dawn
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Science operational modes are in 4 orbits

21 months of orbital
science operations

Orbit A: --------------------oo o
56 days (41 orbits @32.6 hrs, ~700 km alt)

Orbit B: -—------======== ==
76 days (169 orbits @11.4 hrs, ~290 km alt)

Orbit C: - =--==--=== ===
100 days (362 orbits @6.7 hrs, ~170 km alt)

OrbitD:-------------------------- oo
100 days (684 orbits @3.5 hrs, ~85 km alt)

I Science investigation operations

* Science requirements complete

NASA Psyche mission



Science orbits

Z ‘_N.Orbit D

NASA Psyche mission




Ceres (top) and
Vesta (bottom)

Dawn mission
NASA/JPL-Caltech/UCLA/MPS/DLR/IDA

Surface structure
and
Composition




oo a)OrbitA 4  b) Orbit B
B 35mipixel  EEEERERA 15m/pixel

c) Orbit C\i% % iy d) Orbit D \,




Measure the magnetic field*

Magnetometers

Single
Electronics ( )
= /
‘ a Single
o Sensor
\ Ml Crystallized [] Sulfur-rich
N Fe-Ni metal residual melt

*hopefully there is one; then Psyche is definitely a core!



Spacecraft
Type
First flight
Maximum power

Max thrust

Deep Space 1, Dawn
NSTAR lon thruster
1998
2.3 kW
91 mN

Geocom S/C, Psyche
SPT-140 Hall thruster
2018/2023
4.5 kW
262 mN



IEEE SPECTRUM MAGAZINE, FEBRUARY 2022




Hall Thruster Geometry

lon accelerated from an annular channel by applied electric and magnetic fields

Cathode/Neutralizer

L —

Outer coil (typ. 4)
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2010-2012

2012-

MaSMi thruster (1 kW) X3 thruster (100 kW)

Major Innovation: magnetic-shielding lifetime
technology is demonstrated by JPL

Leads to the Black Edition Carbon Wall Hall Thruster



EP Block Diagram
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J.S. Snyder, et al. “Electric Propulsion for the Psyche Mission: Development Activities and Status”, AIAA- 2020-3607, Joint Propulsion
Conference, Virtual Event, August 24-28, 2020.
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NASA Psyche mission



NASA Psyche mission



J.S. Snyder, et al. “Electric Propulsion for the Psyche Mission: Development Activities and Status”, AIAA- 2020-3607, Joint Propulsion
Conference, Virtual Event, August 24-28, 2020.



Loading 1085 kg of Xenon

\
~~~~~~~~~~

,,,,,,,,,,

NASA Psyche mission
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Propellant Management Assembly Nitrogen Cold-gas Tanks

J.S. Snyder, et al. “Electric Propulsion for the Psyche Mission: Development Activities and Status”, AIAA-2020-3607, Joint Propulsion
Conference, Virtual Event, August 24-28, 2020.



Final testing at the cape before launch




Launch planned for October 2023 on a Falcon Heavy from Cape Canaveral




PSYCHE LAUNCH

+01:02:40
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