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2002-2005:
DESIGN, BUILD, TEST



AT THE CAPE: 
NOV 2005





THE SCIENTIFIC 
PAYLOAD

Instruments: 
 REX radio science & radiometry
 RALPH VIS/IR imaging & spectroscopy
 ALICE UV imaging spectroscopy
 LORRI High-resolution imager
 SWAP plasma  spectrometer
 PEPSSI energetic particle spectrometer
 SDC EPO Student Dust Counter



LAUNCH VEHICLE
225 ft
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19 JANUARY 2006







WELCOME TO ENCOUNTER!



N E W  H O R I Z O N S :
P L U T O  E N C O U N T E R
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ENCOUNTER 
OVERVIEW



AND NEEDLES 
TO THREAD
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Pluto-Sun 
Occultation
12:51:28 

Charon-Sun 
Occultation
14:17:50
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14:20:09

Pluto-Earth 
Occultation
12:52:3015:00

11:00

• S/C trajectory time ticks: 10 min
• Occultation: center time
• Position and lighting at Pluto C/A
• Distance relative to body center

Orbit Period a
Charon          6.4 d 19,571 km
Nix 24.9 d 48,675 km
Hydra 38.2 d 64,780 km

12:00

13:00

14:00





All surface 
feature names
in this talk
are informal. 



40 km



Spin Periods

PLUTO’S SMALL SATELLITES
ARE ALL NON-SYNCHRONOUS ROTATORS 

Body
Spin Period

Days Orbits

Pluto 6.387 1

Charon 6.387 1

Styx 3.239 6.22

Nix 1.829 13.6

Kerberos 5.33 6.04

Hydra 0.4295 88.9







2376 km





Pre

Post

The EUV/FUV solar 
occultation revealed colder 
atmospheric temperatures,
which in turn reduced both

scale heights & escape rates, 
and showed the escape 
mode to be Jeans, not 

hydrodynamic.

































EXTENDED MISSION: 
2016-2021



KBO CLOSE (3,000 KM) 
FLYBY

PT1
MPC Designator 2014 MU69
Diameter Range 21-40 km

Orbital Semi-major Axis 44.2 AU
Orbital Eccentricity 0.036
Orbital Inclination 1.9 deg
KBO Type Cold Classical
Encounter Date 1 Jan 2019



KBO EXTENDED MISSION
SCIENCE OBJECTIVES

 Close flyby of a primordial KBO planetesimal: 2019.

 Distant flyby observations of ~20 other KBOs: 2016-2020.

 Search for Centaur and KBO Rings: 2016-2020.

 Heliospheric transect of the Kuiper Belt—plasma, dust, and 
neutral gas observations: 2016-2021.

 Potentially conduct astrophysical cruise science: 2020-2021.



KBO EXTENDED MISSION
SCIENCE OBJECTIVES

 Close flyby of a primordial KBO planetesimal: 2019.

 Distant flyby observations of ~20 other KBOs: 2016-2020.

 Search for Centaur and KBO Rings:  2016-2020.

 Heliospheric transect of the Kuiper Belt—plasma, dust, and 
neutral gas observations: 2016-2021.

 Potentially conduct astrophysical cruise science: 2020-2021.



KBO EXTENDED MISSION
KBO SURVEY SCIENCE









Backups



Stern/March

Is It Really So Hard?

??????????????????????



WITH 
SIX BODIES TO STUDY 





June 2005 – GSFC Spin Balance

2005: TESTING 



MOMENTOS
Florida & Maryland QuartersClyde Tombaugh’s 

Remains

Interned herein are remains of American 
Clyde W. Tombaugh, discoverer of Pluto 

and the solar system’s “third zone.” Adelle 
and Muron’s boy, Patricia’s husband, 

Annette and Alden’s father, astronomer, 
teacher, punster, and friend: 

Clyde W. Tombaugh (1906-1997).
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LONE MISFIT?

The Old View:
4 Terrestrial Planets

4 Giant Planets
1 Misfit Pluto



PLUTO SYSTEM
MEASUREMENT OBJECTIVES

Group 1 Objectives: 
Characterize the global geology and morphology of Pluto and Charon 
Map surface composition of Pluto and Charon 
Characterize the neutral atmosphere of Pluto and its escape rate 

Group 2 Objectives: 
Characterize the time variability of Pluto's surface and atmosphere 
Image Pluto and Charon in stereo 
Map the terminators of Pluto and Charon with high resolution 
Map the composition of selected areas of Pluto & Charon at high resolution 
Characterize Pluto's ionosphere and solar wind interaction 
Search for neutral species including H, H2, HCN, and CxHy, and other 

hydrocarbons and nitriles in Pluto's upper atmosphere 
Search for an atmosphere around Charon 
Determine bolometric Bond albedos for Pluto and Charon 
Map the surface temperatures of Pluto and Charon 

Group 3 Objectives: 
Characterize the energetic particle environment of Pluto and Charon 
Refine bulk parameters (radii, masses, densities) and orbits of Pluto & Charon
Search for magnetic fields of Pluto and Charon 
Search for additional satellites and rings 

 

Required

Desired

Important



Alice UV Spectrometer  46.5-188.0 nm, 0.3 nm resolution
 FOV 4° x 0.1° "slot" and 2° x 2° "box", 5 mrad/pixel
 Airglow & occultation capabilities

Ralph/
MVIC

Multispectral Visible Imaging 
Camera (Pan/Color Imager)

 Panchromatic (350-850 nm) & 4-color (Blue, Red, CH4, Near-IR) 
 FOV 5.7° x 0.15° or 5.7° x scan length, 20 microrad resolution

Ralph/ 
LEISA

Linear Etalon Imaging 
Spectral Array (IR Imaging 
spectrometer)

 1.25-2.50 micron at R=240 and 2.10-2.25 micron at R = 550 
 FOV 0.9° x 0.9° (scanned), 62 microrad/pixel

LORRI LOng-Range Reconnaissance 
Imager (High-Resolution 
Imager)

 Panchromatic (350-850 nm) 
 FOV 0.29° x 0.29°, 5 microrad/pixel

REX Radio Experiment
(Uplink, Radiometery)

 Part of telecommunications systems, with 2.1 m antenna 
 X-band (7.182 GHz uplink, 8.438 GHz downlink)

SWAP Solar WInd at Pluto (Solar 
Wind Detector)

 0.25-7.5 KeV. RPA: 0.5V (<1.5 keV), ESA: E/E=0.4 (>1.4 keV)
 FOV 200° x 10°

PEPSSI Pluto Energetic Particle 
Spectrometer Science 
Investigation (Particle 
Detector)

 e–: 25-500 KeV, Protons: 40-500 KeV, CNO: 150-1000 KeV 
 FOV 160° x 12°, 25° x 12° resolution

SDC Situ Dust Counter  0.10 m2 active area, 
 Threshold Mass ~10-12 gram (~1 micron)

PAYLOAD DETAILS 



HIGH PAYLOAD
FUNCTIONAL REDUNDANCY



MEET/EXCEED ALL PROPOSED SCIENCE

 INCLUDE SMALL SATELLITE OBSERVATIONS 

 INCLUDE PAYLOAD CAL CAMPAIGN

BE ROBUST TO ANOMALIES

 INCLUDE “PROGRESS” DOWNLINKS FOR 
HEALTH & SAFETY, EPO, SCIENCE, FAIL SAFE

LEAVE >40% OF LAUNCH LOAD PROPELLANTS 
FOR KBO EXTENDED MISSION

ENCOUNTER GOALS



ENCOUNTER DESIGN  
SCORECARD





PLUTO SYSTEM FLYBY RECAP

PT1 2014

PT3, 2014 PT3, 2015

PT1, 2015

All flyby objectives met or exceeded.

PDS Archiving Begins April 2016, Complete October 2017.

ROSES NF-DAP Call This Year.

Over 25 Publications Will Have Been Submitted by Next Month.





Before NH

After NH

Probing the Kuiper Belt 
Population Structure













Water ice is buoyant 
in either N2 or CO ice, 
soblocks of water ice 
embedded or buried 
in solid N2/CO will 
seek to rise 
isostatically. 

Numerous mountains 
on Pluto appear to be 
be floating. 







Note differening temperatures 
at entry and exit occultations.

Selected REX Radio 
Occultation Results



N2
H2O







A SPECIAL
ENCOUNTER GEOMETRY

To Sun











At least two and possibly all four moons are the result 
of mergers between smaller bodies. Pluto may have 
had many more moons in the past.

Merged Bodies?



Spin Periods

...NOT 
synchronous!

Body
Spin Period

Days Orbits

Pluto 6.387 1

Charon 6.387 1

Styx 3.239 6.22

Nix 1.829 13.6

Kerberos 5.33 6.04

Hydra 0.4295 88.9





JUPITER OBJECTIVES
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