The Exploration of Pluto
By New Horizons

Alan Stern/SwRI






















Pluto's Surface
Composition Is Complex
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Mission History

+ 1990: Pluto 350
+1991: Pluto Mariner Mark Il

« 1992: Pluto Fast Flyby

+ 1994: Pluto Express
+ 1997 Pluto Kuiper Express

+ 2001: New Horizons







New View of the Solar System

* Third class of planetary body
 Dwarf planets most common type

Kuiper Belt
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Highest Funding Priority Medium-Scale Mission
New Start of the 2003 Planetary Decadal Survey:

A Reconnaissance Expedition
to Pluto-Charon & the Kuiper Belt
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THE SCIENTIFIC @,

Instruments:
REX radio science & radiometry
RALPH VIS/IR imaging & spectroscopy
ALICE UV imaging spectroscopy

P E pSSI LORRI High-resolution imager

SWAP plasma spectrometer

PEPSSI energetic particle spectrometer
SDC EPO Student Dust Counter

Student
\Dust Counter
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NEW HORIZONS
at Jupiter







WELCOME TO ENCOUNTER!
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AND NEEDLES

Charon-Earth
Occultation
14:20:09
: Pluto-Earth
- Occultation
12:52:30

14:00

Charon-Sun |
Occultation
14:17:50 Pluto-Sun

Occultation

12:51:28 Charon C/A

12:04:00

29,432 km  Fluto C/A

13.87 km/s 11:50:00
13,695 km

13.78 km/s

Charon

Pluto

S/C trajectory time ticks: 10 min
Occultation: center time

-+ Position-and lighting at Pluto C/A

Distance relative to body center

New Horizons Trajectory

/ |

Orbit Period a

Charoh 6.4d
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Hydra | 38.2d
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A PEEK INSIDE THE

PLUTO

PUBLIC RELATIONS
MACHINE

News Media Reports

2,300

on New Horizons' Pluto Flyby

=\ NASA Soacoc
Mumber of web stream plays on “ ““Smk-m.rahwakaw

Mumber of newspapers around NASA TV. The normal average is — 28 1t Approaches Piuto
the world that featured the 10K plays per day AN . omomy i
Pluto image on the front page g T i FIRST LOGK AT THE

- e DWARF PLANET
(7/13)

Number of page views on NASA.gov
'l-"._.l‘"rr_l from £.1 million sessions
and 3.4 million users.

Percentage of web traffic to all US
GOvL Sités that was going 1o
NMASA.gow an hour prior 1o the fiyby
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Spin Period
Days Orbits
6.387
6.387
3.239
1.829
Kerberos 5.33
0.4295

PLUTO’'S SMALL SATELLITES
ARE ALL NON-SYNCHRONOUS ROTATORS
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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.
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Sputnik Planum —
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NEW HORIZONS:
GLACIAL FLOW ON PLUTO

Nitrogen ice flow

Nitrogen ice flow

Polygonal cells
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EXTENDED MISSION:
2016-2021




KBO CLOSE (3,000 KM)

PT1
v RS - NN :  ESTIMATED SizE OF PTI

MPC Designator 2014 MUG9 - b ...:::ISTO#;%?;PQTEN'HKNEW.HORIZONS TARGET)
Diameter Range 21-40 km NS T

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
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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.
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SCIENCE OBJECTIVES
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» Heliospheric transect of the Kuiper Belt—plasma, dust, and
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KBO EXTENDED MISSION
KBO SURVEY SCIENCE

Name

2012_H7ZB4
2014_PMNTO0
2014_0sS353
2011_HJ103
2011_JA32
201 1_HZ102
2012_HEBS
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1994_JR1
Pholus
2010_00124
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Ixion B20 DP

Quaocar 1381 DPF
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Makemake 1460 DP
Eriz 2326 DP
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NEW ™\
HORIZONS \

'NASA's Phito-Kuiper Beft Mission







Is It Really So Hard?
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SIX BODIES TO STUDY




ﬂ Stephen Hawking
NG

The New Horizons pioneering, decade-long mission is to travel to the outer
reaches of our solar system, in order that we can discover more about our
most distant planet, Pluto, and the Kuiper belt in which it is located. This
July, NASA - National Aeronautics and Space Administration's New
Horizons probe will fly by Pluto at 14km/s, using instruments to examine its
atmosphere and surface and then transmit this information back 3 billion
miles by X band for us to interpret and view. This would have been the
subject of science fiction when | was at school, but is now science fact. |
feel proud and honoured for such a momentous scientific mission to be
completed within my lifetime, and plan to celebrate in my own way, with a
Pluto party in July. My congratulations to everyone on the New Horizons
team. With imagination and determination, it is humbling to see what we are
capable of. -SH
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Like - Comment - Share

Y Cindy Conrad, Carole Jones Stern, Joel Parker and 5,606 others Most Relevant -
like this.

&> 571 shares
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MOMENTOS

Clyde Tombaugh'’s
Remains

s
s

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).

E Clyde and the Stamp

bl BT |







Pluto's moon Nix
as seen by New Horizons

LORRI MviIC LORRI/MVIC
Panchromatic Enhanced Color Composite
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'PLUTO

July 14, 2015: NASA’s New Horizons #PlutoFlyby
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PLUTO SYSTEM
MEASUREMENT OBJECTIVES

Group 1 Objectives: Required
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: Important

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, H,, HCN, and C,H,, 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: Desired
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




PAYLOAD DETAILS

Alice UV Spectrometer > 46.5-188.0 nm, 0.3 nm resolution
> FOV 4° x0.1° "slot" and 2° x 2° "box", 5 mrad/pixel
» Airglow & occultation capabilities
Ralph/ Multispectral Visible Imaging » Panchromatic (350-850 nm) & 4-color (Blue, Red, CH,, Near-IR)
MVIC Camera (Pan/Color Imager) » FOV 5.7° x0.15° or5.7° xscan length, 20 microrad resolution
Ralph/ | Linear Etalon Imaging > 1.25-2.50 micron at R=240 and 2.10-2.25 micron at R = 550
LEISA Spectral Array (IR Imaging » FOV 0.9° x0.9° (scanned), 62 microrad/pixel
spectrometer)
LORRI | LOng-Range Reconnaissance | » Panchromatic (350-850 nm)
Imager (High-Resolution > FOV 0.29° x 0.29° , 5 microrad/pixel
Imager)
REX Radio Experiment > Part of telecommunications systems, with 2.1 m antenna
(Uplink, Radiometery) » X-band (7.182 GHz uplink, 8.438 GHz downlink)
SWAP Solar WInd at Pluto (Solar » 0.25-7.5 KeV. RPA: 0.5V (<1.5 keV), ESA: AE/E=0.4 (>1.4 keV)
Wind Detector) > FOV 200° x 10°
PEPSSI | Pluto Energetic Particle > e 25-500 KeV, Protons: 40-500 KeV, CNO: 150-1000 KeV
Spectrometer Science > FOV 160° x 12° ,25° x 12° resolution
Investigation (Particle
Detector)
SDC Situ Dust Counter > 0.10 m?active area,

» Threshold Mass ~10-12 gram (~1 micron)
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HIGH PAYLOAD

FUNCTIONAL REDUNDANCY

AO _ _ Fidelity of
Objective Primary Sensor(s) Fallback Supporing Fallbacbf +
Supporting |
Group 1
Geology! pan MVIC pan LORRI, MWIC color LEISA High
Geophysics | color MVIC 4-color MVIC 2-color LEISA High
Surface composition LEISA 4 quadrants LEISA 2 of 4 quadrants MYIC CHA mapping High
Meutral atmosphere Eoth ALICE and REX Either ALICE or REX SVWAP, PERPSS], MVIC Medium
Group 2
E;r?:t;:iﬁt?nd atmaospheric Eg;i? LORRI LEISA, ALICE iﬂ?ﬁcoéﬂflgéjlz{DRRI, LEISA, SWAP PEPSSI High
Stereo MYIC pan MYIC color, LORR High
Hi-res terminator maps MYIC pan MVIC color, LORRE High
Hi-res composition maps LEIZA 4 quadrants LEISA 2 of 4 quadrants MYIC CHA mapping High
lonosphere/solar wind Eoth REX and SWAF Either REX or SVWAP ALICE High
Other atmospheric species  [ALICE SWAR PERPSSI [LEISA] L ony
Charon atmosphere ALICE FEX | LEISA High
Eond albedos MYIC pan MYIC color LORREI, LEISA Medium
surface temperatures REX and LEISA 4 quadrants |[LEISA 2 of 4 quadrants High
ar REX
Group 3
Energetic particles FEFSSI SYWAR Loy
Bulk parameters MVIC, LORRI, LEISA, REX g‘fgg{w'g LORRLLEISA, High
Satellite and ring search MYIC pan MYVIC color, LORR] ALICE REX High

[ ]implies indirect measurement requiring modeling



ENCOUNTER GOALS &

» 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 DESIGN

Group 1 Objectives: REQUIRED
o |Characterize the global geology and monphology of Pluto and Charon

&

Map surface composition of Plulo and Charon

o

Characlaerize the neutral almosphare of Plulo and ils ascapa rate

Group 2 Objectives: STRONGLY DESIRED Pluto Charon| Nix |Hydra |P4 etc.
Characlarize tha time variabilily of Pluto's surface and atmosphara Meat n'a n'a nia n'a
Image Pluto and Charon in Slereo Meat Meal

B Mlap the terminalors of Pluto and Charon with high resolution Meat Meat n'a nia n'a
o |Map the surface composition of Pluto and Charon with high resclufion Meat Meal nia_ n'a n/a
E Characlerize Pluto's ionocsphera and solar wind interaction Meat n'a n'a nia n'a
E Search for neufral species in Plula's upper atmosphere Meat n'a n'g n'a n'a
B Search for an atmosphere around Charon nia Meat ni'a nia n'a
Datlerming bolometric Bond albedaos for Plulo and Charon Meat Meat n'a ni'a nia
Map the surface temperaturas of Pluto and Charon Meat IMe=at n'g nia n'a
Composition of dark surfaces on Plulo XCae n'a
"Far-side” imagirg of Pluto and Charon
E "Far-side” color and composition of Plute and Charon
= High resolution imaging of Mix and Hydra
Composition of Mix and Hydra n'a
Shapas of Mix and Hydra ni'a n'a Exc
Group 3 Objectives: DESIRED Pluto Charon| Nix |Hydra |P4 etc.
Characlarize tha snergetic particle environmant of Pluto and Charon Meat Maat n'a nia nia
% Rafine bulk paramaeiars (radii, masses, densities) and orbits of Plulo & Chay  Meat Meeal n'a nis n'a
[ Search for magnetic fislds of Pluto and Charon Indiract Indirect n'a nia n/a
Search for additional salallitas and rings n'a nia n'a

Surface microphysics of Pluto and Charon

Measure the surfacs lemperatures of Nix and Hydra

Meat

Meal

NEW

Measura the phase curve of Mis and Hydra

Image Mix and Hydra in sterea

Education/Public Qulreach







PLUTO SYSTEM FLYBY RECAP

» 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.




Ultimate bodybuilding: Th Giving a boost toquantum | Engineering remote-
quest for exoskeletons p.2w :  electronics pp. 280 & 307 : controlled T cells p. 203

PLANETARY SCIENCE

The Pluto system: Initial results from
its exploration by New Horizons

Stemn,” F. Bagenal, K. Ennien, G, R, Glatsione, W
M. Moare, C. B. Olkin, J. . Spencer, H. A Weaver, L,
s]o auman, O. 5. Bamouin, P. Bedini,

16 OCTOBER 2015 —; ATl g e

- C. Cook, D. P. Cruilshank,
sciencemag.ong

milton, 8.
fersman, A, Hill, M. E. Hill, D. P. Hinson, M. E Haldridge, M
[ A, Howett, ckman, R A, Jacobson, I, E. i
D. E Kaufmann, P. Kollmann, 8 M. Krimigis, D. Kusnierldew]
AAAS L Lindstrom, L R Linscott, C. M. Lisse, A, W. Lunsfond,
D. J. McComas, R. L MdNutt Jr., D. Mehoke, T. Mehoke, E. D, Melin, M. Mutchler,
D. Nelson, F. Nimmo, X, 1. Nune: mpo, W, M. Owen, M. Paeteold, B. Page,
A. H. Parker, J. W. Parler, F. Pelletier, J. Peterson, N. Pinkine, M. Piquette, 5. B. Porter,
5. Prowopag, J. Redfern. Reitsema, D, C. Rewter, Rubbins, G. Rogers,
D. Rose, K. Rumyon, K. D. Retherford, M. G. Ryschivewitsch, P. Schenk, E Schindhelm,
B. Sepan, M. R. Showalter, K. N. Singer, M. Soluri, D. Stanbridge, A. J. Steffl, D, F. Strobel,
T. Stryk, M. E. Summers, J. R. Szalay, M. Tapley, A. Taylor, H. Taylor, H. B. Throop,
Tany,

Pluto mossic made from New Horlzons LORRI images taken 14
July 2015 from a distance of 00 km. n

Flying past Pluto

New Horizons finds surprises
at Pluto and Charon pp. 260& 292




Observed KBOs: Claimed HST Occultations
e o Observed KBOs: Direct Detection
— Model KBOs 1: Schlichting et al. (2013)
Model KBOs 2: Asteroid Belt-like

10’
Diameter [km)]

Before NH

Probing the Kuiper Belt
Population Structure

After NH

Crater record likely incomplete here

Observed KBOs: Claimed HST Occultations
e e Observed KBOs: Direct Detection
— Model KBOs 1: Schlichting et al. (2013)
Model KBOs 2: Asteroid Belt-like
[ Pluto System Impactors

10'
Diameter [km]







Alice Solar Occultation of Charon
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Water ice is buoyant
In either N, or CO ice,
soblocks of water ice
embedded or buried
in solid N,/CO will
seek to rise
Isostatically.

Numerous mountains
on Pluto appear to be e
be floating. ‘




Pluto's moon Nix
as seen by New Horizons

LORRI MVIC LORRI/MVIC
Panchromatic Enhanced Color Composite
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Selected REX Radio
Occultation Results

—60%-
Scale Applies o |Equator
1,000
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Saturation
of N2
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Note differening temperatures
at entry and exit occultations.
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A SPECIAL
ENCOUNTER GEOMETRY
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Front page of The New York Times as it appeared on 16 July 2015 and 16 July 1965 #PlutoFlyBy
#NewHorizons #Mariner

& You, Pluto, NASA New Horizons and 7 others




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.
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...NOT
synchronous!

Body

Spin Period
Days Orbits

Pluto

Charon

Nix

Kerberos

6.387
6.387
3.239
1.829
5.33
0.4295




KBOs Pluto System Jupiter System
2016-2020 July 2015 Feb 2007
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Objectives Met

1. Flew through Pluto aim point

2. Served as flyby/encounter pathfinder
3. Collected diverse scientific data
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NASA's New Horizons
IlglAgA Begins Countdown to Pluto

S spacecraft is awake and cruising
: ' Ell toward Pluto
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New Horizons will come
closest to the dwarf planet
on July 14
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New Horizons

spaceaaft begins
its approach, »

How astronomers
hear stellar heartbeats. .
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Deep-sky imaging from England
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Bob Berman on the universe's shadows




