NEW HORIZONS
PRE-FLYBY MATERIALS



NEW HORIZONS
ON PLUTO'S DOORSTEP




NEW HORIZONS:

THE SPACECRAFT

OBJECTIVE:
FIRST EXPLORATION OF THE PLUTO SYSTEM AND SMALL KBOS BEYOND

LAUNCHED:
JANUARY 19 2006, ATLAS V ROCKET

POWER SUPPLY:
RTG WITH 11KG PuU-238, 202 WATTS AT PLUTO

COMMUNICATIONS:
2.1 METER HIGH-GAIN ANTENNA,
X-BAND UPLINK/DOWNLINK, 3000 BPS MAX AT PLUTO.

SCIENCE INSTRUMENTS:
LORRI - HIGH RESOLUTION CAMERA
MVIC - COLOR AND PANCHROMATIC CAMERA
LEISA - NIR SPECTRAL MAPPER
ALICE - UV SPECTRAL MAPPER
SWAP AND PEPSS| - PLASMA ENVIRONMENT INSTRUMENTS
REX - RADIO SCIENCE EXPERIMENT
VENETIA BURNEY STUDENT DUST COUNTER




NEW HORIZONS:

THE PRIME TARGET

THE PLUTO/CHARON SYSTEM:
- THE ONLY KNOWN BINARY DWARF PLANET
- ORBITED BY AT LEAST FOUR SMALL MOONS

PLUTO: SYSTEM PRIMARY
D=2360KM, DISCOVERED 1930
- TIDALLY LOCKED TO CHARON
- DYNAMIC ATMOSPHERE
- HIGH CONTRAST SURFACE

CHARON: SYSTEM SECONDARY
D=120/7kKM, DISCOVERED 1978
- TIDALLY LOCKED TO PLUTO
- 6.4 DAY ORBIT

SMALL OUTER MOONS
STYX (10-25KkM, 20.2 DAY ORBIT)
NIX (46-136KM, 24.9 DAY ORBIT)
KERBEROS (13-34KM, 32.1 DAY ORBIT)
HYDRA (60-168KM, 38.2 DAY ORBIT)

IMAGE: NASA / STScl



NEW HORIZONS:

SCIENCE AT PLUTO

GEOLOGY

IS PLUTO AN ACTIVE OR DEAD WORLD? WHAT PROCESSES SHAPE THE
SURFACE OF AN ICY DWARF PLANET?

ATMOSPHERE

DOES IT "FREEZE OUT"” WHEN PLUTO IS FAR FROM THE SUN? HOW FAST IS
IT ESCAPING FROM PLUTO? DO CLOUDS OR HAZES FORM?

MOONS

ARE THERE MORE OF THEM? WHAT ARE THEY MADE OF? WHAT ARE THEIR
SHAPES AND SPINS? DOES CHARON HAVE AN ATMOSPHERE?

INTERACTIONS

CRATERS: HOW MANY VERY SMALL KUIPER BELT OBJECTS ARE THERE?



NEW HORIZONS:

MISSION OBJECTIVES

PRIMARY OBJECTIVES:

e CHARACTERIZE GLOBAL GEOLOGY AND MORPHOLOGY OF PLUTO AND CHARON
e MAP SURFACE COMPOSITION OF PLUTO AND CHARON

¢ CHARACTERIZE THE NEUTRAL ATMOSPHERE OF PLUTO AND ITS ESCAPE RATE

& SN,
EARTH'S SURFACE (NEW YORK CITY) AT NEW HORIZONS HIGHEST RESOLUTION
(/0 METERS / PIXEL)

Viz: DR. AMANDA ZANGARI



NEW HORIZONS:

MISSION OBJECTIVES

PRIMARY OBJECTIVES:

e CHARACTERIZE GLOBAL GEOLOGY AND MORPHOLOGY OF PLUTO AND CHARON
e MAP SURFACE COMPOSITION OF PLUTO AND CHARON
© CHARACTERIZE THE NEUTRAL ATMOSPHERE OF PLUTO AND ITS ESCAPE RATE

SECONDARY OBJECTIVES:

e CHARACTERIZE TIME VARIABILITY OF PLUTO'S SURFACE
AND ATMOSPHERE

* IMAGE PLUTO AND CHARON IN STEREO
* MAP TERMINATORS OF PLUTO & CHARON AT HIGH RES

® MAP COMPOSITION OF SELECTED AREAS OF PLUTO
AND CHARON AT HIGH RES

® CHARACTERIZE PLUTO'S IONOSPHERE AND SOLAR
WIND INTERACTION

® SEARCH FOR NEUTRAL SPECIES, HYDROCARBONS, AND
NITRILES IN PLUTO'S UPPER ATMOSPHERE

® SEARCH FOR ATMOSPHERE AROUND CHARON
e DETERMINE BOND ALBEDOS FOR PLUTO AND CHARON
e MAP SURFACE TEMPERATURES OF PLUTO AND CHARON

TERTIARY OBJECTIVES:

e CHARACTERIZE ENERGETIC
PARTICLE ENVIRONMENT OF PLUTO
AND CHARON

e REFINE BULK PARAMETERS (RADII,
MASSES, DENSITIES) AND ORBITS
OF PLUTO AND CHARON

e SEARCH FOR MAGNETIC FIELDS OF
PLUTO AND CHARON

® SEARCH FOR ADDITIONAL MOONS
AND RINGS




NEW HORIZONS:

PLUTO'S SURFACE

CURRENT KNOWLEDGE

EXTREME RANGE OF REFLECTIVITY
RICH IN VOLATILE ICES OF N2, CHA4
REDDENED BY IRRADIATED HYDRO

POSSIBILITIES

DUNES

TECTONICS

CRYOVOLCANISM
EVIDENCE OF INTERNAL OCEAN

IMAGE: MARC BUIE



NEW HORIZONS:
PLUTO'S ATMOSPHERE

CURRENT KNOWLEDGE

DYNAMIC ATMOSPHERE, CHANGES WITH TIME
NITROGEN METHANE, AND CARBON MONOXIDE |
ABOUT 1/SOOTH THE SURFACE PRESSURE OF MARS

POSSIBILITIES -~

CLOUDS AND HAZE LAYERS -
EVIDENCE OF GLOBAL WINDS (DUNES)
EVIDENCE-BOR SEASONSESATMOSPHERIC “FREEZE OUT™

IMAGE: ESA



NEW HORIZONS

I'He KUIPER BeLT

A RING OF ICY OBJECTS BEYOND THE ORBIT OF NEPTUNE

BEST-PRESERVED REMNANT
OF THE PRIMORDIAL DISK =
THAT PLANETS GREW FROM: -

TENS OF THOUSANDS ARE LARGER THAN 1OOKMACROS S
BILLIONS ARE LARGER THAN 1 KM ACROSS | | |



NEW HORIZONS:

MISSION HISTORY

National Aeronautics and Space Administration N(Qﬁ

After Nine Years
and Three Billion Miles

DIuto

NEW
HORIZONS

NNNNNNNNNNNNNNNNNNNN

FIRST CONCEPT: 1989
MANY ITERATIONS OF A PLUTO RECON MISSION, UNTIL...
NEwW HORIZONS CONCEPT SELECTED: Nov 29, 2001
FIRST MISSION IN “NEW FRONTIERS" CLASS
LAUNCH: JAN 19, 2006

ATLAS V ROCKET FROM CAPE CANAVERAL, FLORIDA
JUPITER FLYBY: FEB 28, 2007

GRAVITY ASSIST AND INSTRUMENT SHAKEDOWN
CROSSED NEPTUNE'’S ORBIT: AUG 25, 2014

25 YEARS TO THE DAY AFTER VOYAGER 2 VISITED
NEPTUNE

PLUTO FLYBY SPANS JAN-JULY 2015
CLOSEST APPROACH JuLy 14, 2015
DATA DOWNLINKED THROUGH LATE 2016




NEW HORIZONS:

PLUTO ENCOUNTER
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NEW HORIZONS:
MORE INFORMATION

MISSION WEBSITE: PLUTO.JHUAPL.EDU

MISSION TWITTER FEED: @NASANEWHORIZONS

Pl TWITTER FEED @NEWHORIZONS2015

Countdown to Pluto Encounter!

!\ COUNTDOWN TO PLUTO: SEEPLUTONOW.COM

——

PPO[ PLUTO PICTURE OF THE DAY: BOULDER.SWRI.EDU/PPOD




National Aeronautics and Space Administration

After Nine Years
and Three B'ill'jiqn Miles

HORIZONS

A NASA New Frontiers Mission
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3 - frontier. New Horizons will fly
- * past Pluto and its moons in July
2015, before venturing deeper
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~_Kuiper Belt - a relic of solar
- _system formation.




NEW HORIZONS
POST-FLYBY UPDATES



NEW HORIZONS:
MAP OF PLUTO




NEW HORIZONS:

MAP OF PLUTO
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NEW HORIZONS:
THE SIZE OF PLUTO

LARGEST OBJECT KNOWN
BEYOND THE ORBIT OF NEPTUNE

PLUTO EXCEEDS DIAMETER OF
ErRIS BY ~50 KMm.

9TH LARGEST OBJECT KNOWN IN
SOLAR ORBIT

RADIUS: 1187 KM (x4 KM)
NO OBLATENESS YET DETECTED

UPPER LIMIT OF <1% POLAR
FLATTENING




NEW HORIZONS:
MOUNTA\NS ON PLUTO

STEEP-SIDED MOUNTAINS LOCALLY RISE 2-3 KM.
IMPLY STIFF “"BEDROCK"” LIKELY COMPOSED OF WATER ICE.



NEW HORIZONS:
GLACIAL FLOW ON PLUTO

RUGYEd, cratered teTyain tee 9
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Polygonal cells

Sputnik Planum

——

20 milss




NEW HORIZONS:
OMPLEX TERRAINS ON PLUTO
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BOTH SMOOTH AND SHARP BOUNDARIES BETWEEN
DISTINCT COLOR, ALBEDO, AND MORPHOLOGICAL UNITS



NEW HORIZONS:
SURFACE AGES ACROSS PLUTO

DARK TERRAIN HEAVILY
CRATERED, OLD SURFACE

SMOOTH, BRIGHT
TERRAIN SHOWS
VERY FEW CRATERS

MODEL AGES LESS
THAN SEVERAL

HUNDRED MILLION
YEARS




NEW HORIZONS:
PLUTO'S ATMOSPHERIC HAZE

HAZES ARE DETECTED UP TO AND BEYOND
150 KM FROM PLUTO’S SURFACE

LONGITUDINAL STRUCTURES IN HAZE
MAY REPRESENT LAYERS OR WAVES

Haze Layers

- = 31 mi above
Pluto’s surface

- = Pluto’s surface



NEW HORIZONS:
MAP OF CHARON




NEW HORIZONS:
MAP OF CHARON
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NEW HORIZONS:
CHARON'S POLAR SPOT

NATURAL COLOR ENHANCED COLOR
(RALPH + LORRI) (RALPH)

DARK POLAR SPOT IS REDDER
THAN CHARON AVERAGE

i/ RED TERRAIN EXTENDS BEYOND
| /& DARK CORE OF SPOT

DARK CORE MAY BE CORRELATED
WITH GEOLOGIC STRUCTURES



NEW HORIZONS:
NIX AND HYDRA

NIX (ENHANCED COLOR) HYDRA (GRAYSCALE)

APPROXIMATE DIMENSIONS

36 X 24 KmMm 44 X 33 KM
APPROXIMATE GEOMETRIC ALBEDOS

0.43-0.50 0.51



