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The Journey Begins: 19 January 2006
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New Horizons Instruments
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LORRI: High-Resolution Panchromatic Imager: 
Geology, Navigation, Searches for 
Moons and Rings

Ralph: Color Imager and Infrared Composition 
Mapper

Alice: Ultraviolet Spectral Imager:          
Atmospheric Searches

REX: Radio Science Experiment: Surface 
Temperature and Radar Reflectivity

SWAP: Low-Energy Charged Particle Detector: 
Solar Wind Interaction with Ultima

PEPSSI:  High-Energy Charged Particle Detector:             
Search for Emitted Ions

SDC: Dust Impact Detector
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Flying Over and Around Pluto’s “Heart”

Tkachenko

Pluto’s Amazing Terrain Diversity



Planning knowledge of Kuiper belt.
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Hindsight is 20/20
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Canada France Ecliptic Plane Survey (CFEPS) 

Full data release in 2011

• 183 Kuiper belt objects
• Known detection biases
• Reveals the ‘Kernel’ of the Kuiper belt
• More exactly defines the location of the orbit 

plane
• Combined with associated deep surveys 

indicates required change in the size-
distribution

• Allows a synthetic model to be used for 
detailed model analysis



Hubble to the Rescue
• 166 orbits, 830 images, 83 fields

• Images processed with 1-2 days of 
receipt to reveal moving objects

• Reach magnitude 27.5

Section of single image 5 images star-subtracted, 
robustly stacked at KBO 
rate (same stretch)

Red dots are 100 x 
CFEPS model of 
encounterable objects



SUCCESS!

3 ‘encounterable’ 
KBOs found 

Visit 11

Stacked Images 
(stars and cosmic rays removed)
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The Reward

• Around 2019:  Our first view of a new kind of world…

Slide  8

Simulated view 
of KBO, showing 
expected image 
quality

Fi
na

l s
lid

e 
of

 J
ul

y 
20

14
 

pr
es

en
ta

tio
n 

an
no

un
ci

ng
 w

e 
ha

d 
fo

un
d 

a 
po

te
nt

ia
l t

ar
ge

t.



Pluto’s Blue Sky!
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Explore Deeper in the KB
Flyby of Ultima Thule on New Year’s Day 2019
Flyby distance = 3500 km (2170 miles) 
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Ultima Thule: A More Challenging Flyby

• Target is 80× smaller in diameter than Pluto
• ~4× closer flyby, requiring more navigational precision
• Uncertain target location (discovered 2014, P=293 yr)
• Unknown environment
• ~4× darker target, lower light levels
• Reduced spacecraft power
• 12.25 hour round-trip light time 

December 31, 2018 Ultima Thule Flyby 17



12 February 2019 18

• C/A distance: 3,500 km from MU69 center
• Flyby speed: 14.43 km/s
• C/A time: 05:33:00 UTC on Jan 1, 2019
• Solar phase at C/A: 88.374°

January 1st Closest  Approach

New Horizons Trajectory



Navigating to Ultima Thule

• Spacecraft tracked by Deep Space Network
• Ultima tracked by Hubble, then New Horizons
• Differences in Ultima’s position compared to nominal 

resulted in course corrections up to Dec 18
• On Dec 30, we transmitted pointing and timing 

corrections to New Horizons
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Optical Navigation
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Ultima Thule Science Objectives

• Map geology and morphology
– Craters, fractures, topography

• Map surface color and 
composition
– Search for ices: ammonia, 

carbon monoxide, methane, 
water ice 

– What makes Ultima Thule dark 
and red?
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The Flyby Sequence
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2nd Best 
Infrared

Daytime 
Thermal

2nd

Best 
Color

Best 
Infrared

Best 
Color

Best 
B/W

Best 
Crescent Night-

time 
Thermal

2nd Best 
Crescent

Best  
Color 

Crescent

Solar Ultraviolet 
Observation 

(Atmosphere Search)

15 minute time ticks



First Images of Ultima Thule’s Shape

• Images taken at 16:56 UT (11:56 am EST) December 30, 2018
– 37 hours before Closest Approach (CA)

• Range to Ultima: 1.2 million miles (1.9 million kilometers)
• Original pixel size: 5.8 miles (9.4 kilometer)
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SharpenedRaw
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The Reveal
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What A Difference a Day Makes

30 km

Maryland Space Business Roundtable

Jan 1, 2019



Highest Resolution MVIC Image
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Best View of Ultima 
Thule

Closest Approach 
Optical and Colour

Merger of Two 
Planetesimals?

Ultima

Thule
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5 km

Phase angle ~32°
Pixel scale 
~33 m px-1

Sub Solar Point

All feature names are informal.

“Maryland”
~7–7.5 km

Smaller Depressions <1 km

Pit Chain 
or Impact 
Craters?

Bright 
Splotches
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Pixel scale ~33 m px-1
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Maryland

No obvious 
craters

Impactor d
~100 m ~1.5 km

Singer et al. 2019
𝑞 = 5𝛼 − 1



OSSOS TNO Luminosity Function
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Ultima Thule Has 16 hr Rotation
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Ultima Thule Has 16 hr Rotation
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Approach Imaging
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Face-On vs Edge-On Views
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Density: 500 kg/m3

Rotation period: 15.9 hours

flat slopes
(0°)

steep slopes 
(40°)

James Tuttle Keane (Caltech, @jtuttlekeane) 
et al. 

hill slopes on 2014 MU69

Geophysics of 2014 MU69, #LPSC2019

downslope 
direction

mean slope: 15°



Composition Results: MVIC + LEISA

• Red spectrum typical of Cold 
Classical KBOs

• But UT spectrum looks similar 
to spectra of the Centaur 
Pholus and the Plutino VE95

• Possible detection of H2O ice?

• Possible detection of CH3OH 
ice?
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IR spectrum of integrated spectrum of 2014 MU69 



UT’s surface colour variatoins
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Stereo View of Ultima Thule
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UT Streaking Across the LORRI FOV
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UT Streaking Across the LORRI FOV
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Ultima Thule’s True Shape
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Solar System

Terrestrial Planet Disk
Forming Asteroids, Earths 

Building Planetary Systems
Primordial Disk: 

Dust + Gas –> Comets, 
Gas Giants

Solar System

Mature Solar Systems: 
Planets, KBOs, Asteroids, 

Comets 
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Size of Pluto’s Orbit

Beta Pic TRAPPIST-1 SystemAS 209 in Ophiuchus

December 31, 2018 Ultima Thule Flyby



Building Planetesimals & Planets
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Explain This
Lenticular Shape

Chiang & Youdin 2010



Think of New Horizons as a 
time machine that has 
transported us to the 
beginning of the solar 
system, to a place where we 
can observe the primordial 
building blocks of the 
planets.
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New Horizons is 32.5 million miles past Ultima
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The Extended Mission Continues

Can we find another KBO flyby target?

Estimated Power Runout – Mid 2030s
And approaching 100 AU from the Sun



Thank You!



BACKUP
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(486958) 2014 MU69 (Ultima Thule)
33 x 17 km

9P/Tempel : 7.6 x 4.9 km 19P/Borrelly : 8 x 4 km

67P/CG : 4.1 x 3.2 x 2.5 km 81P/Wild : 5.5 x 4.0 x 3.3 km 103P/Hartley : 2.2 x 0.5 km
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Ultima Thule



2015:
First Mission 
to Explore the 
Pluto System 
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Highlights of the Pluto Flyby
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Tracking Ultima Thule
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New Horizons Trajectory

Change course to MU69
(Course Corrections 20 – A,-B,-C,-D)

10/22/2015-11/4/2015

Pluto Flyby - 7/14/2015

Course Correction 22 – 2/1/2017

MU69 Flyby - 1/1/2019

50 AU from Sun
4/17/2021

Course Correction 24 – 12/9/2017
Course Correction 26 – 10/3/2018
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Approaching Ultima Thule
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spin mode
non-spinning mode

Maryland Space Business Roundtable



Flying By Ultima Thule
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Ultima Thule Flyby Success

1 January 2019



75

10 
miles

The Shape of Ultima Thule
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Bowling Pin, Spin, and Pole

76
James Tuttle Keane12 February 2019 Maryland Space Business Roundtable



77

Rotation of Ultima Thule
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Two Possible Rotation Periods
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30 hour period:15 hour period:
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Mountains and Glaciers 
and Haze, Oh My!



First Results

2 January 2019



A Contact Binary:
Unlike Asteroids and Comets
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Ultima

Thule

21 miles 
(33 km)



Occultation Profile and Size Matches
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3 miles

Occultation by KBO 2014 MU69 on July 17, 2017



Occultation Profile and Size Matches
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3 miles

Occultation by KBO 2014 MU69 on July 17, 2017
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Reflectivity Variations
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Color Variation
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Prospects for CompositionComparisons with the Pluto System
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• Mottled appearance
• Brighter (yellow arrows) and 

darker regions (red arrows)
• Remarkable “neck” (blue 

arrow)
• No obvious impact craters
• Hills and ridges? 
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• Ultima limb topography is >1 km.
• Origins of topography are currently 

unclear (for instance, hills or crater rims).
• Red arrows point to apparent “divots” 

connected by a dark, elongated marking.
B

A

A
B
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Surface Slopes

90

The “neck” corresponds to the 
steepest slopes.

Touching spheres with the 
density of water ice (1 g/cm3)

12 February 2019 Maryland Space Business Roundtable



The Formation of Ultima Thule
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Search Image: Original
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Search Image: Processed
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Close Approach Image: Original
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Close Approach Image: Brightened
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Solar Wind Interaction With Pluto
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Solar Wind Interaction With Ultima 
Thule

3500 km
(2200 mi)

New Horizons
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Ultima Thule



Solar Wind Impacts Ultima Thule
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Looking forward to looking back
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Ultima Thule’s Color
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Ultima Thule
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Cold Classicals
Other KBOs



Correlated Colors of Binaries

• Ultima and Thule show the 
same average color

• Consistent with forming as a 
result of the merger of two 
objects accreted locally

• The primary and secondary 
components of binary systems 
in the Kuiper Belt present the 
same coloration
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MVIC Color



Ultima Thule Stereo Anaglyph

12 February 2019 Maryland Space Business Roundtable 103



Ultima Thule Left-Right Stereo

Credit: Dr. Brian May
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Rotation “Movie”

• Thule closer to New 
Horizons in second 
image

• 30 minutes between 
images

• More topography peeks 
around edge of Ultima
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Beyond Ultima Thule …

23 January 2019


