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The New Horizons (NH) mission was selected by NASA in November 2001 to conduct the
first in situ reconnaissance of Pluto and the Kuiper belt. The NH spacecraft was launched on
January 19, 2006, received a gravity assist from Jupiter during closest approach on February 28,
2007, and is currently heading for a flyby encounter with the Pluto system. NH will study the
Pluto system for nearly seven months beginning in early 2015, with closest approach currently
planned for mid-July 2015 at an altitude of ~12,500 km above Pluto’s surface. If NASA ap-
proves an extended mission phase, the NH spacecraft will be targeted toward a flyby encoun-
ter with one or more small (~50 km diameter) Kuiper belt objects (KBOs) after the Pluto flyby.
The NH spacecraft has a total dry mass of only 400 kg and was launched with 76.8 kg of
hydrazine propellant to provide in-flight trajectory correction and spacecraft attitude control.
The launch performance was virtually flawless, so less fuel was used for trajectory correction
than originally budgeted, which means that more fuel should be available for targeting KBOs
beyond the Pluto system. NH carries a sophisticated suite of seven scientific instruments, alto-
gether weighing approximately 30 kg and drawing less than 30 W of power, which includes pan-
chromatic and color imagers, ultraviolet and infrared spectral imagers, a radio science package,
plasma and charged particle sensors, and a dust counting experiment. These instruments enable
the first detailed exploration of a new class of solar system objects, the dwarf planets, which
have exotic volatiles on their surfaces, escaping atmospheres, and satellite systems. NH will
also provide the first dust density measurements beyond 18 AU and cratering records that docu-
ment both the ancient and present-day collisional environment in the outer solar system down
to sizes of tens of meters. In addition, NH is the first principal-investigator-led mission to be
launched to the outer solar system, potentially opening the door to other nontraditional explo-

ration of the outer solar system in the future.

1. HISTORICAL BACKGROUND

New Horizons (NH) is a flyby reconnaissance mission
that will conduct the first in sifu exploration of the Pluto
system and other Kuiper belt objects (KBOs). NH is also
the first mission in NASA’s New Frontiers series of medium
class, robotic, planetary exploration missions, and the first
mission to the outer solar system led by a principal inves-
tigator (PI) rather than a space agency or laboratory. In this
section, we provide an overview of the long, and sometimes
torturous, path that finally led to the successful launch of
NH in January 2006. An extensive discussion of the his-
tory of the NH mission is given by Stern (2008), who also
discusses previously proposed Pluto-KBO missions, includ-
ing international collaborations. Other sources for histori-
cal background on Pluto-KBO missions include Terrile et
al. (1997) and Stern and Mitton (2005). We focus below
on the NASA initiatives, which led to the only successful
Pluto-KBO mission to date.

1.1. Early Pluto Mission Concepts

The genesis of NH can be traced back to at least 1989—

1990, when a study of a Pluto flyby mission (now referred

to as “Pluto-350") was carried out under the auspices of
NASA’s Discovery Program Science Working Group
(DPSWG). The idea was to explore Pluto and Charon with
a “minimalist” scientific payload; at that time the Kuiper
belt and Pluto’s smaller moons Nix and Hydra had not yet
been discovered, N, had not yet been observed on Pluto’s
surface and its temperature was thought to be significantly
higher than it actually is, the variable nature of Pluto’s at-
mosphere was largely unknown, and Charon was even less
well-characterized than Pluto. The resulting spacecraft (Far-
quhar and Stern, 1990) was a 350-kg vehicle, powered by
a radioisotope thermoelectric generator (RTG), and carry-
ing four instruments: a visible light imager, an ultravio-
let (UV) spectrometer, a radio science experiment, and a
plasma package. At that time, such a modest spacecraft,
weighing only half as much as the Voyager spacecraft that
flew by the outer planets during the 1980s, was considered
controversial, both in terms of its small scope and its per-
ceived high risk.

Shortly after the Pluto-350 study, NASA studied a much
larger, Cassini-class Mariner Mark II mission to Pluto. This
mission, although much more costly, was thought to have
lower risk and broader scientific potential. The design in-
cluded a short-lived, deployable second flyby spacecraft
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TABLE 1. Major milestones of New Horizons mission.

Date

Milestone

January 2001

NASA Announcement of Opportunity for Pluto-KBO mission

November 2001
May 2002
October 2002
July 2002
March 2003
July 2003
October 2003
May 2004
September 2004
March 2005
April 2005
May 2005
September 2005
December 2005
January 2006
February 2007
July 2015
2016-2020

New Horizons selected by NASA

Systems requirements review

Mission preliminary design review

Selection of the Boeing STAR-48 upper stage
Nonadvocate review and authorization for phase C/D

Selection of the Lockheed-Martin Atlas V 551 launch vehicle

Mission critical design review

Spacecraft structure complete

First instrument delivery

Final instrument delivery

Spacecraft integration complete

Start of spacecraft environmental testing
Spacecraft shipment to the launch site in Florida
Spacecraft mating with its launch vehicle
Launch

Closest approach to Jupiter

Closest approach to Pluto (planned)

Other KBO encounters (if extended mission approved)

TABLE 2. New Horizons scientific objectives.

Group 1 (Primary 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 (Secondary Objectives)

Characterize the time variability of Pluto’s surface and atmosphere

Image Pluto and Charon in stereo to measure surface topography

Map the terminators of Pluto and Charon with high resolution

Map the surface composition of selected areas of Pluto and Charon with high resolution
Characterize Pluto’s ionosphere and solar wind interaction

Search for neutral species including H, H,, HCN, C_.H

and other hydrocarbons and nitriles in Pluto’s

upper atmosphere, and obtain isotopic discrimination where possible

Search for an atmosphere around Charon

Determine bolometric Bond albedos for Pluto and Charon

Map the surface temperatures of Pluto and Charon

Group 3 (Tertiary Objectives)

Characterize the energetic particle environment of Pluto and Charon
Refine bulk parameters (radii, masses, densities) and orbits of Pluto and Charon

Search for additional satellites and rings

designed to fly over Pluto’s far hemisphere some 3.2 days
(one Pluto half-rotation) before or after the mother ship.
This mission was adopted as a high priority in the Solar
System Exploration Subcommittee (SSES) 1990s planetary
exploration plan derived in a “community shoot out” meet-
ing in February 1991. Following this, NASA’s Solar Sys-
tem Exploration Division formed the Outer Planets Science
Working Group (OPSWG) (S. A. Stern, Chair) to shape the
mission’s scientific objectives, document its rationale, and
prepare for an instrument selection process by the mid-
1990s. By 1992, OPSWG had completed most of its as-
signed mission study support tasks. Owing to tight budgets
at NASA, OPSWG was also asked to debate the large Mari-
ner Mark II vs. the much smaller Pluto-350 mission con-

cepts. In early 1992, OPSWG selected Pluto-350 as the
more pragmatic choice.

However, in the late spring of 1992, a new, more radi-
cal mission concept called Pluto Fast Flyby (PFF) was in-
troduced by the Jet Propulsion Laboratory (JPL) as a “faster,
better, cheaper” alternative to the Mariner Mark II and
Pluto-350 Pluto mission concepts. As initially conceived,
PFF was to weigh just 35-50 kg and carry only 7 kg of
highly miniaturized (then nonexistent) instruments, and fly
two spacecraft to Pluto for <$500M. PFF found a ready ally
in then NASA Administrator D. Goldin, who directed all
Pluto-350 and Mariner Mark II work to cease in favor of
PFF. PFF would have launched its two flyby spacecraft
on Titan IV-Centaur launchers; these low-mass spacecraft



would have shaved the Pluto-350 and Mariner Mark II flight
times from 12-15 years down to 7 or 8 years. Like Mari-
ner Mark II and Pluto-350, PFF involved RTG power and
Jupiter gravity assists (JGAs). The heavier missions also
involved Earth and Venus gravity assists on the way to Ju-
piter. All these mission concepts were developed by JPL
mission study teams.

Shortly after PFF was introduced, however, it ran into
problems. One was mass growth, which quickly escalated
the flight system to ~140 kg with no increase in science
payload mass. A second issue involved cost increases,
largely due to a broad move within NASA to include launch
vehicle costs in mission cost estimates; since two Titan IV
launchers alone cost over $800M, this pushed PFF to well
over $1B. A third issue was the turmoil introduced into
NASA’s planetary program by the loss of the Mars Observer
in 1993. These events caused PFF to lose favor at NASA,
and the concept never made it into the development phase.
Nevertheless, during 1994-1995 PFF did solicit, select, and
fund the breadboard/brassboard development of a suite of
miniaturized imagers, spectrometers, and radio science and
plasma instruments, whose successors would ultimately be-
come the science payload on NH.

Owing to the rapidly expanding interest in the Kuiper
belt by the mid-1990s, NASA directed JPL to re-invent PFF
as Pluto Express, later named, and more commonly known
as, Pluto-Kuiper Express (PKE). PKE was a single space-
craft PFF mission with a 175-kg spacecraft and a 9-kg sci-
ence payload. It would have launched in the 2001-2006
JGA launch window. A science definition team (SDT) (J. L.
Lunine, Chair) was formed in 1995 and delivered its report
in 1996 for an anticipated instrument selection in 1996—
1997. However, in late 1996, PKE mission studies were
drastically cut by Administrator Goldin and no instrument
selection was initiated. By 1999, however, NASA did re-
lease a solicitation for PKE instruments with proposals due
in March 2000. These proposals were evaluated and ranked,
but never selected. By September 2000, NASA cancelled
PKE, still in Phase A, owing to mission cost increases that
pushed the projected mission cost over the $1B mark. Fol-
lowing this cancellation, intense scientific and public pres-
sure spurred then NASA Associate Administrator for Space
Science E. Weiler to solicit mission proposals in 2001 for
a Pluto Kuiper belt (PKB) flyby reconnaissance mission,
which we discuss next.

1.2. Pluto Kuiper Belt Mission Announcement of
Opportunity and Selection of New Horizons

NASA’s decision to solicit PKB mission proposals was
announced at a press conference on December 20, 2000,
and the formal PKB Announcement of Opportunity (AO)
was released on January 19, 2001. The AO (NASA 01-OSS-
10) mandated a two-step selection process with initial pro-
posals due March 20, 2001, later extended to April 6, 2001.
Following a down-select to two teams, Phase A studies
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would be performed with due dates in the August—Septem-
ber timeframe. Since no PI-led mission to the outer plan-
ets, nor any PI-led mission involving RTGs, had ever been
selected in NASA’s history, the AO was termed “experimen-
tal” by NASA, which made it clear that the agency might
not select any of the proposals.

The PKB AO required responders to propose an entire
PKB mission, to meet at least the basic (i.e., “Group 17)
scientific objectives specified in the 1996 PKE SDT report,
to complete a Pluto flyby by 2020, to launch onboard a U.S.
Atlas V or Delta IV launch vehicle, and to do so within a
complete mission cost cap of $506M FY2001 dollars.
Launch vehicle selection between the Atlas V and Delta IV
was planned for 2002. Two spare Cassini-Galileo RTGs
were made available for use to proposal teams, with asso-
ciated costs of $50M and $90M (the latter with higher
power).

Shortly after the PKB AO release, on February 6, 2001,
the newly elected Bush Administration released its first
budget, which canceled PKB by not funding it in FY02 and
future years. Within days, NASA announced the suspension
of the PKB AO as well. However, within another week,
following intensive work on Capitol Hill by the science
community, the U.S. Senate directed NASA to proceed with
the AO so as not to limit Congressional authority to over-
ride the PKB cancellation decision.

Five PKB proposals were submitted to NASA by the
April 6, 2001, deadline. S. A. Stern partnered with the Johns
Hopkins University Applied Physics Laboratory (APL) on
a proposal called New Horizons, whose name was meant
to symbolize both the new scientific horizons of exploring
the Pluto system and the Kuiper belt, as well as the pro-
grammatic new horizons of Pl-led outer planet missions.
Stern and Cheng (2002) and Stern (2002) summarized the
NH mission as proposed.

After a two-month technical and programmatic review
process, on June 6, 2001, NASA announced the selection
of JPL’s Pluto Outer Solar System Explorer (POSSE) (L.
Esposito, PI) and APL’s NH (S. A. Stern, PI) for Phase A
studies and further competition. Both teams were given
$500K to refine their mission concepts and prepare revised
proposals by September 18, 2001. The deadline was pushed
back to September 25 owing to the interruption of U.S. gov-
ernment activities by the September 11 terrorist attacks. For-
mal oral briefings on the two proposals to a NASA Con-
cept Study Evaluation Review Board were held for NH and
POSSE on October 17 and 19, respectively. NASA an-
nounced the selection of NH on November 29, 2001.

The selection of NH did not mean smooth sailing from
that point on. NASA explained that many hurdles had to
be overcome before the mission could enter full develop-
ment, including lack of funding, lack of a nuclear quali-
fied launch vehicle, and lack of sufficient fuel to power an
RTG. Furthermore, NASA postponed the earliest launch
date from December 2004 to January 2006, incurring a
three-year delay in the Pluto arrival time, from 2012 to
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2015. In the summer of 2002, after hard-fought battles on
Capitol Hill and the key endorsement of a Pluto-KBO mis-
sion as NASA’s highest priority new start for solar system
exploration by the National Research Council’s Decadal
Report in Planetary Sciences [the Decadal Survey (Belton
et al., 2002)], NASA finally became committed to NH and
strongly supported its development to launch and beyond.
The most important milestones in the NH mission are listed
in Table 1; the only milestones not yet completed are the
Pluto encounter in July 2015 and any subsequent KBO
encounters, assuming that NASA approves an extended mis-
sion phase.

2. SCIENTIFIC OBJECTIVES

As previously discussed, the scientific objectives of a
PKB mission were developed by NASA’s OPSWG in 1992
and slightly refined and then re-ratified by the PKE SDT
in 1996. The specific measurements needed to achieve the
scientific objectives of the mission were also described in
detail in the reports prepared by the OPSWG and PKE SDT.
These scientific and measurement objectives were adopted
by NASA for the PKB mission AO that led to the selection
of NH.

The NH scientific objectives are ranked in three cate-
gories, called Group 1, Group 2, and Group 3 (Table 2).
Group 1 objectives represent an irreducible floor for the
mission science goals at the Pluto system. Group 2 goals
add depth and breadth to the Group 1 objectives and are
termed highly desirable. The Group 3 objectives add fur-
ther depth and are termed desirable, but they have a dis-
tinctly lower priority than the Group 2 objectives.

2.1. Primary Objectives (Group 1)

The Group 1 objectives address the most basic questions
about Pluto and Charon: What do they look like, what are
they made of, and what is the nature of Pluto’s atmosphere?
As discussed further in section 4, the NH science payload
is capable of mapping the entire sunlit surfaces of Pluto and
Charon at a best resolution of ~0.5 km pixel-! in panchro-
matic visible light images, and of making four-color visi-
ble light maps of Pluto and Charon at a best resolution of
~5 km pixel-!. These images will be used to determine the
global geology and the surface morphology of Pluto and
Charon. New Horizon’s infrared (IR) spectral imager will
map the distributions of N,, CO, CH,, and H,0, as well as
other species yet to be discovered, on the sunlit surfaces of
Pluto and Charon at a best resolution of ~10 km pixel-!.

Radio uplink and ultraviolet (UV) solar occultation ob-
servations of Pluto’s atmosphere will be used to measure its
pressure and temperature as a function of height above the
surface, its composition, and its escape rate. Ultraviolet air-
glow measurements will be used to search for atomic and
molecular emissions excited by charged particles or solar
fluorescence. The atmospheric escape rate will be probed by

NH’s charged particle instruments, which can measure the
solar wind stand-off distance and detect energetic ions pro-
duced when escaping neutral molecules charge-exchange
with the solar wind. Both the imaging observations at large
solar phase angles and the occultation measurements will
be used to search for hazes in Pluto’s atmosphere, which
may be important in determining the atmosphere’s thermal
structure.

2.2. Secondary Objectives (Group 2)

The NH science payload will also be used to address all
the SDT Group 2 objectives. During the Pluto encounter
approach phase, NH’s visible light imagers will make glo-
bal maps over at least a dozen rotational periods of Pluto-
Charon to search for temporal variability on their surfaces,
and NH’s UV spectral imager will monitor airglow emis-
sions to search for variability in Pluto’s atmosphere. Visi-
ble light images taken at slightly different times will be used
to create stereo views of the surfaces of Pluto and Charon,
which provide information on the surface topography. Small
areas near the terminator will be mapped at a resolution of
~50 m pixel-! with panchromatic imaging, which will pro-
vide a sensitive probe of surface features having unusual
morphologies. Visible light imaging observations at multi-
ple phase angles will be used to determine the Bond albe-
dos of Pluto and Charon. Using the widths and positions of
N,, CO,, and H,O bands as thermometers, NH’s IR spectral
imager will map Pluto’s surface temperature wherever there
is ice, and NH’s radio science package will be used in ra-
diometer mode to measure the average global temperatures
of Pluto and Charon, on both the daytime and nighttime
hemispheres.

The SDT objectives do not include any discussion of
Pluto’s small moons Nix and Hydra because they had not
yet been discovered. Fortunately, there are more than eight
years available to plan how best to investigate Nix and Hy-
dra, and the NH Science Team is treating the compositional
and geological mapping of these bodies as an additional
Group 2 objective to be addressed by the mission.

2.3. TERTIARY OBJECTIVES (GROUP 3)

The NH science payload will also be used to address all
the SDT Group 3 objectives, except the objective of meas-
uring magnetic fields. Pluto’s magnetic field is probably
extremely weak, if it exists at all, and a large boom would
be needed to make sensitive magnetic field measurements.
Since indirect information on Pluto’s magnetic field can
be gleaned from the two plasma instruments onboard NH
(SWAP and PEPSSI), the NH Science Team decided during
the proposal phase not to complicate the spacecraft design
by adding a boom with a magnetometer.

The best full-disk observations of Pluto and Charon will
be used to refine the radii, masses, densities, and orbits of
both objects. Investigations of craters observed in these



images will also enable a determination of the KBO size
frequency distribution down to the meter-class scale. Vis-
ible light images before and after Pluto closest approach
will be used to search for new satellites and for dust rings.
We note that the presence of Nix and Hydra raises the pros-
pects for discovering ephemeral dust rings in the Pluto sys-
tem because the surface gravities on those small satellites
are too small to capture material excavated from their sur-
faces by impacts with boulder-sized debris passing through
the system (Stern et al., 2006).

Additional discussion of NH’s objectives is provided in
section 4, where the individual NH instruments are de-
scribed. However, Young et al. (2008) should be consulted
for a much more extensive and detailed discussion of the
scientific and measurement objectives of the NH mission.

3. MISSION DESIGN

The NH mission design was driven by the desire to reach
Pluto by at least 2020, preferably earlier. Pluto reached peri-
helion in 1989, at a heliocentric distance of 30 AU, and is
currently heading toward aphelion at 49 AU in 2114. Be-
sides the obvious advantage of trying to reach Pluto before
it gets even farther away, the earlier the spacecraft arrival
date the better the chance that Pluto’s tenuous atmosphere
will still be observable; the expected decrease in surface
temperature with increasing heliocentric distance may even-
tually cause all the atmosphere’s constituents to freeze out
on the surface. Although the exact time when atmospheric
freeze-out will occur is unknown, models suggest that
Pluto’s atmospheric density should start steadily decreas-
ing around 2020 (Hansen and Paige, 1996). In addition,
Pluto’s obliquity is 120°, and the fraction of Pluto’s surface
receiving sunlight is continually decreasing between now
and the next solstice in 2029, when the subsolar latitude
reaches —57.5°. Thus, the earlier the arrival date, the more of
Pluto’s surface is available for imaging. Finally, the longer
the mission duration, the higher the risk of failure before
the mission is completed, which is yet another reason to
design the mission to reach Pluto as quickly as possible.

Several constraints imposed by the geometry required for
the Pluto encounter also affected the NH mission design,
and those are discussed below. But here we mention one
other important mission design consideration, which was
to make the launch window as wide as possible. Restrict-
ing the range of possible launch dates would make the mis-
sion more vulnerable to a wide variety of circumstances that
can delay launches (e.g., bad weather, technical problems,
etc.). NH had a relatively long, 35-day launch window (Jan-
uary 11 through February 14, 2006); launches during the
first 23 days employed a Jupiter gravity assist, while later
launch dates were Pluto-direct trajectories. NH also had
a 14-day backup launch window in January 2007, but all
those were Pluto-direct trajectories with Pluto arrivals in
2019-2021. Fortunately, NH launched on January 19, 2006,
on a Jupiter-assist trajectory, with a Pluto arrival in mid-
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2015. A summer arrival date is preferred because Pluto will
be nearly at opposition when viewed from Earth, which
is the best geometry for the radio uplink occultation ex-
periment.

A launch energy (C3) of nearly 170 km? s-2 was needed
to propel the NH spacecraft to Pluto, which was accom-
plished using the powerful Lockheed-Martin Atlas 551
launch vehicle in tandem with its Centaur second stage and
a Boeing Star 48 third stage. The launch performance was
virtually flawless, and the change in velocity needed for
trajectory correction (called “AV”) was only ~18 m s-1,
whereas 100 m s-! was budgeted pre-flight. NH departed
Earth faster than any other spacecraft (~16 km s-1), pass-
ing the orbit of the Moon in only 9 hours and reaching Ju-
piter in a record time of only 13 months. Plate 13 displays
NH’s trajectory.

We briefly discuss below the circumstances for the four
encounters that NH will experience during its journey; fur-
ther details on NH’s mission design can be found in Guo
and Farquhar (2008).

3.1. Asteroid Encounter

NH serendipitously flew past the small (~3 km diameter)
S-type (Tubiana et al., 2007) asteroid APL (2002 JF56 =
132524) on June 13, 2006, at a distance of 102,000 km. The
door on NH’s highest-resolution camera (LORRI) was still
closed at that time, but panchromatic and color visible light
images, and infrared spectral images, were obtained by the
Ralph instrument. Observations were obtained over a range
of solar phases angles not possible from the ground (4°-
90°), and the barely resolved asteroid displayed an unusual
morphology, indicative of either a highly irregular shape
or possibly an orbiting companion (Olkin et al., 2000).
But the main utility of the asteroid encounter was the op-
portunity to test NH’s ability to track a relatively fast-mov-
ing object. The apparent motion of APL near closest ap-
proach was ~270 prad s-!, which was much larger than the
highest rate encountered during the Jupiter flyby (~9.7 pyrad
s71). Although Pluto’s apparent motion at closest approach
(~1275 prad s-1) will be approximately five times faster than
the asteroid’s motion, the observations of asteroid APL still
provided an important opportunity for the NH operations
team to perform an encounter sequence on a real planetary
target, a test that NH passed with flying colors.

3.2. Jupiter Encounter

NH made its closest approach to Jupiter on February 28,
2007. The primary objective of the Jupiter encounter was
to send the NH spacecraft through an aim point located ~32
jovian radii (~2.3 million km) from the center of the planet,
where a gravity assist increased its speed by ~20% and
reduced the travel time to Pluto by approximately three
years. A secondary objective was to perform instrument
calibration observations in the jovian system that could not
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be obtained any other time during the mission (e.g., on
large, extended targets). Another important objective was
to put NH through an encounter that would root out any
flaws in the encounter strategy, so that any mistakes dur-
ing the Jupiter system observations would not be repeated
during the Pluto system observations, when the scientific
success of the mission is at stake. To accomplish this latter
objective, which essentially amounted to a “stress test” for
the encounter strategy, an ambitious set of observations of
the jovian system was executed. Jovian science was the
beneficiary as ~700 observations were planned for the Jupi-
ter encounter compared to ~350 for the baseline Pluto en-
counter. The NH science team had spent several years de-
signing a program of observations that could return unique
and exciting scientific results from the Jupiter encounter and
was extremely gratified to have most of its “wish list” of
observations actually performed.

During approach, NH monitored the jovian meteorology
and found a surprisingly clear mid-latitude atmosphere with
very little turbulence around the Great Red Spot, in striking
contrast to what was seen by Voyager, Galileo, and Cassini.
Also during approach, UV spectral observations monitored
changes in Jupiter’s auroral activity and emissions from the
Io plasma torus. An intense and complex observational se-
quence was executed during a +4-day period centered on
the closest approach date (February 28, 2007) that involved
imaging and spectroscopic observations of Jupiter, its sat-
ellites, and its rings. Throughout the approach phase and
for ~100 days post-encounter, the NH particle and plasma

instruments investigated Jupiter’s magnetosphere and per-
formed the first in sirzu measurements down the magnetotail
of a giant planet. The initial results from the NH encounter
with Jupiter are discussed in detail in a series of papers
published in the journal Science.

3.3. Pluto Encounter

NH will have its closest approach to Pluto in mid-July
2015. The following constraints for the Pluto encounter
were drivers for the mission’s design:

1. The closest approach distance to Pluto must be
~12,500 km, so that the spatial resolution measurement
objectives can be achieved.

2. The spacecraft must fly through Pluto’s shadow, so
that both solar and Earth occultations occur when at least
two NASA DSN stations can track the spacecraft at eleva-
tion angles >15°.

3. The spacecraft must fly through Charon’s shadow to
achieve a solar occulation, and preferably an Earth occul-
tation too, when at least two NASA DSN stations are track-
ing the spacecraft at elevation angles >15°.

4. The Pluto closest approach must occur first, and
Charon must be placed so that the Pluto nightside can be
imaged in reflected light from Charon. NH will approach
Pluto from its southern hemisphere at a solar phase angle
of ~15° (Fig. 1). The spacecraft’s heliocentric velocity at
encounter time is ~14 km s-!. The occultation geometry for
the Pluto encounter is illustrated in Fig. 2.
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approach to Pluto on July 14, 2015. A test trajectory case is depicted; the absolute times are likely to change for the final design, but
the relative timing of the various events should be well-represented. From Guo and Farquhar (2008).

3.4. Kuiper Belt Object Encounters

Pending NASA approval of the extended mission phase,
NH will perform a target trajectory maneuver approximately
two weeks after Pluto closest approach to send the space-
craft to an encounter with another, yet to be identified, KBO.
Depending on the availability of fuel for maneuvers, the
baseline strategy is to pass within ~25,000 km of the tar-
geted KBO.

At launch, 76.8 kg of hydrazine propellant was loaded
onto the NH spacecraft. The propellant is used for inflight
trajectory correction maneuvers and for spacecraft attitude
control. Owing to the excellent launch performance, the
propellant usage for the trajectory corrections has been well
below the pre-flight estimates. As of mid-April 2007 (i.e.,
after the Jupiter encounter) only ~12 kg of propellant had
been consumed, including both trajectory corrections and
all spacecraft-pointing maneuvers. The best current estimate
is that ~47 kg should be available after the Pluto flyby,
which corresponds to a AV capacity of ~235 m s-1. With this
amount of fuel available for trajectory course correction,
the Monte Carlo model of Spencer et al. (2003), which
incorporates recent estimates on the size distribution and
dynamical structure of the Kuiper belt, indicates that NH
has more than a 95% probability of reaching one ~50 km
diameter KBO. The probability of reaching two KBOs
larger than ~40 km is ~50%. The first KBO encountered is
most likely to be at a heliocentric distance of ~42 AU, which
NH will reach in 2018. NH is expected to retain operational
readiness through ~2020, at which time the spacecraft will
be at a heliocentric distance of ~50 AU.

A campaign has been mounted to search for potential
KBO targets for the NH mission using large, groundbased
telescopes. However, the region of the sky where potential

targets are located is currently near the galactic plane, and
the high density of stars makes it difficult to find KBOs,
especially the small, faint ones, which require a limiting
magnitude of V = 27 to detect objects ~50 km in diameter.
Of course, it is possible to be lucky and find a large KBO
in the region accessible to NH, but so far none have been
found. The detectability of candidate KBOs should become
much easier after 2010 because the sky region of interest
should be much farther from the galactic plane, and the
sensitivity of the telescopic facilities should improve as well.
The NH Project expects to have selected its KBO target by
~2012, well before the Pluto encounter period.

4. SCIENTIFIC INSTRUMENTS

The challenges associated with sending a spacecraft to
Pluto in less than 10 years and performing an ambitious
suite of scientific investigations at such large heliocentric
distances (>32 AU) are formidable and required the devel-
opment of lightweight, low-power, and highly sensitive in-
struments. Fortunately, all the NH instruments successfully
met these daunting technical challenges without compro-
mising any of the mission’s original scientific objectives.

All the fundamental (Group 1) scientific objectives for
the NH mission can be achieved with the core payload,
comprising the Alice ultraviolet (UV) imaging spectroscopy
remote sensing package, the Ralph visible and infrared
imaging and spectroscopy remote sensing package, and the
Radio Science Experiment (REX) radio science package.

The supplemental payload is not required to achieve
minimum mission success, but it both deepens and broad-
ens the scientific objectives and provides functional redun-
dancy across scientific objectives. The supplemental pay-
load comprises the Long Range Reconnaissance Imager
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Fig. 3. This drawing shows the locations of the instruments on
the New Horizons spacecraft. The antenna diameter is 2.1 m,
which provides a scale for the figure. The boresights of LORRI,
Ralph, and the Alice airglow channel are approximately coaligned.
The boresights of the Alice solar occultation channel and the an-
tenna are approximately coaligned and are approximately orthogo-
nal to the LORRI, Ralph, and Alice airglow channel boresights.

(LORRI), which is a long-focal-length, panchromatic visi-
ble light imager; the Solar Wind Around Pluto (SWAP)
charged particle detector; the Pluto Energetic Particle Spec-
trometer Science Investigation (PEPSSI),which detects
charged particles at higher energies than those detected by
SWAP; and the Venetia Burney Student Dust Counter (VB-
SDC), which is an interplanetary dust detection and mass

Alice UV Spectrograph, 46.5-188 nm,
Mass 4.15 kg, Power 3.6 W

Ralph Visible Color Imager (MVIC)
and IR Spectral Imager (LEISA),
Mass 10.67 kg, Power 6.74 W

Long Range Reconnaissance Imager
(LORRI), Panchromatic Visible Imager,
Mass 9.03 kg, Power 4.6 W

Pluto Energetic Particle Spectrometer
Science Investigation (PEPSSI),
Mass 1.48 kg, Power 2.45 W

characterization experiment. VB-SDC was a late addition to
the supplemental payload approved by NASA as an Edu-
cation and Public Outreach (EPO) initiative.

The locations of the instruments on the NH spacecraft
are shown in Fig. 3. Pictures of all seven instruments are
displayed in Fig. 4, which also lists the mass and power con-
sumption of each instrument. The primary measurement
objectives and the principal characteristics of each instru-
ment are summarized in Table 3. We provide below a high-
level overview of all the NH instruments; a more detailed
description of the NH science payload is given by Weaver
et al. (2008) and references therein, while Young et al.
(2008) provide more discussion on the scientific objectives
of each instrument.

4.1. Alice

Alice, a UV imaging spectrometer with a dual-delay line
microchannel plate detector, is sometimes called Pluto-Alice
(P-Alice) to distinguish it from its predecessor, Rosetta-
Alice (R-Alice), which is a similar instrument being flown
on the European Space Agency (ESA) Rosetta mission to
Comet 67P/Churyumov-Gerasimenko. Compared to R-
Alice, P-Alice has a somewhat different bandpass and vari-
ous enhancements to improve reliability. P-Alice also in-
cludes a separate solar occultation channel, which is not
available on R-Alice, to enable sensitive measurements of
Pluto’s upper atmosphere by observing the sun as the NH
spacecraft enters Pluto’s shadow. Both P-Alice and R-Alice
are significantly improved versions of the Pluto mission

Radio Experiment (REX), Antenna (2.1 m)
+ Processing Card (0.1 kg, 2.1 W)

Solar Wind at Pluto (SWAP),
Mass 3.3 kg, Power 2.84 W

Venetia Burney Student Dust Counter
(VB-SDC), Mass 1.69 kg, Power 6.4 W

Fig. 4. The three instruments comprising the New Horizons core payload are shown along the top row, and the instruments compris-
ing the supplemental payload are displayed along the bottom row. All these instruments are included in the as-launched spacecraft.
The total mass of the entire science payload is 30.4 kg, and the total power drawn by all the instruments is 28.7 W.
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TABLE 3. New Horizons science payload.
Instrument Measurement Objectives Characteristics
Alice « Upper atmospheric temperature and pressure profiles of Pluto UV spectral imaging: 465-1880 A; FOV 0.1° x
e Temperature and vertical temperature gradient measured to ~10% at 4° and 2° x 2°; dispersion 1.8 A pixel-!; spatial
a vertical resolution of ~100 km for atmospheric densities 210° cm-3 resolution 5 mrad pixel-!; airglow and solar
 Search for atmospheric haze at a vertical resolution <5 km occultation channels; modes: time-tag, histo-
* Mole fractions of N,, CO, CH,, and Ar in Pluto’s upper atmosphere gram; A ;= 0.3 cm? (peak)
* Atmospheric escape rate from Pluto
¢ Minor atmospheric species at Pluto
e Search for an atmosphere of Charon
¢ Constrain escape rate from upper atmospheric structure
Ralph-MVIC Hemispheric panchromatic maps of Pluto and Charon at best Visible CCD imaging: 400-975 nm (panchro-

Ralph-LEISA

REX

LORRI

SWAP

PEPSSI

VB-SDC

resolution exceeding 0.5 km pixel-!

Hemispheric four-color maps of Pluto and Charon at best resolution
exceeding 5 km pixel-!

Search for/map atmospheric hazes at a vertical resolution <5 km
High-resolution panchromatic maps of the terminator region

Panchromatic stereo images of Pluto and Charon, Nix, and Hydra
Orbital parameters, bulk parameters of Pluto, Charon, Nix, and Hydra
Search for rings

Search for additional satellites

Hemispheric near-IR spectral maps of Pluto and Charon at best
resolution exceeding 10 km pixel-!

Map hemispheric distributions of N,, CO, and CH, on Pluto at a best
resolution exceeding 10 km pixel-!

Surface temperature mapping of Pluto and Charon

Phase angle dependent spectral maps of Pluto and Charon

Temperature and pressure profiles of Pluto’s atmosphere to the surface
* Surface number density to +1.5%, surface temperature to +2.2 K, and
surface pressure to +0.3 ubar

Surface brightness temperatures on Pluto and Charon

Masses and chords of Pluto and Charon; detect or constrain J,

Detect, or place limits on, an ionosphere for Pluto

Hemispheric panchromatic maps of Pluto and Charon at best
resolution exceeding 0.5 km pixel-!

Search for/map atmospheric hazes at a vertical resolution <5 km
High-resolution panchromatic maps of the terminator region

Panchromatic stereo images of Pluto and Charon, Nix, and Hydra
Orbital parameters, bulk parameters of Pluto, Charon, Nix, and Hydra
Search for rings

Search for additional satellites

Atmospheric escape rate from Pluto

Solar wind velocity and density, low-energy plasma fluxes and angular
distributions, and energetic particle fluxes at Pluto system

Solar wind interaction of Pluto and Charon

Composition and density of pick-up ions from Pluto, which indirectly
addresses the atmospheric escape rate

 Solar wind velocity and density, high-energy plasma fluxes and angular
distributions, and energetic particle fluxes in the Pluto system

¢ Trace the density of dust in the solar system along the NH trajectory from
Earth to Pluto and beyond

Panchromatic, wide-phase-angle coverage of Pluto, Charon, Nix, and Hydra

Panchromatic, wide-phase-angle coverage of Pluto, Charon, Nix, and Hydra

matic), four color filters (blue, red, methane,
near-IR); FOV 0.15° x 5.7° (stare, pan), FOV
5.7° x arbitrary (scan, color + pan); [FOV

20 prad (4")

IR spectral imaging: 1.25-2.5 pm; A/S\ = 240
(1.25-2.50 um); A/SA = 550 (2.10-2.25 um);
FOV 0.9° x 0.9° IFOV 62 prad (12")

X-band (7.182 GHz uplink, 8.438 GHz down-
link); radiometry Ty, < 150 K; Ultra-Stable
Oscillator (USO) frequency stability: 8f/f =3 x
10-13 over 1's

Visible CCD panchromatic images: 350—
850 nm; FOV 0.29° x 0.29°; IFOV 5 prad (1");
optical navigation

Solar wind detector; FOV 10° x 200°; energy
range 0.25-7.5 keV; energy resolution: RPA:
0.5V (<1.5keV), ESA: 0.4 SE/E (>1.4 keV)

Energetic particle detector; energy range 1 keV—
1IMeV; FOV 12° x 160°; IFOV 12° x 25°;

12 energy channels; mass resolution: <5 amu
(>1.7 keV nucleon-1), <2 amu (>5 keV nucleon-1)

12 PVF panels to detect dust impacts and
2 control panels shielded from impacts

Boldface text specifies measurement objectives that achieve Group 1 scientific objectives. A is the effective area of the Alice instrument and is a
measure of its throughput or sensitivity. IFOV gives the individual pixel field of view for the MVIC, LEISA, and LORRI instruments, in both
microradians (urad) and arcseconds ("). RPA and EPA refer to the retarding potential analyzer and the electrostatic analyzer, respectively, for SWAP.
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“HIPPS” UV spectrograph (HIPPS/UVSC) (Stern et al.,
1995), which was developed at Southwest Research Insti-
tute (SWRI) in the mid-1990s with funds from NASA, JPL,
and SwRI. Further details on Alice and its performance can
be found in Stern et al. (2008).

Alice was designed to measure Pluto’s upper atmos-
pheric composition and temperature, which is a Group 1
scientific objective. Alice will also obtain model-dependent
escape rate measurements from Pluto’s atmosphere and will
provide some limited surface mapping and surface compo-
sition capabilities in the UV. Alice’s spectral bandpass in-
cludes lines of CO, atomic H, Ar, and Ne, which may be
detectable as airglow, and the electronic bands of N,, CH,,
and other hydrocarbons and nitriles, which are detectable
during solar and stellar occultation observations.

4.2. Ralph

Ralph is essentially two instruments rolled into a sin-
gle package. The Multispectral Visible Imaging Camera
(MVIC) is a visible light panchromatic and color imager,
and the Linear Etalon Imaging Spectral Array (LEISA) is
an infrared imaging spectrometer. The common telescope
assembly for Ralph has a three-mirror, off-axis anastigmat
design with a 7.5-cm primary mirror. A dichroic reflects the
visible light to the MVIC focal plane and transmits the IR
light to the LEISA focal plane. Only one focal plane is
active at a time, with a relay used to select either MVIC or
LEISA. The Ralph boresight is approximately co-aligned
with the LORRI and Alice airglow boresights.

The MVIC focal plane has seven independent CCD ar-
rays mounted on a single substrate. Six of the arrays have
5000 (columns) x 32 (rows) photosensitive pixels and op-
erate in time-delay integration (TDI) mode, in which the
spacecraft is scanned in cadence with the transfer of charge
from one row to the next until the desired scene is covered.
Two of the TDI arrays provide panchromatic (400-975-nm)
images, and the other four TDI arrays provide, respectively,
color images in blue (400-550 nm), red (540-700 nm),
near-IR (780-975 nm), and narrowband methane (860—
910 nm) channels. The nominal scan rate for MVIC is
1000 prad s-! (200" s-1) for its color images, and 1600 urad
s71 (320" s-1) for its panchromatic images. The frame trans-
fer array has 5000 x 128 pixels and provides panchromatic
images (400-975 nm) that can be used for either science or
optical navigation. Each panchromatic array can be oper-
ated independently, for redundancy. The four color arrays
are operated in tandem. Further details on MVIC and its per-
formance can be found in Reuter et al. (2008).

MVIC images in the three broadband colors will pro-
vide information on spectral slopes of Pluto’s surface and
on its atmospheric properties. The narrowband filter per-
mits mapping of the surface methane abundance, as the
well-known 890-nm absorption band is the strongest meth-
ane feature available at visible light wavelengths. The 700—
780-nm gap between the red and near-IR bandpasses over-
laps another methane band at 740 nm; combining data from
the panchromatic, blue, red, and near-IR filters can provide

some information about band depth in this “virtual” filter.

LEISA’s dispersive capability is provided by its wedged
etalon (a linear variable filter, or LVF), which is mounted
~100 um above its 256 x 256 pixel HgCdTe PICNIC array.
The etalon covers 1.25-2.5 um, a spectral region populated
with many absorption features of N,, CH,, H,0, NH;, CO,
and other molecules, at a resolving power of ~250. A
higher-resolution subsegment, covering 2.10-2.25 um at a
resolving power of ~550, will be used to discern grain sizes,
mixing states, and pure vs. solid-solution abundances (Qui-
rico et al., 1999). The higher-resolution segment is also crit-
ical for taking advantage of the temperature sensitive N,
bands (Grundy et al., 1993, 1999), and the symmetric,
doubled v, + v; CH, band that is diagnostic of pure vs.
diluted CH, abundances (Quirico and Schmitt, 1997).

As was the case for MVIC, LEISA images are obtained
by scanning its field of view across the target with the frame
transfer rate synchronized with the spacecraft scan rate. The
LVF is oriented so that wavelength varies along the scan
direction. Thus, scanning LEISA over a target produces
images at different wavelengths, unlike the case for MVIC
where the scanning simply increases the signal 32-fold (i.e.,
by the number of rows in the TDI array). LEISA builds up
a conventional spatial-spectral data cube (256 monochro-
matic images) by scanning the FOV across all portions of
the target at a nominal scan rate of 120 prad s-! (24" s-1).
A nominal framing rate of 2 Hz, corresponding to a single-
frame exposure time of 0.5 s, will be used to maintain less
than 1 pixel attitude smear and provide good signal-to-noise
ratio during observations in the Pluto system. Further de-
tails on LEISA and its performance can be found in Reuter
et al. (2008).

4.3. Radio Science Experiment (REX)

REX is unique among the NH instruments in that it is
physically and functionally incorporated within the space-
craft telecommunications subsystem. Because this sub-
system is entirely redundant, so is REX. The two copies of
REX can be used simultaneously to increase the SNR, as
well as provide dual polarization capability.

NASA’s Deep Space Network (DSN) transmits radio
signals to NH, which are received by REX via the 2.1-m
High Gain Antenna (HGA). The carrier frequency signal at
7.182 GHz is down-converted to an intermediate frequency
(IF) by an ultrastable oscillator (USO), which operates at
30 MHz. During a radio occultation event, REX measures
phase delays in the received signal as a function of time,
which can be inverted into a temperature, number density
profile of the intervening atmosphere. REX can also oper-
ate in a passive radiometry mode to measure radio bright-
ness temperatures at its carrier frequency. Further details
on REX and its performance can be found in Tyler et al.
(2008).

REX addresses the Group 1 scientific objective of ob-
taining Pluto’s atmospheric temperature and pressure pro-
files down to the surface using the unique uplink radio
occultation technique described above. REX will also ad-



dress Group 2 and Group 3 scientific objectives by prob-
ing Pluto’s ionospheric density, searching for Charon’s at-
mosphere, refining bulk parameters like mass and radius,
and measuring the surface emission brightness at a wave-
length of 4.2 cm, which permits the determination of both
the dayside and nightside brightness temperatures with an
angular resolution of ~1.2° (full-width between the 3 dB
points).

4.4. Long Range Reconnaissance Imager (LORRI)

The Long Range Reconnaissance Imager (LORRI) is
a narrow-angle, high-resolution, panchromatic imaging
system that was added to NH to augment and provide re-
dundancy for Ralph’s panchromatic imaging capabilities.
LORRT’s input aperture is 20.8 cm in diameter, making it
one of the largest telescopes flown on an interplanetary
spacecraft. The large aperture, in combination with a high
throughput (QE,, = 60%) and wide bandpass, will allow
LORRI to achieve SNR > 100 during disk-resolved obser-
vations of Pluto, even though exposure times must be kept
below 100 ms to prevent smearing from pointing drift. A
frame transfer 1024 x 1024 pixel (optically active region),
thinned, backside-illuminated charge-coupled device (CCD)
detector records the image in the telescope focal plane.
LORRI image exposure times can be varied from 0 ms to
29,967 ms in 1-ms steps, and images can be accumulated
at a maximum rate of 1 image per second. LORRI’s large
dynamic range allowed it to be an imaging workhorse dur-
ing the Jupiter encounter, when saturation limited MVIC
observations to relatively large solar phase angles. LORRI
operates in an extreme thermal environment, mounted in-
side the warm spacecraft and viewing cold space, but the
telescope’s monolithic, silicon carbide construction allows
the focus to be maintained over a large temperature range
(=120°C to 50°C) without any focus adjustment mechanisms.
Indeed, LORRI has no moving parts, making it a relatively
simple, reliable instrument that is easy to operate.

LORRI is also serving as the prime optical navigation
instrument on NH. During a typical 100 ms exposure us-
ing the full format (1024 x 1024) mode, LORRI can achieve
SNR = 5 on V = 13 stars. On-chip 4 x 4 binning, used in
conjunction with a special pointing control mode that per-
mits exposing up to 10 s while keeping the target within a
single rebinned pixel, allows imaging of point sources as
faint as V = 18, which will permit LORRI to detect a 50-
km-diameter KBO approximately seven weeks prior to
encounter, thereby enabling accurate targeting to the KBO.
Further details on LORRI and its performance can be found
in Cheng et al. (2008).

LORRI first detected Pluto on September 21, 2006, at a
distance of 28 AU. LORRI’s resolution at Pluto will start
exceeding that available from the Hubble Space Telescope
approximately three months prior to closest approach. En-
route to Pluto, LORRI will obtain rotationally resolved
phase curves of Pluto and later Charon, once the two can
be separately resolved. LORRI will obtain panchromatic
maps over at least 10 Pluto rotations during approach, with
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the final complete map of the sunlit hemisphere exceeding a
resolution of 0.5 km pixel-!. LORRI will map small regions
near Pluto’s terminator with a resolution of ~50 m pixel-!,
depending on the actual closest approach distance. LORRI
will also be heavily used for studies requiring high geo-
metrical fidelity, such as determining the shapes of Pluto,
Charon, Nix, and Hydra and refining the orbits of all these
objects relative to the system barycenter. LORRI observa-
tions at high phase angles will provide a sensitive search
for any particulate hazes in Pluto’s atmosphere.

4.5. Solar Wind Around Pluto (SWAP)

The Solar Wind Around Pluto (SWAP) instrument is one
of two particle detection in situ instruments onboard NH.
SWAP is comprised of a retarding potential analyzer (RPA),
a deflector (DFL), and an electrostatic analyzer (ESA).
Collectively, these elements are used to select the angles
and energies of solar wind ions entering the instrument. The
selected ions are directed through a thin foil into a coinci-
dence detection system: The ions themselves are detected
by one channel electron multiplier (CEM), and secondary
electrons produced from the foil are detected by another
CEM. SWAP can measure solar wind particles in the en-
ergy range from 25 eV up to 7.5 keV with a resolution of
OE/E < 0.4. SWAP has a fan-shaped field of view that ex-
tends ~200° in the XY-plane of the spacecraft by ~10° out
of that plane. Further details on SWAP and its performance
can be found in McComas et al. (2008).

SWAP was designed to measure the interaction of the
solar wind with Pluto, which addresses the Group 1 scien-
tific objective of measuring Pluto’s atmospheric escape rate.
Additionally, SWAP has a specific goal of characterizing
the solar wind interaction with Pluto as a Group 2 objec-
tive. SWAP also addresses the Group 3 objectives of char-
acterizing the energetic particle environment of Pluto and
searching for magnetic fields, which it does indirectly.

4.6. Pluto Energetic Particle Spectrometer Science
Investigation (PEPSSI)

The Pluto Energetic Particle Spectrometer Science In-
vestigation (PEPSSI) is the other in sifu particle instrument
onboard NH, and it provides measurements of both the en-
ergy and the composition of the plasma near the spacecraft.
The PEPSSI design is derived from that of the Energetic
Particle Spectrometer (EPS), which is flying on the MES-
SENGER mission to Mercury. PEPSSI has thinner foils than
EPS, which enables measurements down to smaller energy
ranges. PEPSSI also has a slightly increased geometric fac-
tor and draws less power than EPS. Both EPS and PEPSSI
trace their heritage to a NASA PIDDP program in the 1990s
to develop a particle instrument for use on a Pluto flyby
mission.

PEPSSI is a compact, radiation-hardened instrument
comprised of a time-of-flight (TOF) section feeding a solid-
state silicon detector (SSD) array. Each SSD has four pix-
els, two dedicated to ions, and two for electrons. PEPSSI’s
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field of view (FOV) is fan-like and measures 160° x 12°,
divided into six angular sectors of 25° x 12° each. Ions
entering the PEPSSI FOV generate secondary electrons as
they pass through entrance and exit foils in the TOF sec-
tion, providing “start” and “stop” signals detected by a
microchannel plate (MCP). Particle energy information,
measured by the SSD, is combined with TOF information
to identify the particle’s composition. Each particle’s direc-
tion is determined by the particular 25° sector in which it is
detected. Event classification electronics determine incident
mass and energy, with 12 channels of energy resolution.
Protons can be detected in the energy range 40—-1000 keV,
electrons in the range 25-500 keV, and CNO ions in the
range 150-1000 keV. TOF-only measurements extend to
<1 keV for protons, to 15 eV for CNO ions, and to 30 keV
for N%. TOF measurements are possible in the range 1-
250 ns to an accuracy of +I ns. The mass resolution of
PEPSSI varies with energy: For CNO ions, it is <5 amu for
>1.7 keV nucleon-!, and <2 amu for >5 keV nucleon-!. Fur-
ther details on PEPSSI and its performance can be found
in McNutt et al. (2008).

By measuring energetic pickup ions from Pluto’s atmos-
phere, PEPSSI provides information related to the atmos-
pheric escape rate on Pluto, which is a Group 1 scientific
objective. PEPSSI’s primary role, however, is to address the
Group 3 objective of characterizing the energetic particle
environment in the Pluto system. Fluxes of energetic pickup
ions may be measured as far as several million kilometers
from Pluto (see Bagenal et al., 1997), and PEPSSI obser-
vations will be used to determine the mass, energy spectra,
and directional distributions of these energetic particles
(Bagenal and McNutt, 1989). Secondarily, PEPSSI will also
provide low resolution, supporting measurements of the
solar wind flux, complementing SWAP.

4.7. Venetia Burney Student Dust Counter
(VB-SDC)

The Venetia Burney Student Dust Counter (SDC), which
was named in 2006 in honor of the student who named
Pluto in 1930, is an impact dust detector that will be used
to map the spatial and size distribution of interplanetary dust
along the trajectory of the NH spacecraft from the inner
solar system to and through the Kuiper belt. Unlike all the
other instruments, the VB-SDC was not part of the origi-
nal NH proposal and was added by NASA as an Education
and Public Outreach (EPO) experiment. For the first time
ever, students were given the opportunity to design, build,
and operate an instrument for an interplanetary mission,
under the supervision of NASA-certified personnel. Ap-
proximately 20 undergraduate physics and engineering stu-
dents at the University of Colorado worked on the VB-SDC,
which was the first instrument delivered to the NH space-
craft.

The VB-SDCs sensors are thin, permanently polarized
polyvinylidene fluoride (PVDF) plastic films that gener-
ate an electrical signal when dust particles penetrate their

surface. The VB-SDC has a total sensitive surface area of
~0.1 m2, comprising 12 separate film patches, each 14.2 cm x
6.5 cm, mounted onto the top surface of a support panel.
In addition, there are two reference sensor patches mounted
on the backside of the detector support panel, protected
from any dust impacts. These reference sensors, identical
to the top surface sensors, are used to monitor the various
background noise levels, from mechanical vibrations or cos-
mic ray hits. The entire support panel is mounted on the
exterior of the NH spacecraft, outside the spacecraft multi-
layer insulating (MLI) blanket, facing the ram (-Y) direc-
tion. The VB-SDC observations are most useful during the
cruise phases of the mission, when the spacecraft is spin-
ning and the other instruments are turned off. Thruster fir-
ings during three-axis operations generate large VB-SDC
background signals, which make it very difficult to detect
true interplanetary dust particle (IDP) impacts, thus ruling
out dust measurements during the Pluto encounter itself.
The VB-SDC was designed to resolve, to within a factor of
~2, the masses of IDPs in the range of 10-12<m < 109 g,
which corresponds roughly to a size range of 1-10 ym in
particle radius. Bigger grains are also recorded, but their
masses cannot be resolved. With the characteristic space-
craft speed during cruise of ~13 km s-!, current models of
the dust density in the solar system (Divine, 1993) suggest
that the VB-SDC should record approximately one IDP hit
per week. Further details on VB-SDC and its performance
can be found in Horanyi et al. (2008).

5. SPACECRAFT SUBSYSTEMS AND
MISSION OPERATIONS

Details on the NH spacecraft and its subsystems are dis-
cussed by Fountain et al. (2008). Here we provide a high-
level summary of the most important subsystem compo-
nents.

The NH spacecraft mechanical design is similar to that
of the Ulysses spacecraft. The principal moment of inertia,
which is the axis about which the spacecraft spins during
much of the mission, is aligned with the antenna boresight.
The instruments and propulsion system thrusters are placed
around the main structure so that they do not interfere with
each other. The RTG is cantilevered off the main structure
to place it as far as possible from the electronics and in-
struments, thereby minimizing their exposure to radiation.

The power for the NH spacecraft is supplied by a Gen-
eral Purpose Heat Source Radioisotope Thermoelectric Gen-
erator (GPHS-RTG). The “F8” GPHS-RTG supplied by the
U.S. Department of Energy is the latest in a series of RTGs
of the same design supplied for NASA missions since the
late 1980s. The unit converts heat generated by the radio-
active decay of 72 plutonium dioxide pellets into electricity
using silicon-germanium (SiGe) thermocouples. The RTG
provided 244 W of power at launch, has performed flaw-
lessly in flight, and is expected to deliver ~199 W during
the Pluto encounter in 2015; at least 180 W is needed to
accomplish the mission’s scientific objectives.



Only a few elements of the NH subsystems do not have
redundancy (e.g., the RTG, the propulsion system tank, the
radio subsystem hybrid coupler, and the high gain antenna),
but in all cases those components have a robust design and
a history of failure-free service over time periods longer
than the expected NH mission duration.

The average temperature of the spacecraft structure was
slightly under 50°C during early operations with the lower
deck facing the Sun at 1 AU and will be maintained close
to room temperature (~20°-30°C) for most of the mission;
the spacecraft structure must always be somewhat above
0°C to ensure that the hydrazine propellant does not freeze.
The propulsion system components are thermally tied to the
spacecraft bus and are kept warm through thermal contact
with the structure.

The NH spacecraft spends much of its time spinning at
~5 rpm around the antenna boresight. In this mode, useful
data can be obtained by REX, SWAP, PEPSSI, and the VB-
SDC, but typically not by any of the other instruments. For
virtually all observations made by the imaging instruments,
three-axis pointing control mode is required. In three-axis
mode, the spacecraft can be slewed to a targeted location
to an accuracy of +1024 urad (+200", 36) and controlled
to that location within a typical “deadband” of +500 urad
(£100"). For some Alice observations, when the target must
be kept near the center of its narrow slit, the deadband can
be reduced to £250 prad (£50"). The drift rate is controlled
to within +34 prad s-! (27" s-1, 36) for both fixed and scan-
ning observations. The post-processing knowledge of the
attitude and drift rate derived from the star tracker and gyro
data are +350 prad (70", 36) and 7.5 prad s-! (£1.5" s71,
30), respectively. Ralph observations usually require the
spacecraft to scan about its Z axis, which can be performed
accurately enough to keep smearing below 1 pixel for both
the MVIC or LEISA images. Further details about the NH
guidance and control system can be found in Rogers et al.
(20006).

The NH Mission Operations Center (MOC) is located
at JHU/APL, which also runs several other space missions.
NH mission operations is divided into several phases:
launch and early operations, commissioning, cruise, and
encounter.

As soon as communications with NH were established
~45 min after launch, the MOC took over complete con-
trol of the spacecraft. The first month of operations was pri-
marily devoted to checking the performance of the space-
craft subsystems. By late February 2006, the health and
safety of the spacecraft had been verified, and the opera-
tions team had demonstrated that the observatory was ready
for business.

Instrument commissioning proceeded systematically
during the following months, during which the performance
of each instrument was investigated in detail and calibra-
tion observations obtained. The “first light” observations,
when an astronomical or interplanetary target is viewed for
the first time, were staggered throughout the May to Sep-
tember 2006 period. By mid-2007, only a handful of com-
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missioning activities remained, all of which will be executed
during the late summer or early fall of 2007.

NH is a long-duration mission, with the primary objec-
tive not being completed until nearly 10 years after launch.
For most of the eight years between the Jupiter and Pluto
encounter phases (2007-2014, inclusive), the spacecraft will
be placed into “hibernation” mode, with all nonessential
subsystems, including the science payload, powered off to
preserve the life of the components. During the hibernation
period, beacon radio tones are sent periodically from the
spacecraft to Earth that allow flight controllers to verify the
basic health and safety of the spacecraft. Additionally,
monthly telemetry passes are scheduled to collect engineer-
ing trending data.

Although the spacecraft is kept in hibernation to reduce
component use prior to the Pluto encounter, it is important
to verify periodically the performance of the spacecraft
subsystems and instruments and to keep the mission opera-
tions team well trained and prepared for the Pluto encoun-
ter activities. Therefore, the spacecraft will be brought out
of hibernation each year for roughly 60 days, called “an-
nual checkouts” (ACOs), during which the performance of
the spacecraft subsystems and instruments can be verified.
ACOs also provide an opportunity for cruise science data to
be collected, such as interplanetary charged particle meas-
urements, studies of the hydrogen distribution in the inter-
planetary medium, and extensive phase curve studies of
Pluto, Charon, Uranus, Neptune, Centaurs, and KBOs, none
of which can be obtained from spacecraft near Earth.

Three full rehearsals of the Pluto encounter are being
planned (during January 2009, July 2014, and January 2015)
that will serve both to verify that the Pluto encounter se-
quence will work and to provide essential training for the
mission operations team in preparation for the actual en-
counter.

6. SCIENCE OPERATIONS AND
DATA ARCHIVING

The Science Operations Center (SOC) for NH is located
at the SwRI office in Boulder, Colorado. The SOC is re-
sponsible for designing and implementing the science ac-
tivity plans (SAPs) and for processing and archiving all
science data.

The so-called “low-speed” data (e.g., all data from the
particle instruments and engineering “housekeeping” data
from the other instruments) are packetized by a telemetry
processor and then downlinked to the NASA Deep Space
Network (DSN). The “high-speed” data (e.g., all science
data from the remote sensing instruments) are normally
losslessly compressed (reducing the data volume by at least
a factor of 2) before telemetry processing and downlinking.
Lossy compression of high-speed data is also possible, typi-
cally reducing the data volume by a factor of ~5-10 with
only moderate loss of information. During the Pluto en-
counter, lossy compressed data will be downlinked for a
critical subset of observations to provide relatively quick
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feedback on the quality of the data and to mitigate any
potential problems that develop during the approximately
six-month period following closest approach when the
losslessly compressed data will be downlinked. There is also
the capability to select portions of the high-speed data
(“windows”) for downlink, which should be useful in cases
when much of the image is not expected to be useful (e.g.,
when observing sparse star fields, or when the target only
fills a small fraction of the field of view). The SOC com-
bines the low-speed and high-speed (when relevant) data
for each instrument, along with information describing the
spacecraft’s trajectory and orientation (“SPICE” files), into
“Level 1” FITS files, with one Level 1 FITS file for each
observation.

The Level 1 data files are essentially raw data and con-
tain instrumental signatures that need to be removed before
scientific analysis can proceed. A calibration pipeline has
been developed for each instrument that accepts the Level 1
file as input and processes those data into a “Level 2” file
that has instrumental signatures removed and allows con-
version of the data from engineering units into physical
(e.g., scientific) units. The Level 2 files also provide error
estimates and quality flags marking data that may be com-
promised (e.g., “hot,” “dead,” or saturated pixels).

All Level 1 and Level 2 files produced by the NH mis-
sion will be archived at the Small Bodies Node (SBN) of
NASA’s Planetary Data System (PDS), where they will be
publicly accessible. There is no proprietary period for NH
data. However, there will typically be an approximately
nine-month lag between the production of Level 1 files on
the ground and the archiving of Level 1 and Level 2 files
at the SBN, so that the NH Project can verify that the
Level 2 files have been properly calibrated and that the data
formats meet the PDS requirements.

NASA has funded the NH Science Team to reduce and
analyze the data returned by NH, and to publish the scien-
tific results in the refereed literature. In addition, NASA
expects to fund other scientific investigators who want to
make use of NH data through special data analysis programs
(DAPs), which will be announced through a call for pro-
posals in the relevant year. The NH Jupiter DAP is expected
to be announced in 2007 with proposals due in February
2008 and selections made in May—June 2008. A similar
DAP is expected for the data returned from the Pluto por-
tion of the mission, and from the KBO portion should an
extended mission be approved by NASA.

7. MISSION STATUS

As of mid-2007, the NH spacecraft is heading to Pluto
on its nominal trajectory having completed a successful
launch and 1.5 years of operations, including encounters
with an asteroid and Jupiter. Inflight performance tests have
verified that the science payload meets its measurement
objectives and, thus, can fulfill all the scientific objectives
of the mission. Assuming that no serious problems develop
during the remaining eight-year cruise to Pluto, we can all

look forward in the summer of 2015 to a wealth of excit-
ing scientific results on a new class of solar system objects,
the dwarf planets, which have exotic volatiles on their sur-
faces, escaping atmospheres, and giant-impact-derived sat-
ellite systems. And if the Pluto encounter is successful, we
can hope to extend the in situ exploration deeper into the
transneptunian region and conduct the first reconnaissance
of a small KBO beyond the orbit of Pluto. The path to the
Kuiper belt is a long and difficult one, but the knowledge
unveiled will certainly justify our patience and our resolve
to explore this primitive region of the solar system.
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