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Introduction

• New Horizons (NH) trajectory
• Brief description of the Solar Wind Around Pluto (SWAP) instrument
• Examples of SWAP measurements
• Types of Science Studies
• Radial Trends
• Radial profiles of the solar wind parameters
• Radial profiles of interstellar pickup ions
• Slowing of the solar wind relative to the inner heliosphere.
• Radial variation of T-n relationship (polytropic index).

• Pickup Ion interplanetary shock modification
• NH will be the 1st mission to measure interstellar pickup ions and the solar wind 

when crossing the termination shock. 2



Few Missions Have Explored the Outer Heliosphere

fluxes too high for an instrument designed to measure the much
lower solar wind flux near Pluto (McComas et al. 2007).
Therefore, we use the observations when the RPA was off and
only the ESA was on. With the enhanced solar wind coverage
beginning in early 2012 at ∼22 au, we are able to perform more
complete statistical analysis of these measurements.

3. TRAJECTORY AND INSTRUMENT FIELD OF
VIEW (FOV)

Coincidently, NH is moving along nearly the same longitude
as Voyager 2 (Figure 1) and stays at low heliographic inertial
latitudes ( � nHGI Lat. 7∣ ∣ ). When Voyager 2 was collecting
observations over the distance range of these SWAP observa-
tions (11–33 au), it was also at low latitudes ( � nHGI Lat. 4∣ ∣ ).
By 2012, the spacecraft speed had reached an asymptote of
about 14 km s−1 and continues at nearly that speed (Figure 2).
The SWAP instrument is positioned on the New Horizons
spacecraft such that the center of the FOV is closely aligned
with the spacecraft antenna, which is also along the spacecraft
+Y axis (Figure 3). The SWAP field of view is approximately
10° by 276° based on the full width at half maximum of the
instrument response. The large angular dimension is in the X–Y
plane. The normal to the top of the instrument is well aligned
with the –Z spacecraft axis. The large angular dimension is
given the symbol f (azimuth angle), and the narrow angular
dimension is given the symbol θ (polar angle). During cruise,

the spacecraft spins about this +Y axis and points toward Earth.
Beyond 11 au (20 au) the Sun–probe–Earth angle is less than 6°
(3°); therefore, for most of the spinning observations presented
here the Sun is in the FOV since most of the observations are
beyond 20 au. During the spinning intervals, SWAP has
excellent coverage of the sunward facing direction providing
continuous solar wind observations during cruise and other
spinning intervals.
Figure 4 shows the observations since the beginning of 2012

when the increased coverage began. Each panel is an energy–
time spectrogram with the coincidence count rates color-coded
for a given year. These observations are coarse energy sweeps
consisting of 64 steps and the count rates at each step are
accumulated for 0.39 s. On the bottom panel the data extends to
15:49 UT on 2015 August 25. There are several noteworthy
aspects of this figure. Both the proton (typically red) and alpha
(green–blue) beams are clearly observed along with the
interstellar pickup protons (typically a medium shade of blue)
(McComas et al. 2010; Randol et al. 2012, 2013). At these
distances, the solar wind is typically cold enough that there is a
clear separation between the proton (H+) and alpha (He++)
peaks allowing the interstellar pickup protons to be observed
between the beams in addition to being observed above the
alpha peak. Being able to acquire these interstellar pickup
observations given the accumulation time for each energy step
is only 0.39 s reflects the large SWAP field of view and high
sensitivity. Many shocks are observed such as the one on 2012
July 27. Another dominant feature are long quiet intervals such
as in early 2013 where the nature of structures in the solar wind
seems worn down compared to what is typically observed in
the inner heliosphere.
Although the coarse scans shown in Figure 4 seem

straightforward, more complexity in the count rate distributions
are revealed in the fine energy sweeps where the energy step
size is significantly smaller. Figure 5 shows a coarse-fine sweep
pair taken at about 11.47 au when the spacecraft was spinning.
Small fluctuations in the count rate seem to occur at specific
angles in θ and f. In the next section the instrument response is
described and incorporated into a forward model of the count
rates. Once the angular instrument response functions are
included, these fluctuations in the count rates are accounted for
since the count rates are then consistently well simulated over a
wide variety of pointing configurations.

Figure 1. The trajectory of New Horizons and other missions that explored the
outer heliosphere in Heliocentric Aries Ecliptic J2000 (HAE-J2000) coordi-
nates. This coordinate system is a heliocentric system with the Z-axis normal to
the ecliptic plane and the X-axis points toward the first point of Aries on the
Vernal Equinox, and the Y-axis completesthe right-handed system. The
interstellar wind direction is from (McComas et al. 2015).

Figure 2. New Horizons spacecraft speed as a function of time in years (black).
In red is shown the component of the speed along the direction radial from
the Sun.
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the intensities localized in pitch angle near 90°...would be
observed whenever [Voyager 1] is located between (at least)
two compressions of the magnetic field on a field line, both
(distant) ends of which contain equal isotropic GCR intensi-
ties....These compressions would, by their very nature, be
time dependent, thus explaining the time dependence of our
observed [pitch angle distribution] anisotropies.” This two-
compression, trapped configuration view has informed sub-
sequent investigations of the V1 GCR anisotropies, including
theoretical work by Kóta & Jokipii (2017) and a recent
observational study by Rankin et al. (2019), with considerable
success. The anisotropic variations have been compared with
in situ interstellar shocks and radio measurements of plasma
oscillations (Gurnett et al. 2015), but the unusual timing of the
cosmic ray anisotropy periods relative to the magnetic field,
plasma waves, and locally accelerated particles calls for an
explanation. For example, the cosmic ray anisotropy periods
may not always correspond with the in situ magnetic field
shock signatures (see Section 4.2). To date, there has been no
description of the heliospheric interaction with the LISM that
comprehensively explains the seemingly inconsistent relation-
ships between the various measurements observed at V1. We
present an alternative escaping particle picture in which a
disturbance interacting on only one side of an LISM field line
results in the observed time-dependent anisotropies. This
configuration is required to observationally reconcile the
GCR intensity variations observed inside the heliosphere at
ACE, NH, and V2 with the V1 interstellar GCR anisotropies.

Although the core of this report is the presentation of new
observations from NH, we are also putting forth a framework
for interpreting the data that resolves some of the newly
established constraints. A large part of the associated analysis
involves comparison of GCR intensity in the context of
disturbances of solar origin propagating through the helio-
sphere. This approach has been taken before by many
scientists. Observationally, multiple spacecraft have been used
to track solar events through the heliosphere (see, e.g.,
McDonald et al. 1981; Van Allen & Fillius 1992; Webber &
Lockwood 1993; Cane et al. 1994; Paulerena et al. 2001;
Richardson et al. 2002, 2005; Burlaga et al. 2003a, 2003b;
Witasse et al. 2017, and references therein). Measurements

have been used to drive simulations of transient events (see,
e.g., Wang & Richardson 2001, 2004; Luo et al. 2011;
Pogorelov et al. 2012; Shen & Qin 2018, and references
therein). Observations and modeling have been used to study
the effect of traveling disturbances on the LISM (see, e.g.,
Gurnett et al. 1993; Steinolfson & Gurnett 1995; Wang &
Belcher 1999; Zank & Müller 2003; Webber et al. 2007, 2009;
Richardson et al. 2017; Schwadron & McComas 2017, and
references therein). Variability at the termination shock and
heliopause due to long (solar-cycle) and short (transient)
timescales have been studied with simulations and observations
as well (see, e.g., Izmodenov et al. 2005; Washimi et al.
2007, 2011, 2015, 2017; McComas et al. 2018; Zirnstein et al.
2018; Burlaga et al. 2019, and references therein). It is our hope
that others will compare these newly prepared data sets with
sophisticated simulations and theoretical predictions; our
interpretation attempts to assimilate the broad interconnected
system of observations, provides a potential avenue for
subsequent investigation, and highlights some of the most
essential constraints asserted by new observations.

2. Measurements

2.1. New Cosmic Ray Monitor: NH/PEPSSI

Here, we present newly analyzed cosmic ray measurements
made with the solid-state detector (SSD) system of the PEPSSI
instrument on the NH spacecraft (McNutt et al. 2008). The new
channels correspond to penetrating ions having energies of
75–120MeV, 120 MeV–1.4 GeV, and ∼1.4–5GeV. These
channels were used to study Jovian electrons by Haggerty et al.
(2009), but in the absence of <1MeV electrons, they are
dominated by cosmic rays. Further specifications of these channels
and experimental considerations can be found in Appendix A. An
overview of the PEPSSI particle measurements, spanning six
orders of magnitude in energy, from ∼2.0 keV nuc−1 to 5 GeV, is
provided in Figure 2 for the 2012–2017 period. During this period,
the PEPSSI instrument was operating nearly continuously; power-
off periods ranged from several hours to several days and occurred
during spacecraft activities such as trajectory correction maneuvers,
transitions from spin-stabilization to three-axis stabilization, and
reductions in the power load to permit other spacecraft operations.

Figure 1. Heliocentric latitude vs. heliocentric longitude for all solar system–escaping spacecraft ever flown. For each, the dots show the location of the respective
spacecraft at the beginning of each year over the range as labeled in the figure. P10 was launched in 1972, P11 in 1973, V1 and V2 in 1977, and NH in 2006. P10 and
P11 ceased regular data transmissions in 2003 (at 80 au from the Sun) and 1995, respectively. V1 exited the heliosphere in 2015, and V2, at comparable heliolongitude
as NH, exited the heliosphere at the end of 2018, making NH the lone operating spacecraft in the heliosphere outside the orbit of Jupiter.
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New Horizons is currently the only 
spacecraft exploring the outer 
heliosphere and Kuiper Belt. 

NH headed towards the ENA 
Ribbon.



Instrument Overview :
NH Solar Wind Around Pluto (SWAP)

• Tophat electrostatic analyzer.
• The SWAP field of view is 276º by 10º
• Coincidence measurements based on timing between 

primary and secondary CEM detector signals.

Cross Section

McComas et al., 2008
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• The ratio of the SCEM to PCEM rate 
can be used to separate heavy and 
light ions.



Individual SWAP Energy Sweeps

• The accumulation time for each measurement is 
0.39 sec.

• Both the coarse and fine sweeps are 32 sec each.

• A 64 step coarse energy sweep spanning the full 
energy range (~21-7800 eV) is followed by a 64 
step fine sweep centered on the peak count rate in 
the coarse scan. 

• The time between sweeps is variable.
• Based on resources: 5 min, 10 min, 20 min, 30 min, 1hr, or 

2hr
• 64 sec continuous near Pluto and MU69, and Pluto rehearsal. 

5 5
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2018
40.31 to 43.27 au  

2019
43.27 to 46.22 au  

2020
46.22 to 49.16 au  

2021
49.16 to ~51 au  

SWAP Spectrograms



Radial Profiles of New Horizons Solar Wind Parameters

• Density profile drops off slightly less (r-1.83) 
than spherical expansion (r-2). 

• Temperature profile (r-0.71) decrease a lot 
less than what would be expected for 
adiabatic cooling  (r-1.33) implying heat must 
be added in the outer heliosphere.

• Based on the NH speed profile alone we 
see no clear radial trend.

7Elliott et al., 2016; 2019



Radial Trends in PUI Parameters

8

uncertainties. Consequently, time variations of these para-
meters cannot be used as a measure of data uncertainty. The
real experimental uncertainties are small and comparable for
each solar rotation average. Because deviations of the averages
from the power-law fits result from measuring differing parcels
of solar wind rather than observational uncertainties, we use
unweighted fits that treat the values from each solar rotation
equally.

The PUI density and thermal pressure both drop off with
heliocentric distance, with radial gradients of r−0.59 and r−0.37,
respectively. In contrast, the PUI temperature increases as
r+0.18, while the new addition to our PUI fitting procedure, the
cooling parameter α, increases with a radial gradient of
r+0.36—an exponent twice that of the PUI temperature itself. In
addition to the radial trends, we provide best-fit values for the

four PUI parameters in Figure 8 at 45 au (red dots), roughly
halfway out to the termination shock.
The temperature for the PUI distribution function given in

Equation (2) depends on the cooling index, solar wind speed,
injection speed, and distance from the Sun. We examine the
relationship between the PUI temperature and cooling index in
Figure 9. Panel (a) shows the PUI temperature as a function of
solar wind speed, color-coded by the heliocentric distance of
each observation. Overall, this plot shows how closely the
temperature and speed are correlated, with higher speeds
associated with higher temperatures. This correlation is related
to the relation of the injection speed, which scales velocities of
PUIs, to the solar wind speed. Additionally, higher speeds go
with stream interactions and compressions that heat both the
core solar wind plasma and PUIs as shown in detail above.

Figure 8. Individual values of daily-averaged PUI observations (gray dots) that pass all of the described quality checks. Vertical bars show ±1σ variability over individual
27.3-day solar rotation averages (black dots) for all rotations where there are at least 10 samples in that interval. We provide power-law fits for the solar rotation averaged
values over the nearly continuous observations from 22 to 47 au (solid lines) and “fiducial” values for each parameter at 45 au (red dots and values).

Table 2
Average Solar Wind and PUI Properties from Superposed Epoch Analysis

Day Before Day After Increase Average 1–10 Days After 10-day Average Increase

vSW [km s−1] 388 ± 7 425 ± 8 9.3% 418 ± 1 7.5%
nSW [10−3 cm−3] 6.5 ± 0.7 7.4 ± 0.8 14.0% 8.0 ± 0.2 22.0%
TSW [103 K] 5.9 ± 0.8 13.7 ± 1.7 133% 13.4 ± 0.5 128%
nPUI [10−3 cm−3] 0.60 ± 0.04 0.88 ± 0.06 46.0% 0.86 ± 0.01 42.9%
TPUI [106 K] 3.96 ± 0.12 5.32 ± 0.24 34.2% 4.97 ± 0.05 25.6%
PSW‐Dyn = 1/2mpn vSW SW

2 [fPa] 810 ± 80 1130 ± 120 38.5% 1160 ± 30 42.2%
PSW = nSW kB TSW [fPa] 0.48 ± 0.06 1.35 ± 0.19 183% 1.30 ± 0.04 173%
PPUI = nPUI kB TPUI [fPa] 32.4 ± 1.7 64.0 ± 4.8 97.7% 58.0 ± 0.8 79.1%
αPUIa 1.91 ± 0.07 2.01 ± 0.10 5.1% 2.32 ± 0.02 21.4%

Note.
a
αPUI peaks with a value of 2.6 ± 0.1 (36% increase) 7 days after the zero epoch.
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npui∝ r—0.59

Tpui∝ r0.18

Ppui∝ r—0.37

"∝ r0.35

• Solar wind density decreases more 
steeply (r-1.83) than the interstellar pickup 
ion density does (r-0.59).

• Solar wind temperature is slightly 
decreases (r-0.71) in the outer heliosphere, 
but the interstellar pickup ion temperature 
increases with distance (r+0.18).

• Solar wind thermal pressure decreases 
rapidly (r-2.5), but the thermal pressure for 
the interstellar PUI decreases less rapidly 
(r-0.327).



ACE Hourly Data Running Rotation Averaged |∆long | >45∘

Average 1 AU Wind Speeds and Propagate Out to NH

• Amplitude of solar wind 
structures is much larger at 1 
au.

• Many structures at 1 au 
merge and/or are worn down 
prior to reaching NH. Elliott et al., 2019

9

Running Rotation Averaged |∆long | < 45∘



Direct Comparison of NH (No Averaging) and 
Solar Rotation Averaged 1 AU Data

• SWAP data NOT averaged.
• 1 au data propagated and 25 day running average. 
• Many structures at 1 au merge and/or are worn down prior to reaching NH.
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STEREO B    |∆long | < 45∘

New Horizons 
(Cadence 64 sec -2 hr) STEREO A    |∆long | < 45∘

Running Rotation 
Averaged

ACE     |∆long | < 45∘

Elliott et al., 2019



Direct Comparison of  Solar Rotation Averaged NH and 1 AU data

• Same format as previous plot with running solar rotation averages for the New Horizons 
data.

• Beyond late 2015 the speed at New Horizons is consistently lower than the 1 au speeds. 

New Horizons 
(Cadence 64 sec -2 hr)

STEREO B    |∆long | < 45∘
STEREO A    |∆long | < 45∘
ACE     |∆long | < 45∘ Running Rotation 

Averaged

Consistently Slow

Elliott et al., 2019
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Radial Variation of Percent Slowing of the Solar Wind

• Between 30 and 43 au New Horizons observes an averaging slowing of the solar 
wind ranging between 5 to 7%  compared to 1 au speeds. 

5-7% Slow

Elliott et al., 2019
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Determining the Polytropic Index (!): Method 1 & 2
Method 1 Method 2
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Elliott et al., 2019
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• The solar wind polytropic index decreases towards 0 in the outer heliosphere.
• IBEX results indicate the plasma polytropic index is ~0 in the inner heliosheath.

Fitting the Solar Wind Polytropic Index (!) Radial Profile 

Elliott et al., 2019
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Total (SW +PUI) Pressure Vs Density

• Assume at 1 au no pickup.
• Used SW and PU at NH.
• The gray lines indicate adiabatic lines. 

• The inner heliospheric data is close to adiabatic.
• The outer heliosphere data departs from adiabatic.
• The inner and outer heliosphere do not line along a common 

adiabatic line.

NH 25-27[au] NH 31-33 [au]

STEREO A
STEREO B

Inner HeliosphereInner Heliosphere

Figure 12
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With SWAPI on IMAP 
there will be solar wind 
and interstellar pickup 
data at 1 au starting in 
2025.



When Will New Horizons Reach the Termination Shock?

• Based on initial power estimates NH will have sufficient power to 
be on and operating until somewhere in the 90 to 110 au range 
(Stern et al. 2018, SSR).

• Therefore, it is highly likely NH will have power when it crosses 
the termination shock. 16

• New Horizons moves at ~14 km/s which 
corresponds to about 3 au/year. 

• The Voyagers crossed the TS at 94 and 84 au 
during a very active solar cycle.

• NH is at ~49 au, and will reach 80 au in about 
10.3 years and 95 au  in ~15.3 years. 

• Our current polytropic index estimate of a TS 
crossing at ~62 au provides a minimum time 
to reach the TS of ~4.3 years, since that was 
based on measurements from a less active 
cycle and the activity level is increasing. 

• Based on these estimates depending on the 
solar cycle activity the time for NH to reach 
the TS could range from about 4 to 16 years. 



Summary and Conclusions

1. New Horizons is the only spacecraft in the solar wind.
2. It is headed towards the ribbon.
3. It can be used to study the solar wind and interstellar pickup ions in the outer heliosphere.
4. Provides valuable constraints for simulations.
5. NH will be the 1st mission to measure interstellar pickup ions and the solar wind when 

crossing the termination shock.

17



BACKUP
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Pluto’s Heavy  Ion Tail

19

statistically known “pause” structure over varying solar wind conditions. In particular, we use the conic equation
that Sibeck et al. [1991] found for the self-similar shape of the magnetopause under varying amounts of com-
pression for varying solar wind pressures; here we adjust the pressure ratio to construct the outer boundary
of the Plutopause in two parts: from the start of heavy ions at ~12:03 and sunward we use the Sibeck equation,
while tailwardwe connect this point to the exit from the heavy ion tail (~14:15) via a line. For the inner boundary
of the Plutopause we connect another solution of the Sibeck equation to a tangent line passing through the
final entry into the heavy ion tail (~12:12) and the initial exit point (~14:01). Using this approach, the start of
significant heavy ions at ~12:03 corresponds to an upstream distance at the nose of ~3.4 RP, while the exit of
the Plutopause boundary and entrance into the heavy ion tail at 12:12 scales to a standoff distance ahead of
Pluto of only ~2.5 RP. In contrast to Bagenal et al. [2016], who scaled the 20% speed reduction point, the
observations and calculation provided here indicate an even smaller size to the actual obstacle that Pluto pre-
sents to the solar wind. We recommend using ~2.5 RP as the obstacle standoff distance for future theoretical
and modeling studies of this interaction. Finally, the thickness of the plutopause boundary, where both light
and heavy ions are seen to simultaneously rapidly slow, scales to only ~0.9 RP thick (3.4–2.5 RP) at the nose.
This is an extremely thin boundary layer, especially considering the huge gyroradii of picked up heavy ions
in the solar wind (hundreds of Pluto radii), and suggests a complicated interaction near the Plutopause.

In the middle of the heavy ion tail, NH crossed the Sun-Pluto line at ~12:50 at a down tail distance of ~44 RP; it
is fascinating that there is a significant reduction in heavy ion content that appears essentially coincident with
NH’s crossing of this line. Then, from ~13:25 to 13:50 at distances of ~68–85 RP down tail, the spacecraft exe-
cuted three complete rolls (see bottom plot in Figure 1). Over these rolls, SWAP was able to view the entire
sunward hemisphere and all but a small cone (42° half angle) about the antisunward direction. Still, SWAP
observed heavy ions and no solar wind-like distributions, showing that the solar wind was not merely
deflected but was nearly or entirely excluded from the tail.

SWAP data show that NH stayed continuously in the heavy ion tail until ~14:15 at a transverse distance of
~15.4 RP, some ~101 RP down tail. The entrance and exit transverse distances indicate a tail diameter in
the range of ~17 RP at ~13 RP down tail and ~31 RP at ~101 RP down tail (assuming a circular tail). The highly
variable nature of the heavy ions indicates significant structure in the tail with the most intense regions of

Figure 5. Color spectrograms of count rates (with>3 counts/sample) for (top) secondary counts and (middle) light ions (blue)
from the solar wind (SW) and heavy ions (red) from Pluto, combined with a (bottom) schematic diagram identifying the NH
trajectory and key regions of the interaction: bow shock, light ion sheath (blue), heavy ion tail (red), and Plutopause boundary
layer (BL—purple). The X coordinate is along the Sun-Pluto line and the transverse distance is measured in the plane of X and
the spacecraft’s trajectory, which is close to the ecliptic plane. A heavy ion (HI) burst was seen ahead of the shock when NH
turned so that SWAP was viewing in the right direction to see newly ionized material beginning to be picked up.

Journal of Geophysical Research: Space Physics 10.1002/2016JA022599
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Implications

• Extrapolating the amount of slowing to the 
inner heliosphere we find the slowing 
begins around 4au.

• IBEX observations indicate the polytropic
index goes to zero in the heliosheath.

• Extrapolating the solar wind polytropic
index to find when it goes to 0 produces 
termination shock at ~62 au.

• However, the solar activity is increasing so 
New Horizons may cross the termination 
shock at a distance closer to the 84 to 94 
au Voyager crossing distances. NASA/IBEX/Adler Planetarium

Extrapolating from Elliott et al., 2019
20



Solar Activity Level

• Voyager 2 observed more variability in 
the outer heliosphere because that solar 
cycle was more active.

• Speeds at NH not as variable owing to 
lower activity levels

21



Method 3
Average !sw Over Speed (8 point T-n Fits)
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Determining the Polytropic Index ("): Method 3s 

• Fit 8 pairs of T & n measurements at a time 
using an running 8 point window for the entire 
data set. 

• For a given radial distance range we average the 
polytropic index " over speed.

Elliott et al., 2019

Elliott et al., 2019
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Amount of Slowing Depends on the Interstellar Material Picked Up

• Richardson et al. (1995) assumed an adiabatic heating profile and let γsw = 5/3. 
• This equation is derived by solving the continuity, and momentum equations.
• Includes photoionization, charge exchange, and constant interstellar neutral density 

in the outer heliosphere.
• Spherically expanding solar wind density profile.
• Here, we let γsw depend on distance (γsw(r)).
• The polytropic index is weakly dependent on radial distance. 

Richardson et al., 1995
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Radial Trends from Voyager 2

RICHARDSON ET AL.: STATISTICAL PROPERTIES OF THE SOLAR WIND

d

Fig. 6. Standard deviations of the solar wind speed versus

istance for Voyager 2, Pioneer 10, and Pioneer 11.

0as R . To make the comparison more clear, by 4−0.56±0.09

AU the standard deviations of speed decrease by a factor of

o

4, those of the density decrease by a factor of 2.3, and those

f temperature decrease by a factor of 1.4.

f

t

Fig. 7. The density, temperature, and standard deviations o

hese quantities measured by Voyager 2 from 1 to 45 AU.

Also shown are the best fits of a power law to the data.

Summary

We have described changes in the solar wind which occur
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as a function of solar cycle and/or distance from the Sun

he solar wind dynamic pressure is a minimum at the same
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time the standard deviation peaks, both occurring at sola

aximum. Since Voyager 1 is approaching the predicted
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distance of the termination shock, the next solar maximum

s a preferred time for Voyager to cross this boundary. The
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degree of correlation between solar wind parameters varie

ver the solar cycle with the best correlation at solar
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minimum. The standard deviation of the radial velocity

eclines out to 20 AU, then flattens out, so we expect to see
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substantial structure in the solar wind parameters until th

ermination shock is encountered
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Fig. 6. Standard deviations of the solar wind speed versus

istance for Voyager 2, Pioneer 10, and Pioneer 11.

0as R . To make the comparison more clear, by 4−0.56±0.09

AU the standard deviations of speed decrease by a factor of

o

4, those of the density decrease by a factor of 2.3, and those

f temperature decrease by a factor of 1.4.
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Fig. 7. The density, temperature, and standard deviations o

hese quantities measured by Voyager 2 from 1 to 45 AU.

Also shown are the best fits of a power law to the data.

Summary

We have described changes in the solar wind which occur

.

T

as a function of solar cycle and/or distance from the Sun

he solar wind dynamic pressure is a minimum at the same

r

m

time the standard deviation peaks, both occurring at sola

aximum. Since Voyager 1 is approaching the predicted

i

distance of the termination shock, the next solar maximum

s a preferred time for Voyager to cross this boundary. The

s

o

degree of correlation between solar wind parameters varie

ver the solar cycle with the best correlation at solar

d

minimum. The standard deviation of the radial velocity

eclines out to 20 AU, then flattens out, so we expect to see

e

t

substantial structure in the solar wind parameters until th

ermination shock is encountered
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