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a b s t r a c t 

This work studies Charon’s effects on the Pluto-solar wind interaction using a multifluid MHD model 

which simulates the interactions of Pluto and Charon with the solar wind as well as with each other. 

Specifically, it investigates the ionospheric dynamics of a two body system in which either one or both 

bodies possess an ionosphere. Configurations in which Charon is directly upstream and directly down- 

stream of Pluto are considered. Depending on ionospheric and solar wind conditions, Charon could pe- 

riodically pass into the solar wind flow upstream of Pluto. The results of this study demonstrate that in 

these circumstances Charon modifies the upstream flow, both in the case in which Charon possesses an 

ionosphere, and in the case in which Charon is without an ionosphere. This modification amounts to a 

change in the gross structure of the interaction region when Charon possesses an ionosphere but is more 

localized when Charon lacks an ionosphere. Furthermore, evidence is shown that supports Charon act- 

ing to partially shield Pluto from the solar wind when it is upstream of Pluto, resulting in a decrease in 

ionospheric loss by Pluto. 

© 2016 Published by Elsevier Inc. 
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. Introduction 

Pluto’s discovery in 1930 was followed several decades later by

hat of its companion, Charon, in 1978. Here we will be explor-

ng the role that Charon plays in the system’s interaction with

he solar wind as a result of the unique properties of the Pluto–

haron system, including those of Pluto’s atmosphere. Following

he confirmation of its existence through stellar occultation in

989, Pluto’s atmosphere has undergone notable and unexpected

hange. This consists of a large and sustained increase in estimated

urface pressure, from ∼ 5 μbar in 1988 ( Elliot et al., 1989; Sicardy

t al., 2003 ) to between 6.5 and 24 μbar in 2008 ( Lellouch et al.,

009 ), with surface pressure at the time of the New Horizons en-

ounter measured as ∼ 10 μbar ( Gladstone et al., 2016 ). This result

as unexpected, as Pluto passed perihelion in 1989 and its atmo-

phere was therefore expected to be decreasing in surface pres-

ure. Possible explanations for this include a change in albedo due

o orbital orientation or changes in surface composition as well as

hermal inertia ( Elliot et al., 2003 ). It has long been suspected that

luto’s atmosphere freezes out completely as it approaches aphe-

ion, however, recent simulations done by Olkin et al. (2015) sug-

est that this is not the case. Pluto’s primary atmospheric con-

tituent is N but it also contains 0.25% CH and trace amounts
2 4 
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f higher hydrocarbons ( Stern et al., 2015b ). A thermal inversion

s present through much of Pluto’s lower atmosphere, the surface

emperature being ∼ 40 K and the peak atmospheric temperature

pproaching 100 K ( Lellouch et al., 2009 ). Results from the New

orizons encounter also indicate that Pluto’s atmosphere is more

ompact and slightly cooler than modeling based on stellar occul-

ations had suggested ( Gladstone et al., 2016; Stern et al., 2015b ).

his, in combination with a higher than anticipated solar wind

ensity ( Bagenal et al., 2016 ), resulted in the bow shock created

y the interaction of the solar wind with Pluto’s ionosphere be-

ng closer than expected at 4.5 Pluto radii upstream ( McComas

t al., 2016 ). Chemical modeling of Pluto’s atmosphere indicates

hat ionospheric constituents consist of several distinct groups,

entered at 1/28, 1/40, and 1/53 q/Da (elementary charge/dalton),

he most abundant of which is 1/28 q/Da and is composed of

CNH 

+ and C 2 H 

+ 
5 

( Krasnopolsky and Cruikshank, 1999 ). 

Charon is over half Pluto’s radius (1 R P ≈ 1187 km and 1 R C 

606 km ( Stern et al., 2015b )), orbits 16.5 R P from Pluto with a

eriod of 6.4 days ( Buie et al., 2006 ), and has a surface that is com-

ositionally distinct from Pluto (almost exclusively H 2 O in contrast

o widespread N 2 and trace methane ices present on Pluto ( Stern

t al., 2015b ), which are more volatile). Like Pluto ( Cravens and

trobel, 2015 ), Charon is not expected to have an intrinsic magnetic

eld. This mixture of features results in a unique situation in which

 moon might have a large impact on the solar wind interaction of

ts companion on a continuous basis. Additionally, there are sev-

ral possible mechanisms that have been proposed through which
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http://www.ScienceDirect.com
http://www.elsevier.com/locate/icarus
http://crossmark.crossref.org/dialog/?doi=10.1016/j.icarus.2016.11.036&domain=pdf
mailto:john.p.m.hale@gatech.edu
mailto:john.p.m.hale@gmail.com
http://dx.doi.org/10.1016/j.icarus.2016.11.036


132 J.P.M. Hale, C.S. Paty / Icarus 287 (2017) 131–139 

Fig. 1. Number density of H 

+ from the solar wind for each test case is shown in the XZ plane (Y is pointing out of the plane). Solar wind flow is in the positive X direction 

and the IMF is pointed in the negative Y direction. Positions of Pluto and Charon are labeled in each case and each body is at Y = 0. 

Table 1 

Plasma parameters used for Solar Wind, Pluto, and Charon. ∗Temperatures are in- 

corporated through the state equation. ∗∗Peak ion density for the Charon sourced 

species is not set to exactly 0 cm 

−3 due to numerical constraints. 

Parameter Value(s) Used 

Magnetic field (nT) 0 .2 ( Bagenal et al., 1997 ) 

Solar wind speed (km/s) 380 ( Bagenal et al., 2015 ) 

Solar wind density (cm 

−3 ) 0 .01 ( Bagenal et al., 1997 ) 

Solar wind temperature (K) ∗ 90 0 0 ( Richardson and Smith, 2003 ) 

Pluto peak ion density (cm 

−3 ) 750 ( Krasnopolsky and Cruikshank, 1999 ) 

Pluto ion temperature (K) ∗ 130 ( Sicardy et al., 2003 ) 

Charon peak ion density (cm 

−3 ) 25, ∼ 0 ∗∗

Charon ion temperature (K) ∗ 40 

Table 2 

Simulations performed. All cases were run for 1500 s of simulated time in order to 

allow for a quasi-steady-state to be reached. 

Charon absent (1) 

Charon without Ionosphere Charon downstream (2) Charon upstream (4) 

Charon with Ionosphere Charon downstream (3) Charon upstream (5) 

 

 

 

 

 

 

 

 

 

a  

a  

t  

C  

e  

C  

o  

t  

i  

s  

s  

b  

o  

fl  

a  

i  

i  

p  

d  

b  

C  

t  

g  

a  

t  

e  

T  

b

 

b  

(  
Charon could at times possess a trace atmosphere and there-

fore ionosphere. These include a water group atmosphere sourced

from cryovolcanism ( Cook et al., 2007 ), a parasitic N 2 atmosphere

derived from material escaping from Pluto ( Tucker et al., 2015 ),

and a transient, impact-sourced atmosphere ( Stern et al., 2015a ).

The average age of Charon’s surface ( Moore et al., 2016 ) makes

it unlikely that cryovolcanism has recently occurred on Charon.

Similarly, measurements by the Alice UV spectrometer aboard

New Horizons appear to preclude Charon currently possessing an
tmosphere ( Gladstone et al., 2016 ). However, the craters which

ppear to rule out recent cryovolcanic activity on Charon reaffirm

hat large impactors periodically hit Charon, demonstrating that

haron must go through phases of possessing an ionosphere ( Stern

t al., 2015a ). This means that, during these periods in which

haron possesses an ionosphere, an ion source distinct from that

f Pluto is moving through the Pluto system. In addition to this,

he presence of an ionosphere around Charon must appreciably

ncrease any alteration or obstruction of plasma flows within the

ystem that are caused by Charon. While in the freestream up-

tream of Pluto – as the compact Plutonian atmosphere reported

y Gladstone et al. (2016) suggests that Charon is for much of its

rbit – Charon is likely to significantly modify conditions of the

ow incident upon Pluto’s ionosphere. This possibility is intriguing,

s, while many moons locally alter the shock of their parent bod-

es while crossing the shock ( Nishino et al., 2011 ), the only sim-

lar occurrence in which the moon was directly upstream of the

arent body that has been observed within the solar system was

uring Cassini’s T96 flyby of Titan, when Titan was determined to

e outside of Saturn’s bow shock ( Bertucci et al., 2015 ). However,

haron’s large size relative to Pluto compared to Titan’s relative

o Saturn indicates that any effect would be more significant on a

lobal scale. A plausible result of this is that Charon could cause

 decrease in atmospheric loss from Pluto through shielding from

he solar wind. Another possible effect of Charon on Pluto’s plasma

nvironment is the modification of Pluto’s plasma wake structure.

his could be due to either physical obstruction by Charon itself or

y the introduction of plasma into the region. 

Previous work on the Pluto-solar wind interaction performed

y Delamere has focused on instabilities using a 3D hybrid model

 Delamere, 2004, 2009 ), while work by Harnett has compared
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Fig. 2. Solar wind H 

+ plasma pressure for each test case is shown in the XZ plane. Frames are oriented as in Fig. 1 . 
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esults using the Delamere hybrid model with results from a model

erived from a 3D multifluid MHD model ( Winglee, 1998; Harnett

t al., 2005 ). Charon’s presence within the system was not consid-

red in these previous studies and therefore no simulations of the

ystem which account for Charon have been performed. In con-

rast, this work is concerned with Charon’s effects on the Plutonian

nteraction with the solar wind, with particular emphasis placed

n any impact that Charon, while upstream of Pluto, may have on

he formation of a bow shock in the system. Both system geometry

nd the presence of an ionosphere around Charon are considered

n different scenarios simulated for the present work. 

. Model 

The model that was used in this study is an evolved form of a

ultifluid treatment that has been applied to numerous planetary

odies in the past. Previously studied bodies include Ganymede

 Paty and Winglee, 2006 ) and Titan ( Snowden et al., 2011 ), as well

s the study at Pluto which compared results from hybrid and mul-

ifluid MHD models ( Harnett et al., 2005 ). The model is a global,

hree-dimensional, fully multifluid, magnetohydrodynamic model, 

hich is appropriate for the Pluto system as the freestream turn-

ng distance of solar wind H 

+ ( ∼ 17 R P ) is smaller than the inter-

ction region (defined as the diameter of the main shock on the

lane passing through Pluto’s terminator, which is > 35 R P un-

er simulated conditions), and the gyroradius of the solar wind

 

+ within the shock and wake falls to as low as 1 R P . It describes

lasma behavior using a system of conservation equations, which

re solved for each ion species: conservation of mass, conservation

f momentum, and the equation of state. Electrons are treated as a

eparate, massless fluid where number density is derived through

uasi-neutrality. Magnetic fields, electric fields, and currents are
alculated using Maxwell’s equations and the generalized Ohm’s

aw. A second order Runge–Kutta method is used to solve each

quation at each point on a nested grid. 

In tracking several ion species, the conserved quantities are cal-

ulated separately for each ion species; here subscript α denotes

he species, and subscript e the electrons, o indicates the planetary

ody, � v is ion/electron velocity, P denotes pressure, q is ion charge,

 is the mass, n is number density, ρ is mass density, and γ is the

atio of specific heats (set to 5/3 for this 3D simulation). � E and 

�B

re the electric and magnetic fields, respectively, and 

�
 J is the cur-

ent density. 

The conservation of mass (1), conservation of momentum (2),

nd time dependent pressure from equations of state pressure

qs. (3) and (4) are from the multifluid formulation of Paty and 

inglee (2006) . The conservation of momentum equation has

een modified to include a summation of gravitational terms, as

hown in the braced term in Eq. (2) 

∂ρα

∂t 
+ ∇ · (ρα� v α) = 0 (1) 

α
d � v α
dt 

= n αq α( � E + 

�
 v α × �

 B ) − ∇P α −
{
�o 

(
GM o 

R 

2 
o 

)
ρα ˆ r o 

}
(2)

∂P α

∂t 
= −γ∇ · (P α� v α) + (γ − 1) � v α · ∇P α (3)

∂P e 

∂t 
= −γ∇ · (P e � v e ) + (γ − 1) � v e · ∇P e (4)

here M o refers to the mass of the body in question and R o refers

o the distance between the particle and that body. An electron

omentum equation, similar in form to Eq. (2) , can be solved for
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Fig. 3. Solar wind H 

+ velocity vector fields are shown in the XZ plane for cases 1, 3, 4, and 5. Frames are oriented as in Fig. 1 . 
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the electric field in the limit where d � v e 
dt 

is small – a reasonable as-

sumption given the ion cyclotron timescales present in this simula-

tion (5–50 s) – and the gravity term is neglected in order to obtain

a generalized Ohm’s law. Since there are no large scale and rapidly

changing electric fields we can assume a negligible displacement

current, hence the plasma current, � J , can be described simply by:

�
 J = e (�αn α� v e − n e � v e ) (5)

Eq. (5) can be solved for the electron velocity, � v e , and substituted

into Ohm’s law to obtain a relationship independent of electron

velocity. 

�
 E = −�α

n α� v α × �
 B 

n e 
+ 

�
 J × �

 B 

en e 
− ∇P e 

en e 
+ η( ̂ r ) � J (6)
ere the resistivity, η, is prescribed only at the base of the iono-

phere of each object ( ∼ 10 3 ohm-meters); everywhere else in the

imulation it is assumed to be zero. The changes in the magnetic

eld are determined by the induction equation below (7) , which

re then used with Ampère’s Law (8) to find the associated cur-

ents. 

∂ � B 

∂t 
= −∇ × �

 E (7)

�
 

 = 

1 

μ0 

∇ × �
 B (8)

These equations are solved explicitly at each grid point in a

ested grid with second order accuracy. Charon is within the high-

st resolution box with a resolution of 64 km per grid point, while
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Fig. 4. Pluto sourced 28 + velocity vector fields are shown in the XZ plane for cases 1, 3, 4, and 5. Velocities upstream of the shock correspond to numerically necessary 

trace amounts of Pluto sourced 28 + , as can be seen in Fig. 7 . Deflection of velocity vectors on the -Z side of the wake demonstrates the presence of pickup ions, also as seen 

in Fig. 7 . Frames are oriented as in Fig. 1 . 
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luto is placed within the second box with a 128 km resolution.

otal system size is 383 R P in the X dimension and 125 R P in Y and

 dimensions (455,00 km × 148,000 km × 148,000 km) where

 is away from the Sun, Y is in the orbital direction, and Z com-

letes the system. Ionospheric constituents are initialized based on

 Chapman profile for the 1/28 q/Da group derived from the chem-

cal modeling done by Krasnopolsky and Cruikshank (1999) using

he parameters given in Table 1 , combined with N 

+ 
2 

ionized in situ

n the extended atmosphere. These populations are treated as one

pecies, hereafter referred to as either Pluto sourced 28 + or Charon

ourced 28 + . Any ions that impact the surface of the bodies are as-

umed to be lost to the system. 

The model has been enhanced in order to accommodate an ar-

itrary number of bodies within the simulation domain. Each body

an be assigned a unique ionospheric structure and composition,

agnetic field configuration, location, and other properties as re-
uired by the system under study. This allowed for the wide pa-

ameter space specified by this work to be explored efficiently. 

A multifluid treatment is useful for this system as it allows for

racking of separate ion species. This is necessary as scenarios are

onsidered in which Charon acts as a distinct ion source within

he system. Additionally, the multifluid treatment is able to cap-

ure asymmetries within bow shocks that result from gyromotion

f heavy pick up ions sourced from Pluto or Charon. The three

uid species used is this work are a solar wind H 

+ species, a Pluto

ourced 28 + species, and – in cases 3 and 5 – a Charon sourced

8 + species. 

A series of simulations were run in order to characterize the

ehavior of the system throughout the relevant parameter space.

ystem input parameters are shown in Table 1 . These values were

hosen in order to simulate what are expected to be typical so-

ar wind and IMF conditions at Pluto, based on available data and
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Fig. 5. Magnetic field vector fields are shown in the XY plane for cases 1, 3, 4, and 5 (Z is pointing into the plane). Solar wind flow is in the positive X direction. Positions 

of Pluto and Charon are labeled in each case and each body is at Z = 0. 
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modeling. Peak ionospheric number density at Pluto was based

on chemical modeling performed by Krasnopolsky and Cruikshank

(1999) , while peak ionospheric density at Charon was chosen to be

a small fraction of that at Pluto (3%) on the basis that any tran-

sient atmosphere which Charon may posses would be unlikely to

be dense relative to Pluto’s. 

The primary parameters that were varied were the presence

and location of Charon as well as the presence of an ionosphere

around Charon, as shown in Table 2 . These configurations were

chosen in order to test the extremes of possible values for sys-

tem parameters, as well as to generate a baseline for compari-

son in the instance of case 1. For context, Charon had no de-

tectable ionosphere ( Gladstone et al., 2016 ) and was to the side

and slightly upstream of Pluto at the time of the New Hori-

zons encounter. It was predicted that case 5 would exhibit the

most extreme alteration due to the presence of Charon within the

system. 
. Results 

When Pluto is considered independently of Charon, as it is in

ase 1, the interaction between Pluto’s ionosphere and the solar

ind is what one would expect from an unmagnetized body. The

ubsolar standoff distance for the shock is at 7 R P and the shock

istance on the plane of the terminator is 20 R P in the -Z di-

ection and 15 R P in the Z direction, in line with results from

arnett et al. (2005) with similar system parameters. Furthermore,

 plasma sheet forms downstream of Pluto with corresponding

raping of magnetic field lines, which is expected for such an ob-

tacle to the flow of the solar wind. As can be seen by compar-

ng cases 1 and 5 in Figs. 1 and 2 , the shock structure sunward of

luto is greatly altered by the presence of Charon upstream when

haron possesses an ionosphere. The maximum density enhance-

ent decreases by ∼ 50% between cases 1 and 5 (in case 1 the

 

+ density jumps from 0.01 cm 

−3 to 0.1 cm 

−3 , while in case
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Fig. 6. Densities for each species are shown in the XY plane for all cases. Colors correspond to different species, with opacity indicating density. Red is solar wind H 

+ , green 

is 28 + sourced from Pluto, and blue is 28 + sourced from Charon. The magnified view of Charon in case 2 uses data from a higher resolution inner grid box in order to show 

the geometric wake downstream of Charon. This higher resolution data is also shown within the white indicator box. While a similar wake is present in case 3, no magnified 

view is provided, as the Charon sourced 28 + ion species dominates the region in question. Frames are oriented as in Fig. 5 . (For interpretation of the references to color in 

this figure legend, the reader is referred to the web version of this article.) 
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 it only increases to 0.05 cm 

−3 ) and the maximum plasma pres-

ure within the shock drops by ∼ 60% (from 600 fPa to 230 fPa).

urthermore, the region directly upstream of Pluto is at or below

he freestream solar wind density. Additionally, the shock angle is

ecreased for the shock overall. While cases 2 and 3 demonstrate

otable differences from case 1, namely more fine scale structure

ithin the ionopause, they are largely similar to each other. There-

ore only case 3 will be given attention in subsequent comparisons.

s is to be expected given the supersonic, super-Alfvénic upstream

onditions in case 4, the case in which Charon is upstream of Pluto

ut does not have an ionosphere, Charon causes a significant – if

ocalized – effect. This is in contrast to the subsonic regimes that

cy moons of Jupiter and Saturn typically inhabit. 

The alterations to the structure of the interaction region in case

 that were previously discussed are even more evident in the so-

ar wind velocity fields shown in Fig. 3 . Rather than the rounded

hape seen in the upstream direction in cases 1 and 3, Pluto and

haron form a unified obstacle to the solar wind flow in case 5.

onversely, the confined nature of Charon’s effect in case 4 is high-

ighted by looking at the velocity field. Asymmetries due to direc-

ion of the IMF dictating gyromotion are present in each of the

ases, although they are most apparent in case 5 due to asym-

etric pickup occurring from two distinct plasma sources as seen

n Fig. 7.5 . Magnetic field vector fields for each case are shown in

ig. 5 . Charon’s effects are less apparent in the magnetic field data

han in the solar wind density and velocity data. While density in-

reases are impeded and flow is drastically slowed by the presence

f Charon, marked magnetic field increases are still present in the

egion between Pluto and Charon in case 5, with a lesser increase

n the vicinity of Charon. Charon’s effect on the magnetic field con-

guration is even less pronounced in case 4. Case 3 manifests a
otable reconfiguration of magnetic fields relative to case 1. In case

, the formation of the region of anti-parallel magnetic field lines,

orresponding to a plasma sheet, behind Pluto is observed to occur

loser in than in the other cases. 

The density structure of these plasma sheets can be seen in

ig. 6 . In case 3 of the figure, plasma originating from Charon is

resent in a region which is depleted of solar wind plasma. In each

f the cases a concentration of solar wind H 

+ predictably coin-

ides with a region of anti-parallel magnetic field vectors shown

n Fig. 5 , indicating the location of the plasma sheet. A geomet-

ic wake in the flow of Pluto sourced 28 + that extends ∼ 3 R C is

resent downstream of Charon in cases 2 and 3, as can be seen

n Figs. 6 and 7 . The IMF-caused asymmetries first mentioned in

elation to Fig. 3 are far more obvious in the multispecies density

lots shown in Fig. 7 as well as the plots of Pluto sourced 28 + ve-

ocity vector fields displayed in Fig. 4 . Both Pluto sourced 28 + and

haron sourced 28 + move preferentially in the -Z direction due to

ryomotion. In case 1 the Pluto sourced pickup ions, as can be seen

n Fig. 4 , have a bulk velocity and density of ∼ 100 km/s and

.006 cm 

−3 respectively, which agrees well with measurements

ade by SWAP (Solar Wind Around Pluto) during the New Hori-

ons encounter (90 km/s and 0.009 cm 

−3 ) ( McComas et al., 2016 ).

s the ions move away from their parent bodies and into the mag-

etosheath, they follow the direction on the magnetic field within

he magnetosheath. This is to be expected, as the ions only un-

ergo gyromotion if their velocity vector has a component which is

erpendicular to the direction of the magnetic field through which

hey are traveling. In cases 1 and 3, in which the shock struc-

ure is not altered by Charon, the gyromotion of heavy pick up

ons from Pluto is less subtle than in case 4, which is in turn less

ubtle than in case 5. This is a consequence of the shock angle
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Fig. 7. Densities for each species are shown in the XZ plane for all cases. Colors correspond to different species, with opacity indicating density. Red is solar wind H 

+ , green 

is 28 + sourced from Pluto, and blue is 28 + sourced from Charon. The magnified view of Charon in case 2 uses data from a higher resolution inner grid box in order to show 

the geometric wake downstream of Charon. This higher resolution data is also shown within the white indicator box. While a similar wake is present in case 3, no magnified 

view is provided, as the Charon sourced 28 + ion species dominates the region in question. Frames are oriented as in Fig. 1 . (For interpretation of the references to color in 

this figure legend, the reader is referred to the web version of this article.) 
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data. 
and attendant shape of the magnetosheath. Close comparison of

cases 4 and 5 against cases 1 and 3 in Figs. 4 and 5 reveals a 75%

decrease ( ∼ 5 × 10 −3 cm 

−3 vs. ∼ 2 × 10 −2 cm 

−3 ) in peak den-

sity. We also calculated integrated fluxes of the Pluto sourced 28 + 

species within the tail region 50 R P downstream of Pluto, find-

ing a flux of ∼ 1.11 × 10 24 s −1 in case 1, which is comparable to

the ∼ 5 × 10 23 s −1 calculated by McComas et al. (2016) based on

SWAP measurements made during the New Horizons encounter.

For cases 4 and 5 we calculated fluxes of ∼ 9.2 × 10 23 s −1 and

∼ 9.0 × 10 23 s −1 , respectively. This corresponds to a 17% decrease

in heavy ion flux between case 1 and case 4 and a 19% de-

crease between case 1 and case 5, suggesting that Charon is pro-

viding some degree of shielding against atmospheric loss while

upstream. 

4. Conclusions 

The location of Charon within the system altered the interac-

tion with the solar wind in several ways. In the case in which

Charon has an ionosphere and is upstream of Pluto (case 5), the

formation of a complete bow shock is prevented and the gross

structure of the interaction between the solar wind and Pluto is

clearly altered. Side effects of this alteration include changes to

the trajectory of heavy pick up ions sourced from Pluto. The im-

pact of Charon being upstream without an ionosphere (case 4)

is less than with an ionosphere, but it is still non-negligible. Be-

cause Charon is mainly acting as a plasma absorber in this case,

it can only have an effect as a result of several factors conspiring

together: Charon’s uniquely large size relative to the system it is

in, its close orbital distance, supersonic, super-Alfvénic upstream

flow, and Pluto’s bow shock forming close to Pluto as a result of
n atmosphere that is more compact than predicted. Both cases 4

nd 5 show evidence for Charon shielding Pluto from atmospheric

tripping while it is upstream of Pluto’s bow shock. When Charon

s downstream of Pluto, its impact on the system is more muted.

ith that said, in both the case of an ionosphere and the case of

o ionosphere, Charon increases flow complexity in Pluto’s wake

nd alters the path of the plasma sheet. Based on these results we

xpect the Pluto-Charon plasma environment to be highly dynamic

ndependently of fluctuations in upstream solar wind conditions as

 result of Charon’s orbital motion. 

SWAP measurements taken during the New Horizons encounter

ith the Pluto-Charon system indicate that solar wind density and,

o a lesser extent, velocity were higher than predicted at 0.025

 

+ /cm 

3 (2.5 × simulated value) and 403 km/s (1.06 × simulated

alue) ( Bagenal et al., 2016; McComas et al., 2009 ). This suggests

hat the bow shock at the time of the encounter would be more

ompressed than the results presented in this work indicate, but

his is not expected to qualitatively change Charon’s effects on

he system. Encounter measurements also indicate that the dom-

nant escaping species is not N 2 as was expected, but is rather

H 4 ( Gladstone et al., 2016 ). Follow-up work is now underway in

hich Pluto and Charon are simulated in the orbital orientation

hat existed at the time of the encounter, CH 

+ 
4 

is the dominant ion

pecies, and ion-neutral interactions are treated, creating dynamic

olumetric plasma sources within the simulation domain. In ad-

ition to continuing to run cases using the expected average so-

ar wind conditions, cases will be run with the heightened solar

ind conditions measured during the encounter. This will allow

or comparison against conditions for which results can be cor-

oborated with data and provide greater assurance that results are

easonable and will also provide context for the limited available
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