Solar Wind Interaction with Pluto’s Atmosphere
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The solar wind interacts with
Pluto’ s escaping
atmosphere like a comet
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Cometary Interaction
Region
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Q, = neutral escape rate
m, = atomic mass of pickup ion
T = ionization time

T Pg,,~ CONstant with distance from Sun

V,,, = solar wind speed
V, = neutral gas escape flow
Psw= Solar wind mass density



Cometary Interaction

Region

lonization of escaping atmosphere
—> mass-loading of the solar wind

Bmass-loading = Q Eo
Rpluto Qo PSW
R ~ 1184 km
Q, ~ 1.5x10%" N, molecules/s
P ~ 0.05 nPa

o)

ForQ>1.5x10%" N, s
the interaction is bigger than Pluto



Atmospheric
Escape Rate

Mol. /second
McNutt 1989 2.3-5.5 x 10% CH,
McNutt 2000 1.5x 10 N,
Krasnopolsky 1999 2.0-2.6 x 10%7 N,
Tian & Toon 2005 1.5-2.0 x 1028 N,
Strobel 2008 9.4 x 10%° N,
Tucker et al. 2011 4-5x 10 ,1.7 x 10?7 N,
Ewin et al. 2012 1.2-2.6x 10% N,
Strobel 2012 2-5x 1077 N,

ForQ>1.5x10%" N, s™
the interaction is bigger than Pluto



~1 km ice lost
over age of Pluto

Escape rate: if 3 x 1027 nitrogen molecules / second
= 3 x 10?7 kg/amu x 28 amu x 1.7 x 10?7 kg/s
=140 kg/s
Assuming a density of ~ice 1000 kg/m3
This is then 0.14 m3/s
Or roughly 4400 km3 / million years
Or 20 million km?3 in age of the solar system.
Dividing by the area of Pluto (16 million km?)



Darrell Strobel:

R exobase

~12 Rp/ufo



Solar Wind at 30 AU
Voyager 2
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Solar Wind at 30 AU

Voyager 2

Interplanetary Magnetic Field

B ~0.2 nT

median

10%-ile ~0.05 nT
90%-ile ~0.4 nT

B (nT)

SW Dynamic Pressure
normalized to 30 AU

P ~0.0025 nP

median

10%-ile ~0.0005 nP
90%-ile ~0.005 nP



Long Term Variations
- Wind Slower, Weaker

McComas et al. 2013



Ionized Pluto Atmosphere
Pick-up Tons

Kecskemty & Cravens 1993

A
\ X%
1.':
2 million km
<—>
A
\ X4
1‘:

0.2 million km
<>

+ Weak B-field -> LARGE gyro-radii
« Extend millions km upstream
* ring-beam, shell velocity distribution

- eventually scattered - probably not
before solar wind swept past Pluto



Particle
trajectories
for 2-D Pluto
hybrid simulation
Electrons=fluid
lons = particles

Delamere 2009



Comet 19/P Borrelly

Young et al. 2003
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New Horizons'
particle measurements
will tell us what's
really happening




