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Comets	  



Neutral	  escape	  

•  Neglect	  gravity,	  so	  no	  hydrosta.c	  equilibrium	  
•  Essen.ally	  an	  exosphere	  (mean	  free	  path	  for	  
collisions	  >	  scale	  height)	  

•  Once	  neutrals	  escape,	  uesc	  =	  const	  
•  Show	  
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Fate	  of	  escaping	  neutrals	  

•  Photoioniza.on	  

•  Charge	  exchange	  

H+ + H2O! H + H2O+

h⌫ +H2O ! H2O
+ + e
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Mass	  loading	  of	  solar	  wind	  flow	  

•  Momentum	  exchange	  to	  “pickup”	  ions	  slows	  
down	  the	  solar	  wind.	  

•  Pickup	  ion	  distribu.on	  cri.cal	  for	  
understanding	  the	  cometary	  plasma	  
environment.	  
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Solar	  wind	  interac.on	  with	  comets	  

•  Cometary	  atmosphere	  (large	  escaping	  gas	  
cloud)	  impedes	  solar	  wind.	  
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Maxwell	  Stress	  Tensor:	  Example	  
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Ques.on(s)?	  

•  Is	  it	  possible	  to	  progressively	  slow	  the	  solar	  
wind	  to	  subsonic	  speeds	  and	  avoid	  a	  shock?	  

•  If	  not,	  where	  will	  the	  shock	  form?	  



Es.ma.ng	  cometary	  bow	  shock	  
loca.on	  



Basic	  features	  of	  cometary	  
environment	  



?=1$.")3&B"%&1)3/"-O,*&3"#$%&'()*&
M"'&

d

dx

✓
⇢u

2 + p? +
B

2

2µ

o

◆
= 0

d(⇢u)
dx

=
Q

o

m

i

4⇡u

esc

⌧r

2

d

dx

[⇢
i

uf(µ, u)] =
Q

o

m

i

4⇡u

esc

⌧r

2
�

✓
µ� mu

2

2B

◆

8"6,+$%;&(")3&

⇢ uf

8")+$6()$+,*&3"#$%&'()*& U()5Y!/,##&*(3+%(>1.")&



c)3/"-O,*&3"#$%&'()*&M"'&

c)4,%+1%>,*&3"#$%&'()*&&

⇢iuf(u, µ) =
Z u

u1

d(⇢0u0)
du0 �

 
µ� miu02

2B0

!
du0

p? ⇡ p?i =
Z miu

2
1/2B1

miu2/2B
⇢if(u, µ)

✓
µB

mi

◆
dµ

J3316,&+/$+&4%,331%,&(3&*1,&,).%,#;&+"&4(-O14&(")3&
A),5#,-+&6$5),.-&Z,#*&$)*&3"#$%&'()*&4%"+")3D&



c)3/"-O,*&3"#$%&'()*&M"'&

⇢u = ⇢1u1

✓
4u1
3u

� u2
1

3u2

◆
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Shock	  stand-‐off	  distance	  	  

•  Con.nuous	  solar	  wind	  flow	  only	  possible	  un.l	  
the	  mean	  molecular	  mass	  of	  contaminated	  
solar	  wind	  reaches	  of	  cri.cal	  value	  
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Shock	  stand-‐off	  distance	  

•  Numerical	  simula.ons	  show	  that	  the	  shock	  is	  	  
weak,	  i.e.	  M=2	  
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Solar	  wind	  interac.on	  with	  	  
Comet	  19P/Borrelly	  	  

	  	  



Borrelly’s	  plasma	  environment	  
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Gyroradius	  effects	  at	  Borrelly	  
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AMPTE	  ar.ficial	  comet	  
•  AMPTE	  ar.ficial	  comet	  
– On	  December	  27,	  1984,	  a	  cloud	  of	  neutral	  barium	  
vapor	  was	  released	  into	  the	  solar	  wind	  outside	  of	  
the	  bow	  shock	  by	  the	  Ac.ve	  Magnetospheric	  
Par.cle	  Trace	  Experiment	  (AMPTE)	  satellite.	  

	  	  

	  



Pluto’s	  Escaping	  Atmosphere	  

•  Hydrodynamic	  escape/Enhanced	  Jeans	  
escape	  

•  Atmospheric	  escape,	  Qo	  
	  

McNutt (1989)	
 CH4	
 Qo=2.3-4.4x1027 s-1	


Krasnopolsky [1999]	
 N2	
 Qo~2.0x1027 s-1	


Strobel [2007]	
 N2	
 Qo~2.0x1027 s-1	


Tian and Toon [2005]	
 N2	
 Qo~2.0x1028 s-1	




Pluto’s	  extended	  atmosphere	  
	  [Tucker	  et	  al.,	  2012]	  
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Hybrid	  simula.ons	  
of	  Earth’s	  BS	  	  

[Omidi	  et	  al.,	  2013]	  

•  Hot	  flow	  anomalies	  
[Zhang	  et	  al.,	  2012]	  

•  Density	  fluctua.ons	  
in	  the	  solar	  wind-‐>	  
changes	  local	  jump	  
condi.on.	  
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Proton	  gyromo.on	  
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Pluto’s	  low	  frequency	  waves	  





















Pluto’s	  cometary	  tail	  



nsw = 0.005 cm�3, B = 0.1 nT, vsw = 340 km/s, f(v) ! H+, He++, PU



nsw = 0.005 cm�3, B = 0.1 nT, vsw = 340 km/s, f(v) ! H+, He++, PU



nsw = 0.005 cm�3, B = 0.1 nT, vsw = 450 km/s, f(v) ! H+, He++, PU



nsw = 0.005 cm�3, B = 0.1 nT, vsw = 450 km/s, f(v) ! H+, He++, PU



nsw = 0.01 cm�3, B = 0.1 nT, vsw = 340 km/s, f(v) ! H+, He++



nsw = 0.01 cm�3, B = 0.1 nT, vsw = 340 km/s, f(v) ! H+, He++



nsw = 0.01 cm�3, B = 0.1 nT, vsw = 340 km/s, f(v) ! H+, He++, PU



nsw = 0.01 cm�3, B = 0.1 nT, vsw = 340 km/s, f(v) ! H+, He++, PU



nsw = 0.01 cm�3, B = 0.2 nT, vsw = 340 km/s, f(v) ! H+, He++



nsw = 0.01 cm�3, B = 0.2 nT, vsw = 340 km/s, f(v) ! H+, He++



nsw = 0.01 cm�3, B = 0.2 nT, vsw = 450 km/s, f(v) ! H+, He++,PU



nsw = 0.01 cm�3, B = 0.2 nT, vsw = 450 km/s, f(v) ! H+, He++,PU



nsw = 0.005 cm�3, B = 0.15 nT, vsw = 450 km/s, f(v) ! H+, He++,PU



nsw = 0.005 cm�3, B = 0.15 nT, vsw = 450 km/s, f(v) ! H+, He++,PU



nsw = 0.01 cm�3, B = 0.15 nT, vsw = 340 km/s, f(v) ! H+, He++,PU



nsw = 0.01 cm�3, B = 0.15 nT, vsw = 340 km/s, f(v) ! H+, He++,PU
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