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THE IONIZED LUMINOUS COLUMN CREATED DURING THE FLICZHT OF A COMET 
THROUGH JOVIAN A!AIOSPHERE 

Kosarev I.B., Nemtchinov I.V. (Institute for Dynamics of 
Geospheres, Russian Academy of Sciences, 38 Leninskii Prospekt, 
build.6, Moscow, 117979, Russia) 

A comet or an asteroid penetrating the atmosphere of a 
planet creates a bow shock wave. If the velocity of the body and 
the temperature behind the shock wave are high enough, a large 
amount of energy may be irradiated from the shock front. The 
expansion of an ionized column in the magnetic field of a planet 
can create a magnetic impulse into the ionosphere and 
magnetosphere - up to the radiation belts. The radiation impulse 
and magnetohydrodynamic disturbances may be used to detect the 
impact of a cosmic body and to estimate its size and other 
properties. The size of the wake and the density in it 
substantially determines the process of the ejection of the 
plasma plume from fireball created after the explosion of the 
body in the dense layers of the atmosphere. We shall try to 
estimate the characteristics of the ionized and luminous column 
created by a Shoemaker - Levy 9 comet during its flight through 
the dense layers of Jovian atmosphere. 

The equation of state of Jovian atmosphere have been 
calculated for a wide range of densities (10-'-10-~ g/cm3) and 
temperatures (T = lo2-lo5 K )  . For densities lower than 10-'~/cm~ 
the assumption of local thermodynamic equilibrium is not valid, 
temperatures higher than 5.1 o4 K can not be achieved for the 
velocities of 60-70 km/sec. The processes of ionization, 
dissociation and excitation of molecules, atoms and ions have 
been taken into account. The initial composion in mole fractions 
of the Jovian atmosphere has been assumed: 0.89 H and 0.11 He, 

2-5 I.I.IO-~ H,O, 6.3+10-~ CH,, I . ~ . I O - ~  m 3 ,  2.940 H ~ S  1-11. 
Using this EOS and the Hugoniot relations at the 

hydrodynamic discontinuity the temperature at the shock front 
Ts' specific internal energy es, effective adiabatic exponent 
ys=l + Ps/pses, where PS is the pressure and ps is the density 
be hind the shock wave the degree of ionization ae, and the 
velocities of particles U, km/sec for different densities pa 
in front of the shook wave have been determined. As an example 

-5 these data are given for ps = 10 &ern3 at Table. In cold 
Jovian atmosphere because of negligible photoabsorption of He 
molecules in spectral range 1200 - 6000 A the main role in the 
absorption belongs to H20, CH,, M 3 ,  H,S. Photodissociation 
continuums in A and B bands of water give mean free paths of - 

photons in range 1200-1 800 A for density 1 o - ~  g/cm3 changing 
from 0.1 to 1 km. Increasing of precursor temperature to some kK 
due to thermal flux from shock front rises the absorption due to 
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quasi-molecular continuum in collisions of two H atoms and 
after further temperature increasing due to photoabsorption by 
H-. The calculated spectral opacities of the shock-heated and 
ionized Jovian aimosphere make possible to conduct ID, 2D, and 
even 3D radiation hydrogynamic numerical simulations to predict 
fluxes of emitted radiation, and to describe the process of 
propagation of the ballistic shock wave and the expansion of 
luminous and ionized colwnn behind the shock front. 

The preliminary results show that the shock wave at the 
velocity of 60 W s e c  is supercritical ( G T ~ >  1/2P,$ ) at the 
altitudes where p- is about loT7 &om2 or lower. At the 

. u - 

height where pa = 10-= g/cm3 the radiation flux from the shock 
front near the blunt nose is about 10 MW/cm" and is falling to 
0.1 MW/cm2 when the velocity is decreasing to 10 km/sec (when 
the diameter of the column is approximately 12 km for a 1 lan 
diameter body). At this distance the shock wave breaks away from 
the cooling wave of the quasicylindrical fffireballv and the 
effective radiation temperature is approximately I 0  kK. The 
final diameter of the heated and luminous column is 
approximately 50 km and the radiation at this stage is dominated 
by the emission of the ablated comet. 

Due to radiation losses behind the supercritical shock wave 
the density in the wake becomes higher and its size becomes 
smaller than in the case when the radiation losses are 
neglected. For pa= g/cm3 the radiation flux at the blunt 

A 

nose is falling to about 1 MW/cmd. At higher altitudes the shock 
wave becomes transparent and the radiation flux falls 
approximately pa -'I2 and the radiation losses becomes negligible. 
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