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ABSTRACT 

The strong interaction of cometary plasma with the interplanetary 
medium results the disconnection events and other features observed 
in plasma tail and the coma of comets. The understanding of these 
features provide direct probe of the heliospheric magnetic field. 
However the interpretation of these events is not without ambiguity, 
as revealed in the recent work with comet Halley. In this paper 
a review of the "Post-Halley era" developments of the cometary 
plasma physics is presented. 

INTRODUCTION 

The study of cometary plasma have contributed significantly in 
understanding the nature of interplanetary medium (IPM). Based 
on the observation of plasma tail of comets in 1951 Biermann HI 
concluded the existance of continuous solar wind in the IPM at 
all solar latitudes. By far, the largest volume in the interplanetary 
space and largest span of time are covered by comets with plasma 
tails. Today, about more than 150 comets with plasma tails are 
known, with the frequency of about one or even two new discoveries 
per year. In comparison with several methods, comets can be used 
to study a large volume of interplanetary medium /2,3/. Therefore 
the understanding of the interaction of cometary plasma with the 
IPM is an essential part of the study of the basic plasma processes 
on the sun. 

The comets are frazile coglomorates of various types of ices, made 
during the early stages of the solar system formation. On close 
approach to sun these bodies sublimate and strongly interact with 
solar wind producing the large coma and long plasma tails. The 
plasma tails consists of the ionic molecules such as CO +, CO^ and 
H 2 0

+ , appearing blue in color due to the characteristic emission 
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(mostly of C 0 + and CC^). As a result of the complex interaction 
of solar wind with the cometary atmosphere, a number of features 
in the form of kinks, knots and condensations are formed in the 
tail and coma of the comets. The observations of various comets 
during last decade from the ground and from the space have enriched 
our knowledge in understanding many of these processes, with a 
single major understanding due to comet Halley in 1985-86. 

THE PLASMA BOUNDARIES 

The cometary plasma boundaries are excellently reviewed by Craveus 
/k/. A brief outline is given here. Figure 1 outlines various plasma 
boundaries. The solar extreme ultraviolet radiation ionizes the 
cometary neutrals, which slows down the solar wind due to the 
mass-loading. As a consequence the bow shock is generated with 
Mach number 2 (weak shock) at a distance of about 10 km for 
Comet Halley (during the encounters) /5/. The solar wind continues 
to be mass-loaded and to slow down, after being shocked and ulti^ 
mately stagnates for cometocentric distances less than about 10 
km (for Halley's comet during encounters). Consequently the magnetic 
field strength increases, leading to the development of a magnetic 
barrier (or pile up region) in the vicinity of the stagnation region. 
Eventhough this process is described quite well by global, three-
dimensional MHD models, the measurements made by the instruments 
on various spacecrafts have shown that the structure of the stagna-
tion region is rather complicated /6/. Hence presently this region 
is called cometopause. The imaging Fabry-Perot studies have resulted 
the line-of-sight velocity maps HI in H o< emission at 6563 A°, 
during an occassion when the H ^ intensity of this region was above 
the cometary continuum. These observations are valuable in understa-
nding of the complex dynamics of cometopause. The theoretical 
studies involving the velocity map of this region is in progress 
/8/. As the cometocentric distance decreases the plasma becomes 
increasingly slow (the flaw ^peed_SL less than 20 km/s), dense 
(electron density about 10 -10 cm between cometopause to 1000 
km cometocentric distance) and cold (with electron temperature 
of 100 ev at cometopause to 0.1 ev at 1000 km cometocentric dis-
tance). This region ĵs chemically complex and have magnetic field 
of about 60 at 10 km due to declaration of the flow. In this 
region therefore, the collisional processes become important. The 
collisionpause is defined as the boundary within which the transport 
or dyhamical processes become less important than the collisional 
processes. The location of collisionopause for a given process is 
the region where the transport time f j equal the characteristic 
collision time T . Therefore there exist a number of collisionpauses 
for different ionic species in the region between the cometopause 
and diamagnetic cavity, generally in the vicinity of 2x10 km. 
In the innermost portion of the magnetic barrier, as a consequence 
of the balance between an outward ion-neutral frictional force on 
the plasma and an inward-directed magnetic pressure gradient force 
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the diamagnetic cavity exists at a distance of about 4000 km from 
the nucleus (as observed by Giotto 4468 km in bound, (4150 km 
out bound) /9/. The comet tails are a consequence of mass loading 
processes which take place in the head of the comet and slows 
down the plasma flow in the sunward side, thus "hanging up" the 
field lines. The ICE spacecraft measured at about 8000 km down-
stream of comet Giacobini-Zinner, detecting the narrow layer of 
cold dense plasma in the middle of the tail and magnetic tail lobes, 
which were obviously due to drapped magnetic field lines /10/. 

Apart from these boundaries which are "Permanent" in nature, the 
boundaries intrinsic to solar wind carried into the cometary environ-
ment and some small scale features which are due to transient 
disturbances associated with plasma instabilities are also observed 
in comets. The later is poorly understood. 

MASS MOTION VERSUS WAVE MOTION 

Displacement of features in cometary plasma tails, obtained from 
a sequence of photographs, have been used to infer plasma motions 
with tailward velocities in the range of about 20 to 250 km/s /ll, 
12/. However, from these observations it is not clear whether these 
apparent motions represent propagating disturbances such as magneto 
hydrodynamic waves moving down the tail or actual mass motions 
of the cometary ions or combination of both. This question can 
be resolved with Doppler measurements of ionic emissions. Huppler 
et al. /13/ have reported the doppler velocities of about 20-40 
km/s by measuring the line shift in F^O emission in comet Kohoutek 
- thereby indicating the existance of mass motion. Debi Prasad 
et al. HI have observed with an imaging Fabry-Perot spectrometer, 
the motion of a plasma region with doppler velocities of about 
30± 10 km/s. The Fabry-Perot observations of Comet Halley in F^O 
emission by Scherb et aL̂  /14/ have revealed the ionic accelerations 
about 37 to 300 cm sec" . From these measurements, it can be con-
cluded that the tail particles are accelerated while moving in the 
plasma tail. However, it is still not clear whether the motion of 
the features represent the mass motion, since they show systemati-
cally lower acceleration in comparison with the Doppler measure-
ments. In a future occasion it will be valuable to observe the 
Doppler velocities in the tail features. The ground based observa-
tions, specially with imaging Fabry-Perot spectrometers in CO 
emission lines will prove useful in these experiments. 

THE SHORT LIVED PLASMA FEATURES 

Historically the visual observations of the great comet of 1882 
by Bernard /IV can be regarded as the earliest record of the 
cometary transient features. During last two decades several such 
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f e a t u r e s h a v e b e e n i d e n t i f i e d / 7 , 1 6 , 1 8 / e s p e c i a l l y d u r i n g t h e Comet 
H a l l e y o b s e r v a t i o n s . L y n c h and R u s s e l / 1 6 / h a v e r e p o r t e d t h e o b s e r -
v a t i o n of a b l o b l i k e s t u c t u r e at about 32000 km from t h e n u c l e u s 
in t h e p l a n e of s k y , w h i c h d i d not s h o w up in A ' H e a r n ' s 111 I 
m e a s u r e m e n t s , t h e r e b y r e q u i r i n g a d i s s i p a t i o n t i m e s c a l e of an 
h o u r . T h e i m a g e w a s o b t a i n e d at „ 5800 A° w i t h a b a n d w i d t h 
of a b o u t 2000 A ° . T h e r e i s an e v i d e n t of c o m e t p a s s i n g t h r o u g h 
t h e i n t e r p l a n e t a r y s e c t o r b o u n d a r y , p r i o r t o t h e s e o b s e r v a t i o n s . 
From t h r e e IUE l o w r e s o l u t i o n s p e c t r a t a k e n d u r i n g 1 8 - 1 9 March 
1986 Fedman e t a l . / 1 8 / r e p o r t e d t h e s u d d e n e n h a n c e m e n t of CO 
i n t e n s i t y in t h e t a i l w a r d s i d e , at a d i s t a n c e of a b o u t 150 000 km 
from t h e n u c l e u s . T h e e n h a n c e m e n t l a s t e d o n l y for 37 m i n u t e s . T h e 
c a l c u l a t i o n s s h o w t h a t t h e p h o t o i o n i z a t i o n and e l e c t r o n i m p a c t i o n i z a -
t i o n p r o c e s s e s cannot s a t i s f a c t o r i l y e x p l a i n t h e e v e n t . It can b e 
n o t e d h e r e t h a t t h e c o m e t c r o s s e d t h e i n t e r p l a n e t a r y s e c t o r b o u n d a r y 
on March 1 6 . 5 UT. With t h e i m a g i n g F a b r y - P e r o t s p e c t r o s c o p i c 
o b s e r v a t i o n s D e b i P r a s a d e t a l . HI h a v e r e c o r d e d a s h o r t l i v e d 
e n h a n c e d b r i g h t n e s s r e g i o n at p o s i t i o n a n g l e 160° at a n u c l e o c e n t r i c 
d i s t a n c e of a b o u t 2 x 1 0 k m . T h e s i z e of t h e r e g i o n w a s 3 0 , 0 0 0 x 
2 0 , 0 0 0 km in t h e p l a n e of s k y . T h e b r i g h t n e s s w a s p r o m i n e n t in 
F^O e m i s s i o n s at 7000 A ° . A F a b r y - P e r o t i n t e r f e r o g r a m i s r e c o r d e d 
in H <* (6563 A ° ) e m i s s i o n l i n e s , f o l l o w i n g t h e h^O i m a g i n e s at 
t h e e n h a n c e d b r i g h t n e s s r e g i o n . A n a l y z i n g t h e i n t e r f e r o g r a m , t h e s e 
a u t h o r s h a v e o b t a i n e d t h e s p a t i o - k i n e m a t i c i n f o r m a t i o n s of t h i s 
r e g i o n . It w a s found t h a t t h e r a d i a l r e c e s s i o n v e l o c i t y of t h e e n h a n -
c e d b r i g h t n e s s r e g i o n i s 30±10 k m / s ( c o m e t o c e n t r i c ) . T h e D o p p l e r 
w i d t h s of t h e l i n e s a r e 5 t o 22 k m / s . T h e r e l a t i v e d i f f e r e n t i a l 
v e l o c i t y map i s s t r u c t u r e d a s s h o w n in f i g u r e 2 , w i t h h i g h & low 
v e l o c i t y r e g i o n s c l u s t e r e d . L ine s p l i t t i n g s a r e s e e n in t h e s u n w a r d 
s i d e . From t h e i n t e r f e r o g r a m d a t a , i t i s i n f e r r e d t h a t t h e d i s p e r s a l 
t i m e of t h e b l o b i s a b o u t 3 0 s , w h i c h i s f u r t h e r s u p p o r t e d b y t h e 
c o n t e m p o r a r y o b s e r v a t i o n s . From t h e S a k i g a k e and G i o t t o m e a s u r e -
m e n t s and c o n s i d e r i n g t h e mot ion of t h e c o m e t , i t i s i n f e r r e d t h a t 
t h e s o u t h e r n p a r t of t h e H a l e y ' s c o m e t d i p p e d f i r s t i n t o t h e a w a y 
s e c t o r in t h e c h a n g i n g p o l a r i t y r e g i o n . T h e r e f o r e i t i s m o r e l i k e l y 
t h a t t h i s e v e n t i s a " t a i l d i s c o n n e c t i o n t y p e e v e n t " r e s u l t e d due 
to t h e r e c o n n e c t i o n of f i e l d l i n e s . Lutz and Wagner / 1 9 / h a v e r e p o -
r t e d t h a t c o m e t I R A S - A r a k i - A l c o c k 1983d s h o w e d an i n t e n s e b r i g h t e n -
ing e v e n t on 10 May 1 9 8 3 . T h e f l a r e - l i k e e v e n t m a n i f e s t e d i t s e l f 
in i n c r e a s e of f l u x in cont inuum and e m i s s i o n band in 20 m i n u t e s 
d u r i n g 0618 & 0638 UT, p r e c e d e d & f o l l o w e d b y p e r i o d s of normal 
s t a b i l i t y . T h e h y p o t h e s i s of t h e e j e c t i o n of r o c k - l i k e p a r t i c l e s 
and t h e e n c o u n t e r of i n t e r p l a n e t a r y s h o c k a s t h e p r e c u r s o r of t h i s 
e v e n t a r e u n s a t i s f a c t o r y . S i n c e t h e sun w a s q u i t e t h e s o l a r c a u s e 
can b e r u l l e d o u t . It i s p r o p o s e d t h a t v e n u s l i k e i n t e r a c t i o n of 
i n t e r p l a n e t a r y m a g n e t i c f i e l d w i t h t h e coma can c a u s e s u c h e v e n t s 
/ 2 2 / . In a b s e n c e of any o b s e r v a t i o n a l e v i d e n c e for s u p p o r t i n g t h i s 
m e c h a n i s m , t h e r e c o n n e c t i o n m e c h a n i s m , w h i l e t h e c o m e t p a s s e s 
t h r o u g h t h e i n t e r p l a n e t a r y m a g n e t i c f i e l d can a l s o b e c o n s i d e r e d . 
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Reviewing the well documented transient plasma events therefore 
indicate that the magnetic field reconnection process must be respo-
nsible for most if not all of the events. However, detailed theore-
tical studies of these events are yet to be done. 
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Fig. 1 : Schematic of plasma boundaries of an active comet. 

• LOW VELOCITY ZONE 

£3 HIGH VELOCITY ZONE 

Fig. 2 : Doppler shift dispersion+velocity distribution in the 
FLO blob region. H 2 0

+ isophotes contour levels are 
drawn from the cometary image taken earlier to the 
interferogram. 
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