
mum rate occurring at closest approach ( 7 ) .  which comet Giacobini-Zinner was first de. 
The radio waves group reported an upper 
limit to the dust flux for particles with mass 
exceedng lo-'' g that is 100 times lower 
than the predicted flux (3 ) .  

Shortly after the ICE encounter, comets 
Giacobini-Zinner and Halley were near each 
other in the sky. Figure 4 shows the symbol- 
ic changing of the guard. 

The ICE spacecraft will be about 0.2 AU 
upstream from comet Halley in late March 
1986. Disturbances and changes in the solar 
wind observed by ICE should be related to 
the behavior of Halley's ion tail observed 
from Earth by members of the International 
Halley Watch. Given the large distance from 

tected by ICE and the expected factor of 10 
larger gas production rate for comet Halley, 
it is possible that ICE will detect comet 
H d e y  itself. 
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Comet Giacobini- Zinner : Plasma Description 

S. J. BAME, R. C. ANDERSON, J. R. ASBRIDGE, D. N. BAKER, 
W. C. FELDMAN, S. A. FUSELIER, J. T. GOSLING, D. J. MCCOMAS, 
M. F. THOMSEN, D. T. YOUNG, R. D. ZWICKI, 

A strong interaction between the solar wind and comet Giacobini-Zinner was observed 
on 11 September 1985 with the Los Alamos plasma electron experiment on the 
International Cometary Explorer (ICE) spacecraft. As ICE approached an intercept 
point 7800 kilometers behind the nucleus from the south and receded to the north, 
upstream phenomena due to the comet were observed. Periods of enhanced electron 
heat flux from the comet as well as almost continuous electron density fluctuations 
were measured. These effects are related to the strong electron heating observed in the 
cometary interaction region a d  to cometary ion pickup by the solar wind, respectively. 
No evidence for a conventional bow shock was found as ICE entered and exited the 
regions of strongest interaction of the solar wind with the cometary environment. The 
outer extent of this strong interaction zone was a transition region in which the solar 
wind plasma was heated, compressed, and slowed. Inside the inner boundary of the 
transition region was a sheath that enclosed a cold intermediate coma. In the transition 
region and sheath, small-scale enhancements in density were observed. These density 
spikes may be due to an instability associated with cometary ion pickup or to the 
passage of ICE through cometary ray structures. In the center of the cold intermediate 
coma a narrow, high-density core of plasma, presumably the developing plasma tail, 
was found. In some ways this tail can be compared to the plasma sheet in Earth's 
magnetotail and to the current sheet in the tail at Venus. This type of configuration is 
expected in the double-lobe magnetic topology detected at the comet, possibly caused 
by the theoretically expected draping of the interplanetary magnetic field around its 
ionosphere. 

T HE RESULTS OF THE LOS ALAMos 

plasma electron experiment obtained 
during the encounter of comet Gia- 

cobini-Zinner with the International Come- 
tary Explorer (ICE) on 11 September 1985 
indicate that the solar wind interacted 
strongly with the comet. During the en- 
counter, the spacecraft passed through sev- 
eral distinctive plasma regimes. Some pre- 
liminary interpretations of the plasma elec- 
tron data are presented here. It is expected 
that these interpretations will be refined as 
more in-depth analyses become available. In 
particular, future analyses that make use of 

the combined data of various experiments 
on ICE should lead to more detailed inter- 
pretations of the phenomena observed. 

Instrumental details. Electron measure- 
ments were made with an electrostatic ana- 
lyzer (1) composed of a spherical section 
analyzer with a 135" bending angle, fol- 
lowed by a system of secondary electron 
emitters and an electron multiplier that gives 
two- and three-dimensional capability. Only 
two-dimensional measurements of plasma 
electrons were made during the encounter 
so as to maximize the measurement repeti- 
tion rate. A measurement cycle consists of 
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16 energy sweeps spaced uniformly 
throughout a 3-second spacecraft revolu- 
tion. During each sweep, measurements are 
made at each of 15 energy levels. The experi- 
ment has two energy ranges: a "normal" 
range of 10 to 1000 eV and an infrequently 
used "photoelectron" range of 1.9 to 190 
eV. The latter range was included for study- 
ing spacecraft charging, since a knowledge 
of the spacecraft potential is essential for 
analyzing low-energy electron data. At the 
encounter telemetrv rate. one measurement 
cycle was obtained every 24 seconds, so the 
data format consists of 3-second data sets 
followed by 21-second gaps. In this report 
the data are presented in histograms in 
whlch the actual 3-second data acquisition 
times occur during the first 3 seconds of the 
24-second-wide bars representing derived 
data points. In a few cases, abrupt changes 
in electron distributions occurred in times 
comparable to or less than the time between 
energy sweeps (-0.1 second). The plasma 
electron bulk flow speed, temperature, and 
densitv are determGed bv numerical inte- 
gration of the entire plasma distribution. 

The comet's plasma structure. Figure 1 
shows a 10-hour d o t  of the electron mo- 
ments during the solar wind-cornet interac- 
tion (Fig. 1). The data extend from 0600 
universal time (U.T.). when ICE was in the , > ,  

solar wind, through the central passage at 
-1102 U.T., to 1600 U.T., when ICE was 
again in the solar wind. Shown are electron " 
density (n), temperature (T), and plasma 
bulk speed (V), computed from the electron 
distributions. (The k b s c r i ~ t  e is to be un- 
derstood for ' d the &asma moments 
throughout the text.) The data in Fig. 1 
were processed through a three-point run- 
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ning-average filter to improve the clarity of 
the presentation on this compressed scale. In 
the upstream region of the comet, periods of 
enhanced fluxes of energetic (>lo0 eV) 
electrons were observed streaming along the 
interplanetary magnetic field (IMF) in the 
direction opposite the heat flux from the 
solar corona (2). These counterstreaming 
electrons came from a hot source, associated 
with the comet, when the IMF connected 
the spacecraft with the solar wind-cornet 
region in which the electrons were strongly 
heated. During these times of connection, 
moderate enhancements in the average value 
of T were observed. 

Similar counterstreaming heat fluxes are 
observed upstream from Earth's bow shock 
when the IMF connects to the hot magneto- 
sheath plasma behind the shock (3) .  Con- 
nection was demonstrated most convincing- 
ly by the existence of a counterstreaming 
electron distribution, since such distribu- 
tions are only rarely observed away from 
planetary bodies. With the IMF direction 
alone, connection can only be inferred on 
the basis of an assumed configuration of the 
hot source. Also in the regions upstream 
from the comet, large fluctuations in elec- 
tron density were present almost continu- 
ously. 

Nearer to the comet. at -0920 U.T., the 
average values of electron density and tem- 
perature, n,, and T,,, began to increase as 
ICE entered a region of strong interaction 
between the solar wind and cometary plas- 
ma. Before this region was entered, at 
-0840 U.T., the bulk flow speed began to 
decrease, probably because of the increased 
pickup of cometary ions. ICE left the comet 
through a similar region at -1220 U.T. 
~eain: Ir,, did not reach its full undisturbed " , -.  
upstream solar wind value until -1250 
U.T., well after exiting the region. This 
behavior is reminiscent b f  solar kind slow- 
ing upstream from Earth's bow shock, asso- 
ciated with upstream ion events (4), al- 
though, as mentioned, the role of cometary 
ion pickup may be the dominant factor in 
the slowing at Giacobini-Zinner. The region 
in which n,, and T,, increase toward the 
center of the comet, while Kv decreases, is a 
transition region. There appears to be no 
evidence of a conventional bow shock at the 
edge or within the region. However, after 
traversing the transition region, the solar 
wind had been heated, compressed, and 
slowed. Closer to the time 01 closest ap- 
proach (forward from -1007 U.T. and 
backward from - 1148 U.T.), another plas- 
ma region was found in which Kv continued 

0 6 0 0  0800 1000 1200 1400 1600 
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to decrease, while n,, and T,, began to 
decrease from their elevated transition re- 
gion values. This region, in which the come- 
tary plasma becomes increasingly important, 
has been termed a sheath because it sur- 
rounds a cold intermediate coma closer to 
the comet. Large fluctuations were superim- 
posed on the sl&ly changing average\alues 
of density, temperature, and speed in both 
the transition region and the sheath (Fig. 1). 
These fluctuations mav be the result of 
instabilities associated with cometary ion 
pickup (5 ) ,  or they may be caused by ICE 
traversals of cometarv ravs or streamers. 

Further inspectior; o i  Fig. 1 shows a 
distinctive region centered on the time of 
closest a ~ ~ r o a c h  at -1102 U.T. in which 

I I 

the electron temperature falls to below 
50,000 K, density rises, and flow speed 
decreases to less than 30 krn sec-' (the 
accuraq of the measurement). We identifv 
this denser, nearly stationary region as the 
intermediate coma to distinguish it from the 
larger coma identified in photographs and 
the inner coma in which important chemical 
processes are taking place. The data suggest 
that a boundary layer separates the sheath 
and the intermediate coma. Inbound, the 
boundary layer was found between -1050 
and -1056 U.T., while outbound the limits 

Interplanetary 
magnetic fleld 

Slow transltlon 
(no bow shock) 

Solar wind 

Cometary reglons 

Density spikes (rays?) 

Transition region 

Sheath 

Boundary layer 

Intermediate coma 

I Plasma tail 

Fig. 1 (left). Overview plot of three-point running averages of electron and 2. Region coding is shown. The dots dong the encounter path, which 
density, temperature, and speed, measured during the encounter of ICE with show the positions of density peaks, do not include some of the smaller 
comet Giacobini-Zinner. Plasma regions are identified at the top by SW, peaks, particularly those in upstream regions. The size of the comet nucleus is 
solar wind; TR, transition region; S, sheath; BL, boundary layer; IC, cold exaggerated. ICE traversed the comet regions dong a path almost perpendic- 
intermediate coma; and PT, plasma tail. Fig. 2 (right). Possible config- ular to the ecliptic, from south to north. Since boundary crossings were 
uration of comet Giacobini-Zinner, based on the boundary data in Tables 1 detected only along the trajectory, the shapes shown are mostly conjecture. 
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Upstream I Transition region Sheath Inner coma 

1 158:30 1058:32 U.T. 
0841:23 + Plasma tail 

Fig. 3. Sample plasma electron velocity distributions measured in the solar wind and four of the 
cometary plasma regions during the passage of ICE. As shown, logf lw is plotted vertically; log E, 
along the visible horizontal axis; and the sweep angle, +, transverse to log E. In each distribution the 16 
energy spectra measured in one spacecraft revolution are represented by the descending traces, which 
together establish a curved surface as shown. A small sunward background shows as a bump at the 
lowest energies near the center of the distributions. The antisunward flow direction is located at the 
center of each distribution. 

were -1110 and -1115 U.T. Centered on 
the time of closest approach was a well- 
defined, narrow, central region with very 
high density, which ICE passed through in 
3 minutes. This cold, dense region may have 
been the developing plasma tail. The flow 
speed in the tail, within the accuracy of our 
experiment, was no greater than 30 km 
sec-'. It is expected on the basis of optical 
observations that farther downstream in the 
fully developed tail the plasma flow speed 
must reach hundreds of kilometers per sec- 
ond. The plasma in the tail is presumed to be 
that necessary to sustain the double-lobe, 
magnetic neutral sheet configuration of the 
comet tail (6) that was detected at Giaco- 
bini-Zinner (7). Some theories predict such 
a configuration, caused by draping of the 
IMF around the ionosphere (8). The devel- 
oping plasma tail serves a function at the 

comet similar to that of the current sheet in 
the magnetic tail of Venus (9) and the 
plasma sheet with embedded current sheet 
in Earth's magnetotail (10). 

The boundary crossing times cited above 
were established not only with the overview 
data in Fig. 1, but also by detailed inspec- 
tion of individual electron velocity distribu- 
tions, which have distinctive features in the 
various regions. Boundary crossing times 
are given in Table 1, along with time inter- 
vals and the corresponding distances from 
closest approach. Table 2 gives distances 
across the outer boundaries of the regions 
and their average thicknesses along the ICE 
trajectory. Note that the 3000-km thickness 
of the plasma tail cited in Table 2 is an upper 
limit if the tail configuration is sheetlike and 
a lower limit if it has a near-circular cross 
section, since the crossing position and an- 

of electron density, temperature, 13 % $ So 4~~ Jl ,J hni ,J, - Jd spied, -.-- heat flux, andhcat flux direr- 

0800  0810 0820  0830  0840  0850  0900  
U.T. 

gle are unknown. A plasma configuration of 
the comet (Fig. 2) may be inferred on the 
basis of the dimensions given in the tables. 
The exact shapes of the regions are specula- 
tive, of course, since boundaries were estab- 
lished only along the path of ICE. The 
intermediate coma is depicted with a spheri- 
cal configuration, while in fact it is probably 
distorted by solar wind and radiation pres- 
sure as well as by nonsyrnmetrical volatiliza- 
tion of frozen &ses and dust (1 1 ) . Compari- 
sons with model calculations should help 
establish more realistic shapes. 

Cometary heat jlwes in upstream regions. 
Events identified as IMF connections with 
the hot comet transition region are evident 
in the solar wind data for before and after 
the encounter. An inferred geometry of the 
IMF threading the spacecraft and connect- 
ing it to the transition region is shown in 
Fig. 2 for both the inbound and outbound 
regions. When connection occurred, ener- 
getic electrons reached the spacecraft along 
the IMF lines that ~enetrated the hot transi- 
tion region. 

Normally, when on unconnected lines, 
the electron angular distribution in the high- 
er energy channels exhibited a ~ i n ~ l e - ~ e & e d  
shape at constant energy. The distribution at 
0841 : 23 U.T. shown in Fig. 3 exhibits such 
a single peak, which is due-to an outflow of 
hot electrons from the solar corona. A mo- 
ment plot (Fig. 4) shows that the heat flux 
direction projected into the ecliptic plane 
was 315" at that time. Its polar direction was 
not determined by the experiment in the 
two-dimensional operating mode. The dis- 
tribution measured earlier at 0826: 36 U.T. 
(Fig. 3) has a distinctly different character, 
displaying two peaks with - 180" separa- 
tions in the angular distributions at higher 
energies. This distribution shows that heat 
fluxes from two different sources were coun- 
terstreaming along the IMF. As mentioned 
before, distributions of this type are com- 
mon upstream from Earth's bow shock. 

one-source of heat flux is the solar coro- 
na, of course, while the other must be the 
hot cometary transition region. The con- 
nected distribution at 0826:36 U.T. was 
measured at a time when the direction of the 
net heat flux was - 180" away from the heat 
flux of the unconnected histribution at 
0841:23 U.T. (Fig. 4). The 180" change 
indicates that the cometary heat flux is the 
dominant one. Another connection event 
between -0848 and -0855 U.T. is evident 
in Fig. 4. Superimposed and heat flux- 
aligned (equivalent to field-aligned) cuts 
through velocity distributions measured 
both before and after a brief connection 
event just before 0848 U.T. are shown in 
Fig. 5. This event shows that a net heat flux 
reversal occurred in the 21-second time in- 
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tion to the transition region, as inferred by Table 2. Distances between outer boundaries and 
average thicknesses of the comet plasma regions 
along the encounter trajectory. 

return heat flux. and when there was nb 
connection. If the density structures are 
convecting with the solar wind, then they 
have a size of -60,000 km--comparable to 
but larger than the expected gyroradius of 
cometary ions, such as H 2 0 t  and CO', 
picked up by the solar wind. We suggest 
that these upstream density fluctuations far 
from the comet are produced by an electro- 
magnetic instability associated with solar 
wind pickup of cometary ions (5). 

Transition region and sheath. The transi- 
tion region is an extended cometary region 
in which the incident solar wind and come- 

0846:13 U.T. 

Re- Crossing 
distance Thickness 

gion ( ~ 1 0 3  km) (x103 km) 

I I I 

-18  - 1  -6 0 6 12 18 

Electron speed ( x  103km sec-') 

Fig. 5. Cuts taken along the heat flux direction 
(equivalent to the magnetic field direction) 
through two velociity distributions measured 24 
seconds apart at the .times shown. Negative speeds 
are outward from the sun. The elevated tail at 
positive speeds in the cut at 0846:37 U.T. is 
caused by magnetic connection to the hot transi- 
tion region and procluces a reversal in the net heat 
flux direction. 

frequently T is low when n is high or vice 
versa (for example, at -0927 to -0930 
U.T., and at -0931, -0942, and -1009 

tary plasma strongly interact to compress, 
heat, and slow the solar wind-apparently 
without the need for a small-scale bow U.T.). In addition, examples can be found in 

Fig. 6 in which either the density or the 
temperature decreases at the same time that 
the other rises. This is of  articular interest 

shock. As described previously, n,, and Tav 
increased slowly toward the center in this 
region, while I.',, decreased. Extending in 
from the inner boundary of the transition 
region was the sheath, in which nav and T,, 
decreased toward the center while xv con- 

because such a change is distinctly different 
from that of a typical fast-mode shock transi- 
tion, which is characterized by in-phase 
changes in both n and T .  The possibility that 
these density and temperature fluctuations 
are due to a series of shocks seems to be 

terval between two measurement cycles. The 
temperature is higher during the connection 
events, as is expected from addition of hot 
electrons from the comet transition region 
to the relatively cool solar wind electron 
population. Significant slowing of the solar 
wind occurred during the second event (Fig. 
4). 

Upstream dens29 jluctuations. As ICE ap- 
proached the comet and receded, almost 
continuous density fluctuations with peri- 
ods of 2 to 4 miniites were observed in the 
solar wind. Numerous examples with peak- 
to-valley ratios of -2 are evident in Fig. 4. 
Careful inspection of individual distribu- 
tions demonstrates the validity of the varia- 
tions. Fluctuations were detected at least 
2 x lo5 krn upstream on either side of the 
comet, both during direct magnetic connec- 

tinued its downward trend. In the transition 
region, xv decreased nearly linearly to 
roughly half its upstream value, as predicted 
by theory (12). Tav increased by a factor of 
-1.5 to 2 and n,, by a factor of -2 to 3. 
In the sheath xv continued to fall, reaching 
values below 10 percent of its upstream 
value, Tav decreased to near its upstream 
value, and n,, fell slightly from its peak 
value at the inner edge of the transition 

ruled out. Indeed. on neither the inbound 
nor the outbound traversals was there any 
sharp transition with the clear fluid signa- 
ture of a standing bow shock. Finally, while 
these high-density spikes in the transition 

region. 
The transition region and sheath were 

characterized by distinctly different spectral 
shapes. Examples of electron distributions 
measured in the two regions are given in 
Fig. 3. The transition-region distributions 
were characterized primarily by high vari- 
ability, with some distributions upstream- 
like and others sheathlike. The upstream-like 

Table 1. Boundary crossing times and times and 
distances from closest approach at 1102:3 U.T. 
The transit speed was 20.9 km sec-'. Regions are 
identified as SW (solar wind), TR (transition 
region), S (sheath), BL (boundary layer), IC 
(intermediate coma), and PT (developing plasma 
tail). 

distributions were more frequent near the 
upstream edge, while the sheathlike distri- 
butions were more frequent near the inner 
edge, but there was no monotonic evolution 
from one to the other (Fig. 3). The sheath 
distributions had a characteristic "broken" 
spectral shape, being flatter at lower energies 
(Fig. 3). They were most often isotropic, as 
at 1122: 07  U.T., but occasionally were 
anisotropic, as at 1137:43 U.T. 

Boun- Cross- Time Distance 

da ry 
from from 

cross- tune closest closest 
approach approach 

(U'T') (minutes) ( X  lo3 km) Both ;he transition region and the sheath " 
were characterized by rapid and sometimes 
very large amplitude fluctuations in the plas- 
ma moments (Fig. 1). Several large density 
spikes, with widths of 1 to 2 minutes and 
peak-to-valley ratios in the range 2 to  7, are 

SW-TR 
TR-S 
S-BL 
BL-IC 
IC-rT 
Gnter 
PT-IC 
IC-BL 
BL-S 
S-TR 
TR-SW 

0950 1000 1010 1020 
UdT. 

Fig. 6. Density and temperature values in the 
transition region and sheath during a period of 1 
hour. Temperature and density are frequently 
anticorrelated in the transition region. 

present in the data. Figure 6 shows 1 hour 
of data on an expanded time scale between 
0920 and 1020 U.T. Although there is no 
completely consistent one-to-one corre- 
spondence between variations in T and n, - - 
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S BL  IC P T  IC BL  S Fig. 7. Density, tempera- 
ture, and flow speed during 
the hour of closest centered approach. on the 

200 - 

region and sheath may be due to an instabil- 
ity associated with cometary ion pickup, as 
we suggest is the case for upstream density 
fluctuations, an alternative possibility is that 
they result from the passage of the spacecraft 
through cometary rays or streamers. If the 
structures are stationary in the comet frame, 
then they have a size of -2000 km, compa- 
rable to the lateral dimensions of cometary 
rays observed in photographs (13). 

Cold intermediate coma, boundary layer, 
and cold plasma tail. Inside the sheath was a 
cold intermediate coma. Figure 7 shows a 
moment plot for the period 1030 to 1130 
U.T. that is centered on the time of closest 
approach to the nucleus. Close inspection 
shows that apparently there was a boundary 
layer separating the sheath from this inter- 
mediate coma. It seems that a diffise contact 
surface, separating cometary and solar wind 

plasmas, may have been associated with this 
boundary layer. 

In the boundary layer the temperature 
declined more rapidly than in the sheath and 
the plasma flow speed fell to zero. The 
accuracy of our standard analysis at low flow 
speeds is such that a value of 0 km sec-' 
might be calculated when the uue speed is 
<30 km sec-'. The estimated extents of the 
boundary layer and other regions are shown 
by a coded bar at the top of Fig. 7. Inbound, 
the temperature fell from -2.1 x lo5 K at 
-1050 U.T. to -1.6 x lo5 K at -1056 
U.T. Outbound it rose from -2.0 x lo5 K 
at -1110 U.T. to -2.6 x lo5  K at -1115 
U.T. These temperature changes correspond 
to a gradual steepening of the low-energy 
portion of the spectrum until the break at 
mid-energies disappears (Fig. 3). 

In the intermediate coma, density in- 

Normallzed to  7 the denslty a t  
+ 1058 3 2  U T  

Electron speed ( x  lo3 km sec-')  

1050 1100 Ill0 
U.T. 

Fig. 9. Cut through a distribution measured in 
the photoelectron energy mode at 1059:21 U.T., 
showing a three-component distribution. Tem- 

Fig. 8. Comparison of the intermediate coma peratures calculated by fitting the three compo- 
electron density profile with an r-2 dependence. nents with Maxwellian distributions are shown. 

creased to even higher levels while the total 
integrated temperature fell to a shallow 
minimum of -4.4 x lo4 K. This tempera- 
ture had several components. Identification 
of an intermediate coma region is strength- 
ened by comparing the observed electron 
densities with an expected r-" dependence, 
where r is the distance from the comet 
nucleus and n should be between 1 and 2 
(14). Figure 8 shows such a comparison 
with an r-2 fit. A least-squares fit to the 
inbound data alone, with the obvious densi- 
ty spikes excluded, gives Y - ' . ~ ,  suggesting 
that this region is an inner part of the coma 
surrounding an inner coma close to the 
nucleus. However, until more detailed anal- 
yses of combined data sets are made, the 
possibility that this entire region is a de- 
veloping plasma tail, with an embedded 
dense plasma component similar to the cur- 
rent sheet at Venus or the plasma sheet at 
Earth, should be kept open. 

At the center of the intermediate coma 
was a region of extremely high electron 
density that extended -1500 km on either 
side of closest approach. Our standard calcu- 
lated densities, based on a three-Mviaxwellian 
fit to the observed distributions, extend 
above 200 We believe that the actual 
densities in this inner coma region are sub- 
stantially higher, since higher densities were 
observed by the radio wave experiment, 
which is well adapted to making measure- 
ments in very dense regions independent of 
temperature (15). 

To understand the probable source of this 
difference, it is only necessary to examine the 
electron velocity distributions shown on the 
right in Fig. 3. These distributions are re- 
markably different from the flat-topped dis- 
tributions in the sheath. In the normal oper- 
ating mode, our measurements extend down 
to only 10 eV, but every 68 minutes two 
"photoelectron" cycles with energies down 
to 1.9 eV are taken. Fortuitously, this pho- 
toelectron mode occurred while ICE was 
within the intermediate coma, providing 
insight into the nature of the cold plasma 
distributions. Figure 9 shows a one-dimen- 
sional cut through one of the two distribu- 
tions at 1059:21 U.T. The cut shows why 
our density and temperature determinations 
in the developing plasma tail may have 
reduced accuracy. The distributions are 
composed of three components: a low-ener- 
gy core, an intermediate-energy component, 
and a higher energy halo. There is no hint of 
any photoelectrons in this distribution, im- 
plying that the spacecraft potential was very 
near to zero, as would be expected in such a 
dense, cold plasma. This result also implies 
that ICE intercepted very little dust, since 
such impacts would increase the spacecraft 
potential. Maxwellian fits to the three com- 
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ponents $ve temperatures of 2.6 x lo4, 
1.1 x 10 , and 4.6 x 10' K. The total den- 
sity for this distribution is -100 ~ m - ~ .  AU 
the measurements m the dense plasma tail 
(1101 : 20 to 1103:20 U.T.) were made in 
the normal mode, with energies extending 
down to only 10 eV. Obtaining accurate 
Maxwellian fits to the part of the distribu- 
tion with lowest energy becomes a problem 
at these low temperatures without data 
points extending to lower energy values. In 
particular, if the plasma tail electron tem- 
peratures should fall to even lower values 
than in the adjacent inner coma where our 
photoelectron mode spectra were obtained, 
the calculated densities will be too low and 
total mtegrated temperatures too high. The 
intermediate distribuuon, shown in Fig. 9, 
found in the comet's cold intermediate coma 
may represent the electrons in the 20- to 30- 
eV energy range that are produced by pho- 
toionization of cometary molecules (1 6). 

The plasma tail region in the center of the 
intermediate coma was exceptionally well 
defined (Fig. 7). With a single encounter it 
is not possible, of course, to determine the 
exact configuration of the dense plasma 
region, but since a two-lobed magnetic tail 
with neutral sheet was observed at the comet 
(3, this enhanced plasma may be the plasma 
or current sheet required in such a field- 
reversing magnetic topology. I t  may have a 
flattened clab or sheet configuration separat- 
ing the two lobes, similar to the current 
sheet at Venus and the plasma tail m Earth's 
magnetotail. In the center of the plasma tail 
at Giacobini-Zinner we would expect to find 
an embedded neutral sheet. The enhanced 
density in the developing plasma tail should 
lead to decreased magnetic field strength 
through the diamagnetic effect. 

In summary, the ICE encounter with 
comet Giacobini-Zinner revealed a strong 
solar wind-cometary plasma interaction. 
Many of the regions of the cometary tail 
postulated by theory were detected, but no 
evidence of a small-scale standing bow shock 
was found at the encounter distance behind 
the nucleus. Future explorations would be 
required to determine if a shock exists, for 
example, closer to the subsolar point of this 
comet. A recent study suggests that a bow 
shock might be absent on the flanks of a 
comet (17). We see evidence in the plasma 
electron data for electromagnetic instabil- 
ities associated with cometary ion pickup, 
possible cometary ray or streamer structures, 
the comet's cold intermediate coma sur- 
rounded by a boundary layer, and a develop- 
ing cold plasma tail that is thought to be 
required by the draping magnetic topology. 
Other features of the comet, such as the 
existence of a contact surface, may emerge 
from hture analyses of combined plasma 

and field data. We would expect the contact 
surface to be associated with the region that 
we have called a boundary layer. 
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Observations of Energetic Ions from Comet 
Giacobini- Zinner 

During the encounter with comet Giacobini-Zinner, the energetic particle anisotropy 
spectrometer on the International Cometary Explorer spacecraft observed large fluxes 
of energetic ions, believed to  result principally from ionization of the cometary 
atmosphere followed by pickup and acceleration by the ambient flow of the solar wind. 
These heavy cometary ions were observed from approximately 1 day before closest 
approach to  about 2% days afterward. Three regimes of differing ion characteristics 
have been identified. An outer region with a scale of - lo6 kilometers contains variable 
fluxes of antisolar-streaming pickup ions in the undisturbed solar wind. I n  the middle 
region, of - 10' kilometers, fluxes have less large-scale variability and broader angular 
and energy distributions. This region is separated from the outer zone by a s h a q  
transition. The inner region has a scale of -lo4 kilometers and is characterhd by 
reduced fluxes and complex angular distributions. 

ORE THAN 20 YEARS HAVE 

passed since it was predicted that 
the interaction between a come- 

tary atmosphere and the solar wind would 
result in the production of large fluxes of 
energetic heavy ions in a large volume sur- 
rounding the nucleus of the comet (1, 2). 
Neutral atoms and molecules sublimating 
from the cometary nucleus expand outward, 
unrestrained by any significant gravitational 
attraction, at speeds of -1 km sec-I. They 
are then photoionized by solar ultraviolet 
radiation or by charge exchange with solar 
wind ions on characteristic time scales of 
-lo6 seconds, creating an ion distribution 
extending -lo6 krn around the comet. On 

magnetic fields of the solar wind, thereby 
gaining energy proportional to their mass. 
For typical solar wind velocities the maxi- 
mum energy gain is a few kiloelectron volts 
per atomic mass unit. Thus, for an ion in the 
"water group" (O', OH', and H20 i ) ,  
expected to be the predominant ions, peak 
energies of some tens of kiloelectron volts 
are to be expected. 

Acceleration of these heavy ions extracts 
energy from the solar wind plasma, so that, 
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