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ABSTRACT 

After one year of the successful imaging experiment aboard VEGA s/c 
the experimental results ала their consequence» are summerlied. 

•АННОТАЦИЯ 

Спустя 1 год после успешного завершения телевизионного эксперимента 
проекта "Вега" суммируются экспериментальные результаты и приводятся выводы, 
сделанные на их основе. 

KIVONAT 

Egy évvel a VEGA missziók sikeres TV kísérlete után a kísérleti eredmé
nyek összefoglalásét és az abbéi levonható következtetéseket tartalmazza a 
cikk. 
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Introduction 
» 

The 1982 edition of the catalogue of солю tar у orbit* 
CI] refers to 1109 cemetery apparition of 710 individual 
comets. Of those, 121 are classified as 'periodic' having 
periods less than 200 rears. The leftover, 389 comets were 
observed either between M e B.C. - 1798 (104 apparition • 2 
apparition of Tempel-Tuttie • several of Hal lex) or after 
that time. The numb»." of observed apparition per rear is 
naturally increasing, it was 1-4/year before 1890, 3-8/у 
around 1880-1890 and about 13/y nowadays. 

Not counting P/Halley and P/Teropel-Tuttle, periodic 
comets have been registered only in the last 200 years. We 
Know only 78 comets with more than one appearance; but only 
11 were observed more than 10 times. On the top of the list 
is P/Temptl-Tuttle with 92 registered apparition, second is 
P/Halley, with 30 registered apparition. This exceptional 
comet was tht target of many space missions in March 19864 

One of the most ambitious goal was to image the nucleus 
itself, newer seen before by human eye. ' For this reason a 
camera system [23 was put abord the VEGA s/c with the 
additional task to find, identifiy and track the nucleus 
autonomously. Scientific images were taken consequtively with 
the on board Ritchey-Chretien telescope of 12Q0 mm focal 
length, with different filters. The spectral characteristics 
of the filters are shown in Fig. 1. The view angle was 19x20 
10A-é rad p^r pixel. Imaging started two days before the 
encounter from a distance of 14 million km and continued till 
two days after the encounter; the imaging systems on both s/c 
worked for about 9-10 hours, producing of about 1900 images 
as planned. In this paper we concentrate only to about 20 min 
period of those, when the nucleus was resolved. 

In the case of VE8A-1 this is a set of 43 images 128x128 
pixel Urge; taken with NIR, VIS and RED filters. The first 
image of the «et was taken 91 290 km far, 638 s before 
closest approch <CA> which took place on 6 March 1984 at 
7i20i0e UT with a relative velocity of 79.222 Km/». The 
relative velocity vector was pointing toward b-6.3399, 
1-399.81 in our cometocentric coordinate system. <Thls is the 
system we «hall use in this paperi its x-y plane is parallel 
to the ecliptic plane, the z axis points toward ecliptic 
north. It is centered to the center of gravity of the 
nucleus, the x axis is antiparallel to the vernal equinox 
line; the angles b and 1 are defined in Fig.2.) The distance 
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between the nucleus and the s/c was 8889 km at CA in b=14.6, 
1*87.4 direction. The last image was taken 42 585 km far, 526 
s after CA. The exposure time was in the 80 ms - 1.28 s range 
so the blurr newer exceeded 1 pixel. The Sun was seen from 
the nucleus in the b= -1.9556 1« 64.242 direction at CA. 

From the data set of VEGA-2 images we analyze in this 
paper 11 images of 512x512 pixel large. The first one was 
taken 370 s before CA, at a distance of 29 540 km from the 
nucleus, the last one 558 s after CA, from 43 570 km. The CA 
was at 9 March 1986, 7:20:00 UT, when the s/c was 8030 km far 
from the nucleus in b=ll.8, 1=84.8 direction. The relative 
velocity of the s/c was 76.785 km/s,* pointing to b= 7.1875, 
1« 263.35 direction. When taking this set of images, the GLS, 
NIR, VIS and RED filters were used. Images taken by the GLS 
filter were intentionally overexposed by a factor of two in 
comparison to the exposure time defined by the on-board 
system. As this set was exposed using a back-up on board 
system, the near nucleus region is well exposed, but there 
are only two images of this set where the nucleus and one 
more where at least its limb is well exposed. The Sun was 
seen from the nucleus in the b= -.4874 1= 59.657 direction at 
CA. 

For the readers convenience, we give the CA data for 
6I0TT0 also. The CA took place on 14 March 1986 at 00:03:00 
UT when the s/c was 605 km far from the nucleus; the relative 
velocity, pointing to b~ 10.179, 1- 340.56 direction, was 
68.373 km/s. The Sun position as seen from the nucleus was b= 
1.5279, 1= 53.36 C3]. 

DATA PROCESSING 

The data processing procedure has been described in 
detail in [4]. It made use of the ground calibration data as 
well as in flight calibration data obtained with built-in 
lamps and by the observation of Jupiter and Saturn. Jupiter 
was observed after the encounter also to check whether the 
imaging system suffered any damage or not. The results of 
that was reassuring. The evaluation of the ground 
calibration is published in £5,63. The raw data on both s/c 
were contaminated by some coherent noise of unknown origin, 
that was removed by Fourier filtering. Noise was also removed 
by special matrix filtering procedure, see C4I for the 
details. 

The VEGA-1 images need further processing because two 
problems are only partially solved at present. One is that 
the offset value of the line«.' relationship between the 
incoming light and the outgoing dn signal was shifted from 
zero to -64 +/- 15 dn value. The second is that the images 
are slightly out of focus. The restoration procedure, based 
on the point spread function to be derived from Jupiter data, 
has rot yet been completed. 

Based on the calibration data, the dn values of the 
image« can be converted to absolute intensity values. 
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RESULTS 

The scientific objectives of the imaging experiment 
concerning the near nuclear region mere to -find out the 
existence, visibility, size, surface structure, albedo, 
photometry, activity pattern, spatial orientation and 
rotation of the nucleus and to dig out all the possible 
information from the «mages, combined with other results when 
appropriate. These objectives are interrelated, having an 
answer to one of those makes always possible to have an 
improved aswer to an other, etc. This paper is being written 
one уъг after the experiment and we ar# still in the process 
of iteration, the results summarized below will certainly be 
improved in the future. 

However, the general character of the nucleus would not 
change much from the conclusion announced on 11 March (5 
days after VEGA-1, 2 days after VEGA-2 fly-by!) that P/Halley 
is a consolidated body of irregular shape, with vtry low 
albedo. The main sizes are sho»<n in Fig. 3. The error bars 
are still about 1 km. 

The albedo was obtained using the Jupiter data as 
baseline. The behaviour of the scattering indicatrix of the 
brightest spot on VEGA-1 images was similar to the 
scattering indicatrix of the Moon. Since the mean brightness 
factor of the VEGA-1 images at 32* phase angle was 0.02, the 
geometric albedo is .04 <+.02, -.01). No diiferences were 
seen between images taken with different filters. 

The vislbi1i tr of the nucleus is certainly different for 
a camera inside the coma than from the ground. The reason 
lies in the inhomogeneity of the coma. Close to the nucleus 
cone-like and sheet-like dusty jets and fairly dust-free 
surface regions can be distinguised. From the ground the 
whole dust envelope containing the curved and dispersed jets 
is seen, hence the amount of dust in radial direction is 
different what would follow from the l/r A2 law; so the 
condition for ground based observation are much less 
favourable even if distance would allow to resolve the 
nucleus. As can be seen e.g. from Fig. 6., strong dust jets 
screen both some part of the surface and of the 1imb for the 
onboard camera also. 

First of our concerns was to find out the optical 
thickness of the dust over the jet free regions. It turned 
out 171 that on those places the dust layer over the surface 
is optically thin, its optical thickness is less than 0.1. 
The reasoning is as follows» It was assumed that the nucleus 
scatters light in the same way as the Moon does (but with the 
actual albedo), and the dust above it forms a flat, 
homogeneous layer. In this layer the dust single scattering 
albedo was chosen to be a**.5, which is the minimal value for 
large <2fr/X >>1) particles contributing most to the 
brightness measured. Multiple scattering in this layer was 
also taken into account. Then a cross section of the surface 
was selected, where the cros* section is very close to a 
semi-circle. The photometric profile of this configuration 
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with different optical thickness values was calculated and 
coaparedwith the data. The phase dependence of the brightest 
spot of this configuration was also checked against the data. 
Only waall, <.l optical thickness could be fitted. Though 
Measurements later revealed that the scattering properties of 
the surface is somewhere between a moon like and a 1 amber ti an 
surface 181 the above results are uphold. 

One of the most challenging task has been the 
3-dimenslotial reconstruction of the nucleus shape, its 
orientation in space and the 3-d structures of the 
surrounding jets. The UEOA results are unique in this sence, 
since the due to the different strategy, the GIOTTO data give 
two d'mensional imaging information, with better resolution. 
So the two mission were really complementary. 

The most straightforward was the reconstruction of the 
3-d Jet structure for the VEGA-2 fly-by C?l employed 11 full 
format images. Six of those are shown in Figs. 4-?v The 
concept of the reconstruction is based on the fact that each 
jet or jet complex can be thought of as an organized set of 
spatial vectors. On any given image, the vector sets are seen 
projected onto the image plane which is always normal to the 
s/c-comet vector. Due to the mechanical construction of the 
s/c and its three-axis stabilization the horizontal <row) 
direction of the images is aligned parallel to the ecliptic 
plane. Thus, measuring the position of the same feature on 
different images and knowing the changing spatial 
relationship between the s/c and the comet, the absotute 
spatial orientation of the feature can be derived. So the 
problem lies in identifing the same features on different 
images. To enhance the core and boundaries of the jet 
features, shift differentiation algorithm [101 was used; as 
well as we iterated between features to reach unambigous 
identification. The most viable solutions are shown in Fig. 
12. as they would appear on a sphere centered around the 
nucleus. For the readers convenience, the s/c trajectory and 
the recording of the images are also exhibited. Most of the 
sources form a big linear feature crossing local noon. There 
is however one source wich is on the night side, unless the 
irregular shape of the nucleus does not allow it to be lit. 
The results show that the s/c crossed one of the jets, this 
was confirmed by the SP-1 dust experiment С 111 and the 
general outlook of Fig.7. which was taken about that time. 
Jet directions at this stage have not been identified 
unambigously on the VEGA-1 images. This is partly due to 
their small length «een on the images. 

If we are able to identify the projection of the long 
axis of the nucleus on the images, the algorithm above yields 
the orientation of the long axis. What makes the procedure 
difficult t» that the nucleus is only partially enlighted by 
the Sun. The dark side over the terminator can be identified 
only if we make some assumption about the shape of the 
nucleus. In the first approximation it was considered to be a 
cone, capped at each end by hemispheres <avocado-like shape). 
Then we iterated between the data as long as the solution 
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obtained M t all the constraints we had. The result is that 
the long axis (if it is oriented fro» the small end toward 
the big end) at the VEGA-1 CA pointed to b*15, 1*79; at the 
VEGA-2 CA to the D*9, 1*310 direction. The error bar is about 
5 degrees for the 1 values and 2 degrees for the b values. 

The next step toward the 3-d reconstruction of the 
nucleus was the 3-d reconstruction of the liolit intensity 
distribution during the VE6A-1 fix-by [121. Some of the 63 
fly-by images are shown in Figs. 10-11. The scattered light 
comes partly from the nucleus, partly from the dust around. 
The gas can be neglected in this respect. Though the 
principle is similar to the' reconstruction used in medical 
tomography, there are non negligible differences. One is that 
the scattering angle changes very much from frame to frame, 
but our knowledge of the dust scattering indicatrix is poor. 
The second one is that the coma does not accomodate well with 
the intersections of the wiev angle of the different images» 
the coma's dust extends beyond the intersection. The results, 
the isodense surfaces in the inner com» within a 64x64x73 
km*3 cube, are shown in Fig. 13. The intensity levels, are 
also indicated. Each level contains contribution from the 
nucleus and from the jets too; the part of the nucleus beyond 
the terminator may be underestimated. 

In the first approximation the shape of- the nucleus has 
also been reconstructed С123. Here, however, we are facing 
real difficulties. To start with the work, the limb and the 
terminator (the whole nucleus and its enlighted part) should 
be identified in each images. As all of our images were 
exposed with a phase angle smaller 'than 90* (opposite to 
GIOTTO where the phase angle was 107* > the dust coma does 
not help us to identify dark limbs. The offset problem of the 
VEGA-1 camera mentioned before also works agains us. The 
definition of the limb in such situation can not be reduced 
to simple mathematical algorithm, we have to combine 
different methods together with the imagination of the 
experimentator. 

One of the mathematical method to find the limb is the 
algorithm of gradients C43 which fits a curve through those 
points of the image where the change of the Tight intensity 
is maximal. The second one is the algorithm of texture (41. 
This enhance the difference between small scale variation of 
the signals on the surface relative to the large scale 
background variation which is associated with the nucleus as 
a whole. The combination of this two (sometimes applied 
together with the algorithm of second derivatives to find the 
maximal curvature of the light intensity change) gives a 
fairly good estimate for the bright limb and for the 
terminator, provided the dust jets do not screen to much of 
those. The position of the dark limb, or that part of the 
limb which is screened by jets on certain images, however can 
only be estimated by understanding the fly-by geometry and 
iterating among the images. This procedure ai the present 
stage gives about 1 km error in limb determination. 

Having the limb defined as discussed above, and knowing 
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the direction fro» мЬich the image was exposed, the convex 
3-d envelope of the nucleus сел be reconstructed. This is 
shown in Figs. 14* using the VE6A-1 1iabs and in 14b using 
the UEGft-2 and GIOTTO 1 l mos. The 6I0TT0 1 imb »as taken from 
1131 and scaled as appropriate. The volume of this nucleus is 
about 500 K* A3, its surface about 350 Km*2. 

There has been an other method devised also which is 
less sensitive to the limb definition C141. It uses a zero 
order shape of the nucleus (in our case the avocado shape 
mentioned before) and a polyhedron is built around it. By 
computer the polyhedron is also enlighted by the Sun; and the 
brightness of the polihedron is compared to the observed 
brightness of the images and the shape of the polihedron <and 
also the computed orientation of the long axis) is corrected 
accordingly. The preliminary results of this analysis 
confirmed that the relative.position of the small and big end 
of the nucleus is correctly understood. 

The near nucleus coma photometry is not only interesting 
by itself» but helps to identify better the limbs screened by 
dust. Therefore, light distribution was measured along Jets 
and along jet-free regions. To analyze the results* the 
Modification of the K^ser model was necessary, because the 
viewing geometry is vry much different than from the ground. 
Constant outflow velocity also can not supposed. Though an 
overall 1/r behaviour can be fitted both to the jets and to 
the jet free coma, the preliminary analysis (153 has revealed 
two distinct coma region. The boundary is about 30-4o Km from 
the nucleus. We suppose that in the first region the dust is 
accelerating whereas in the second one the dust outflow 
velocity is constant. 

Preliminary steps have been taken to identify surface 
structure on the nucleus C4,161 but much should be done 
before conclusions can be reached. 
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DISCUSSION 
The measurements abord the space missions to Comtt 

Hal ley and the coordinated ground based observations 
dramatically enhanched and in many respect drastically 
changed our Knowledge about comets. In this part of the paper 
we discuss how the imaging results contributed to a modified 
(or new) model of cometarу nucleus and its relation to other 
data. A section will also be devoted to the problem of 
rotation period. 

One of the surprizes was the very low albedo value, also 
confirmed by the GIOTTO measurements [171. There are vry few 
objects in the solar system with such a low albedo, e.g. the 
Uranus ring particles, Iapetus (satellite of Saturn), 
Amalthea (satellite of Jupiter); though this albedo value is 
not exceptional for comets [491. Though the amount of carbon 
found in the dust was higher than expected CI83, this alone 
hardly can explain the surface darkness. The fluffy structure 
of the surface material, as suggested by Greenberg [191, 
should contribute considerably to the low reflectiveness. 
This surface structure also explains the low heat 
conductivity which follows from the general activity pattern. 
In a surprizing analysis Rickman Г203 claimed that the whole 
dersity of the nucleus is 0.1-0.3 g/cmA3, far less than it 
was thought. In a recent analysis based also on PUMA 
experiment's data a more realistic 0.6 g/cmA3 was obtained 
1211. These are consistent with a recent idea of Whipple 
(223 that the nucleus resembles rather to a dirty snowdrift 
that somehow has not become compressed. 

The imaging experiments revealed that surface activity 
with respect to gas and dust production is vry non uniform. 
Model calculations [233 for the thermodynamics of a nucleus 
covered by dust, repetaed with the current parameters learned 
after the missions, concluded that the surface temperature of 
the inactive layers should be about 400 К for a dust mantle 
thicker that 1 cm. This model predicts considerable lower 
temperature for the active parts to account for the observed 
gas production. The surface temperature was measured by IK8 
on VEGA-1 C243. It was found that the surface temperature is 
between 320 - 400 К for a surface which has been smaller than 
the visible cross section of the nucleus. We take this result 
literally, i.e. we assume that IK8 measured the temperature 
of the inactive surface which is smaller than the visible 
one. The question arises whether there are two type of 
surfaces (293 or a few centimeter thin mantle can explain 
satisfactorily these results. 

It was studied С243 whether cosmic ray irradiated 
cometray type ice mixtures can form such inactive layer« 
Various ice mixtures containing H20, NH3, CH4, N2, CO, C02, 
etc. was irradiated around 20 К temperature. All experiments 
confirmed the synthesis of new species, and approximately 1% 
of the mixture was converted into nonvolatile residue. As 100 
MeV protons penetrate few centimeter into water ice, high 
energy cosmic ray irradiation may lead to the formation of 
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»éter or «tort thick inactive layer after the -first few 
apparition; unless thermal stresses destroy it. Similar 
argument was suggested in [273 also. Inactive surface can 
also be formed if the fluffy dust surface is mildly hit by an 
other object. A enter-like inactive feature on the GIOTTO 
images makes this scenario also conceavable. We have to study 
further the surface structure on the VEGA images to reach 
conclusion} but the authors tend to assume the two-type 
surface model for the nucleus, since it is difficult to 
conceive that an extended dust layer of. about one or few cm 
thick can stabilize itself to such degree that surface 
structures can form. In this context we also note that the 
centrifugal escape velocity at the long ends is in the same 
order of magnitude as what follows from the actual angular 
velocity. (Better estimates are difficult, but it is not a 
bad approximation that the nucleus is as long as it can be.) 

The V9ry strong variability of the near nucleus region 
was also a new observation. The analysis of the 1910 
apparition of Comet Hal ley [281 already called the attention 
to the variability of dust jets on the time scale of days. 
The present observations added many new facts to those. 
Sunward-taiIward asymmetry was generally observed in 
brightness features. 

VEGA-1 data analysis С293 showed two times increased 
coma radiance in a 24 h interval. Using a high speed and very 
sensitive data acquisition system (301 vry short term (1/4 
to 40 sec) drastic changes and some others varying in hours 
were reported. No quantitative data was given to characterize 
the intensity of the changes. Sterken et al. 131J found 
large amplitude night-by-night changes in the brightness of 
the comet in a range of about 2 magnitudes. It was noted that 
when these burst occured, they showed up in all emission 
lines. Short term fluctuations more than 0.1 mag in the time 
interval of 6 h were also reported by them. The same erratic 
trends were olso observed by Larson et al. С321 in the 
velocity of water ions. By analyzing the shift of the 
spectral lines pre- and postperihelion, they concluded -0.21 
•/- .12 km/s post- and -.18 •/- .19 km/s prehelion velocity. 
From the spread of the line profiles a different, .? •/- .2 
km/s and 1.4 •/- .2 km/s outflow velocity was reduced for the 
pre- and postperihelion, respectively. They found that the 
velocity distribution function in the coma varies. 

The dust composition changed as a function of distance 
around CA Í333. CN jets were observed during March and April 
without seeing average type accompanying dust jets. Though 
the Lyman-alpha observation aboard 8UI8EI proved the 
periodicity oi the jet activity, the individual activity 
pattern is quite irregular [341. This list could have been 
easily continued. All these lead to the conclusion that even 
the active surfaces are different probably both in 
composition and activity pattern. Jet sources can be silent 
and be reactivated later on. These phaenomena can 
qualitat ivei у be understood as the result of a quickly 
changing thin dust layer over the active surface! however 
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much work is necessary on «odttting to make it quantitativ». 
To give account -for the observed gas production, the 

active areas should produce on tha avaraga 10*18 gas 
molecu1e/cmA2/sec at 1 AU post-parihal ion. If ма adopt 0.3 
for tha oust/gas mass ratio and 0.9 g/cm*3 for tha density, 
tha avaraga surfаса loss is about 1/3 cm/hour which is quite 
considerable. Tha temperature of tha active zones ware not 
measured directly. In the above mentioned model IHoranyiJ the 
mantle/core temperature should be higher than 210 К to 
produce enough gas, and an 1/3 cm thick mantle can diminish 
the gas output by an order of magnitude. Comparing this with 
the average surface loss value., we tend to believe that 
around prihelion and shortly after the active areas ara 
almost nude (which does not exclude vry thin dust partly 
falling back from jets or just being left behind). 

In a very nice experiment abord tha Kuipar Airborne 
Observatory M. J. Mumma at al. 1391 by measuring tha с*to and 
para ratio in the water wapor concluded that the nuclear spin 
temperature of the water should be between 28 - 49 K. This is 
definitely to small to yield the necessary amount of gas, 
hence it was assumed that the surface loss speed is to quick 
and the orto/para ratio can not reach the equilibrium value. 
However, in a later publication 136) this value has been 
revised, the new ortho/para ratio is consistent with 3. This 
allows that the Н2Э was produced by reactive gas-phase 
chemistry, and it does not characterize the sources. In spite 
of the inconclusiveness of the new situation we think it is 
worth to mention in connection with the source temperature. 

The long linear dust source observed by VEGA-2 is around 
the 'waist" of the nucleus as seen in Fig. 6. If the two type 
surface pattern were true, the dust sources would populate 
the surface only partially, and the nucleus were destroyed 
heavier there. The visual observation of the images are not 
contradicting to that, i.e. that the irregular shape is 
partly due to the inhomogeneous surface activity. However, 
this conclusion depends very much on the number of 
apparitions, whether the jet surces changes from apparition 
to apparition, on the strength of the sources, etc. 

During and after the 20th Eslab Symposium (Heidelberg, 
26-31 Oct.) opinions differed what is the rotation period of 
the neucleus. Many papers ware submitted which published 
periods close to the 2.2 d period first reported by Larson 
and Sekanina (101. M.J.S. Beiton et al. (373 by analyzing the 
brightness variation of the nucleus during a period when it 
was v^ry likely inactive (when it was farther than 9 AU from 
Sun) concluded to a priod of 94 h 07 min or 93 h 98 min +/- 2 
min. Celnik C383 analyzing tail events from Feb. 17 to Apr. 
17 1986 found variations which ware consistent to an 93.9 •/-
1,7 h rotation of the nucleus. In the near nucleus zone 
photometric measurements were done by E.M. Lebowitz and N. 
Brosch [3?] using filters centered around the wavelengths 
4849, 9140, 6840 and 7000 angstrom} during November and 
December 1989. Their results revealed periodic light 
variations with 32 h period, interpreted as the effect of the 
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rotation o-f the nucleus. 
The fHght missions also concluded that th* nucleos 

rotates with that period. From th* ultraviolet features as 
observed by the Lyman-alpha of SUISEI s/c from 14 Nov. 1789 
to 11 January 1886 and tater from 9 Feb to 14 April (with an 
interruption between 1-10 March) a strong breathing of Comet 
Hal lex was revealed C343 with a period of 2.2 d (32.? h> 
identified with the rotation of the nucleus. R.Z. Sagdeev et 
al. [403 analyzing the VEGA s/c imaging data, identified the 
spatial orientation of the major axis of the nucleus during 
the VEGA-1 and VEGA-2 encounter, and concluded to a 93.9 •/-
1 h rotation period. This result made possible to pinpoint 
the orientation of the nucleus at the GIOTTO CA as b»-23, 
1-281 direction. It is consistent with the GIOTTO 
observation. On Fig. 19. the orientation of the major axis is 
summarized for the different missions. 

There were observations in which the strong variability 
of Hal ley also showed up. Cochran and Barker (413 reported 
spectrophotometry observation of Hal ley during a period from 
December 1984 through June 1986. In that period the 
brightness were quite variable on timescales of a day, with 
variations of a magnitude or more. However, they did not find 
correlation in their data with a 92-93 h rotation period. 

Papers have also been published in which explicit 7.4 d 
rotation period was deduced. Mi 11 is and Schleier [423 
observed the comet during two runs, March 4-18 and March 29 -
April 19, with filters for OH, NH, CN, C3, CO« and C2 along 
with continuum regions. The data were reduced by the Haser 
model. The authors applied the method of phase dispersion 
minimization to find the periodicity. 

However, it is important to note that if we compare the 
time when maximal and minimal activities were reported, this 
frequently does not coincide л the Lyman-alpha data of 
SUISEI (E.g. two maxima of Lyn.«n-a1pha at 2.4 and 7 April is 
missing in Mil I is' data, his maximum at 6,9 April i" missing 
in the Lyman-alpha data, etc.). If we compare the Lyman-alpha 
observations for the same period 1343 it turns out that the 
strong SI source was inactive during two consecutive period 
between 10-16 March and 1-9 April; and the more, Hal ley 
behaved in an irregular way. This certainly has influenced 
the analysis in C423. Ground based observations of Larson 
Г303 for the same time interval 1 confirmed Mill is' 
observations. 

Samarasinha et al. (433 analyzed the phase of CN gas 
jets during 14-29 April as they appeared on the enhanced 
images. The published 27 images exhibit one, two or three 
jets. To phase them, the authors selected one, with definite 
arbitreriness. However, it is strange that one jet was always 
active during that period, whereas the other two do not show 
clear switching on/off pattern. 

To connect the jet phase with the nucleus rotation, one 
also has to assume that the jets originate on them. But if 
they were evaporated from dust jets as it is generally 
assumed and taking into account the difference in ion and 
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dust motion it is not trivial how these data can be related 
to the nucleus motion. We have to admit, however, that the 
'rephasing' of the images -for the 2.2 d period does not makes 
them easier to understand. 

We have to note however, that it is possible to 
accomodate the two rotation period. A symmetric top, rotating 
along its long axis with 7.4 d period, and tlje whole system 
precessing around an axis inclining by 80 degrees to the 
first makes possible a 2.2 d precession period. This -first 
was proposed in (441 and later elaborated in detail by Julian 
[491. However, based on the imaging data, this option was 
refuted by Smith et al. (461, 

Both at the Heidelberg and Bruxelles conferences talk 
was presented by M. Festou 147] claiming 7.3 d period in the 
early photometric data recorded before the turn-on of the 
permanent activity. They found possible to interpret those 
data with a model in which the precession period is 2.1 d and 
the rotation period is 14.6 d. In the Bruxelles conference M. 
Shimizu [481 also gave a talk in which 7.4 d period was 
derived based on observations of SUISEI s/c. As we do not 
have the written version of the last two papers, it is 
difficult to comment them. 

At this stage we are sure that the 2.2 d period is 
there, corresponding to the change of the orientation of the 
major axis of the nucleus. Whether it is rotation or 
precession period this is another matter. Concerning the 7.4 
d rotation period, further ground based observations should 
clarify the situation. 
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Figure captions 

Fig.l. The identification and the spectral 
characteristics of..the -filters. 

Fig.2. The definition of the angles 1 and b in our 
cometocentric coordinate system. The x axis is ant iparai lel 
to the vernal equinox line, the x-y plane is parallel to the 
ecliptic plane, z points to ecliptic north. The angle b is 
measured from the x-y plane, the angle 1 from the x axis, 
counter clockwise. 

Fig. 3. The crude shape and the main sizes of the 
nucleus, in three perpendicular direction. On top right the 
distances Are given between the points of the drawing denoted 
by the.same letter. 

Fig. 4-9. Images taken by VEGA-2 s/c on 9 March 1986. 
The identification of the images are in the table below. The 
time is relative to CA in seconds. The direction is the 
camera position as seen from the nucleus. The phase angle is 
the angle between the sun-comet-s/c. The sun angle means the 
angle measured counter clockwise between the vertical 
direction and the projection of »•he nucleus-sun direction 
onto the image plane. 

Image t ime direct : ion d i stance phase Sun f i i 1 ter 
No. 1 b fi rom nucl. angle angle 

1174 -370 157.8 -3.7 29 540 93.4 39. NIR 
1186 -102 128.6 3.4 11 200 69.3 91 .3 GLS 
1190 -1 .5 35.6 11.7 3 030 3.7 113.3 NIR 
1194 98.7 40.4 13.6 11 040 23.5 234.7 VIS 
1198 187 22.5 12.1 16 460 38 253.7 RED 
1206 373 8.8 10.1 29 700 51. 261 .1 NIR 
Fig.10. Images taken by VESA-1 s/c on 6 March 1986. Data 

as for Fig. 4.-9. 

Image time direction distance phase Sun filter 
No. 1 b from nucl. angle angle 

2124 -215.6 149.2 1 .1 19 246 35.2 92.0 VIS 
2126 -171.6 143.7 2.6 16 236 79.7 92.4 NIR 
2127 -158.6 141.7 3.2 15 385 77.7 92.7 VIS 
2128 -134.6 137.3 4.4 13 878 73.3 93.3 RED 
2131 -33.7 124.2 7.8 11 088 60.3 96.6 RED 
2132 -70.6 120. 8.9 10 501 56. 98.3 NIR 
2133 -53.6 113.2 10.4 9 850 49.7 101.3 VIS 
2134 -23.6 99.5 13, 9 083 36.9 110.3 RED 
2135 -6.6 90.8 14.2 3 904 29.3 119.1 NIR 



16 -

Fi9.ll. Images taken by VEGA-1 s/c on 6 March 1986. Data 
as for Fig. 4.-9. 

Image time di re ct ion distance phase Sun f i 1 ter 
No. 1 b •from nucl . angl e angle 
2137 34.4 69.8 15.9 9 297 15.2 161.5 RED 
2138 58.4 58.9 16. 10 020 15. 195.9 NIR 
213? 66.4 55.6 15.9 10 327 16.1 205.3 VIS 
2140 90.4 47.1 15.4 11 413 21.4 225.2 RED 
2142 125.4 37.5 14.5 13 327 29. 240 VIS 
2144 170.4 28.9 13.4 16 157 36.5 248.8 NIR 
2146 211.3 23.4 12.5 18 945 41.5 253.1 RED 
2147 228.4 21.6 12.1 20 151 43.2 254.3 NIR 
2151 295.4 16.2 11.1 25 021 48.2 257.6 VIS 

Fig. 12. Jet sources, as reconstructed from VEGA-2 
images on a sphere centered around the nucleus. The s/c path 
projected onto this sphere, and the recording of the images 
of Figs. 4-9 is also denoted by the dots A-F. The identified 
jet sources are shaded on the sphere. 

Fig. 13. Light intensity distribution during the VEGA-1 
fly-by around the nucleus. The levels are dn values as 
indicated. 

Fig. 14. The 3-d contour of the nucleus. Fig. 14a shows 
the recontruction using VEGA-1 data, 14b shows the 
reconstruction using VEGA-2 limbs 1190 and 1194 and the 
contour provided by GIOTTO's HMC. <VEGA-2 limb 1198 is almost 
the mirror of Ihe GIOTTO limb.) 

Fig. 15. The orientation of the long axis of the 
nucleus and the Sun position during the encounters. V stands 
for VEGA, G for GIOTTO, S for Sun. See the text for the exact 
values. 
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