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ABSTRACT

The process of mass lcading of the solsr vind by cometary ions, which forms comat tails, )us
beun observed throughout the coma of comet Halley. Thres distinct regimes vere found where
the nature of tha energy and momentum coupling between solar vind and cometary ions {3
different. Outaide the bow shock, vhere there {s little anguler scattering of the freshly
ionised parcicles, the coupling is described by the simple pickup trajectory and the energy
is controlled by the asngle between the flov and the magnetic fleld. Just inside the bov
shock, there is considerable scattering accompanied by another acceleration process vhich
raises some particle energies vell above the straightforwvard plckup value. Finally, close:
to the nucleus, ths amount of scattering decreases and the coupling is once more controlilad
by the magnetic field direction.

*NTRODUCTION

In 1937 Alfvw /1/ described hov s comet tail could be formed by partially-ionised cometary
gas loading the solar wind floving past the comet. The fundamentsl process in the formation
of the tall is rhe transfer of energy and momentus from the solur wvind to fresahly-ionlised
cometary particle. The plasma analysers on Glotto wvere nblooto vbserve this process In
detall as the spacecraft crossed the coma of Halley's comet ar 73 to cthe comet-sun line,
passing 600ikm sunwvard of the nucleus, even though they did not observe the structure of thae
magnetic tail itself.

OBSERVATIONS

The entire process is illusctrated in figure 1 vhich shows dats from the Implanted Ion Sensor
(1I5) of the JPA instrument /2/. Bsch panel contains data from one of five sensors set at
five different angles vith respect to the spacecraft epin axis. The sensor divides tha data
into 3 broad mass groups on-board. The group shovn here {s the vater-ion group f-om
12-22emu. The panels alsuv shov solar vind ions becauss their flux is so high that Lt causes
s plle-up of pulses in the time-of-flight syatem vhich allovs some protons to masquerade as
hesvier {ons. Ve take advantage of this effeect here in order to ehov solar wind and
_uometary {ons in the same panal. Since the two populations are completely seperated in the

energy spectrua, there is no ambiguity in the {interpretation.

The solar wind is ssen predominantly in the central panel at energies bdetvean 200eV and
lkeVv. The plot begins st 1):16GR/ (Ground Received Time) on March l)th when the specscraft
vas 2.7210 km from the nucleus, The solar vind spesd st this time, obtained from the Fast
Ion Sensor /21/, was )A0+3ka/a. As the spacecraft nesred {ts closeat spprosch to the comet
at 00:11GRT, the speed of the solar vind decreased as expscted dus to mass loading by heavy
cometary f{ons. The cometary flons are seen in the uppar part of each panel. At the
beginning of this pariod their mean aenergy {is approximately 3I2keV. As the comet s

approached, the flumes increass, tho average energy decreases and the width of thc band In
snergy increases.
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Fig.1l. An overviev of the cometary ions (upper line or lines in each panel) and sciar vind
during Glotto’'s encounter with Comet Halley for three directions of motion relacrive to the
s1pin axis. The three points marked i{n the diagram correspond to the times discussed in the

text; a - 19:30 GRT, b - 22:00 GRT; and c - the po ition of the closest approach. At
closaest spproach the sensor became svitched into a non-operacting stute and could not be
restored for 30 wmins. At closest approach the senunor wvhose data are shown in .he bottom

panel became nolsy.

Within this overall pattern there are s number of structural features,. Wc call ecctention
here to tvo of them. The first is the event at 19:30 GRT vhere there {s an incresse in the
fiux of comatary ions and s changs in the angular distribution of both solar wi{nd and
cometary {oms. This has bsen identified as the bov shock of the comet /3/. The second Ls
4t 22:00GLAT where the spectrum of the cometary ions splits into & double-peaked structure
vith another change in the angular distributions.

Vhile this plot illustrates in a genersl way the phenomenon of mass-loading and hencs the
formation of a cometary tail, there is more detalled information on the process in the dacs.

The fon plckup process fs {llus:rated in f{gure 2. The velocity coordinate aystem is chosen
80 that the asolar vind wvelocity V_ _ is parallel to the x-axis, vhile the xy plans also
contains the magnetic field direction !, drawn through tlie solar vind velocity. A spharical
shell, of radius V s drawn about ¥V . Ion plckup injects the nev fon into a narrov
circulsr band on thln"holl, perpandicular £ che magnetic axir, and pasaing through the
oxigin. After injection it {s expected that pitch angle acattering diffuses the ring over

the spharical shell /4/. These processes have saveral observable consequences. The ion
pickup ring has a maximum energy lr

2
.r - AH!p sin ‘VI
vhere I 1is the solar vind proton energy, N the mass of the cometary fon 1in atomic mass
units &nd ¢, the sangle batween ¥ v and . The direction of the velocity of the ions vith
this naximua XRorly is porpondloulll to the magnetic field.

If the distri{bution has diffused over the shsll the maximum energy is I.

B, -
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Fig.2. A diagram in velocity space {liuatrating the lon plck-up process. The coordinats

systam {s chosen 130 cthat x 1is parallel to the solar wvind velocity v" and the xy plane
contains the magnetic fiaeld direction B. During the encounter t.e Gilotto spin axis also lay
nearly {n cthis plane. Ions are picked up Initislly In che ring perpendicular to the
magnetic field (a narrowv circular band on the spharical shell) and are then expescted to
diffuse {n pitch angle around the spherical shell.

in a direction parallel to the solar wind flow. Teking M = 18, the pesk in the mass
spectrua s shown by detailed time-of-flight spsctra from the Implanted Ion Seunsor, and E_ =
€39 oV (330 km/s) from Fast Ion Sensor data gives P

!. = 4¢ keV

At the beginning of figure L the energy is only 32 keV, s0 taking this to be the value of
lt, ve can obtain Ov‘. the magnetic field direction.
1

[ = sin’

0.3 o
v (lr/ l.) =- 56

This has not yet been confirmed by observations by the magnetomater on Glotto.

As shown in figure 2 the ilonas with energy E_ should be observed at an angle 34° to the solar
vind flow. Data from the Fast Ion Sensor showvs that the solar vind flov is observad at sn
angle of 63 to the spacecraft velocity vector.. and spin axis. Data from the closest
sensor of the IIS, covering the angulsr renge 50 - 40, shown in the middle panel of figure
1, confirms that intenaities in this region lrs relatively high. Thea cometsary ions should
then be dotootos st gn angle of 65 + 34 = 99 to the epin axis. They are found to bs most
intense in the 83~ -90" gsector at the beginning of the pass, in agreement with this
interpretation.

After crossing the bow shock at 19:30 ORT /3/, the situation changes. Comatary 1ilons are
observed at aenergles up to 3%5keV, aven though ths solar wind speed has dropped to 200km/s
(I = 20%aV and at this point I = 14.7 keV. The distribution i{s wuch bsondos in angle,
coVaring all the sectors in fIgure 1 and peaking in the angular range 15 -250. e solar
wind direction has been deflected towarda this sector but still peaka in the 30 .60 range.
Thus in this region the cometary iona are being sccelersted above strajightforvard plckup
snergiec by another mechanies, possibly Fermi accelerstion /3/.

The situation changes again at 22000RT, when the energy distribution develups two branches
in energy. The upper branch continues st the same snergy but decreases in intensity, Tha
lover branmch decresscs repidly in energy inaresses in intensity and is deflected even wmore
strongly into the anguler sector closast to the spacecraft velocity vector. We interprat
this second line as lovs orested locally, perheps by charge-exchangs with the more energetic
fons, at an enargy nptroprllxo to fon piciup, vitheut pltoh angle scattering. The stesdily
decressing ratio B_(¥0 )/R (') (vith energlies obtained from the count rete spectrum) has
bsen plotted in tlguxo 3 B the upper panel (WO = Watergroup), and interpreted in the lover
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Pig., 3. The ratio betvesn the energies of water group ions (I (WG)')) snd solar vind fions
£ (H') as the comet 1s spproached interpreted as e change Pn the sngle tvesn magnetic

fgold and flov direction lv"

panel as the chenge in magnetic fleld dlroctbon caused by drnp&n; near the comet. The angle
betveen fleld and flov decresses from ~46 at 21400RT to 23 act 2)I00RT. Recsll that the
angle was 36 at the beginning of the encounter. HRowever this calculation has not taken
account of the spacecraft orbital velocity, 3Okm/s, which 1s becoming significant ac this
stage since at 2330 ORT the spaed of the water ions in the spacecrafc frame 1o 1ess than
100km/s. This factor will also contribute to changing the direction of the observad flov

avey from the perpendicular to the msgnetic fleld. Confirmation of this requires a more
detailed asnalysis.

SUMMARY

Three different ion pickup regimes have been found in the coma of Halley. Outside the bov
shock fonu are {njected into ring distributions with 1l::lo‘pltch angle scattering. From
the bow shock at 1.1) x 10° km, in to s discance of 0.% x 10 lm there 1{s considerable
pitch angle scattering end secondsry; accelaration to energles vell above the maximum energy
attainable tlirough sctrafghtforward piciup. Inaide 0.34 x 10 km the pitch angle scattering
ceases and the energy of the pilckup lons i» once sgein controlled by the magnetic field
direcclon, which is by then shoving the effects of draping sround tha comet.

Recently Wu et sl /4/ have published the resulta of numerical eimulatioms, based on the
magnatic turbulence ohserved at Comet Glacobini Zinner by the ICR spaceacraft which indicates
that there should bs litcle pitch angle scettering cutslde the shock, as wve find, and n
Lsotropic pitch angle dietirfbucion inaide. Their simulations do not shov the accaelaration
vhich we observe.
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