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COMET TAIL FORHATION - GIOTTO OBSERVATIONS

&+\ P.co. -Lyia*a., >x-PLanck Instl~ut _fyrAgy_o_no_tic. -3411 nc;
——

_!’JJJld Spmcti~Lanc* bborat_._f#Y. klolmbury
St.Mary, Surray, RH3 6NT, UK; ISCituCO di ~iSiCt ‘—

~0110 sp..io Int.Kpl.:at.rlo 000<4; ~r.s;ac~j It.ly~
Souchwcst Rasoarc

TOXaS 70284, USA;
~Inst,tuto, S.nhtonio,

MS Alamos National
&yCOry, Las Almmom, Naw Haxico 87545, USA;

Ruc ●tford Applocon bboratory, Didcoc, OX1l OQX,

UK; Klwa Coophy~lcal Instltuto, 90187 Umaa,
Svadan.

ABSTRACT

Tha proc~ss of MOO loading of tho solsr wind by cometary ions, which forms comat tails,)ES
ba~n obsonad throughout tha cou of comoc Mallay. Thraa distincc ragimos vara found wh.ra
tha naturo of tha ●nor:y ●nd momantum coupling batwaon solar vhrl ●nd
difforant. Outsida

commcary iont 1s
chc bow shock, vhar~ thara la Littlo ●ngular scactaring of tho frashly

lonisod psrticlcs, chc coupling is dascribad by chc simplo pickup Crajoct?ry and tho
1s controlled by

anargy
tha ●ngla batvaon tho flov and tho msgnatlc flold, Just inoido tha bow

shock, thcra lB concidarabla acattaring ●ccompsniad by ●nether ●ccaloration procass Which
rainam soma particla ●norgias vail abova th~ straightformrd pickup waluc, ~inally, CICI1tL
to tha nucleus, ths amount of scattering dacraasca and tho coupling 1s onto ■ oro concroklad
by tha mgnatlc f~old dir~ction.

“INTRODUCTION

In 1957 Alfw?l /1/ dascrlbed how ● atmoc tall aould b. formod by partially-ionisad comotar~
gas losdlns tha oolar wind flovlng past tha comat. Tho fundamont-1 procass in tha formation
of tha tall is rha tranafar of ●ntrgy and momentum from cha .olur vlnd to freshly-ionlIad
comttary partial.. fit plaama ●nalysara on Oiotto war- ●blaoto ubtarvs chia proc~s- in
datail ● s tha npmc-craft crossad the cou of klallcycm comot ● c 73 to tha comat-sun lint,
passing 600b ounvsrd of tho nuclauh, ●van though thay did noc obstrvo cho stmccuro of cht
mxgnctia tail ita~lf.

OBSUVATIONS

Thc, antiro procono 10 illuccracod in flguro 1 which show- data from tht Implantad Ion SanlOK
(11S) of tho J?A inatm~onc /2/, Caah panal aoncalna data from ona of fivo sansors sat at
flvt d~ffsront •n~los with ratpact to cho spaaoaraft pin ●xfI. fia sansor dlwldat tha dsta
into 5 brotd usc groups on-boxrd, Th9 Sroup thown hara 1s the vator-ion Sroup f:om

12-22wlu# Tlm psnols alto ohow solar vlnd ions bocauoo their flux 1s so hl~h that Lc cauoan
● PL1O-UP of pulses in ths ti.ma-of.fllght syfitom which ●llows ammo protons to mxsquorada aB
htavlar ions. Wa tak- •dvmnta~o of this ●ffoat haro in or~cr co thou colar wind and

~omctag ions in ths msmc panal. Shico tha two population- ● rc complacaly saparacod in thh

onorgy spoctru, tharc is no ●mbl~uity in tha intorpretstion,



Pig.1, An wamiw of tho comotar-y ions (uppar Lin- or linas in ●ach panel) snd sular wind
dur ins Oiotto’n ●ncountor with Come Halley for thraa directions of motion ralacivo co tha
spin axis} Ths throo polntt marked in tho diagr- correspond to the timas discusstd in tha
tolt; a - 19:30 GET, b - 22:00 ORT; ●nd c - tho po:ition of tho closast ●pproach, At

cloaast ●pproach tha ● ancor bocsma switchad into a non-operating mtuto ●nd could not b.

roscorod for 30 mint, At closost approach th san~or whoso dmta ● rc shown in .’m bottom
ptncl bccamo noisy.

Within this otarall pattam thara ● ro ● numbar of ttructtiral faaturos, Wc
hara

caLL #tcant(on
to two of them, Tho flrnt it cha ●wont ac 19:30 QkT vhar~ thoro is an incroaso in the

flux of amata~ ionD ●nd ● ahango in tha ●ngular distribution of both molar wind ●nd
Cmotag ions. ThlD Eua bsan idcncifitd ● n tho bow chock of tho caat /3/. TtIc second is
●t 22:OOOhT wh.r. tha ~poetw of the r~atary ions splits into ● doublo-paakod structura
with ●nothar ahango in tha •~lar diatributlonm.

‘?ho ion piakup proaons is llLus:ratad in fiSura 2. Tho valocity coordlnato c~otamis chocan
10 that tha solsr vind voloal~y V it parallni co tha x-axis, whilo tha xy plana ●lmo
contmino tha u~otla field diroatbn ~!w drawn through t\la no;,ar wind valocity, A opharical
mhtll, of radiuo V iB drawn ●bout y , Ion pickup injacts tho nov ion int~ ● narrow
circular bmnd on thim’lholl, parpondicular !~ tho mognotic axi,!,
o?isinl After

●nd pmaoing throuih tho
lnjoction it 1. ●xpoctod that pitch ●nglo ocattoring diffuoat cho rin~ ovor

tho cphorical oholl /4/. ThoDo proaoaaos hava oovoral obsomabls aonooo,uoncot, Tho ion
pickup rin~ hat ● m.orimum●norgy Er

2
‘r - ‘np ‘in ‘VB

whoro E is tho colfir wind proton .norgy, H tho MOB of tho aom.tary ion in .tomic mII
unit. gnd t tho •n~lo botwton V Tho dlroat!.on of thv velocity of cha iono with
thio Boai_ g#ormy 1. porpondlaul~!vt%h! ms:notla field.

If tho distribution hat diffused ovor tho .holl tho Mxi.muB onorgy 1s C
m
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Fig.2. A di~gram in valocity Ipaca iliuatrating tho Lon pick-up procsss. fia coordinact

syscom is chosan so chac X is parsllal to the solar wind voloclty V and the xy plmn~
contains tho wgnccic fia~d diraction B, Ouring tha ●ncouncor t.lo Giotto’~pin axis ●lto laY
naarl~ in this plana, Ion- arm picked up Lnitially in cha ring parpandicular to tht
magnatic field (a narrow circular band on the spharical shell) and ● rm than ●xpacthd to
diffuso in pitch angla ●round tha tpharical chcll.

in a dir~ction pArallol to tho oolar wind flow. Takin~ H _ 10, tha peak in cha maoo
spoctnm ● s nhom by dotailod timo-of-flishc ●pootra from tha Implancad Ion Soi)sor, and 1 =
639 ●V (3S0 h/s) frcm Past 108 Sonaor tits gives P

Em = 46 koV

At tho hglnnirkg of fl~c L tho ●nsrgy in only 31 koV, so taking this to bs ths walua of

q ,
“ aan ‘btah ‘VB”

th~ -gnotit flald dirootlon.

-L (t/ c,)
083

‘Va - ‘h - 56°

This has not yot baan confirmad by obaamations by tho m~atomt~r on Oiotco.

AS ohovn in fipro 2 ths ionm with ●oray E ohould ha obsomd ●t ●n ●ngla 34° to tha nolar
wind flow, Data frm tho Fsot IorI Sonsorrohovo thmt tht oolar wind flow is obaorrad ●t ●n
•n~lo of 63° to tho ap.aaoaraft ~aloafty voator. , ●rid pill

8 Uio , Data frm tha closost
smsor of tho 11S, oovarb~ chc angular rang. 50° - 60 , ahovn in tha middlo pansl of Cisura
1, confiru thoc imtonaitios in this ro$ion ●; $ r~latirol~ hish, Tha aomocs~ iana uhauld
thm’i bo dotooto~ ●t ~nan~la of t~ + 34 =09 to th. opin sxia. Th.yaro found tobs most
intanso in tho 05 -90 saotor *t the bo~innint of tho pmsa, in ●grtomant with this
lntarpratation,
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