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THE P/CIACOBItiI-ZINNER PtACNf?TOTAIL

J. A. Slawlnl. E.J. Smlthl. P.M. Daly2. K.R. Flsmmerl, C. Cloeckler4,
U.A. Coldberul, D.J. HcCormss, F.L. Scarfb, ●nd J.L. Scelnberg7

Abecracc

On September 11. 1985 the ltterneLlonal COmataLY
Explorer ~assed behind Co-et Clacobtnl-Ztnner
with ● cloaesL ●pproach dtetan~e of 7800 km. In

●greemenL with Alfven’a lnterplsneCary ●agnetic
field line drtplq ●odel of comecary Lype I tails,

~ km dia.ecer ~umetotaiia well defined 1 x 10

waa observed downstream of the inner coma. This
study usee the ICE megnecic field, plasma elec-

t ron, Plasma wave, ●nd ●nergetic ion obcervacionm
Lo investigate the ●cructura ●nd stability of the

Ciacobini-Zinner ❑agnetic tail. Emphasis ie placad
on the identification Of difference and ●imi-
laritiea between cometary ●nd plenetary magneco-
Csilc. Finally, the ICE magnetocail observation
● re dlecussed in relation co the global ●olar win~
Interaction with P/Clacobini-Zinner.

Kepords: Glacobini-Zinner, cometary megnecotail,
current layeis, reconnecc~on.

1. Introduction

The International Cometary Explorer (ICE) Mieeion
Ce P/Ciacobini-Zlnner (GZ) he. returned the first
la situ measurement in a cometary gagnatotell
(ref. 1,2). Combined with the upstream ●olar wind,

ionosheach, ●nd ionospheric oboervstione ●t P/Hal-
ley cakem by Sakigake, Suigei, Vega lf2, ●nd CiO-

LCO, the 1985-6 comet mlssionc have provided ● very

-reprehensive ?irat look ● t the solar wind interac-

Llon with cometo. This paper reports the remults
of ● C-Z ●agnetocail atdy wtilieing mmgnecic field
(ref. 3), ●lectron plaoua (ref. G, 5), pl~me wave
(ref. 6), ●nd ●nerget:c particla (?,8) oboervationa

recorded by ICE on September 11, 1985. The findings
will be dIscuaeed with ● n ●mphasi- on i4entifyinR
major aiffureficea belween the coler wind inter-
action with cmecm so opposed co fslanetery magnetic
fields ●nd lo-oe@erea.

1) Jet Propulaia_ Laboratory, Paaadena. California,
USA

2) M=-Planck n@Lltut fur Aeronomia, ltmLle@Lburg-
LIrIdau, Fnc

~) ~-lwer-lty of Cal[forlla -C Sam Diego, La JalIa.
Callfor~it, USA

~) L=lverslcy of ~~ryland, ColIbge perk. rnaryla.:~t

~~a

t) [.0- A14-IOa %aLloeal L~harsLory, Lo- Ala-on, ‘JQ-
M#mt<q, .q~

6) TEK SD~CII and ?QC--OIOCY Crnup Re!oqdo BPaLh,
Callfor:lo, ;“~A

7) O!lner*aLorlo ,,c Par~o, q119j m~,ldc.., pri~clpal

Crdcm, rr4nt@

2. Tail Morphology

The interplsnecary =aUneLlc field line draping mo-

del of comecsry type 1, or ion. tail- ●dvarced by
Alftien (ref. 9) was dra-matically confirmed by the
ICE magaecic field obeervetiono ●e shmu~ in the top

panel of Figure 1 (ref. 3. 10). The position of
the ICE spacecraft ●nd ●IX eecond aversgee of c~e

●agnetic field hsve been projecced into the ●olar
wind ●berrated coaetocemcrlc ●olar ●cliDtic coor-
dinate oyctem where X. 18 ●~ciparallel co the
inferred ●olar wind velocity vector in the COWL

reoc frame. Y’ im parallel co the ●cliptic plane
and Foaicive in ● retrograde sense, ●nd Z’ comoletee
the right-handed syotem (ref. 11). As ●hourr, the

spacecraft observed turbulent. weakly draped ug-
necic fields in the ionocseath. Near Z* --5 x 103
k-, the magnetic field rapidly increased in ugni-
cude and rotated to ● more strongly draped configu-
ration sc ICE paaeed behind the inner co-e. Short-
ly before cloeest ●pproach, the magnetic field
intensity dropped from ● paak value of - 60 mT to

5-10 nT ●nd ite direccion cha.ged to an orientation
trannveree to the X’ ●xia. The Oucbomf magnetic
field obeervacione ● re very ●imllar, but Uith the
polarity reversed. Initial ●tudiea of thesa obaer-

vmtlona (rc~. 10 13) La.e i.iLarpreLed Lhmm am i,l-

dicating the presence of ● draped-field ●agnetotall
of quaai-cylindrical croaa section composed of two
magnetic lobe r~gio~o a~parated by ● diammanetic

plasma sheet.

The ktcom panel of Flg.re 1 diaplaya ● achematicof
Che ●agnetic field draping parcarn corresponding CO

the ICC megnecic field o~aervationa. The currant
●heet forming the outer bo~ndary of the tail haa

baen modeled ● a ● parabola baaed on che orientaeio~a

of the normal vactorc derived from mini-um varlanrc

●nalysaa (ref. 10). TbF model tail surface inter-
●ecta the X’ ●xia ● c ● subsolar dlatance of 730 km

from the nucleus. The o.c~r boundary of cha lobaa

should ●ep to the Lop of the region of strong field
line dranlng ucacrcam of t~~ dayalde comalary ‘~ba-
tncle-. AL l!all~y. the .maC-etlc ftcld ohaervatio~a

(ref. lL) ako-cd a raDid I-crrame IE maR~etic field
•tr-ngc~ at ● ~1-ta~ce uFaLreae of the Fucleua that
correapcndcd ●p~rox-lattly to c~e ‘cOlllSlO~OPauae-

(ref. 15) +cro t~Q -cm- frc~ Dat* fo, colllalofia
bctwec- lo~?oEeALh IO-Ire a-- che oucflo-!-g ce.=ecary

‘~~ltals been-c~ aa..al [O Lhe dlsta~re LO ~~c ‘--

clcua. Imalfle of l~la dlm:snce ● sLro-: sIowlfig Of
LEQ \u,,,,h!.rJI:t. flu~ WaS u.:.~rwud (ref. 13).
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tha JPL vaccor hallum msgnacomctcr (r-f.
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~iguro 4. ICI plaau wave cltctric flald amplitdao
in cha Ugn@totall sra diaplaycd along
with che calculated Plaomm frQquenCY, fp,

●nd ●l~ctron cyclocron fraquancy, fcm.

Cncrgccic comtary ions wtch 1! > 65 kaV (for watar

group tons) wara dot~rtad from - 2 x 106 kJ bcfor~

C1OOCOC approach co - 5 x 106 kn sfcaruards (ref. 7,
8, 21). Upccraam of the bow shock, tha ions arc

obaarvad flowing ganerally in the dlrecclon of tha
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Figure 5. The ICE energ~tlc particle anlaotropy

●peccrometer (EPAS) channel 1 (i. e., 65-
95 keV for 0-) counting rate near closest

ar.preach 1s plocced versun Z“.

~. Ha&netopouae Current Layer

The IcE ❑agwKIc field and plasms awlyzer eleCtrO~

measdre-teata *cross the lnbo.nd mgvecopaaee ● re

plotted on ● n expanded time ●cale lrI Figure 6. me

Guter boundary of cha tsll 1s mariced by A rADfd
rise in magaeclc field i-cenoicy. ● rocacion to-
ward ● more tail-lika orientation. a decreaee in
●laccrom Cemparature, ●nd an Incraaae in density.
Am ●hwa in the boctos panel, the atampcion of T~/
Te + S, which reoulta in spproxlmacc pressure ba-

laece at che lobe-plaoma sheet bouadary, ●loo pro-
duces ●quality between the Ionooheath the-l preo-

oure and the lobe magnetic field preeaure. The
Local pranaure ● croee the mlgnecopause, however,
cannot ba brought into balance with ● ●ingle Ti/Tc.
Accordingly, che ●aqnetopauae muec aleo represent a

discomci~(.ty in ion cempetacuro ● c ●lreedy incor-
porated in come cemetery tail models (raf. 12, 13).
Such ● variation is ●mpecced becauoe tha flux tubee

within the ●agnototail would not be thera Fad they

noc baan maas loadgd by their interaction with the

coma and olowed co ● much greater degree Lhan the

flux tube. fn the ●djaceat Lonoeheath. This being

the came, the thermal fipeedo of che Dick.ed UD Come-

tary 10IC in the lobes will be corrempondirl~ly leoa.

Figure 6. High reeolucion JPL mxgnetic field ●Fd
ML ●lectron oboervaciana ●croat t~a ih-
bound tail bouMary, or ‘magnecopa.ea- ,
● re dioplayed.

for the outbound ❑agnrtopauae f->c oh-). These

flaring snglee ● re larger the- c’=ae obaarvad a

comparable number of ●ohr wind cca(-.+off diecancec
down the Eerth’# magnecotail (r#f. 28). 11 tha

caee of ● magnecoaphere, Chers ie no ●ignificamt
maae loadlng due CO the high ●ltitude ●t which the
magnetopauoe 10 Iocaced. The ●olsr wind is, c~ere-
fore, ●ble co be ra-acceleraccd up to ●alar wind-

llke ●peeds by t~e tise ● fluid parcel Daeees the
dm?n-dumk terminator plane. Accordingly, che ram
preeauro of the flow, 0 Vzain2 a , is ●ble co
genmrmte large ●xternal preaourea for very Caali
flaring ●nglaa. In che caee of comecs, cn-re i- a

converclon uf upccreaw ram preooure into CFetm41
preeeure ● a tho pick-uD proueos creacee very ~OC

lone at the ●xpence of flow speed. Aa a reculc,

the comecary mag~etopsuoe flare- co relatively

large ●ngle, befsre tbe ram Dl~s static rree.~rea
balance the Lnterfial praaeuro of the tail. ~.lc”
farther tiownatrf,am, the lomoaheath flo~ ●.e-t=nllv

reachea hiRh a,!eedo ●nd t~.e flsri-!g a-~le fle-
cr~aeeo i~ •area~e~L with gro~-d-~a,~d Ion call
imaKing (ref. 2A).

The high recvl~clon magnetic field m~nourememca 1-

Flgure 7 ●*3w [he G-Z magnecopkae Co ‘a*e tje*-

crooeed In qonroxl-~tely 5 ace, or - 10!7 “w. ~tu-
diee ●t c~r Earth ~ase fourd the width of CM* mail-

m~topaua- r ,rr~nc layer CO b- 1 - 1!) or=~~~ mrr~-

radii (r*f. 29). I.! che caaa of g ~,-~t, IL ?lg}=c

be ●IPeCtF_! L}-a[ Chc heavy io’In 11 the i3-3m’-e4t~.

which ● ccnunt ldr mocc of the ●xternal nrc=m~re

(ref. 12. 13). un.,ld be Iaoortanc 1“ dec-r-l-l--x
the th[ck-eqa Vf the outer bOundSry of t-r LalI.
Ilowcvet, Lhe 11.3” gyroradlue la given by.

-4-——...
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~bgur- 8. ICS mapetlc fiald observacione In cha
crooe-tall current lmytr ●re dlbpiayed
in dnimum varlsnce coordlnacee ●long

with the eig~nwalue racloe. normal dl-
rectlon. ●nd ‘neutral mheec- irlclin-
●cion ●nJle.

::Y::$ ~cwon the
lobee and plaema ●haec (t.e.,

“K in Plgure 3) ● re cone:ecemc with Cheir
baing plckad up by slow, - 10 kmie, flows in che
+:~inicy Or tha ionopauee (ref. 1~). Accordingly,
the ICE observacione ●uumac chac che G-Z plasma

sheet ruy be co-posed of both CO1< lonoephertc and
hotter pick-up ions w!rich have panetraced Che lono-

pauee.

The ●tabilicy of cha comecary lonopauae ie ●leo im-
portant for coneidaretlon of lncerplarecary mag~e-

Cic fiald peletraclom tnco Che lonoaphere. IC hes
been ●howrr uelng liaear .WD traacmerrce that chia

7cur ace le inocrlnelcally tinacable to ●cveral ●odee:
flute, Kelvin-tlelzhoitz, ●md drag. HoweJer, for
che condicioe~ chat prevail aC c~e to-oPa4ee. c~c

Kelvln-WeAmholcc inetebiiiLy. driwen >y che wal-
ocicy shear, doml~aCea (ref. 33). ?urc!’ermore. Che

●xietlng eoler wlIvf co-ditlonm decermtrre c!re cite of

thie Veiocity shear, a~d for emell eheera, < 2 k.e!e,
the growth Cime of L“e i-etablllcy is ISUCk larger
chaq the coqvectlonm time, Hence, for come molar

wind eonditione Cme inocabilicy does noc develop
●nd the eurface ie well defined. 4ccordinKly, 4d-
ditional Ocudie@ of ,olar wind co-ditione durimg
the CiacobLni-Zinner ●nco.-tar wy ba meceqgary to

roeolve t“ m ecabiiiC* quen:lon *.-d determine Che
origin or L~@ 5-10 -T mgnecic fi.lde obeerw~d

in the p~anma eherc.

---



- 11:02:10-11:03:20, with the results displayed at

the bottom of Figure 8. The magnetic field in the

maxtmum-!nLermedtate variance plane exhlbttn a net

rotation from the orlentactorr of the inbound lobe,

B1<O, to the outbound lobe, Bl>o. The mtntroum

variance direction for Lhis airnple draptng paLLern
indicnLes an Incltnattol in Lhe Y*- Z’ plane, 6nH,
of the current layer to Lhe ecllpttc of 44.7”.

This result ts in excellent agreement wtch the
determlnaLlone of the currenL sheet orlentatton

by other methods (ref. 11, 13, 27). Tn.. non-zero X’
normal component is in~fcatlve of the large degree

of flaring in the C-Z near-Lal~.

The crosc-tatl current layer at C1.acobini-Zinner is
not highly localized as tn planetary magnetotaila,

buL raLher it extends across the fuIl width of the
plaama sheet. If that width is judged on the baaia

of the points where the th’ermal plasma prenaure
equals the magneLic field preusure, and the inclln-

aLion of the current sheet and the ICE Lr.3ject0ry

are tnken into account, then a current layer thick-

ness of 1.5 x 103 km is <ound. If the current is
to be carried by the heavy ions, then Lhls wldt~
muac be comparable to or greater than che it20

gyroradiua. Aasumlng TI/Te- 5,
F

- 15,000 ‘K, and
B- 8 nT, (1) yteldu Rg - 1 x 10 km. Accordingly,

Lhe Lhtcknes6 of che comecary crosatail currenc
sheet 1s comparable co 1-2 ion gyroradll, or similar

to come of the chtnnest neutral sheets observed

in Lhe Earth’s magnecots!l (ref.~1).

The naLure and scabtltty of the cross-call currenc

layer tre fundamental questions for s1l magneto-

tatls. For incrlnnic fteld magnetoapheres, the

cross-catl currenc in carrle.i by che plasma sheet

ions, prlmarlly H+ from che solar wind, and can be

IS thin aII a few ion gyroradfl. In the recunnaction

models of msgnetonpheric dynamico, a ‘substorm” im

int: laced when thinning of Lhe plaamn sheet due to

magi’ocic flux addtLlon to the lobes has reduced the
currertL ah?ec wtdLh to the polnc where che Ions

become unmagnettzed. An exponential growrh in che

learlng mode 1s then thourht to occur (ref. 32) ●nd

co result tn che rapid transfer of magnetic energy
into plasmti heating and high speed flows ua commonly

observed during aubscoraa.

Observations from the tiaiLh of abrupt vsriationo in

the ●ppearance of cometary rays and the central ion

tsll have led to the hypothesis of reconnection
both in the cross-t.a!l current layer, and follovlng

int~tplanetary sector boundary reveraala, at the

dayaide Aonopause (ref. 33). Tha results of this
sLudy indicate thnt, assuming ● H20+ domtn~ced Plas-

ma sheet, the Ci,lcobini-ZInner croaa-tall cur-
rent rnhoet is only 1 - 2 Ion gyroradli thick. There-
fore, it ts potc!ltl~lly unstable tn the cenrlng
●ode InatablllLy, If Inlttated by sufficiently Isrge
amplttudc perLurbotlonu o, driving forces and
allowed aufflcient growth time vlthout being SLS-
bnliced by the li~hcer pltisma eheet ton apccten nnd
●lectrunfi. However, it must be noLed that none
of ‘h* dlznpatinn aignacurea, such aa energ~ttc
parttcle’ acceleration, hiRh speed flows. +/- Bnmag-
netlc flslds, and enhanced piaama vsvrI ●mla$iona,

ususlly laaociat~!d with tail reconnection ●t the

Carth were observed du*lng the brief ICE pasaage

through the C-Z mmgnstotailt

5* Summary

The ICE mcosuremencq at P/Ciacobln(-Ztnner Mhov
tha presence O( ● wall dcflnad 1 x 104 km tlameter

●gnetot~ll connl~ttn~ of tuo magnotlc Iobss seps-

rated by a 1.5 x 103 km wide plaama ●heec. In tew

of the global interaction, the high beta plasma
sheet region 1s ●xpected to map bsck to a ‘6x
102 km radium lonopauae sunward of the nucleus.

The outer boundary of Che lobe 1s the downstream
exCen910n of the top Oi che magnetic barrier
which

9
m y correspond to Che colliolonopauae (i.e.,

R.- 10 km). The ICE observacionn show this boun-
d~ry LO be a thin magnecopauae-like current layer.

Mintmum variance analyale of che comecary magne-

topause yleldH a well determined minimum variance
rttrection and a sm.sl 1 normal field component

cona!stenL wlch it being, locally, a Cangencial
dlaconcinulty. The thickness of che cometary mag-
necopause is much Iesa than a heavy ion gyroradlus,

i.e., comp.srable to several H+ gyroradli. The
orientation of the magnecopauae normal indicates

the presence of considerable flaring, o - 319,
and suggeaca an approximately parabolic shape for
che netsr-catl surface. The croaai-tail current

sheet occupfea nearly Lhe full vidth of che plasma

aheec, but in only one or cwo H 0+ gyroradli thick.
The Chinne6a of the cross-cai { currenc sheet in
terms of the gyroradiu6 of che heavy iorze raisea
che possibility of marginal scabllity ●galnsc ion
Cearing mode reconnection. Hovever, lCE did not
observe any of che typical magnecospheric ●tgna-
tures of reconnection. Rather, ● simple draping
pattern vas observed in ●xcellent ●greement with
Alfvan’s original cometary magnetic tail model.
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