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AIMTRAC’J’

Wc report on measurwnenls of encrgct  ic parlic]c modulations (ions and clcztrons  wit h cnqgics  1 i >50

keV) observed by the 11 l-SCAl .I~ instrument aboard the lJl .YSSI{S spacccmft that were associated

with (I)c only hyctrornagnctic  wave event  measured inside the Jovian magnctosphcrc by the [J] .YSSI IS

nlagnctometcr investigation. ‘J”his  wave event ocm ml during the big]] latitude. cnltbound  ])ass of the

spacecraft in the dusk sector of the pkmct  at distances &t wccm 65 and 68 Jovian ra(iii  (]<])  and at

southern magnetic ]atitudcs betwcm 27 and 32°. We show that t}lc approximatc]y  five minute

oscillations that occurred for about an hour in tllc north- soL]th conymncnt  of the magnetic frclcl arc well

correlated with variations of the energetic parlick flLlxcs at snmll pitch angks. ‘1’hc detection of the

narrow angle ion beams by the 11 I-SCA1.1 1 inst ml nent  occurs at the intersection bet wmn two angu]ar

spin sectors. ‘1’hc  stnall amplitude waves vary the lmp,nctic  field dil cction sufticicnt]y  that the beam is

directed primarily towards one sector and then the otllcr, and back again. The plasma instability for

wave gcncraticm  is exp]aincd. We, show that the. waves arc most likely to be generated by the prexncc

of lilagnctosphcric  heavy ions (i.e. sulfur or oxygen) with energies jr: the range of a fcw kcV.
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lNJ’JtC)DIJC’J’ION

in liimary 1992 the lJI .YSS};S spacecraft rcachcd  the planet Jupjtcr and remained inside the Jovian

magnetosphere for almost 14 days (day 33-day 47 1992). The spacmraft  cntcrccl  the Jovian system in

the morning sector (10:00 1.’I’) similar to the other spacecraft Pioncm 10, 11 and Voyager 1, 2 that

flc.w by the ]Janct 1974 and 1979, rcspcctivc]y.  1 IOWC.VCI, on the outbound pass (J] ,YSSI 1S explorccl

for the first time the dusk sector of the magnctosphm  (around 18:00 1.’1’) and departed the nlagncto-

sphcrc at high southern magnetic ]atitudcs  bctwcm 30 and 5(F’ on its way out of the ecliptic plane to

cx]dorc the southern pole of the SLm. initial results of the cncountcr  with Jupiter arc published in

Science, 257, 1992; Pla)2et.  Space Science, 41, 1993 ml in J. Geophys.  Res., 98, 1993.

T}IC Jovian magnctosphcrc  was highly cxtcnclcd  cluring the U1.YSSIiS  flyby. ‘1’he first and last

nlap@opausc crossings were observed at distancm of 110 Jovian radii (~<])  on the inbound pass a.t

10:00 local time (1.T) and 124 R, on the outbound pass at 18:00 1,’J’ (}lammoncl  et al., 1993; Phillips et

al., 1993).

A power spmtral analysis of the } 11-SCAI.1  i cncrsct ic partic]c data showecl  that unlike the magnetic

field variations (which were esscntjally  non-existent inside the Jovian magnetosphere cluring the

U1 .YSSI 1S encounter), the particle fluxes exhibit continuous variability over a wick fic~ucmcy range

(1 ,anzmotti  et al,, 1993). Tsurutani et al. (1993) plcscntcd  a survey of low frequency waves at Jupiter
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during the, lJJ ,YSS1~S cncountcr.  In that paper, only onc clear magnctosphcric

4

wave event was noted

inside the magnc.tosphc.re,  for the c.n[irc cncountc).  ]t occurred  dur’ing the outbound pass in the dusk

sector of the planet at radial  distances between 65 and 68 R] and at southern magnetic latitudes

bet wccn 27 and 32°. This wave event was obscl vcd at approxinlatc]y half way bet wem the CJO.SCS[

approach at 6.31 RJ and the last magnctopausc  c] ossing. ‘1’hc ~nagnct  ic field fluctuations las[ only one

J~OLU on day 42 of 1992, from 17:00 to J 8:00 LJ’1’.

A detailed analysis of the energetic parlicJc  data flom the JII-SCA1,];  instrument during that time

interval S11OWCCJ that variations were also observed in the measured pa[lic.lc  intensi[ics  with the sam:

pcriodicitics,  “1’hcsc combined obscrvatio]is  suggest that lJl ,YSS1 iS observed wave particle interactions

al high magnetic JatitucJcs far away from the planet inside the Jovian nlagnctosp}]cre. ‘1’hc obscrmtions

prcscntccl  in this paper

different region of the

spacemaft  in the middle

thcrcforc  provide new insi:,hts into possib]c  wave-particle interactions in ii

Jovian magnetosphere and extend the obscrvatio]]s  made by the Voyager

magnctosphcrc  and at low magnetic latitudes (Khurana and Kivclson, 1989).

‘J’hc interaction nwchanism  bctwem partic]c.s and waves }lavc  been described thcorct  ically  i .e. by Gary

et al. (1991); “J’hornc and Moses (1983); ‘1 ‘horjlc arid ‘I”surutani  (1987) and lnorc generally in the. set-ic.s

of papers by Southwood and Kivclson (1981, 1981); Kivclson  and Southwood (1983,

earlier by Kennel and Pctschck  (1966).
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KrqIp  et al.: Pclrticle oscillations and WCJVCS in Ihc Jovim nmgm?tosphcrc

Afbm a short description of the magnctomtcr  and 11 I-S(A1.1 ~ instruments on UJ.YSSI 3 wc pmcnt

the correlations of the encrgct ic par[iclc  intcnsit  ics with the m,gnctic  field mcasurcn~nts  for that

part icular 1-hour intcrva],  followed by a discussio]l  of a possib]c. explanation in terms of ion beam

instabilities.
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INSTRUM EN]’ J)lEXXII’’J’JONS  ANJ) lJSIU) DA*J’A SIC’13

(A) Magnetometer instrument

The magnctomctcr  invcs(igation  on lJl .YSSIN is c.omposcd of a vector helium magnctomctcr  and a

flux- gate. magnctomctcr  sitting on a boom far away from the spacecraft body. Onc Inagnct ic vector pcr

scconcl is obtainccl  from each sensor. “1’hc  magnc[olnc(cr  instruments arc dcscribcd in detail in 13alogh

c1 al. (1992).

(11) 111-SCAI  E ins[rumcntation

‘1’}]c111-SCA1 X (Hcliosphcre lnstrummt for Spcma, Composition and Anisotmpy  at 1,.OW Energies)

inst rumcnt on I-JI .YSSJ3S consists of 5 clctcctor  apatum in two .scparatc tclcscopc assemblies which

form ciiffcrcnt angles with the spacccraf[ spin axis. 111-SCAl li is able to measure electrons with

cncrgics  bet wem 40 and 300 kcV in 4 different c}lalmcls  and ions @1) with cncrgics  bet wccn 50 and

5000 kcV (assuming protons) in 8 cliffcrcmt cha[mcls.  q’hc five detectors arc identified as 1,F,MS30,

1 J ~1 ‘S60, 1,1 iMS 120, 1.1 ilS 150 and CA60. “l’he. IN]] Ihcrs in the. names indicate the orientation of lhc

tclc.scopes central axes relative to the spin axis of the spacecraft. IIuring each 12s-rotation  the

measured ions and electrons arc sarnplccl  into 4 (J.1 iMS30, 1.1;] N 150) and 8 sectors (1.1 IMS 120,

1.H<’S60, CA(KI), respect ivcly.  With this clcsign the 11 I-SCAI ,Tl instrummt provides mcasurcmcnts

fmn  32. different directions in space every 12 seccm(is.  We note that the J 1 I-SCA1 .1; instrument cannot

distinguish bctwccn ion spczics for cncrgics <0.5 McV/nucleon ancl the detectors were not clcsigncd  to
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re.solve the charge state of t})e nwasured ions in a mlti-spccics plasma, 1 lowcver,  the detector

responses for single ion spccics are known from calil)ra[ion.  ‘1 ‘he energy responses for protons, oxygen

and sulfur ions in the 8 energy chanmls of the l_,I~MS30 and 1.EMS 120 ion detectors arc summarized

in Tables 1 and 2. More detailed information about the 111-SCA1 ,F; instrument can be fount] in

1 mzcrotti et al. (1992a).

];or this study wc used 30-second averaged data sets fioJn the n~a8nctonw.tcr  and t hc low cncr-gy 111-

SCA1..1; detectors 1.F,MS30, 1.F,1;S60, 1,};MS 12.0 and 1 J H I’S 150.

As pointexl  out by Southwood and Kivelson (1981) the response of a particle detector in the presence

of a wave is a strong function of particle energy and pi[ch angle.  The HI-SCALE inst nmcnt is the first

instrummt which could provide qumi t}lrm,-dirlw.rlsiol ]al rmasurcnw.nts  wit h very high tin c rcsolut  ion

together with good pitch angle coverage and diffcrc.nt  energy channels inside the Jovian n~gncto-

sphere. ‘1’hcrcforc  it is an excellent instrument to st ucly wave-part iclc phenomena,
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OIISICJ{VA’J’JONS

1 ~ig. 1 gives an overview of the trajectory of the U] .YSSIN spacecraft inside the Jovian magnctosphcm

in lhc Jovian Dipole system. 74,, indicates the distance from Jupiter’s dipole axis which is tilted away

from the rotation axis by 9.60 and p is t}m distance. flon~ the ccntw of the planet. The arrow marks the

period whm the hyciromagnctic  wave cvcn[ was observed: clay 42., 17:0018:00 U’J’, at 65-67 R, and

27-32° south ma~nctic  latitude.

(A) Magnetometer observations

}~ig. 2. shows the 1 SCC. averaged magnetic field dat:i  for the 1-hour interval on clay 4217:00-18:00 lJ’1’,

1992. ‘1’he upper three panels show the magnetic field comjxments  in the R’1’N-systcnl.  in the lower

panel the total magnetic field is shown. A sinusoidal fluctuation in the N-component (which is

approximately the north-south component) with a period of about 5 lnin. can clearly be seen. ‘1’hc other

two components and the total magnetic field do ~lot show this variation. A detailed analysis of t}w

components, done by Tsurutani  ct al, (1993), slmwed that the amplit udcs AWB of the associated

waves were on the order of 0.3. ‘1’hc waves were ckt ermine,  to be purely t rmsversc  to the magnetic

field direction with lit[lc  or no co]iqmssional components. They were left-hand elliptically to circularly

po]arimd (in the spacecraft frame), propagating at angles bet wcm 100 and 43° to the magnetic field, As

an example, }Jig. 3a, b i]lustratcs  onc cycle of the wave. at 17:22-17:27 U)’. In this case the wave was
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propagating at an angleof210 relative to the magnetic field direction. “I”hc  two hodogram  RX-BY  and

BX-BZ indicate that the wave was not plane jjolarimd.

(11) 111-SCA1..E energetic parliclc  observations

1 “ig. 4 shows 30 see-averaged and sector averaged fluxes of clcctl  ons (165-300 kc.V) and ions (130-

210 kcV) for one clay of data (clay 42, J 992). “J’hc 1-hour time period whcm the wave event was

observed is marked by the solid lines. ‘1 ‘hc CVCI]I occurred bet wccn two rclat ivc intcnsit  y maxima.

Maxima in the particles were observed when t}]c s]mcecraft  was closer to the equatorial plasm sheet of

the planet. ‘1’his nwans that the wave mcnt was observed when the plasma sheet was relatively distant

from the spacecraft location but was moving towar CIS the spacecraft. The partic]c  data show clearly

that large variations over a wide range of frequencies were observed in the fluxes.

The hour of the wave event is shown in more clctail  in 1 ‘ig. 5a, b. 1 ‘ig. 5a shows the fluxes of ions (61-

77 kcV) of the LEMS 120 detector for each sector separately on a linear scale. In two sectors (6 and 7)

the rmasured fluxes  were significantly higher than in the others. ‘J’his  was cvc.n more pronounced in the

1.lilS60 detector (electrons 42-65 kcV), data fo~ which is shown in 1 iig. 513. In this figure onc can

clearly sec a modulation of the fluxes in these two sectors 6 and 7 with a period of about 5 minutes. It

also appears that the rclat  ivc maxima of the modulations in sector 6 were anti-correlated to the maxima

in sector 7.
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In order to understand the directionality of the flux observations, the. sector look dire~tions of the low

energy detector heads of the 111-SCA1.1; instrunmt  arc plottexl in Fig. 6 on a unit sphere in the

spacecraft system of reference. In this system t}lc ~~axis  (spin axis) always points towards Earth.

During the Jupiter flyby the Y-axis was pointing south wit}] respect to the ecliptic plane and the X-axis

completes a right handed syst cm. I’hc arrow in t hc clrawing  marks the magnetic field vcct or wit h

respect to the ccntcr of the sphere. 1 ‘mm this figmc it is clc,ar that the sectors 6 and 7 of the 1.1 i] ‘S60

and 1,liMS 120 detectors were the sectors mcaswing  patlicles along and against the magnetic field

direction. ]ons in setters 6 and 7 of the 1.1 iMS 1 ?0 detector were flowit~g along the magnetic field

towards Jupitc.r.  Fkctrons  in sector 6 and 7 of 1,1 i)iS60 were flowing an[i-field-aligned away from

Jupitc.r.  This counter streaming of ions and electrons, reported earlier by 1 xmm-otti et al. ( 1992b), is

clearly seen in Hig. 7 where the cosine of the pitch angle is plotted against the nornxdimd  fluxes for

clcztrons (upper panels) and ions (lower panels) for onc energy channel as a function of’ time. I’hcsc

pitch angle, distributions are typical for the entire hour where the hydromagnctic  wave event was

observed.

Iiig.  8 shows the ratio of the fluxes in sectors 6 and 7 of the 1.EI;S60  detector (measuring electrons)

and the 1,liMS 120 detector (measuring ions) t ogcthcr  with the &conlI]oncnt  of the magnetic field,

l’hc modulation of the particle fluxc.s  is in phase with the directional chan~e of the magnetic field

indcpcndcnt of pariic]c species or direction to the ll~g[lctic fickl, No phase s}lifts in opposi[c  sectors

alon~  the, magnetic field were observed, Further analysis of the diflerent  energy channels of the 11 I -



SCA1 J i instmnm[  showed that the n~odulation  of the fluxes along the. magnetic field was observed at

all energies with the same amplitude on a logarithmic scale. As an example, the flLlxcs of 4 different

electron energy channels rne.asurcd  jn sector 6 oft hc. 1.10360 clcteclor  arc shown in 1 ‘lg. 9.
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I)ISCUSS1ON

12

Obscrva[ions of simultaneous particle and field nlodulations  have bmn reJJorlcd many times from

nk.asurcmcnts  made inside the 1 hwth’s magnetos] kc. III t hc case of t hc I iarth,  bounce- and drifi

resonant int tractions have shown to bc VCJ-y jmpw [a[lt in lnodc.]ing LJI.]  i wave intc.ract  ions (Su et a].,

1979; Su ct al., 1980). In these discussions, the atllplit  uc]c of the flux oscillations should grOW as the

rcsonancc  energy is approached, ancl J]hasc shifts of J)articlc  fluxes in opposite sectors and between

elect rons and ions S}1OLM be observed (Krcmscr  ct al,, 1981). Neither an energy dcpcndcnm  nor any

phase shifis in the sectorizecl particle flLIxcs were observed clurirlg the event prcscntcd  here. Wc

thcrcforc  will not discuss that particular wave-particle interaction.

l;rom the observed magnetic field magnitude and t}Ic particle jntcnsitics  wc calculated the energy

clcnsitjcs  of the magnetic Ilcld F4,m~ = 132 / 2p0 and tllc particle energy densities Px for the two extreme

cases, assuming that the measured ions in the 11 I- S(;A1.1 i energy channc]s were 1 ) all JJrotons  or 2) all

oxygen jons. in reality, the ions measured arc a mixture of protons, helium and heavier ions (mostly

oxygen and sulflu-  ions). “1’hc  energy dcnsit y 1 ii for spccics  i is given by (Lanzerot  ti ct al., 1980):

Jk(])+ Jk(d) ]ik
Iii= 47t~A~;k- -–

k=l ~ Vk

WhCrC [Jk( ] )+Jk(4)]/2 js the average flux of the sectors ] and .4 perpendicular to the flow direction for

ion energy channc] k of the ] ,ljMS30 and ] .ljMS ] 20 cicteclors, AI ;k is the energy channc] wiclth,  ancl vk

and ] ;k arc the vc]ocit  y and energy of the ions jn c.llcrgy  channc] k. ‘1’hc rcsu]ts of this calculation arc
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shown in Fig, 10. ~’he energy density of the magnetic field is seen to be larger than the particle energy

clcnsit  ies by a factor of 2-4 assuming that all the counts arc due to oxygen ions and about a factor of 10

Lighcr  assuming all protons arc detect cd in the 111 -S[:A1 .1; encrg y channels.

kom this determination, it is clear that the 1; -field was controlling the particles in the observed energy

I angc.  Whenever the masnct ic. field moved back and forth in the norih-sout  h d irecl ion t hc part iclcs

were forced  to follow. The electrons flowing along the magnetic McI wm more tightly bcmnd bccausc

of their smaller gyro radii. Thus, the wave-related oscillations arc. more pronounced in the electron

channels.

‘1’o determine what particles could have generated the observed waves through plasma instabilities, wc

calculated the gyro frecluencjcs Q of electrons anti ions in an average magnetic field of 9 n’J’ and

compared thcm with the frqucncics of the observed waves 6)= 27t / “1’ = 0.02 H7, as listed in liable  3,

‘1’hc gyro frequencies of the heavy jons are seen to be comparable to the frcqucncics  of the waves. The

clec(ron  gyro ficqucncy,  however, was larger  by 4 orders of magnitude.

‘l%c ion cyclotron rcsonanee  energy can be calculated under the usual assumption of dopp]cr-shifbxl

cyclotron resonance where the ~ -vectors of the observed waves and the velocity vector i of the ions

arc ant i-parallel. “l’he resonance condition is given by
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where only the parallel components were taken into :icc.omt.  If we then take the Alfvdn velocity ~A as

the phase velocity co/ kJ of the waves, wc get the ]mallcl vclocit  y along the magnetic ficlcl

()Qi~1, =jA -. –1
(0

“1 ‘hc Alfv6n vclocit y VA in “1’able 4 was calculated by using the electron plasma  density NPM, = 0.03

cmi3 , reported for that interval by Bame et al. (1992).

‘J’hc resonant energy for protons in this cletcrminat  ion is above the measurable energy ral]gc of the111-

S~Al .li instrument and the resonant energies fc)r tllc heavier ions arc lower. 1 ;OI singly-charged oxygen

and sultlm,  for example, the resonant energies arc 12 and 1 kcV, respect ivcly.  Al[hough  t }msc cncrgics

are lower than the H1-S(2A1  .I1 detector thresholds, the io~i beam densities can be calculated from the

measured differential fhx ji(F1) in the scetors  alons the magnetic field (Krimigis  et al., 1981):

where Y is the ion velocity. For a particle detector with a limited energy range wc find

whc.rc k is the number of the. cmcrgy channc],  and Al ji is the energy channc,l  wi(ith for spwics  i. “l”akillg

all 8 energy c}lannc]s  into account, we calculated the 1-hour time averaged ion beam dcnsi(ics assumit ]g
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protom and oxygen ions; this is summarimd in ‘J’able 5. We find that an oxygen beam woLdd have had

a density  of 1.9% of the atnbicmt  plasma dcmity, which is more than 3 times higher than ttjc. density of

a proton bcarn ( 0.6 % of the plasma density).

Iiom the fact that field aligned ion beams were observed and from the obscrvat ions that the waves

were purc]y  transverse and left-hanclcd polarimd, wc can assume that the most lilmly  wave-part iclc.

interaction for that hydrornagnctic  wave event is the ion-beam-instability. Gary ct al. ( 1984, 1985) and

also Gary (199 1 ) provide the conditions for the nmxinmi~  wave growth rates for resonant and non-

resonant ion beam instability ics arc given. In t hcsc ] )apers it is shown that in the case of non-rmonant

interactions a positive growth mte of the waves is only possible if the beam velocity exceeds the Alfv6n.

speed by a factor of 10. This case can be ruled out for the presented event because the maximum ion

beam vclocit  y for heavier ions was only 1-4 times tl c Alfv6n spxd (W ~’able 4). Iiollowing these

arguments the most probable wave-particle interaction during that  hydromagnctic  wave event was the

rcsonanl  ion beam instability. The most probable ion candidates were 12-106 kcV oxygen ions or 1-12

kcV sulfur ions.

.
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SIJMMARY

1. Wc have observed waves with approximately S nlin(ltc  periods inside the Jovian magnctosphcrc  in

the dusk sector of the plaint at radial distances bctwem 65 and 67 RJ ancl a high southern mag,nctic

]a(it udcs bet wecn 2.7 and 32°.

2. The waves were associated with flux oscillations in cncrgctic  particles (Ii >50  kcV) measured by the

1 I I-S~Al  .F; instrument at small pitch angles.

3. ‘1 ‘hc resonant ion bc,am instability y of 12-106 ke.V oxygen or 1-12 kcV sulfur ions was the most

probable wave-particle in[craction.
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“1 .ICMS30 priion oxygen

response rmponsc

[kcV] [kc\7J

——. — .——.
1’1 ‘- 56-78 (1 28-160?

1’2 78-130 (1 60-256)

1’3 130-210 256-384

_.. _
1’4 210-340 384-?44 ‘-

1’s 340-600 544-880

1 ’ 6 66i3:iic0 880-14<6

17 1100-1800 1456-2240

--
-Oxygen

response

[kcVhmclcon]

(8-10)

(10-16)

““16-24

24-34

34-55

55-91

. —.—— ._—_—
91-140

.—
sulfur sulfur rtsponsc

response [keV/nwlcon]

[kcV]

(<384) (<1 2)
. . . . .
(<384) (<1 2)

(<384j  - (<12)

512-640 16-20 ‘“-

‘640-960 “jo_30”- ----

960-1632 30-51 -

1632-2624 51-82

1’8 1800-4750 2240-160000 140-10000 2.624-457600 82-14300

— —

Table 1: Energy  responses for protons, oxygen- and sulfllr ions of the 11 I-SCA1 .E

1.liMS30  ion detector (adapted from 1,anmrotti  ct al., 1993). “1’hc values in brackets

arc cxtrapo]atcd.
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I ‘--””---”-”--”--],];MS120  -
;Woton oxygen oxygen sulfur . sulfur

‘-1
response response. 11’sponsc response N!spome

[kcV] [kcV] [kcV/tmclcon] [kcVJ [kcV/nucleon]

61-77 (1 28- 160) (8-10) (<384) (<1 2)

1 ‘- ‘--”1’2’ ‘-
77-130 (160-256) (10-16) (<i’s4)-- (<12)

t-”” ‘--””---”p~? ‘- ] 30-2] o 2%368  - 16:23 “’ - (<384) ‘(<lij ‘-

‘ -” - I

t---”--”-- - ‘-- ‘-- ““----”-””” “--- ‘“-”- ‘-” ““1 ’ 4 ’ 210-i40 368-544 ““ 23-34 ‘448-MO ““ 14-20

[ ‘-  
,,s,  j40:6~-----  -544&o  --  ~4:jj ------&o_lo~---- --  --20:j4- ‘

l“”” ““----
. .. —. —.—.  —

1’6’ ‘- 600-1120 ‘---””—i~i~l 520 ‘- - 55-95 - 1088-1632 ‘i4:51 –

‘ - -” -- I

I ‘“17 1120-1870 1520-2400 - 95-150 “- 1632-2752 51-86  -

1---- ‘---”--”1%’ 1870-4800 2 4 0 0 - 1 6 0 0 0 0  i 5 0 ~ i ~ -”- 2752-457600 86-14300
“-”-”-1

Table 2: Energy responses for protons, oxygen- and sulfllr ions of the 111-SCAI .E

l,IiMS 120 ion detector (adapted from 1 amx-otti  d al., 1993). The values h brackets

arc extrapolated.
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1 0.87

0 + “ 1 0,05

62+’ 2 0.11

s + ‘“ ‘1 0.03

%2” “’2! 0.05

-“-@i  ~----”- ‘-— ‘“-” ‘-

0.08

c- 1591

Table 3: Gyro frequencies of cliflkmmt particles and charges in a 9 n’1’ magnetic field
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ion VA [kntis] v 1 [knds] ItM [kcVJ I~h [kcV/N].

,.— —
p 1008

6; 2.52

02+
25i

s’ 178

s=+ 178

42500 9374 9374

378 11.86 0.74

‘113i” ‘“ 106.78 --- ‘--- “--~i~””-”-

gg 1.32 0.04

26-I 11.84 ‘- 0.37 ‘ -

534 47.35 1.48

--

Table 4: Alfv6n velocity v*, clcrivcd velocities along the magnetic field v, and rcso-

nancc  cncrgics  J it of cliffcrcnt  ions.
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L’””’ ‘-”---------’-” ‘--
—— —.

pa~lic]cs “-”- avg. ion beam density

(Cncrgy I-anf:c) Nh~,,, [C111-3]

protons 1.99” 104

(61-4800 keV)

—
oxygen ions 5.71 “

(12S-160000 kcl’)

o-’

‘J’able 5: Calculated averaged ion beam densities during the observed hyciromagnctic

wave event inside the Jovian magnetosphere for the 1-hour intcrvai  of day 42 17:00-

18:00 in 1992.
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l’ig. 1

Ulysses trajectory in magnetic coordinates.

Uig. 2

lJlysscs high rcso]ution magnetic ficki componcn[s  and total magllc.tic  field for 1992, day 42,17:00-

18:00 UT in the RTN-coordinate systcm

l’ig. 3

(a) Bx-By-Hoclogram  in the spacecraft frame (S/C) for one wave cycle 1992, day 42., 17:22-17:27  U’]’

(b) }Ix-llz,-lloclogram  in the spacecraft frame (S/C) for onc wave cycle 1992, day 42, 17:22-17:27 U’1’

l~ig. 4

Ulysses HI-SCA1 .13 ion (1 30-210 kcV) and electron(1‘?5-315 IwV) flL]xcs for 1992, day 42

l’ig. S

(a) UJysses  }11-SCA1-.E  ion fluxes (61-77 kcV) for angular spin sectors 1-8 of the 1,IiMS 120 detector

(b) lJlySSCS 111-SCAI ,11 electron fluxes (42,-65 kcV) for an~ular  spin sectors 1-8 of the 1,111  ‘S60

detector
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Fig. 6

Sector look dhxtions  (1-8) of the 1.1 ;MS30,  1.173+S60, 1 J lMS 120, an(i the 1,E13 150 delcctors  of the

11 I-SCAI ,}1 instrument, projcctcd  on the surface of a uni( sphere. X, Y, and Z rcprcscnt  the S/C-systcn]

where the Z-axis points towards 1 iarlh. 1] indicates the nrqymtic field vector relative to the center of

the uni[ sphere during the event prcsentccl  in the paper.

l~ig. 7

Normalized differential flLIxcs versus the cosine of the pitch  angle  for clcctrom (upper panels) and ions

(lower panels) as a function of tknc from Icft to rig,ht.

Y’ig. 8

Ratio of the fluxes in sector 6 and 7 for 61-77 kcV ions (dashed) and 42-65 keV electrons (dotted)

compared wjth the modulation in the l]orl}l-sotl[}l-c(]  rl~~)oflc~lt  of t}~c magnctoc  field ~~N (solid) durins

t hc hour of t}~c event.

Fig. 9

lilcctron fluxes in sector 6 in 4 different energy  channc]s  (42-290 kcV) during the event.

l~ig. 10
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Calculated energy densities for protons (56-4800 kcV), oxygen icms (8- 10000 kcvhlucleon)  compared

to the magnc[ic energy density.
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