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Abstract. The dynamics of the Jovian magnetosphere issheet located close to the dipole magnetic equator with a
dominated by the planet’s fast rotation with a period of thickness of 4—-6 Jovian radii ®;= 71 492 km) depending
~ 10 h. Within the magnetosphere, this periodicity can in par-on the local time Khurana and Schwarz2005 Waldrop et
ticular be seen in the temporal variation of the spectral in-al., 2005.
dex of MeV electrons: every 10 h the counting rates show  Within the magnetosphere, this periodicity can in particu-
a maximum (minimum), while the spectral index shows alar be seen in the temporal variation of the spectral index of
minimum (maximum) known as the Jovian “clock” mecha- MeV electrons. Based on the Pioneer spacecraft flybys in the
nism. In this study we re-analyse Ulysses and Pioneer 10/11970s, several models were developed to explain this phe-
data and show that another periodic modulation in the MeVnomenon.
electrons can be identified, manifested by local maxima of The “disc model”, proposed byan Allen et al.(1974),
the spectral index and local minima of the counting rates.connects the observed modulation to the actual position of
For Ulysses, this modulation can be observed throughout théhe spacecraft with respect to the magnetic latitude, in par-
magnetosphere near the magnetic equator, suggesting an aizular the proximity to the current sheet. This model, how-
imuthal asymmetric distribution of MeV electrons near the ever, came into trouble when Pioneer 11 explored the Jovian
current sheet. This modulation is found to trail the “clock” magnetosphere at relatively high magnetic latitudes and still
mechanism by~ 3.25 h. The Pioneer 10 data, however, only observed high particle fluxes. Combining Pioneer 10 and 11
show occasional evidence of the presence of these local maxnagnetic field dataDessler and Hill(1979 argued that a
ima while there is no evidence of this modulation in the Pi- longitudinal asymmetry of the magnetic field strength near
oneer 11 data. A comparison of the times of observed minothe surface of the planet results in the 10h periodicity of
peaks and Ulysses’ distance from the current sheet using anergetic charged particles due to the indirect influence of
simple rigid disc model as well as the modelkifurana and  higher order magnetic multipoles (see atsess et al(2017)
Schwarz|(2005 is performed. for a recent study of the Jovian magnetic field topology).
This so-called magnetic anomaly (or active sector) causes
an azimuthal asymmetry of the charged particle population
in the outer regions of the magnetosphere co-rotating with
the planet Yasyliunas and Desslet981). The most promi-
nent, however, is the so-called “Jovian clock” model predict-
1 Introduction ing that this periodicity is caused only by temporal varia-
tions in the Jovian magnetosphe@henette et al1974 re-
The dynamics of the Jovian magnetosphere is dominated byorted that the periodic variations of the spectral index inside
the planet’s fast rotation with a period 8fl0h and the influ-  and outside (during so-called Jovian electron bursts) the Jo-

ence of the moon lo as a Strong source of plasma. The majorvian magnetosphere are in phase_ HOWQMPson et al.
ity of this plasma is confined to the Jovian current (or plasma)
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(1992h reported phase shifts of some hours in Jovian elec-
tron bursts observed close to the planet with respect to the
phase of the spectral rocking inside the magnetosphere.

In order to search for additional patterns besides the well-
known “clock” periodicity in the spectral index (approxi-
mated by the ratio of two energy channels) and counting
rates, we re-investigated data obtained by the Kiel Electron
Telescope (KET) and High Energy Telescope (HET) instru-
ments aboard Ulysses during the spacecraft’s Jupiter flyby in
February 1992 and compare the results with Pioneer 10 & 11 100 50 0 50 100
data during their flybys in late 1973 and 1974, respectively. X Ril X [Ri]

Besides the “clock” modulation, we found a second periodic

variation being manifested by (a) a local minimum of the Fig. 1. Trajectories of Ulysses and Pioneer 10/11 during their
counting rates associated with (b) concurrent local maximalupiter encounters. The coordinate system is given in Jovian radii
in the spectral index and (c) an occurrence of these events &t Ry = 71492km). For illustration, the bowshock and the magne-

subsolar System 11l longitudes of 40-F0and low magnetic topause are indicated for an assumed sunward extension &;110
latitudes and 88Rj, respectively. The shapes of the bowshock and magne-

topause are calculated with the equations giveddyyet al(2002).
The left panel shows an equatorial view of the trajectories, the right
one the meridional view.
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2 Instrumentation and methods

In this work we make use of Ulysses and Pioneer 10 & 11  Figurel shows the trajectories of Ulysses and Pioneer 10
charged particle and magnetic field data. For the case og& 11 for the times of their Jupiter flybys in a coordinate sys-
Ulysses, we analysed data of the Kiel Electron Telescop&em in which thex axis is the Sun—Jupiter line pointing away
(KET) as well as the High Energy Telescope (HET) de- from the Sun (given in Jovian radii). Theaxis is directed
scribed in detail bySimpson et al(19923. The KET is de-  northwards, perpendicular to the orbital plane of the planet,
signed to measure electrons and protons as wellgsticles  and they axis completes a right-handed system. As can be
in an energy range from a few MeV/nuc up to a few GeV/nuc. seen, the three spacecraft entered the magnetosphere in the
For our analysis we made use of 10 min averages of the E4ost-dawn sector at low latitudes. Their outbound trajecto-
and E12 channels, measuring electrons in the energy rangefes, however, were quite different from each other. While
2.5-7MeV and 7-500 MeV, respectively. For the HET datapPioneer 10 was deflected towards the dawn side at moder-
we also made use of 10 min averages of the H3 and H5 chargte latitudes, the trajectory of Pioneer 11 is characterised by
nels. The H3 and H5 channels had also been used in the studyhigh-latitude path along the post-dawn sector towards Sat-
of Simpson et al(19920) and measure protons in the energy urn.
range 24-31 MeV and 68-92 MeV, respectively, under inter-
planetary conditions. However, these channels are also sensi-
tive to electrons in the range of 3-5MeV and 10-16 MeV. It 3 Ulysses observations
is expected that these channels predominantly counted elec-
trons while the spacecraft was in the Jovian magnetospherEigure2 shows an overview of magnetic field and KET/HET
(Simpson et a).19921. For both instruments we used atime data measured by Ulysses between day 34 and 36.5 in 1992
resolution of 10 min. (i.e. just after the transition of the spacecraft from the inter-
For the magnetic field measurements, we made use of thplanetary medium into the magnetosphere until the tempo-
VHM/FGM instrument aboard UlysseB#élogh et al.1992). rary switch-off of the KET). This time interval covers the
For the analysis of the Pioneer spacecraft data, we usetkgion of the magnetosphere generally called the outer mag-
data of the almost identical University of Chicago Instru- netosphere. According to the magnetic field data, no clear
ments (CPIs) aboard the two Pioneers as well as magnestructure is evident, indicating a highly disturbed orientation
tometer data of the MAG experiment. The CPI electron chan-of the field in the outer magnetosphere. An investigation of
nels we used in this work are the id4 and id5 channels. Thehe E4/E12 and H3/H5 ratios, however, reveals a consistent
id4 channel counts electrons in a range of energy from 2pattern of recurrent variations of the energy spectrum with a
to 7MeV (and protons and heavier ions of several tens ofperiodicity of 10 h as indicated by the dashed vertical lines
MeV), while the id5 channel counts electrons between 6being aligned with the maxima of the ratio. The markers are
and 28 MeV, along with protons and heavier ions of energies9 h 55 min apart from each other. Comparing the temporal
above those counted by id4. For the Pioneer data we used evolution of the ratios with the corresponding counting rates
time resolution of 15 min. A brief discussion of the CPI can of the HET instrument, it becomes evident that both quan-
be found inLentz et al.(1973. tities are anti-correlated: the counting rates tend to increase
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Fig. 2. Ulysses data for the spacecraft's inbound path from day 34 to 36.5. The bottom panel shows the KET E4/E12 and HET H3/H5 ratios
as a proxy to the spectral index of MeV electrons followed by the H3 and H5 counting rates. The next two panels show the radial component
of the magnetic field as well as the magnetic field magnitude. The top panel shows the distance of the spacecraft from the magnetic equatol
(rigid disc, black) and from the planet (grey) in Jovian radii. Besides the well-known clock-like modulation (“major peaks”, indicated by the
dashed lines), a second periodicity~efl0 h associated with low magnetic latitudes is apparent and indicated by the vertical arrows (“minor
peaks”).

when the spectral index decreases and vice versa. This findmply a phase shift of 5 h. Comparing the occurrence of the
ing had already been discussed in earlier publications (e.gminor peaks with the distance from the nominal current sheet
by Simpson et a).1992h and is generally attributed to the (top panel), one observes that they generally occur when the
Jovian clock mechanism. spacecraft is located close to the current sheet (i.e. at low
However, besides the large peaks, denoted as “majomagnetospheric latitudes). These minor peaks were previ-
peaks” in the following, peaks of much smaller amplitudes ously only mentioned as a side noteAnagnostopoulos et
can be identified in the time series and are indicated by thel. (1999 when investigating the temporal behaviour of ions
black arrows in the bottom panel. An interesting feature ofclose to Jupiter without taking into account magnetic field
these “minor” peaks is the fact that they occur when the fluxmeasurements.
level is generally high, but during local minima (i.e. dur-  Subsequently, Fig3 covers the time interval from days
ing short-term decreases of the electron counts). These 1a36—38.5 and shows the same quantities asZiDQuring this
cal minima are indicated by the dotted vertical lines in thetime, the spacecraft was mainly located in the middle mag-
panel showing the H3 and H5 counting rates. This behaviounetosphere, and the presence of the Jovian current sheet can
strongly resembles the major peaks. The dotted lines in thelearly be seen by the four current sheet crossings indicated
panel showing the HET counting rates are positively shiftedby the red solid lines (i.e. two crossing per rotation, dates
by about 3.25h with respect to the dashed lines and inditaken fromKrupp et al, 1993. These two pairs of cross-
cate the local counting rate minima. This shift will be further ings from the Northern Hemisphere to the south and back
guantified later using a correlation analysis. Nevertheless, iaire roughly 10 h apart. While these events indicate full cur-
can be noted that the phase difference between the major anént sheet crossings as can be seen by the inversions of the
minor peaks is not a symmetric behaviour since this woulddirection of the radial componeir of the magnetic field,
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Fig. 3. Same as Fig2 but for the time interval day 36 to 38.5. The major and minor peaks are still present. Four current sheet crossings are
indicated by the red vertical lines and reveal that the minor peaks occur when the spacecraft moves across the current sheet from south t
north. Note the scale change|iB| at day 37.5.

at least three current sheet approaches can be observed lasgitudinal asymmetry of the electron distribution must be
the spacecraft approaches the planet (e.g. around day 37.5)resent, since it is unreasonable to assume that the spacecraft
These events are characterised by decreases in the magnesitould measure different charged particle properties depend-
field magnitude and radial component, although the polaritying on the sense of motion across the current sheet, given that
does not change (cHoogeveen et g11996. The charged the particles are almost equally distributed around the sheet.
particle data plotted in Fig3 are again the HET counting Before further properties of the minor peaks are discussed,
rates and the HET and KET ratios of two energy channelswe will quantify our results using a correlation analysis. The
Note that due to the prevention of possible damages the phaesult of a linear (Pearson’s) autocorrelation of HET's H5
tomultipliers of the KET were switched off on day 36.5. The and H3 channels is shown in Fig.for the time period of
dashed lines and the arrows indicating the major and minodays 34-36 (i.e. during the spacecraft’s paths through the
peaks respectively are in phase with the markings of&ig.  outer magnetosphere). The abscissa shows the time lag in
Focusing on the two current sheet crossings around dayours and the ordinate the corresponding autocorrelation co-
36.7, the counting rates of the H3 and H5 channels shovefficient. It can be seen that the 10 h variation of the counting
a double-peaked profile correlated with the lowest magnetiaates can be recovered in this analysis of H5, as indicated by
field strength. Comparing the minor peaks of the spectral inthe recurrent peaks of positive or negative correlation coef-
dex and the magnetic field data during the two pairs of cur-ficients every 10 h, marked by the solid and dashed vertical
rent sheet crossings, an interesting observation is the fact thdines, respectively. However, further peaks can be identified
the peaks in the spectral index are in very good coincidencdetween those related to the prominent 10 h variation, tagged
with the spacecraft’s crossing from the Southern Hemispherdy the dotted vertical lines. These peaks ocel8.25 h be-
towards the Northern Hemisphere. This suggest that the mifore and after the larger 10 h peaks. This time difference cor-
nor peaks are a spatial effect: on the one hand, the correlaesponds to the time interval between the double peaks of the
tion with the current sheet implies that these events are conprincipal flux enhancements, giving further evidence that this
fined to the magnetic equator. On the other hand, an intrinsids a systematic effect. The analysis of H3, however, shows no
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lation related to the minor peaks in the spectral index. The shift
between both variations is 3.25 h.
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Fig. 4. Autocorrelation of the HET H5 (top) and H3 (bottom) chan-
nels. The solid lines indicate the 10 h periodicity that is well pro- ENNNERRENSS  NERREREENE)
nounced for the H5 channel. The dashed lines lie in the middle of < : : : : : : :
the 10 h intervals. However, another temporal variation can be iden- 50 100 150 200 250 300 350
tified in the H5 data as indicated by the dotted lines. These peaks are System Ill longitude at subsolar point [deg]

shifted by43.25 h with respect to the major 10 h peaks. The same_. .
analysis for the H3 channel shows no clear modulation, suggestin ig. 6. Local rank structure of the HET H3/HS5 ratio from day 34

that the spectral rocking is mainly due to the higher energy channe 0 38.'5' The time series starts at rotation 1 (bottom) apd ends with
(i.e. H5). rotation 12 (top). The colour code must be interpreted in a way that

red squares indicate that the actual data point has a higher rank than
its predecessor 10, while green indicates a lower rank (i.e. the local
maxima of the H3/H5 ratio occur when the colour switched from
clear modulation like H5. This suggests that the rocking ofred to green). As expected, this is the case for longitudes of about
the H3/H5 ratio is mainly related to periodic variations of 270, reflecting the major peaks of the Jovian clock. Furthermore,
H5 (i.e. the channel of higher energies, as well as a Iargthe minor peaks are clearly present with local maxima at 40=100
stationarity of the H5 channel). Indeed, a visual investigation
of the H3 and H5 counting rates in Figgand3 shows that
the H5 channel tends to be better pronounced with respect tetudy we used local ranks by comparing each data point with
the amplitude of its temporal variations. its 10 (Ulysses) or 8 (Pioneer) preceding data points. The re-
Considering the electron spectral index, the H3/H5 andsult of an ordinal autocorrelation of the H3/H6 and E4/E12
E4/E12 ratios were analysed using an ordinal correlatiorratios is shown in Figb for days 34 to 36. The 10 h rocking of
method adopted frolBandt(2009. The benefit of an ordinal the spectral index is clearly visible in both the HET and KET
(i.e. non-parametric) correlation analysis is that the individ- data. However, similar to the previously shown H5 counting
ual data points are not compared by their actual value butates, another periodicity is apparent. Again, these features
by their ranks (i.e. the relative magnitude with respect to theoccur about 3.25h before or after the correlation maxima
complete data set) (cf. chapter 14Rness et al.1992. The  due to the clock mechanism, which we attribute to the mi-
rank of a data point may be computed globally (i.e. by takingnor peaks in the corresponding time series (EjgNote that
into account all available data). However, it is also possiblethe autocorrelation function in Fi§.is not normalised.
to assign a local rank to a specific data point by comparing To provide another, more visual, impression of the tem-
its value with a finite number of neighbouring data. For this poral behaviour of the spectral index, F&shows the local

o -
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Fig. 7. Magnetic field and particle data of Pioneer 10 during the spacecraft’s inbound trajectory similar t &gs8. Events that can be
interpreted as minor peaks are indicated by red ellipses in the bottom panel. The ellipses in the panel showing the id4 and id5 counting rates
indicate the corresponding local minima. The dashed ellipses in the time series showing the spectral index indicate questionable events witt
no clear counterparts (i.e. local minima) in the counting rates. Note, however, that most of the time local minima on top of the global count
rate maxima can be identified. The green and yellow shades on the bottom of the figure indicate two time intervals analysed independently.

ranks of the individual data points of the H3/H5 ratio as a4 Pioneer 10/11 observations

function of the System III longitude in a colour-coded way.

The abscissa is the System Il longitude at the subsolar point i o .

of the Jovian magnetosphere; the ordinate indicates the nu fter hav_lng shown that a gecond perlod|p modulation in the
ber of rotations of the planet (starting with rotation #1 at SPectral index (and counting rates) besides the clock phe-

day 34 and ending at day 38.5). In this representation, thdlomenon can be identified in the Ulysses data, suggesting a
use of local ranked values instead of using the absolute Val(_:onnection to the current sheet, the question arises of whether

ues of H3/H5 has the advantage that subtly nuanced varit"¢ Pioneer 10/11 data show the same kind of modulation.
Figure7 shows Pioneer 10 measurements in a format sim-

ations can be emphasised. To interpret this figure, note tha ) X
arto the previously shown Ulysses data. The shown time

the red squares indicate that the actual data point has a highe . .

rank than its predecessor 10, while green indicates a |owep1terval spans from day 331.5 to 336 in 1.973 (i.e. from
rank (i.e. a decreasing of the H3/H5 ratio). A lower rank (€ ntry into the magnetosphere up to a distance from the
(i.e. the local maxima of the H3/HS5 ratio) occurs when the planet of about 4m3)' Ata .f|rst glapce’ .the pe.I’IOd.IC rock-
colour switches from red to green. On the one hand, this fig'"9 of the SpGPtra' index (|._e. the 'd4/'d_5 ratio) is clearly
ure clearly illustrates the well-known 10 h modulation (i.e. a visible and anti-correlated W't_h the_ counting rat€$1e_nette
maximum in the spectral index if the System Il longitudes etal, 1974. The dashed vertical lines are 9h 55min apa_rt.
i = 240310 face the subsolar point). On the other hand, A clc_)ser Io_ok, howeyer, reveals the existence of local min-
the presence of the minor peaks with a local maximum ofima in the id5 counting rates on top of the global maxima.

the spectral index can be identified at System lll IongitudesThese minima are indicated by the dotted lines and are also

A =40°=100 in agreement with the respective time series. 9h 55min apart from each other. The p_hase diffe_rence be-
tween the dashed and the dotted lines is 3.25h, just as for

Ulysses. Note, however, that these “valleys” are somewhat

Ann. Geophys., 31, 17211730 2013 www.ann-geophys.net/31/1721/2013/



P. Dunzlaff et al.: Time-series analysis of MeV electron data by Ulysses and Pioneer 10/11 1727

ID4/ID5  Day 332-333.5/1973 ID5 Day 332-333.5/1973

0.7
1

0.5

0.4

0.3
1

0.2

A

0 5 10 15 20 25 0 5 10 15 20 25
Lag [h] Lag [h]

0.1

ID4/ID5  Day 333.5-336/1973 ID5 Day 333.5-336/1973

0.7
0.8

0.5
1
0.6
1

0.3
1
0.4
1

7
2

0.1

Lag [h] Lag [h]

Fig. 8. Ranked autocorrelation analysis of Pioneer 10 data for days 332 to 333.5 (top) and 335.5-336 (bottom). The left panels show the

id4/id5 ratio data and the right the id5 counting rate data. The 10 h periodicity of the major peaks is present for all data sets. However, similar

to the Ulysses data, a second modulation can be identified in the id4/id5 and id5 data for days 332—332.5. This modulation is more weakly

pronounced due to the short time period used for this analysis and the fact that the minor peaks are not as well established as for Ulysses
During the time interval from day 333.5 to 336, there is no satisfying evidence of minor peaks.

more weakly pronounced than the ones observed by Ulysses.

id4/id5 (Pioneer 10) ranked data for day 331.1-335.2/1973

Comparing the counting rates with the associated spectral in- o |
dex, consistent evidence of minor peaks is barely visible over

the full time interval. However, some enhancements of the 3 °
id4/id5 ratio can be regarded as minor peaks. These eventsf> ° ]
are indicated by the red ellipses inthe id4 /id5 ratioand inthe & ~
respective local counting rate minima. The dashed eIIipses“‘2 ~

indicate questionable events that have no counterpartinterms . |
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of a local counting rate minimum.
Figure 8 shows the result of an autocorrelation of the Pi-
oneer 10 data split into two time intervals according to the

T T T T T T T T
0 50 100 150 200 250 300 350
System Ill longitude at subsolar point [deg]

Fig. 9. Same analysis as shown in Fig.but for the Pioneer 10

thaded areas in Fig. The major 10h pe_aks can be well !den' id4 /id5 data during the inbound pass. Again, a recurrent maximum

t'f'ed.' However, th?re is also sorT\e evidence of the ex.lsten.C%f the id4/id5 ratio is present at System Il longitudes~o270°.

of minor peaks shifted 3.25h with respect to the majors inyowever, similar to the Ulysses data, a second periodic enhance-

the first time interval. These peaks are much less pronounceghent is visible at 40-100 Compared to Ulysses, this modulation

than those found in the Ulysses data, regarding the visual imis much more weakly pronounced and less sustainable.

pression of the corresponding time series. During the time in-

terval from days 333.5 to 336, there is no satisfying evidence

of minor peaks. the spectral index of the electrons and show the features of
With respect to the focus of this work, it is interesting the events discussed for Ulysses.

to note thatFillius and Knickerbocke(1979 already men- The Pioneer 11 inbound data (F0) cover the time pe-

tioned the occasional presence of “double-humped” peaks imiod from day 335.5 to 336.5 in 1974. The id4 /id5 ratio plot-

the counting rates of Pioneer 10 electrons in the outer magneted in the bottom panel shows the presence of the 10 h mod-

tosphere and already speculated on a possible influence of thdation albeit not as well pronounced as for Pioneer 10 or

current sheet at distance from the plased3 Ry when com-  Ulysses. A comparison with the id4 and id5 counting rates

paring the data of the University of San Diego instrumentshows a principle anticorrelation of counting rates and the

aboard Pioneer 10 & 11 with the disc, anomaly and clockspectral index. The result of an ordinal autocorrelation of the

model. These double-peak features are identical to the edgdsioneer 11 id5 channel is shown in Fig. The principal 10 h

of what we call local minima and lead to the minor peaks in rocking of the counting rates is well emphasised. However,

www.ann-geophys.net/31/1721/2013/ Ann. Geophys., 31, 17213Q 2013
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to Pioneer 10 or Ulysses, the 10 h periodicity of the Jovian clock is weakly pronounced but visible. However, there is no evidence of a
consistent pattern of minor peaks.

ID5 Day 333.6-337/1974 5 Conclusions

0.8

In this work we presented an analysis and comparison of
Ulysses and Pioneer 10/11 MeV electron data inside the Jo-
= ] vian magnetosphere during the spacecraft's flyby manoeu-
vres in February 1992 (Ulysses) and December 1973/1974

0.6

0.4

N (Pioneers). We focused on the temporal variation in the
] counting rates and spectral index of the MeV electrons be-

2 e ———— P P P e aaan ] sides the well-known Jovian clock mechanism in the outer
0 10 20 30 40 50 60 and middle regions of the Jovian magnetosphere at low mag-

Lag [h] netic latitudes. Another periodic modulation of about 10h

(minor peaks) could be identified in the Ulysses data (pre-
viously not discussed in detail in the literature) besides the
spectral modulation generally attributed to the Jovian clock
mechanism. This variation resembles the clock modulation:

no evidence of the presence of minor peaks in the spectraft Steeper spectral index (approximated by the ratio of two
index or associated local counting rate minima can be iden@djacent energy channels) is associated with a decrease of
tified. Note that we avoid showing a figure similar to Feyg. the counting rates and vice versa. However, these increases

since no further conclusions can be drawn from it because ofind decreases have much smaller amplitudes than the ones
the lack of minor peaks. related to the clock variation. Indeed, the minor peaks of the

spectral index are associated with local minima in the count-
ing rates while general maxima of MeV electron increase,
forming a double-peak structure. The minor peaks appear

Fig. 11. Ordinal correlation analysis for the id5 energy channel of
Pioneer 11. No evidence of minor peaks is present in the data.
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30
T

to trail the phase of the clock mechanism (major peaks) by
~ 3.25h. The minor peaks are observed when the spacecraft
is located at low magnetic latitudes, implying a connection
with the magnetospheric current sheet. A comparison with
the times of observation of the minor peaks and actual cur-
rent sheet crossings in the middle magnetosphere showed an
asymmetric behaviour in the sense that the minor peaks were
observed when Ulysses crossed the current sheet from south
to north. This implies an azimuthal asymmetry of the spectral
index of MeV electrons along the current sheet.

A comparison with Pioneer data partly confirmed the ex-
istence of the minor peaks. However, while the Pioneer
10 MeV electron data show the double-peaked structure in
the outer magnetosphere associated with minor peaks in the
electron spectrum, there is no evidence of any proper mod-
ulation besides the clock mechanism in the Pioneer 11 data.

The events found in the Pioneer 10 data show a phase shiftZ
with respect to the major peaks 6f3.25h (i.e. a similar 3
value as for the Ulysses events).

In the following we compare the occurrence of minor \/ yvVvyEr
peaks observed by Ulysses with the spacecraft's distance . . . . . s
from a rigid current sheet and the current sheet model de- 34 35 36 37 38 39
veloped byKhurana and Schwar£R005. The distance of a Days of 1992
rigid current sheet from Jupiter’s equator is calculated by

Rigid disc

WA

A

10 20

Zs/c-Zcs (R))
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Hinged disc (xhg = 47R))
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Fig. 12. The distance of Ulysses from the nominal current sheet
Zrigid = p tanfgCogA — Ao), (1) (in units of Jovian radii) as a function of time for three different
current models is shown. The top panel assumes a rigid current
wherep is the cylindrical distance of the spacecraft from the sheet, the middle panel a current sheet as described by the model
planet,8y = 9.6° the tilt angle of the dipole, ant the longi- of Khurana and Schwar£R005 using a standard hinging distance
tude (System lIl). The prime meridian (i.e. the northernmostof xnh = 47R;y. The bottom panel is the Khurana model using a ne-
extent of the current sheet) is givenjas= 20.4°. glectable hinging of the current sheet (i.g. a hinging distance be-
A more realistic current sheet model was proposed bylng much larger than the sunward extension of the magnetopause
Khurana and Schwarg2005. This model takes into account (rmp)).
an alignment of the current sheet with the solar wind flow di-
rection at large distances as well as a bend-back of magnetic
field lines and finite information propagation times. In this

. times where the maximum of the minor peaks is observed;
model, the distance of the magnetosphere from the equator b

e red segments define the time intervals between the two

given by minima bounding the minor peak. The four red vertical lines
> indicate the two pairs of observed current sheet crossings.
Zes = (\/(xhtanf(x/xh)) +y2> tanfy cos¢ — ¢o) @) The simple rigid current sheet model does not match the
+ x(1 — tanh(|xp/x]) tands. actually observed current sheet crossings: the calculated cur-

rent sheet crossings occur too early. The hinged current sheet

Here,xy is the hinging distance, andandy the spacecraft's models describe the observed times of current sheet cross-
position in the Jupiter-Sun—orbital coordinate system. Thengs much better. However, using the best fit value for the
angle between the Jupiter—Sun vector and Jupiter rotationdlinged distancey, = 47 R; (Khurana and Schwarz2005,
equator definegs and is~ —1.1° during Ulysses’ flyby in  the excursion of the current sheet with respect to the space-
February 1992. Note thgt= 360 — A in Eq. ). craft does not fit the data. Assuming an almost infinite hing-

The distance of the spacecraft from the current sheet caing distance (bottom panel) gives the best fit to the observed
then be calculated btz = z;/c — z¢s. Figurel2 shows this  current sheet crossings.
distance as a function of time for the rigid disc (top), the Khu- Comparing the occurrence of the minor peaks with respect
rana model using their best fit value for the hinging distanceto the distance of the spacecraft from the current sheet, these
(i.e. xn =47 Rj). The bottom panel shows the same model events generally seem to occur at low magnetic latitudes but
but for a hinging distance that is much larger than the dis-do not exactly coincide with the current sheet. In particular,
tance of the magnetopaue,p) from the planet: the hinging  the model ofiKhurana and Schwarg2009 after day~ 36.0
of the current sheet is neglected. The blue dots correspond tawhen Ulysses was located in the middle magnetosphere gives
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a better agreement between low magnetic latitudes and thHoogeveen, G. W., Phillip, J. L., and Dougherty, M. K.: Ulysses
occurrence of minor peak. observations of corotation lags in the dayside Jovian magneto-
Although the minor peaks cannot be exactly related to cur- Sphere: An evaluation of the hinged magnetosdisc and magnetic
rent sheet crossings, we conclude that the newly discovered @nomaly models, J. Geophys. Res, 101, 21439-21446, 1996.
minor peaks are a strong hint for an influence of the cur-J%: S- P. Kivelson, M. G., Walker, R. J., Khurana, K. K., Russell,
rent sheet onto the temporal evolution of the spectral index. C: T+ @1d Ogino, T.. Probabilistic models of the Jovian magne-

o . . . topause and bow shock locations, J. Geophys. Res., 107, 1309,
Thus, a model explaining this behaviour should include not doi10.1029/2001JA00914@002.

only temporal effects (as i.n the clock model) but also SpatialKhurana, K. K. and Schwarzl, H. K.: Global structure of Jupiter’s
effects as suggested by disc and anomaly models. magnetospheric current sheet, J. Geophys. Res., 110, A07227,
2005.
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