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it has been established that Jupiter's magnetosphere is a pow-
erful accelerator of electrons up to several tens of MeV, which
are released into interplanetary space. Measurements from o J}
Pioneer, Voyager and from spacecraft near Earth, e.g. IMP, -

indicate that the Jovian electron flux exceeds the galactic one
close to the ecliptic plane in the inner heliosphere. Galactic
cosmic ray electrons may become important at high helio-
graphic latitudes. Since Jupiter can be regarded as a “point”
source, measurements of Jovian electrons are ideally suited
to study the transport of particles in three dimensions in the
inner heliosphere. Different scenarii, varying the local inter-
stellar spectrum as well as the propagation parameters show
the need for a higher precision of Ulysses measurements. IE
this presentation we analyze data from the cosmic ray and
solar particle investigation Kiel Electron Telescope (KET)
on board of Ulysses with a special emphasis on the back-
ground caused by-rays generated by energetic cosmic rays number of charged particles leaving C2.

interacting with the spacecraft matter. We are able to de- The two electron channels of interest here are defined ac-
termine the background contribution more precisely than betording to the detector responses, with the common require-
fore by using 1 AU measurements from IMP 8 and the SOHOment that a Cerenkov signal is seen in C1, and that no parti-
spacecraft, model calculations describing these observationgjes trigger the anti-coincidence. The lowest energy channel,
and Ulysses data during the ecliptic crossing in Februaryg4, corresponds to electrons entering D1 and stopping either
1995, when the spacecraft was oppositely located to Eartlj, p2 or the top of C2 (no signal in C2 and S2); they have
and close to 1 AU. energies in the 3-10 MeV range. The second channel, E12,
corresponds to electrons developing a sizeable shower in C2
with no charged particle detected in S2; the energy range of
1 INTRODUCTION this channel is about 7-170 MeV. For these electron channels
lower and upper thresholds are set in D1 and D2-d.4
The KET on board Ulysses measures proton,@pérticles  and 3 times respectively the signal of a singly charged min-
in the energy range from-4 to >2000 MeV/n and elec- imum ionizing particle. From ground based calibration, it is
trons in the range from-3 to >200 MeV in different energy  known that some contribution to the E4 count-rate is due to
channels. Fig. 1 shows a sketch of the KET sensor. The teley-rays, generated by the Radioisotope Thermoelectric Gen-
scope is described in Simpson et al. (1992) and consists oérator (RTG). In Heber et al. (1999) we could show that a
two parts: (1) the entrance telescope with the semiconducsignificant number of E12 events are duestoays gener-
tor detectors D1 and D2, the Cherenkov detector C1, and thated locally by hadronic interaction of galactic cosmic rays
anti-coincidence A, and (2) the calorimeter, a lead fluoridewith the spacecraft material. These gamma rays may enter
Cherenkov detector C2, in which an electromagnetic showethe telescope from behind and are either converted into an
can develop, and a scintillation detector S2, which counts theslectron-positron pair or give rise to photoelectric or Comp-
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ig. 1. Sketch of the KET sensor
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600 - 7 electrons (a), anc-250 MeV protons (b), as well as 13-day aver-
i 1 ] aged 3-10 MeV background (c) ane250 MeV protons (b’). (b")
8 400 |- 1100 ] differs from (b) due to the fact of a longer accumulation period, and
£ i 1 1 its normalisation to the 3-10 MeV background.
Y200 - 1 50 .
o ] 1 MeV has been approximated by a gaussian. The result of
05 1 15 2 2 this procedure is shown in both lower panels of Fig. 2. The
AE,, [MeV] AE, [MeV] mean energ\yA E and the sigmar of the gaussian distribu-

Fig. 2. Upper panel: Energy loss matrix of D1 and D2. The tion are: AEpy = 1.26 £ 0.4 MeV andAEg; = 1.26 +
upper right area marks the expected range for two electrons siV-1 MeV, ando gy = 0.15 £ 0.02 MeV andogi12 = 0.19 &
multaneously crossing D1 and D2. Lower panel: Distribution of 0.01 MeV for E4 and E12, respectivily. Since these distribu-
the sum of the energy losses along the diagonal in E12 and E4ions are nearly identical, we conclude that this background
(|(PHNps — PHNp1| < 10). is caused by the same mechanism. As in Heber et al. (1999)
we interpret these entries as background electrons moving
from the back to the front of the instrument. However, it

ton electrons inside C2. These electrons either escape tH& Important to note that especially for E4 and during solar

instrument through the front aperture, or do not leave a Sig_event periods a significant number in the 2-electron distribu-

nal sufficient to trigger the anti-coincidence. Since no infor- ion is caused by single genuine cosmic ray electrons.
mation on the directionality of a particle is available, such

partlcles. would give a valid E4 or E12 event depending ONy  Gpservations

the C2 signal.

In what follows we will discuss the influence of such a Fig. 3 displays the 2 day averaged count rates of 3-10 MeV
~v-ray background in the 3-10 MeV electron channel. Theelectrons (a);>250 MeV galactic cosmic ray (GCR) protons
upper panel in Fig. 2 displays the in-flight energy loss distri- (b), and the 13-day averaged count rates of the 3-10 MeV
bution in D1 vs D2. As discussed by Ferrando et al. (1996)electron background (c) and250 MeV GCR protons (b").
the entries in the upper right corner can be unambiguouslyin both sets the electron and proton curves are normalised
attributed to a simultaneoug\( < 1 us) crossing of two to each other during Ulysses’ south polar passage. As dis-
electrons in D1, C1 and D2. The lower panel of Fig. 2 showcussed in e.g. Ferrando et al. (1993) the sharp increases in
the energy loss distributioA Ep; + AEpo in E12 (left) and  1992/1993 of the electron intensity are due to special prop-
E4 (right) for all entries for which the Pulse Height Number agation conditions of electrons from Jupiter to Ulysses. The
(PHN) difference is smaller than 10 - parallel to the diagonalincrease in the electron flux starting in 1996 has been dis-
of the in-flight energy loss distribution in D1 vs D2. Obvi- cussed in Heber et al. (2001). While the GCR protons track
ously a part of the 2-electron-entries] MeV) are caused by the electron background from 1994 to beginning of 1996 rea-
multiple scattering of electrons in the silicon detectors andsonably well, the 3-10 MeV electron profile (a) is different
their Landau-distribution. If we assume that the 1-electronfrom the GCR time profile at most times. Since the inten-
loss distribution has an exponential tail, we can estimate thesity of GCR protons exceeds the one of the 3-10 MeV back-
number of 1-electrons measured in the 2-electron regime. Tground electrons, we conclude that there is large contribution
determine the decay constant an exponential law in the enef a GCR-proton induced background from 1994 to 1996.
ergy loss from the peak energy of the 1-electron distributionThe influence of the background in E4 can be reduced by
to 0.95 MeV has been fitted to the data and subtracted fronusing only the 1-electron time profiles. However, we can-
the 2-electron distribution. The residual distribution above not exclude that a part of theray generated background is
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uncorrected and corrected 1-electron E4 count rates. The correction

. Year and normalisation applied are explained in the text. The dashed
Fig. 4. Measured 13-day averaged 2-electron E4 count rate and aPzurve from mid 1993 to end 1995 displays the time profile of 13-

proximation of the RTG and GCigray background by eq. 1 (upper day averaged 2-12 MeV electrons at IMP. The dotted vertical line

panel) as well as 13-day averaged count rate ratio of 1-electron 3zafiacts the minimum intensity observed by IMP from 1994 to 1996.
10 MeV E4 count rate and the RTG and Ggfackground (lower The thick grey curve results from a modulation model calculation

panel). (Ferreira et al., 2001).

contributing to the 1-electron count rates. (lower curve) and uncorrected (upper curve) 1-electron count

ratesC,_.; are displayed in Fig. 5, showing the strong influ-
ence of the correction. During Ulysses’ ecliptic crossing in
1995 the corrected 1-electron count rate is approximately a
To estimate the background contribution in the 2-electronf@ctor five lower than the uncorrected one. We can regard

electron channel we make the following assumptions: 1) Théhe corrected and uncorrected count rate as lower and upper
count rate is determined by a RTG rate assumed to be corlimits .for the real t|_me prpﬂle. Ferre.lra etal. (2001.) showed
stant, a proton induced and an electron contribution. 2) FronPY Using a three dimensional cosmic ray modulation model,
1994 to 1996 the count rate is dominated by the RTG and thdcluding diffusion, convection, adiabatic deceleration, and
~-ray’s produced by GCR interactions in the spacecraft. 3)dr|fts that several scenarii for the model parameter lead to an
The GCR background is proportional to the GER50 MeV equally good approximation of the given data set. I_—Iowevgr,
proton count rate. Under these assumptions we can approx}© describe the transport of low energy electrons in the in-

3 Data Analysis and Discussion

mate curve (c) in Fig. 3 from 1993 to 1996 by ner .h(.elios'phere, Ulysses mgasurements unld pe more con-
straining if we could determine the time profile with a much
CQ_@I = CRTG + a - CGCR (1) hlgher accuracy.
] . To determine the correction fact@more realistically, one
A least square fit of equation (1) to the data leadS#@c =  should notice that in contrast to the E12 channel the E4 chan-

(2.540.2)10"* c/sanch = (3.540.4)10~*, the correspond-  ne| has a larger contribution of the 1-electron distribution in
ing time profile is displayed by the lower curve in the upper the 2-electron range (see lower panel of Fig. 2). In contrast
panel of Fig. 4. From that figure our assumption of-2ay g the 7-170 MeV electron channel we can make use of the 2-
dominated 2-electron count rate during the time period fromq 2 peV electron time profile by the IMP satelite close to the
1993 to 1996 is well justified. Earth, which is displayed in Fig. 5. Fig. 6 displays Ulysses’
In order to determine the time profile of 3-10 MeV elec- trajectory from 1993 to end of 1995 and Earth’ trajectory in
trons along the Ulysses traje%tory we estimate the correspondgos in a reference frame where Sun and Jupiter are fixed and
ing background contributiod’;? ; to be proportional to the  projected into the Jovian orbital plane. The crosses in Fig. 6

2-electron backgroundjgiel; C’fﬂel = ﬁcgzd. The 3-  give the position of Ulysses and Earth, when the spacecraft
10 MeV background corrected electron count rate is thencrossed the heliographic equator on day 63 of 1995 at a radial
given byC,_., = C* , — BCY . distance of 1.3 AU. At that time Ulysses and Earth were on

In the lower panel of Fig. 4 the ratio of the 1-electron count opposite sides of the Sun. A standard Parker magnetic field
rate and the 2-electron background, as determined in the prdine, for a solar wind speed of 475 km/s, “passing through”
vious paragraph, is shown. This ratio has a minimum whenJupiter is also drawn in Figure 6. From Fig. 6 it is evident that
Ulysses was at southern polar latitudes, and give the maxineither Ulysses nor Earth were magnetically well connected
mum for 3 when we assume that all 1-electron entries duringto Jupiter. To determine the relative count rate at Ulysses
this time are generated by the RTG and GE&Ray back-  with respect to that at Earth, we used a propagation model,
ground. From Fig. 4 we get = 5.18 & 0.24. The corrected as described in Ferreira et al. (2001). The superimposed thick
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Fig. 6. Ulysses (solid curve) and Earth (dashed curve) trajectory 19921993 1994 1995 1996 1997 1998 1999 2000 2001

in a projection onto the Jovian orbital plane in a system where the Year
positions of Jupiter and Sun are fixed. A Parker magnetic field lineFig. 7. Corrected 13-day averaged 1-electron E4 count rates. The

(dotted curve) is shown for a solar wind speed of 475 km/s. lowest and highest grey curves display corrected time profiles by
using the observed minimum and maximum of the IMP 2-12 MeV

electron channel during the heliographic equator crossing, while the
grey curve in Fig. 5 displays the result of the model, which black curve uses the value predicted by the modulation model.
indeed reproduces the Earth observation from 1993 to 1996.

For details of this model see Ferreira et al. (2001). , . .
In Fig. 5 KET and the 1 AU measurements are normal-'ayS generated by Ulysses’ RTG and by energetic cosmic

ized to each other in November 1990, when the spacecraftays in the spacecraft material. We developed a procedure

was close to Earth. The horizontal line drawn in 1994 to end!" ©rder to determine these background contribution. The
1995 indicates the minimum count rate measured by IMPUNique Ulysses trajectory allows us to use 1 AU measure-
during this time period. Obviously, the corrected normal- MeNts from IMP 8 and the SOHO spacecraft, and model cal-

ized KET count rate is below this minimum. Although the culations describing the latter observations, to determine the

energy ranges of both instruments are not exactly the samé&0UNt rates in November 1990 and February 1995, when the
we assume that differences in the time profile due to slightlySPacecraft was close to 1 AU close to heliographic equator.

different mean energies are negligible. This assumption isl "€ result displayed in Fig. 7 will be used in future to de-

confirmed by a comparison of 1.3 - 20 MeV electrons from terming MeV.eIectron' propagation parameters in the inner
the EPHIN-instrument (Miller-Mellin et al., 1995) onboard ~three-dimensional heliosphere.
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In this paper we showed that a significant contribution to
the 3-10 MeV electron channel of the KET is causedchby
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