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Abstract. From October 18, 1990 to February 8, 1992
the Ulysses spacecraft traversed interplanetary space
between the Earth and Jupiter ; at Jupiter the spacecraft
was deflected below the ecliptic onto a highly-inclined
orbit (i~80°). Here, we report on dust impact data
obtained from launch until the end of 1992, nearly a
year after the Jupiter flyby. During that time (792 days),
the Ulysses dust detector recorded 968 impacts of dust
particles with masses ranging from 10~ g to 1072 g,
The impact rate varied from as low as one impact per
week during quiet times to more than one per minute
during the dust stream of March 10-11, 1992. In this
paper, we present and describe the complete data set
including both raw and reduced data. The performance
of the sensor, which has been very satisfactory so far,
is discussed in detail together with the noise
discrimination scheme employed. The instrument’s
detection threshold is given as a function of both the
particle’s mass and its speed relative to Ulysses.
The derived impact rates and the distribution of
particle masses, speeds and impact directions are com-
pared to a model of the meteoroid complex.

Introduction

The Ulysses Dust Detector, and its twin instrument the
Galileo Dust Detector. are highly sensitive multi-coinci-
dence impact ionization sensors. The instruments have

been described previously by Griin e «/. (1992a. b) and a
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detailed description of their sensitivities is presented in a
companion paper (Grin ez al., 1995a; henceforth Paper
I). Data from the Ulvsses dust experiment have been pub-
lished during all stages of the mission. Initial measure-
ments and instrument performance were presented by
Grin et al. (1992¢, d) and Baguhl et al. (1992). Measure-
ments obtained during the Jupiter flyby are described by
Griin et al. (1992¢). The discoveries of jovian dust streams
and interstellar dust are discussed by Griin et al. (1993).
Detailed re-analysis of the full data set by Baguhl ez al.
(1993) has revealed “small” impacts that were previously
ignored.

Other relevant papers consider flybys of comets or aster-
oids (Riemann and Griin, 1992; Hamilton and Burns,
1992). Implications of Ulysses data with respect to
zodiacal light and other interplanetary meteoroid
measurements have been discussed by Mann et al. (1992),
Divine (1993), and Mann and Griin (1993). Further analy-
ses of the jovian streams detected with the Ulysses dust
detector can be found in Horanyi et al. (1993a, b), and in
Hamilton and Burns (1993). Aspects of interstellar dust
detection are discussed by Griin et al. (1994) and Baguhl
et al. (1994).

The purpose of this paper is to present both raw and
reduced dust data obtained by Ulvsses from October 1990
to the end of 1992 for further analysis by researchers
external to the Galileo and Ulysses Dust Science Team.
The main data product is a table of all impacts (both raw
and reduced data) received on the ground. Together with
papers on the reduction of Galileo and Ulysses dust data
(Paper I) and on the first three years of Galileo dust data
(Griin et al., 1995b, Paper 11), this set represents a detailed
account of dust measurements from the initial phases of
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the Galileo and Ulysses missions. The information pre-
sented in the three papers is equivalent to data which we
are submitting to the various data archiving centers {Plan-
etary Data System. NSSDC, Ulvsses Data Center. etc.).

Mission and instrument operations

The purpose of the Ulysses mission is to explore the solar
system within a few astronomical units (1-5.4 AU) of the
Sun over a wide range of ecliptic latitudes ( — 80 to +80 ).
After launch in October 1990 Ulysses flew on a direct
trajectory to Jupiter where it was deflected onto its out-of-
ecliptic orbit (Fig. 1). Table | gives a set of orbital elements
suitable for approximating the different portions of the
trajectory. By the end of 1992, Ulvsses had reached an
ecliptic latitude of —15.6 . The spacecraft is spinning with
its spin axis pointing within a few degrees of the Earth;
Fig. 2 plots the deviation of the spin axis from the Earth
direction during the period considered. More details of
the Ulysses mission and spacecrafl itself can be found in
Wenzel er al. (1992).

The Ulysses mission provides continuous dala coverage
for all of its instruments. Each data record containing the
full information about a single dust impact consists of
128 bits of data. During the maximum real-time data
transmission rate of 1024 bits s~'. dust data are trans-
mitted at 8 bits s~ '. Nominally this occurs for 8 h per day :
during the remaining 16 h, data from all instruments are
recorded on board at half the nominal rate and are trans-
mitted to ground along with the next real-time trans-
mission. Sometimes, due to radio link limitations, the data
transmission or recording rate dropped to as low as 128
bits s ' and the dust data rate dropped correspondingly.

Significant mission and dust instrument events are listed
in Table 2. The dust instrument was switched on three
weeks after launch at which point dust measurements
commenced. During occasional in-flight noise tests, the
instrument was put into a highly sensitive state so that the
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noise behavior could be measured. During most of the
time, however, it was kept at a statc where only about ten
clearly identifiable noise events occurred per day.

During the initial mission phase, the interior of the
sensor was illuminated by the Sun which heated it sig-
nificantly. Because of the noise produced by photo-
electrons the channeltron high voltage, which determines
the sensitivity of the instrument, was only gradually
increased to HV = 3 (1137 V). The nominal high voltage
HV =4 (1250 V) could not be reached because of un-
expected noise on the channeltron. The Galileo detector
experienced the same noise, and it is assumed that the
nearby radioactive thermal generators (RTGs) are to
blame although other causes cannot be excluded. During
ground tests (without RTGs) no such noise was observed.

Strong noise was also observed during sounder oper-
ation of the URAP experiment (Stone et al., 1992) aboard
Ulysses. This interference, which was not expected, caused
significant dead time (about 20%) for the dust instrument.
After reducing the sounder operation to a lower rate,
acceptable dead times of a few percent were achieved.
Other noise sources identified during the mission include
direct sunlight into the dust sensor as well as energetic
particles from solar flares or radiation belts (Baguhl er /.,
1992, 1993). Despite the high noise rates during these
times, true dust impacts can still be identified. As an
example, in Fig. 3 we show details of the impact and noise
rates during the Jupiter flyby.

The only anomaly detected in the instrument per-
formance was that for about 20% of all events the sector
counter (SEC) did not give the correct value; instead
subsequent events inherited the previous SEC value. This
effect was traced to a timing error in the instrument
electronics and through reprogramming of the Ulysses
instrument in 1993, the flaw was corrected.

Impact events

During the initial 26 months of the Ulysses mission, com-
plete data corresponding to 15,747 events including 968
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Fig. 1. A depiction of the Ulvsses orbit showing the three major stages of the mission: the
in-ecliptic trajectory to Jupiter, the Jupiter encounter and the highly inclined pass over the solar
poles. The tick marks along the orbit are spaced 100 days apart. Dust data given in this paper
covers the Ulysses orbit from launch to about the third tick mark after Jupiter
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Table 1. Three sets of orbital elements that approximate different parts of the Ulysses
trajectory—the in-ecliptic leg, the Jupiter flyby. and the out-of-ecliptic leg (AU = 149, 597, 871
km, R; = 71,398 km)

Valid time range

Orbital elements (error < 300,000 km)
In-ecliptic orbit branch
Epoch 1991 Jul. 18 21:00: 54
Perihelion 0.99546 AU
Eccentricity 0.89001 1990-286 12:00
Inclination 1.9926 to
Long. of asc. node 12.688 1991-341 12:00
Arg. of perihelion 7.9595
Mean anomaly 10.105
True anomaly 123.10

Jovicentric orbit

Epoch 1992 Feb. 08 12:01: 10

Perijove 6.3050 R,

Eccentricity 1.6625 1991-341 12:00

Inclination 142.23 to

Long. of asc. node 316.95 1992-145 00: 00

Arg. of perihelion 127.70

Mean anomaly 0.0099

Out-of-ecliptic orbit hranch

Epoch 1992 Dec. 30 21:00:04

Perihelion 1.3408 AU

Eccentricity 0.60238 1992--145 00: 00

Inclination 79.184 to

Long. of asc. node 337.51 1993-001 00: 00

Arg. of perihelion 358.88

Mean anomaly 23233

True anomaly 196.98
dust impacts were received on the ground. Table 3 displays the dust instrument was configured to its high sensitive
the number of dust impacts detected in intervals of about state for noise tests. At these times, 14 noise events were
7 days. Many of the noise events were recorded during recorded in three high amplitude categories : seven events

the rare times when both the sounder was operating and in AC21. two in AC31 and five in ACI12. Here “ACxy”

Longifude L
aeviation ‘

[degT iw
{ L IW ‘”w"}ww W,
,14‘

- T . - .
SRVIS I 1\/‘\): 199_%
Lafitude _‘Ta-_;;d;,,_* e L
deviatior 1 |
[deq] 1 \ i
LN PSP |
LLF UW

S A A A |
171 1952 1993
Time (years|
Fig. 2. The deviation of the spin axis orientation from the nominal Earth-pointing alignment both

in longitude and latitude. Both angles are given in the coordinate system referred to the 1950.0
Earth mean ecliptic and equinox
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Table 2. Ulysses mission and dust detector (DUST) contigurations. tests, and other events

Yr-DOY Date Time Event

90-279 (6 Oct. 1990) Ulysses launch

90-292 (19 Oct. 1990) DUST cover release

90-300 (27 Oct. 1990) 18:52 DUST on. test and configuration: HY =0, EVD =C. L E;
SSEN = 0, 0, 0. 0. short time

90-301 (28 Oct. 1990) 00:13 DUST configuration: EVD =1, SSEN =0, 0. 1, 1

90-303 (30 Oct. 1990) 18:04 DUST noise test, counter reset

90-304 (31 Oct. 1990) 18:09 DUST noise test

90-305 (1 Nov. 1990) 18:23 DUST noise test

90-308 (4 Nov. 1990) 07:00 DUST begin of sounder interferences

90-310 (6 Nov. 1990) 19:32 DUST noise test, configuration: HV = [, EVD = C, 1

90-311 (7 Nov. 1990) 17:45 DUST noise test, sounder interference test

90-319 (15 Nov. 1990) 19:30 DUST reduced sounder interference

90-324 (20 Nov. 1990) 19:30 DUST noise test, sounder interference test

90-344 (10 Dec. 1990) 17:54 DUST noise test, sounder interference test, configuration: HV = 2

90-354 (20 Dec. 1990) 19:22 DUST noise test, sounder interference test

91-002 (2 Jan. 1991) 18:48 DUST noise test, configuration: HV = 3, EVD = C, I, E; SSEN = 0,
0,0.1

91-014 (14 Jan. 1991) 21:44 DUST configuration: EVD = C, 1

91-037 (6 Feb. 1991) 00:50 DUST configuration: HV = |

91-165 (14 June 1991) 15:04 Ulysses anomaly, DUST off

91-169 (18 June 1991) 17:00 DUST on, configuration: HV = 1. EVD = C, L. SSEN =0, 0, 0, |

91-297 (24 Oct. 1991) 14:16 DUST noise test

91-330 (26 Nov. 1991) 16:00 DUST configuration: HV = 3

92-034 (3 Feb. 1992) 00:10 DUST configuration: HV = 2

92-038 (7 Feb. 1992) 18:18 DUST configuration: HV = [, EVD =1, SSEN = 1,0, 0, 1

92-038 (7 Feb. 1992) 19:18 DUST configuration: SSEN =2,0, 2,2

92-038 (7 Feb. 1992) 20:18 DUST configuration: SSEN =3, 1, 3, 3

92-039 (8 Feb. 1992) 12:04 Ulysses Jupiter closest approach

92-040 (9 Feb. 1992) 02:21 DUST configuration: SSEN = 2,0, 2, 2

92-040 (9 Feb. 1992) 03:21 DUST configuration: SSEN = 1,0, 1, 1

92-040 (9 Feb. 1992) 04:21 DUST configuration: HV =2, EVD = C, I, SSEN =0, 0,0, 1

92-041 (10 Feb. 1992) 17:00 DUST configuration: HV = 3

92-320 (15 Nov. 1992) 11:50 DUST noise test

Abbreviations used to describe the instrument configuration: HV, channeltron high voltage step; EVD, event
definition, ion- (I), channeltron- (C), or electron-channel (E) ; SSEN, detection thresholds ICP, CCP. ECP, and PCP.

L2}

refers to class number " x” and amplitude range **y” (for
a detailed description of the accumulator Cdtegorles see
Paper I).

During these and other noisy periods (noise tests, initial

ST ORI TP TOODI TS SO STV RS P 1

Evert rate [1/dayl

e loays beom JCAY

Fig. 3. Details of the measurements during Jupiter flyby. The
bars in the lower part of the figure and the left scale indicate the
noise rate. The voltage on the channeltron is indicated by the
dotted line and the right scale; its value was lowered by ground
command during the flyby to reduce noise events. Finally, dust
impacts are indicated by stars in the upper part of the figure

sounder operations, solar flare events or radiation belt
crossings) many events were recorded only as ““‘counts”
since their charge amplitudes and other characteristics
were overwritten before the data could be transmitted to
ground (see bottom of Table 3). Since the dust impact
rate was low during times surrounding these periods, it is
expected that no true dust impacts were lost. Only during
the main dust stream on March 10 and 11, 1992, when
impact rates were extremely high, were complete data
from some true impacts not recorded. Approximately 190
additional stream particle impacts (Baguhl, 1993) were
only counted and have to be added to the 369 stream
particles for which full information was recovered. The
missing stream particles all belong to the AC01, ACI11
and ACO2 categories. With the exception of these three
categories and a single particle in the AC23 category,
complete information of all true dust impacts was suc-
cessfully transmitted to Earth.

A list of all 968 impacts completely received on the
ground is displayed in Table 4. Dust particles are identified
by a sequence number and their impact time. The event
category—class (CLN) and amplitude range (AR)—are
also given. Raw data as received on ground are displayed
next: sector value (SEC) at time of impact, impact charge
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numbers (1A, EA. CA) and rise times (IT. ET), time
difference and coincidence of electron and ion signals
(EIT. EIC). coincidence of ion and channeltron signal
(IIC), and charge reading at the entrance grid (PA) as well
as time (PET) between this signal and the impact. This is
followed by instrument status information such as event
definition (EVD). charge sensing thresholds (ICP, ECP.
CCP, PCP) and channeltron high voltage level (HV, see
Paper I for further explanations).

Information about the orbit of the spacecraft follows
next: heliocentric distance (R) in AU. ecliptic longitude
and latitude (LON, LAT) and distance to Jupiter (R)).
The coordinate system used throughout is the ecliptic
system with the Earth mean ecliptic and equinox of 1950.0.
The rotation angle (ROT) specifies the angular orientation
of the spacecraft about its spin axis at the time of each
impact. It is measured in the plane perpendicular to the
spin axis of Ulysses which points roughly toward the
Earth. The angle ROT 1s defined to be zero when the dust
sensor looks closest to the ecliptic north and it increases
as Ulysses rotates positively about its spin axis. Whenever
the SEC is not valid, a value of 999 is given (this occurs
147 times). Ecliptic longitude and latitude (S, on, Sy a1) of
the sensor axis at time of impact are displayed next. (If
ROT isnot valid, then S LON and S LAT are not either.)
Mean impact speed (¢) and speed crror tactor (VEF) as
well as mean particle mass (#1) and mass error factor
(MEF) are presented last. We suggest that whenever
VEF > 6, both speed and mass values should be discarded
(this occurs for 86 impacts).

The Ulysses dust instrument 1s also capable of mea-
suring the charge of a dust grain just before it strikes the
sensor. No values are given here because the frequency
and amplitude of noise events on the induced charge grid
are very high (see Paper 1). We hope 1o obtain reliable
dust charge values for at least some of the dust impacts
after careful study of the noisc environment.

Analysis

In this section we discuss important technical aspects of
the Ulysses detector. We present simple expressions for
the detection threshold of impacting particles and for
the boundary between what we call “big” and “small™
impacts. These considerations are usetul for under-
standing the completeness of both the Ulysses and Galifeo
dust data sets and for comparing them.

Because of its relative insensitivity to noise. the signal
arising from positively charged ions created during the
impact @y, i1s the most important impact parameter deter-
mined by the Ulvsses dust detector. Figure 4 shows the
differential distribution of impact charges measured up to
the end of 1992. Impact-generated ions are observed over
the entire calibrated range. and only a few impacts are
close to the saturation limit of Q,~10 * C. Since the
number of impacts with large Q values drops off rapidly
(roughly a power law with index about — [/2). it appears
that there arc no severe saturation effects. The curve may
flatten out somewhat at the lowest O, values, possibly
indicating that the sensitivity threshold is smeared out
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Fig. 4. Distribution of the ion signal amplitude. The dashed
histogram gives the distribution of **big” impacts and the solid
histogram gives all impacts. The curve shows the contribution
of “big™ impacts, defined in the text, to the total number of
impacts

rather than sharp. If this is the case, then the number of
the smallest impact charges is not complete.

The channeltron picks up a portion of the ions gen-
erated by a dust impact and amplifies the resulting signal.
Coincident detections of O, and channeltron pulses pro-
vide a strong criterion for separating true dust impacts
from noise events; this separates class 0 events (mostly
noise) from the higher classes (mostly impacts)—see Paper
1. After launch of both Galileo and Ulysses, it was found
that the channeltron was much more sensitive to noise
than expected from preflight laboratory tests. It 1s impor-
tant, therefore, to characterize its in-flight performance.
A good measure of the channeltron amplification A is the
ratio of the channeltron charge Q¢ to the ion charge Q,.
This ratio is displayed in Fig. 5 as a function of the ion
charge Q, (at channeltron high voltage step HV = 3, i.e.
1140 V). The sensitivity threshold and saturation limits
of the channeltron charge can be approximated by
1.0x10 " and 1.7x1077 C, respectively. The mean
amplification at this high voltage setting is 4~2.2. As
can be seen in Fig. 5, however, the ion charge and the
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Fig. 5. Channeltron amplification 4 = Q¢/Q), i.e. ratio of the
channeltron charge amplitude to the 1on grid charge for a chan-
neltron high voltage of 1140 V (HV = 3). The solid lines denote
the sensitivity threshold and saturation limit of the channeltron.
The dotted line shows the mean value of the channeltron ampli-
fication 4 = 2.2 for ion impact charges 10-"2C < Q; < 107" C.
Boxes indicate dust particle impacts; the area of each box is
proportional to the number of impacts included
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channeltron output are not tightly correlated due to the
statistics of impacting particles. It can be seen that for ion
grid charges less than about 107" C, impacts with no
measurable channeltron charge can be expected. In these
cases, other signal criteria have to be used to decide
whether an event is a true dust impact. Note that no
impacts with Q; > 107" C were recorded while HV was
set to step 3.

The impact charge, Q,, characterizes the amplitude
range of a recorded event. Together with the class number,
which indicates how “‘impact-like™ an event is, the cat-
egory of an event is determined. Events classified in all
other categories except ACOI, AC11 and ACO02 have been
found almost exclusively to be true dust impacts—we
will call them “*big™” impacts. “*Small”” impacts are more
difficult to identify as they must be carefully separated
from noise events (Baguhl e a/., 1994). It must be emphas-
ized that “big” and *“‘small” impacts are not classified
according to their masses, but according to the amplitude
of the ion grid signal (AR) and a set of conditions imposed
on the signal parameters (described by the CLN num-
ber)—see Paper . Masses and speeds of “*big” impacts
recorded until the end of 1992 are displayed in Fig. 6a;
the same 1s shown for “small” impacts in Fig. 6b. **Small™
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Fig. 6. Particle masses and speeds of “big” impacts (a) and
“small” impacts (b). The solid line encloses the sensor’s sen-

sitivity region. A sample error bar indicating typical errors of

plus or minus a factor of two in velocity and a factor of ten in
mass is shown. The clustering of the speed values stems from
the discrete steps in the ion and electron signal rise times. but
these errors are much smaller than the nominal factor of two
speed errors. The broken line shows the effective division
between “big” and “small” impacts (cf. Fig. 7)
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impacts are restricted to a band of width a factor one
hundred in mass above the sensitivity threshold. About
80% of all “*big™ impacts are found there as well. Speeds
have been found over the entire calibrated range from 2
to 70 km s~ and the masses vary over 8 orders of mag-
nitude from 6 x 107" to 6 x 107 g.

First, we determine the effective threshold for the
detection of an impact. The smallest impact charge Q,
detectable is about 107'* C which corresponds to a
mass and speed dependent threshold that can be approxi-
mated by a power law :

My,

10 v o
—=12x10""°f —— (1
lg (lkms”) )

where my, is the particle mass and ¢ the impact speed. This
is simply an analytic approximation to the lower limit
shown in Figs 6a and b, which may deviate from the actual
values by up to a factor of 2. In order to calculate a
mass threshold which is independent of speed, the speed
distribution of the impacting particles has to be known or
assumed. For example. if we ignore particles which strike
Ulysses at speeds below 6 km s™' (~5% of all particles),
then a meaningful mass threshold of >2x107" g (as
obtained from equation (1) or Fig. 6) can be used. At this
mass, all particles except the slowest (<6 km s~') can be
detected and hence for rapidly-moving particles the data
set is complete.

Now, we determine the division between “big” and
“small™ impacts. There exists no sharp boundary in Fig.
6 between “big” and “‘small” impacts, because these
names are defined in terms of ion and channeitron signals.
This can also be seen in Fig. 4, which shows the con-
tribution of **big™ impacts to the total number of impacts
as a function of impact charge. **Big” impacts (solid line),
which constitute about 35% of all impacts, persist at even
the smallest impact charges. Nevertheless, a sensible div-
ision between big and small impacts can be defined at a
given impact speed: we choose the mass at which the
number of all impacts (“big” or “small”’) with greater
masses equals the total number of **big” impacts. This
guarantees that an impact rate calculated from only the
“big” impacts will give the correct impact rate for all
particles detected by the sensor above that threshold mass.
The resulting threshold. which is a function of speed, is
plotted in Fig. 7 for a channeltron high voltage of 1140 V
(HV 3). The best fit for the separation between “big” and
“small” impacts can be approximated by

Py, v Q34
Y (- 2
lg <lkms'> @

where m,,, is the velocity dependent mass separating “*big”™
and “small’” impacts, v is the impact speed and k a con-
stant of 8.9 x 10~ for 1140 V (HV 3) and 1.1 x 107’ for
1020 V (HV 2). Although this calculation helps us to
understand the Ulysses measurements, it is especially
important for the Galileo experiment which could only
register “*big”" impacts during most of its mission.

Discussion

The impact rate measured by the Ulysses dust detector
through 1992 is displayed in Fig. 8. Impact rates for both
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Fig. 7. Speed dependent mass threshold dividing “big" and
“small” impacts for a high voltage of 1140 V. The data points
are plotted so at a given velocity. the total number of “big” dust
impacts equals the number of all impacts, **big™ and “small”.
above the point. The solid line is a best fit of the form m = ar”
in which the exponent » has been set to —3.4. This choice of
exponent corresponds to a constant impact charge Q, (cf.
equation (1))

“big” impacts identified by the speed dependent mass
threshold just derived, and all particles are shown. These
data are believed to contain no noise events (cf. Baguhl e/
al., 1993). Except for the Jupiter flyby and some of the
dust streams, the flux of **big’” impacts varies only slowly
and remains low (~0.5 impacts per day).

During the initial 2 months of the Ulvsses mission. the
impact of all dust particles decreased by about one order
of magnitude (Fig. 8). This may be due to high speed and
low angular momentum f-meteoroids which could enter
the sensor only during this period. Alternatively, the effect
may arise from interstellar particles, the flux of which
should be strongly enhanced over this part of the Ulysses
orbit due to gravitational focusing by the Sun. These
particles, however, would have to reach Ulysses’ position
at about 1.2 AU without sublimating. During about six
months around Jupiter flyby, the rate of “small” impacts
fluctuated dramatically and periodically. Periods of about
15 and 28 days between flux peaks were observed prior to
and after Jupiter flyby, respectively. The increases are
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Fig. 8. Dust impact rate vs time. The dashed line gives the rate
of all particles while the solid line shows only “big" impacts with
masses greater than that defined by equation (2). A sliding mean
over eight impacts was applied to the data. The “J indicates
the time of the Jupiter flyby
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Fig. 9. Rotation angle vs time. Symbols are chosen according
to different combinations of masses and speeds. Squares denote
speeds larger than 26 km s™' and triangles indicate slower par-
ticles: both symbols refer to particles with masses above
2.5% 10 g Plus signs mark particles with masses <2.5x 107"
¢. The direction to Jupiter (solid line) and to the upstream
direction of the interstellar gas flow (dashed line) are shown.
The heliocentric distance of Ulvsses from the Sun is given in the
upper scale

attributed to dust streams originating from the jovian
system (Griin ef al., 1993 ; Baguhl ef al., 1994).

The rotation angle of dust impacts versus time is dis-
played in Fig. 9. For comparison, the direction to Jupiter
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Fig. 10. Comparison of (a) the measured impact rate (“big”
impacts only) with (b) the dust model of Divine (1993). Jupiter
flyby and stream particles were removed from the data set since
these are not considered by the model. The different populations
and their sum are shown separately
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and the upstream direction of the local interstellar med-
ium are shown too. A discussion of this data can be found
in Baguhl ez al. (1993) and Griin er af. (1994).

Divine’s (1993) “Five populations of interplanetary
meteoroids’ is based on a variety of interplanetary dust
observations including initial Ulvsses data from the first
year of the mission. This empirical model allows us to
predict the impact rate for a dust detector of known
characteristics (geometry, mass and speed sensitivity). It
is of interest to compare the measured impact rates (Fig.
10a) with the model values (Fig. 10b). Except for the first
50 days of the mission, the impact rates are dominated
by Divine's halo population which had been specifically
constructed to fit the Pioneer 10 and 11 penetration data
(Humes, 1980). This population is assumed to have orbits
of random inclinations and moderate eccentricities. While
the general magnitude of the flux is well represented, spec-
ific features of the model (like the factor of two increase
in the flux after Jupiter) are not found in the data. In
addition, Ulysses data (Grun et a/., 1992d, 1993) clearly
shows that the dust flux at Jupiter’s distance is not com-
patible with random inclinations—at the position of
Ulysses the measured flux is predominantly retrograde. It
has been concluded (Griin er al., 1993, 1994 ; Baguhl e1
al., 1994) that this flux is due primarily to interstellar
particles penetrating the solar system to within at least 3
AU of the Sun. To match the findings of Ulvsses, the halo
population in Divine’s model must be significantly altered
and perhaps eliminated altogether in favor of an inter-
stellar population.
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