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Abstract. More than 15 000 positions of moving objects have
been detected on 74 plates and films obtained at the European
Southern Observatory in Chile and the Anglo-Australian Ob-
servatory in Australia during Jupiter’s oppositions in 1992 and
1993. Two or more positions have been secured for about 3400
asteroids, and orbits have so far been calculated for about 2500
asteroids. The majority of these asteroids are previously unde-
tected.

We present apparent magnitudes for all observed asteroids
and absolute magnitudes for those asteroids with orbits. We
present model-diameters based on a Monte Carlo approach us-
ing the albedo distribution found by the IRAS Minor Planet
Survey (Tedesco et al. 1992). Model-diameters are also calcu-
lated for the asteroids observed in the Palomar-Leiden Survey
of Faint Minor Planets, PLS, (van Houten et al. 1970). Statistics
of orbital elements are presented and compared with the results
of the PLS.

Key words: minor planets; asteroids — surveys — solar system:
general

1. Introduction

The Uppsala-ESO Survey of Asteroids and Comets (hereafter
UESAC) was undertaken to search for unknown comets in the
neighbourhood of Jupiter (Tancredi and Lindgren 1994; Lind-
gren et al. 1995). UESAC consists of surveys around the time of
Jupiter’s opposition in both 1992 and 1993. A total of 74 plates
and films were obtained at the European Southern Observatory
in Chile (ESO) and the Anglo-Australian Observatory in Aus-
tralia (AAO). The plates and films were scanned manually and
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more than 15 000 trails of moving objects were detected and
measured.

In Sects. 2, 3 and 4 we present the main details concern-
ing the observations, reductions and linkage of moving objects.
A more thorough description can be found in Lagerkvist et al.
(1995), hereafter L95. Statistics of apparent and absolute mag-
nitudes are presented in Sect. 4. We present model-diameters
for the asteroids observed in UESAC and the Palomar-Leiden
Survey of Faint Minor Planets, hereafter PLS (van Houten et al.
1970), in Sect. 5 and statistics of orbital elements are presented
in Sect. 6.

2. Observations

The 1992 and 1993 observing campaigns (hereafter UESAC’92
and UESAC’93) were carried out in similar, but not identical,
fashions. Each campaign covered a 16°x16° region, centred
on Jupiter. Nine plates, each covering 5°4x5°4, were exposed
on each of three nights during one week in March 1992 and
March 1993. Follow-up observations were carried out during
the next new moon period in April of each year. The centres of
the April fields were shifted about 6° to the west of the March
fields to compensate for one month’s motion of the main-belt
objects. The 1992 March and 1993 March plates were exposed
for 90 and 105 minutes, respectively. In the 1993 campaign the
shutter was closed for 15 minutes after 60 minutes exposure,
producing two trails of each object. This approach helped to
distinguish between asteroids and stars since the short end of
a star trail almost always points in the opposite direction from
an asteroid trail. To optimize the limiting magnitude for objects
in the neighbourhood of Jupiter, the plates were tracked at the
apparent motion of the planet. The April plates and films were
tracked at sidereal rate and exposed for 45 minutes. Seeing con-
ditions were considerably better during the 1993 campaign, a
fact which is partly reflected in the greater number of asteroids
detected in that survey. We have adopted mean seeing disks of
1’5 for 1992 and 1”70 for 1993 (L.95). Table 1 gives information
on the number of detected trails in each campaign.
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Table 1. Number of trails detected on the plates and films.

Survey  March plates  April plates/films
1992 4502 774
1993 7922 1904

Table 2. Average quality of the plate reductions.

Oa os NREF
1992 Section3 07’814 07770 72-50
1992 Section2 07607 07593 69 -37
1992 Section 1~ 07352 07335 43-22
1993 Section3 07956 07832 38-25
1993 Section2 07676 0’517 33-19
1993 Section 1~ 07410 07380 26-19

2.1. Plate reductions

The deduced J2000.0 topocentric astrometric positions are
based on a reference frame defined by PPM and SAO refer-
ence stars (Roser and Bastian 1991). The uncertainties given in
Table 2 are standard deviations of the comparison-star residu-
als (least-squares plate-solution position minus catalogued po-
sition). The three different sections refers to three concentric
regions on the plates; the reductions were performed separately
for each region. The number of included reference stars in the
reductions are Nrpgr. A more thorough description of the as-
trometry may be found in L95.

2.2. Linkage of moving objects

Initial linkage of objects observed on the March plates was per-
formed by extrapolation of the motion vectors derived from
the trails. Extension of the linkages to the April objects was
more problematic: secure linkage of the March and April ob-
jects required observations on pairs of nights in each month.
The 1993 campaign was planned with this requirement, but due
to a malfunction of the plate vault at ESO, which destroyed
most of the unexposed photographic plates, this could not be
achieved. As a result, many of the month-to-month linkages
were uncertain. Although great caution was exercised in mak-
ing these linkages, a number have subsequently been shown to
be incorrect, through the identification of observations of spe-
cific objects at other oppositions. In some cases, confirmation of
the UESAC April observations was obtained from observations
made by other observers—notably the Spacewatch telescope at
Kitt Peak.

Failure to make linkages from March to April was also
caused by objects moving out of the field covered in April or by
objects being too faint to be observed one month past opposition.
Table 3 gives the number of linked UESAC observations. The
numbers inthe N > 1 ... N > 5 columns refers to objects with
at least IV linked UESAC observations. The numbers in the M-
A column refers to observations of objects linked from March
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Table 3. Number of linked UESAC observations.

Survey N>1 N>2 N>3 N>4 N2>5 M-A
1992 2559 1176 775 309 30 325
1993 3984 2250 1554 523 66 525

Table 4. Mean apparent magnitude differences (ephemeris minus UE-
SAC) for the numbered asteroids included in the data fit.

Plates |[AV| AV oav  Napp
March 1992 0748 0700 0761 98
March 1993 0761 0700 0777 104

to April. The numbers in the N > 1 column do not include
the unlinked April positions. The observations were reported to
the Minor Planet Center where they were checked for identifica-
tions with known numbered or multiple-opposition unnumbered
asteroids, as well as with new one-opposition objects. In addi-
tion, observations belonging to the outer Jovian satellites were
identified (Hernius et al. 1996). The 2956 unidentified objects
that had been observed on more than one night were assigned
provisional designations.

3. Magnitudes
3.1. Determination and accuracy of apparent magnitudes

A complete description of the apparent magnitude calculation
can be found in L95; here we present the main features. The
apparent magnitudes were estimated by assigning one of eight
brightness classes to each object while performing the astromet-
ric measurements. A linear data fit between the magnitude es-
timates and the ephemeris V'-magnitudes of the observed num-
bered objects was used to derive magnitudes for all the UESAC
objects. This analysis was performed separately for the 1992
and 1993 objects. The magnitudes were corrected for trailing
using the trail-correction equation:

1/d

Am = —2.51
mn 310210 1 06 erf(0.83 1/d)

ey

(Tancredi and Lindgren 1994) where [ is the trail length, d the
size of the seeing disk and erf the error function.

We define the mean errors for the V-magnitudes as the
mean difference between the magnitudes of the numbered as-
teroids derived from the above analysis and the corresponding
ephemeris values. These errors are only valid for V' < 18, since
most of the numbered asteroids included in the fits are brighter
than this value. Table 4 gives the mean differences (ephemeris
minus UESAC) for the 1992 and 1993 observing campaigns
separately. The number of numbered asteroids included in the
analysis is IV 4 pp and the standard deviations for the errors with
regard to sign are also given.
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Fig. 1. The logarithm of the cumulative number of asteroids per
half-magnitude step for UESAC’92, UESAC’93 and PLS.

3.2. Statistics of apparent magnitudes

The following statistics are based on the UESAC March mag-
nitudes; the magnitudes for the unlinked April positions are not
included. A mean magnitude was used for each discrete ob-
ject, so no asteroid should therefore appear more than once in
the statistics. The PLS numbers are based on asteroids with
a determined orbit. Since the regions investigated by PLS and
UESAC differ both in size and centre coordinates, the PL.S num-
bers (van Houten et al. 1970) have been multiplied by a factor
of 1.08 (L95). The PLS m-magnitudes (International Photo-
metric Magnitude System) were transformed to V' -magnitudes
(L95). Fig. 1 shows the cumulative number of asteroids per half
magnitude step, starting from V' = 12.85, for UESAC’92, UE-
SAC’93 and PLS asteroids. The PLS numbers in the interval
V' = [18.85,19.35] were corrected for incompleteness (van
Houten et al. 1970). The somewhat peculiar V-magnitude in-
tervals are a result of the fact that the PLS numbers were given
as number of asteroids per half m-magnitude. The linear parts
of the curves can be represented by expressions of the form:

log Niggy = =7.114+0.57V )
log Nig93 = —8.80 + 0.68V 3)
log Nprs = —6.90 +0.54V &)

The expressions are based on points in the interval V' =
[15.35,17.85].
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Table 5. Mean absolute magnitude differences (ephemeris minus UE-
SAC) for the observed numbered asteroids

Plates |[AH| AH oar  Nass
March 1992 0™.69 +0™.00 07.93 52
March 1993 0™.65 —0™.06 07.88 81

3.3. Determination and accuracy of absolute magnitudes

The calculation of the absolute magnitudes was done according
to the H G-system (Bowell et al. 1989); a thorough description
can be found in L95.

We define the mean errors for the absolute magnitudes as
the mean differences between the H-magnitudes of the ob-
served numbered asteroids and the corresponding EMP/MPC
H-magnitudes (EMP = Efemeridy Malykh Planet/Ephemerides
of Minor Planets, MPC = Minor Planet Circulars). Table 5
gives the mean differences (ephemeris minus UESAC) for the
1992 and 1993 observing campaigns separately. The number of
numbered asteroids included in the analysis is N4pg and the
standard deviations for the errors with regard to sign are also
given. For some numbered asteroids an orbit could not be cal-
culated based on the UESAC observations; these asteroids have
therefore been excluded from the error analysis. The errors with
regard to sign are not significant.

3.4. Statistics of absolute magnitudes

The statistics in this section are based on H-magnitudes for
UESAC and PLS asteroids with determined orbits. Fig. 2 shows
the logarithm of the cumulative numbers of absolute magnitudes
per 0.25-magnitude step in UESAC’92, UESAC’93 and PLS.
The PLS H-magnitudes are taken from EMP/MPC files and not
from the values given in van Houten et al. (1970). As a result of
differences in the survey coverage the PLS numbers have been
multiplied by 0.90 (L95). The linear parts of the curves can be
represented by expressions of the form:

IOg Niggr = —3.53+0.44H (5)
log Nigos = —4.25 + 0.52H (6)
log Nprg = —4.44 +0.49H 7

The expressions are based on points in the interval H =
[11.00, 14.00].

4. Model diameters

Precise knowledge of the geometric albedo is needed if diameter
calculation is to be attempted for individual asteroids. However,
if the main goal is to examine the diameter distribution for a set
of asteroids, it is possible to make use of the albedo distribution
of the numbered asteroids. Previous results (Zellner and Bowell
1977, Ishida et al. 1984 and Gradie and Tedesco 1982) show a
decreasing albedo-trend with increasing heliocentric distance.
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Fig. 2. The logarithm of the cumulative number of asteroids per 0.25
magnitude for UESAC’92, UESAC’93 and PLS.

We have made an independent investigation based on geomet-
ric albedos from the IRAS Minor Planet Survey (Tedesco et al.
1992; hereafter IRAS). We have calculated the fraction (proba-
bility) for high (p = [0.10, 1.00]) and low (p=[0, 0.10]) albedo
asteroids as a function of the semimajor axis (L95). The results
are given in equation 8 where g;(a) and g5, (a) are the low and
high albedo fractions.

gi(a) = 0.0, a < 1.1 A. U. (8)
gi(a) = 04274 —0.468, 1.1 <a<34A.U.

gi(a) = 1.0,a>34A.U.

gn(a) = 1.0 — gi(a)

1) The probability for the asteroid to have low (p < 0.10)
geometric albedo is calculated using relation (8).

2) A random value, evenly distributed in the interval [0, 1]
decides albedo class. If the random number is lower than the
probability calculated in step 1, the low albedo class is chosen;
if the random number is higher, the high albedo class is chosen.

3) The geometric albedo is randomly chosen from the corre-
sponding normally distributed albedo function with mean value
and standard deviation given in Table 6 (L95). The values in
Table 6 are based on geometric albedos from IRAS. The above
approach can produce erroneous albedos for individual aster-
oids, but the distribution for a large set of asteroids is reasonably
correct. Given the geometric albedo and absolute magnitude, the
formula

loggd = 3.122 — 0.51og,,p — 0.2H 9)
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Fig. 3. The logarithm of the cumulative number of asteroids per equal
(0.1) log d interval for UESAC’92, UESAC’93, and PLS.

Table 6. Mean values and standard deviations for the two geometric
albedo distributions.

p Op
p<o.0  0.053 0.014
p>o.10  0.203  0.068

was used to calculate a model-diameter d in kilometers (Bowell
and Lumme 1979). The above diameter calculation was done
for all UESAC and PLS asteroids with a determined orbit. Fig. 3
shows the cumulative number per equal (0.1) log d interval for
UESAC’92, UESAC’93 and PLS asteroids. The linear parts of
the curves can be represented by expressions of the form:

10g N1992 =459 —-1.91 logd (10)
log Nygo3 = 4.93 — 2.00log d a1
log Nprs =5.39 — 2.811logd (12)

The expressions are based on points in the interval log d =
[1.0,1.5].

5. Orbital elements

The orbital elements for the new UESAC asteroids were calcu-
lated at the Minor Planet Center. When dealing with observed
arcs of less than seven days, it was often necessary to make
some assumption about the orbit in order to get convergence.
For previously observed asteroids, numbered and unnum-
bered, we have used orbital elements from EMP/MPC files. El-
ements for all observed numbered and un-numbered asteroids
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Table 7. Number of asteroids in each orbital element category.

Survey T'<15 T >15 Multi-opp. Total
1992 439 150 294 883
1993 834 457 299 1590

have been included, even if only one or two UESAC positions
were available. We divide the elements in three categories: 1)
one-opposition elements based on arc-lengths, 7', < 15 days;
2) one-opposition elements based on 7" > 15 days; 3) multi-
opposition elements, including the elements for the observed
numbered asteroids. The numbers of asteroids in each category
are given in Table 7.

5.1. Accuracy of the orbital elements

We define the mean error for the one-opposition elements as the
mean difference between the elements for the observed num-
bered asteroids (calculated with UESAC observations) and the
elements published in EMP/MPC. Since the element accuracy
is dependent on the arc-length covered by the observations we
perform the error analysis separately for the element categories
1) and 2). Orbits could be calculated for 159 observed num-
bered asteroids based on UESAC observations with 7" > 15
days. The average differences, EMP/MPC minus survey, at the
epoch 1992 March 19.0 TDT (standard epoch in the EMP and
MPC versions we used) are:

|Aa| = 0.0106 AU. Aa = —0.0028 A.U.
|Ae| = 0.0145 Ae = —0.0015
|Ai| = 021027 Ai = —0°0279
|AQ| = 04526 AQ = +0°0564
|Aw| = 6°4669 Aw = —1°1463
IAM| = 629714 AM = +3°0293

Orbits could be calculated for 124 observed numbered asteroids
based on UESAC observations with time-arcs < 15 days. In
some cases the arc-lengths were too short to yield reasonable
orbits; these asteroids were excluded from the error analysis.
No attempt was made to obtain e-assumed orbits. The average
differences, EMP/MPC minus survey, at the epoch 1992 March
19.0 TDT are:

|Aa| = 0.0638 A.U. Aa = —0.0226 A.U.
|Ae| = 0.0689 Ae = —0.0320
|Ai| = 0°8805 Ai = +0°2294
IAQ| = 295114 AQ = +0°0570
|Aw| = 35°7418 Aw = +4°1370
IAM| = 3997839  AM = +1°4156

5.2. Statistics of semimajor axes

The distribution of the semimajor axes for the numbered aster-
oids show gaps at the points were the asteroid orbital period
is commensurable with that of Jupiter’s mean distance. This is
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Fig. 4. Histograms of the semimajor axis for UESAC, PLS and 5297
numbered EMP/MPC asteroids.

also true for the UESAC and PLS asteroids; see Fig. 4. The
distribution of the semimajor axes for the numbered asteroids
does not indicate any great differences between the number of
asteroids located in the inner and outer belt. It is important, how-
ever, to include only asteroids with sizes larger than a certain
completeness threshold. This threshold is obviously higher in
the outer belt because the larger heliocentric distances prevents
observations of small objects. The thresholds cannot be very
well determined since the diameter information for the num-
bered asteroids is limited. Accurate diameters are not needed in
principle; it is more important that all diameters are determined
in the same manner and that the diameter distribution is correct.
A completeness threshold which is valid for UESAC and PLS
asteroids was established. A conservative estimate, based on the
deflection from linearity in the log d — log N diagram (Fig. 3),
is 15 km for UESAC and 10 km for PLS. In Fig. 6 all UESAC
and PLS asteroids with model-diameters larger than two differ-
ent sets of thresholds are included. This result tells us that the
outer main-belt asteroids are more numerous. We can rule out
the possibility that the outer main-belt asteroids are generally
larger (a situation which can produce a similar effect) since the
result does not change significantly with different thresholds.
Also the large numbered asteroids show the same pattern. For
main-belt asteroids with absolute magnitudes up to H = 11 es-
sentially all have been found. This is shown in Fig. 5. However,
the majority of the asteroids in the UESAC and PLS surveys
have absolute magnitudes above H = 11. A possible explana-
tion for the smaller number of asteroids in the inner part of the
asteroid belt is that here the mechanism for transforming the
orbits into planetcrossing ones is more efficient.

5.3. Eccentricities and inclinations

Fig. 7 presents the eccentricities for the UESAC, PLS and 5297
numbered EMP/MPC asteroids (UPE hereafter). The PLS data
seem to be slightly biased towards greater eccentricities which
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Fig. 6. Histograms of the semimajor axis for UESAC and PLS asteroids
larger than different completness thresholds.

may be a result of the larger fraction of PLS asteroids with lon-
gitudes of perihelion (w + (2) aligned with that of Jupiter. Fig. 8
presents the inclinations for UPE. The abundance of asteroids
with high inclinations is lower for the UESAC and PLS aster-
oids. This was an expected result since both UESAC and PLS
were focusing on a small region of sky close to the ecliptic.

5.4. True anomaly and longitude of the perihelion (w + §2)

Fig. 9 shows the true anomaly, f, at the mean epoch of the
observations for UESAC and PLS. The major part of the PLS
asteroids were observed close to perihelion (f = 0°) while the
true anomalies for the UESAC asteroids have a much wider
distribution. Fig. 10 displays the deviation from Jupiter’s lon-
gitude of perihelion for UPE. The numbered and PLS asteroids
show a clear alignment with Jupiter’s perihelion; this is seen to
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Fig. 8. Histograms of the inclinations for UESAC, PLS and 5297 num-
bered EMP/MPC asteroids.

a much lesser degree for the UESAC asteroids. In both cam-
paigns, the ecliptic longitude of the central UESAC region was
close to the direction of Jupiter’s aphelion. The result is a lower
abundance of asteroids aligned with Jupiter since a substantial
part of the observed UESAC asteroids are close to perihelion
and can thus not have their longitude of perihelia aligned with
Jupiters. If we instead plot the deviation from Jupiters longitude
of perihelion only for asteroids with diameters large enough to
ensure that we have completeness we get the result shown in
Fig. 11. Neither asteroids in PLS or UESAC show any align-
ment with Jupiters longitude of perihelion. For the numbered
EMP/MPC asteroids larger than 50 km (adopted completness
threshold for the found main-belt asteroids) the alignment can
still be seen, although it is less prominent. Could the difference
between the larger EMP/MPC asteroids and the UESAC and
PLS asteroids larger than the completness thresholds, most of
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them smaller than 50 km, be a difference between large more
primordial bodies and small collisional fragments ?

6. Conclusions and future work

We have compared the results in the UESAC 1992 and 1993 sur-
veys with the PLS survey and with 5297 numbered EMP/MPC
asteroids.

The statistics of the apparent and absolute magnitudes show
that the slopes of the log N — V and log N — H curves are
similar but not identical in the different surveys. This is also
true for the slopes of the log N — log d curves. The statistics
of the three orbital elements semi-major axis, eccentricity and
inclination show no major differences between UESAC, PLS
and EMP/MPC asteroids. The statistics of the semi-major axis
for the UESAC and PLS asteroids larger than certain complet-
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UESAC, PLS and 5297 numbered EMP/MPC asteroids larger than
certain completeness thresholds.

ness thresholds (d > 15 km for UESAC, d > 10 km for PLS)
indicate that the asteroids in the outer belt are more numerous.
We show that the alignment with Jupiter’s longitude of peri-
helion seen for the numbered EMP/MPC asteroids cannot be
seen for the asteroids in UESAC and PLS larger than the above
mentioned completness thresholds. The alignment with Jupiter
is, however, still present for the larger EMP/MPC (d > 50 km)
asteroids. We raise the question if this could be a difference be-
tween large more primordial bodies and small collisional frag-
ments; most UESAC and PLS asteroids are smaller than 50 km.

Future work should be done in understanding the reason for
the statistical differences seen for asteroids with different diam-
eters. More work should also be done to improve the orbits when
more observations of the UESAC asteroids are made available.
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