N
N

N

HAL

open science

The Calern Asteroid Polarisation Survey : state of the art
Ph. Bendjoya, A. Cellino, Jean-Pierre Rivet, M. Devogele, S. Bagnulo, L. Abe, D.
Vernet, R. Gil-Hutton, A. Veneziani

» To cite this version:

Ph. Bendjoya, A. Cellino, Jean-Pierre Rivet, M. Devogele, S. Bagnulo, et al.. The Calern Asteroid Polarisation
Survey : state of the art. Astronomy & Astrophysics - A&A, 2022, 665, pp.A66. {10.1051/0004-6361/202142960).

¢hal-03832764)

HAL Id: hal-03832764
https://hal.science/hal-03832764v1

Submitted on 27 Oct 2022

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Auto':izition
HAL Authorization


https://hal.science/hal-03832764v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Astronomy & Astrophysics manuscript no. output
May 9, 2022

©ESO 2022

The Calern Asteroid Polarisation Survey: state of the art

An updated catalogue of asteroid polarimetric data

Ph. Bendjoya!, A. Cellino?, J.-P. Rivet!, M. Devogele®, S. Bagnulo*, L. Abe!, D. Vernet!, R. Gil-Hutton’, and A.

Veneziani

06304, Nice Cedex 4, France
e-mail: bendjoya@oca.eu

[N}

e-mail: alberto.cellino@inaf.it

w

e-mail: mdevogele@lowell. edu

I

e-mail: Stefano.Bagnulo@Armagh.ac.uk

[

versidad Nacional de San Juan - CONICET,

6

Université Cote d’Azur, Observatoire de la Cote d’Azur, CNRS, Laboratoire Lagrange, Boulevard de I’Observatoire, CS34229,

INAF, Osservatorio Astrofisico di Torino, via Osservatorio 20, 10025 Pino Torinese, Italy
Lowell Observatory, 1400 W. Mars Hill Road, Flagstaft, AZ 86001, USA
Armagh Observatory and Planetarium, College Hill, Armagh BT61 9DG, UK

Grupo de Ciencias Planetarias, Departamento de Geofisica y Astronomia, Facultad de Ciencias Exactas, Fisicas y Naturales, Uni-

Av. J. 1. de La Roza 590 Oeste, J5402DCS Rivadavia, San Juan, Argentina

e-mail: ricardo.gil-hutton@conicet.gov.ar

[=

e-mail: andrea.veneziani@edu.unito.it

Received ..., 2020; accepted ..., 2020

Physics department, Torino University, via Pietro Giuria 1, 10025 Torino

ABSTRACT

Context. The Calern Asteroid Polarimetric Survey (CAPS), a collaboration between the INAF, Astrophysical Observatory of Torino
(Italy) and the Observatoire de la Cote d’ Azur (Nice, France) has produced new asteroid polarimetric data for some years, and is one
of the most important, currently active projects of asteroid polarimetry.

Aims. The purpose of this paper is to make public the CAPS data collected so far, to explain the adopted techniques of data reduction
and computation of phase-polarisation curves for the measured objects, and explain, by means of some examples, the importance of
the CAPS database.

Methods. The pipeline of data reduction has been recently updated and made as much automatic as possible, using numerical algo-
rithms developed specifically for the purposes of CAPS. The derivation of phase-polarisation curves for the observed asteroids is done
using established criteria and algorithms that have been recently slightly improved and are also summarized.

Results. The CAPS catalogue is a steadily growing source of information which can be exploited for different purposes, including
but not limited to an updated calibration of the relations existing between different polarimetric parameters and the geometric albedo
of the objects, and a study of classes of objects that can be most easily identified by means of polarimetric properties. These subjects
will be more specifically discussed in separate papers.

Conclusions. Asteroid polarimetry data very nicely complement the results of other more commonly used techniques, including
visible and IR photometry and spectroscopy. CAPS contains a lot of much desired information about physical properties which can

hardly be inferred by means of other techniques.

Key words. Asteroids: general — Techniques: polarimetric —data analysis

1. Introduction

Polarimetry is an important tool to derive information about
physical properties of the asteroids and other small bodies of the
solar system. The state of partial linear polarisation of the sun-
light scattered by asteroid surfaces, changes in different illumi-
nation conditions described by the so-called phase angle!. The
fraction of linear polarisation and the orientation of the polari-
sation plane depend upon properties of the surface regolith, in-
cluding geometric albedo, refractive index, packing density and
size distribution of surface regolith particles, (see, for instance,

! The phase angle is the angle between the directions to the Sun and to
the observer as seen by the object.

Cellino et al. 2015a; Belskaya et al. 2015). The polarimetric
behaviour is determined by the interplay of different physical
mechanisms, including the so-called coherent backscattering,
that is thought to be important also to explain some photometric
properties of atmosphereless solar system bodies (Muinonen et
al. 2002). The observed variety of polarimetric behaviour char-
acterizing objects exhibiting different reflectance spectra, makes
polarimetry a very useful complement to asteroid spectroscopy,
and in some cases it makes it possible to identify more easily
classes of objects that are more difficult to discover based on
data obtained by other techniques. Examples are given by the so-
called Barbarians (Cellino et al. 2006; Devogele et al. 2018) and
by some partially active asteroids (Devogele et al. 2018; Cellino
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et al. 2018). An analysis of the polarimetric properties of the as-
teroid (4) Vesta, visited by the DAWN space probe, has recently
made it possible to more directly link the polarimetric behaviour
to well-characterized properties of the surface, at least in this
particular case (Cellino et al. 2016b)

The Calern Asteroid Polarimetric Survey (hereinafter CAPS)
is a project of collaboration between the INAF - Astrophysical
Observatory of Torino (Italy) and the Observatory of the Cote
d’Azur (OCA) in Nice, (France). It is aimed at obtaining asteroid
polarimetric data using a polarimeter built at the Torino Obser-
vatory, mounted on the Cassegrain focus of the 1.04-m Omicron
(West) telescope of the Centre Pedagogique Planéte et Univers
(C2PU) facility, located on the Calern plateau (southern France,
MPC code 010) and managed by the OCA.

The purposes of CAPS, as well as a description of the in-
strument and a preliminary assessment of its performances have
been described by Devogele (2017b). Since 2017, and until
December, 2021, CAPS has produced more than 2100 single
measurements for about 600 asteroids (a first observing run
carried out in 2022 has produced new data that are still un-
der reduction). This is an important contribution in the field
of asteroid polarimetry. As a comparison, the largest database
currently available, namely the Asteroid Polarimetric Database
(APD) maintained by D.F. Lupishko and available at the NASA
Planetary Data System (PDS, Lupishko (2014)) at the URL ad-
dress http://pds.jpl.nasa.gov/, includes little more than 5100 sin-
gle measurements obtained by many authors over a much longer
time span, starting since the early 70s. One of the main pur-
poses of the present paper is to make the current CAPS database
publicly available. Recently, the whole CAPS data reduction
pipeline has been extensively re-designed to make most of the
needed procedures automatic and faster, and improve the over-
all measurement accuracy, by devoting particular attention to the
determination of instrumental polarisation. Moreover, some mi-
nor improvements of the criteria used to compute asteroid po-
larisation - phase curves using the so-called exponential-linear
representation, as previously described by Cellino et al. (2015b,
2016a), have also been made.

New best-fit phase - polarisation curves have been obtained
for a large sample of objects, combining CAPS data together
with data available in the literature. The latter include primarily
data listed in the previously mentioned APD database, as well as
in the Belskaya Asteroid Polarimetry V1.0 database (Lupishko
2014; Belskaya et al. 2010). In addition, several measurements
have been taken from a number of articles published by differ-
ent authors. Among them, several papers were based upon data
obtained at the Complejo Astronémico El Leoncito (CASLEO),
managed by the Universities of La Plata, Cérdoba and San
Juan (Argentina), and the Argentinian scientific and technical
research council (CONICET) (Gil-Hutton and Canada-Assandri
2011, 2012; Cafniada-Assandri et al. 2012). Several data were ob-
tained in the framework of a long-lasting collaboration between
the Torino Astrophysical Observatory and CASLEO started in
the late 90s. Most obtained measurements were published in
several papers, including Gil-Hutton et al. (2014); Gil Hutton et
al. (2008); Cellino et al. (2005a,b, 1999, 2006); Belskaya et al.
(2017). However, some of the CASLEO measurements, in UB-
VRI colours, have never been published before. Because in our
computations of phase-polarisation curves described in the next
Sections we use at least some of our old CASLEO measurements
(taking them when needed from a private data file including all
of them), after an overall check of the situation made by two of
us (AC and RGH), we have decided to list CASLEO unpublished
data in Appendix B
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In this paper we present the current CAPS database and the
techniques adopted for data analysis. We will devote separate pa-
pers (currently in preparation) to analyze specific issues based on
the data presented here, including, but not limited to, the problem
of a better determination of the geometric albedo of many ob-
jects. We present in the Appendix A the whole CAPS database,
but in the text we only discuss some selected subsets of obtained
data, in order to show the importance of CAPS, and give an idea
of the advancements we can expect from a proper exploitation
of this data set. We also briefly discuss the existence of mea-
surement errors affecting both the CAPS database and the data
available in the literature, and we list some explanations for the
presence of such errors.

In this respect, it is important to note that, as described in
Section 2, a new assessment of the variability of the instrumental
polarisation affecting CAPS measurements, led us to revise and
increase our estimates of CAPS measurement errors. In the cases
of measurements published in previous papers, including those
currently included in the APD database, the published values of
linear polarisation do not change, but the updated values of the
associated errors given in the Appendix A of this paper should
supersede previous versions.

This paper is organized as follows: in Section 2, we present
the reduction pipeline developed for the CAPS data. In Section 3
we mention some recent improvements of the criteria adopted to
select the objects for which a reliable phase-polarisation curve
can be obtained, and we summarize the algorithms developed
to fit the obtained phase-polarisation curves using the so-called
exponential-linear data representation. In Section 4 we show the
good agreement between CAPS data and those present in the
literature, and we stress the importance of adding such a large
amount of CAPS data to improve the state of the art in aster-
oid polarimetry. In Section 5 we discuss some possible explana-
tions for the existence of measurements that seem to be clearly
affected by large errors, both among those available in the liter-
ature, as well as in a limited number of CAPS data. In Section
6 we show some preliminary examples of applications of the
CAPS database to different problems encountered in asteroid po-
larimetry. A few final conclusions are summarized in Section 7.

2. Data Reduction

The Torino polarimeter (ToPol) makes use of a Wedged Double
Wollaston configuration to split the incoming light into differ-
ent polarisation components. It produces four separate replicas
of the target field of view, corresponding to four orientations of
linear polarisation (0°, 45°, 90°, and 135°). Therefore, the I, Q,
and U Stokes parameters can be computed in one single shot
(Pernechele et al. 2012; Oliva 1997).

Details on the general CAPS observation and data analysis
procedures have been published by Devogele et al. (2017a). The
detector is a QSI632 CCD camera. Each night of CAPS oper-
ations includes measurements of a set of scientific targets (in
nearly all cases asteroids) and a set of both zero-polarisation and
highly-polarised polarimetric standard stars, for the purposes of
instrumental calibration. In addition, CCD calibration measure-
ments (bias, darks) are also carried out. No flat-field images are
taken, however. In principle, these would be important for cali-
bration purposes, but some problems have been evidenced after
the publication of the Devogele et al. (2017a) paper. In particu-
lar, it has been found that there are non-negligible internal reflec-
tions inside the ToPol that results in “leakages” between the four
replicas of the field of view (the bottom part of a upper replica
is leaking to the upper part of a bottom replica and vice-versa).
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In the case of a fully illuminated field of view (needed to mea-
sure a flat field), these leakages are important and the normalized
flat field images are noticeably affected. On the other hand, for a
field of view mostly consisting of low level sky background these
leakages are negligible (see section 4.1 of Devogele (2017b) for
a detailed analysis of the flat fielding and internal reflections of
the ToPol). To compensate from the lack of flat fielding, the ob-
serving procedure imposes that the targets are always kept cen-
tered into the same pixels to avoid field-dependent variation of
the recorded flux. This is always done with the maximum possi-
ble accuracy according to the observing circumstances (pointing
and tracking accuracy of the telescope). Of course, the center-
ing of the target cannot be considered always perfect, in spite of
the fact that the moving targets (asteroids) are always observed
using telescope differential tracking. However, this effect, that
certainly contributes to the overall budget error, does not seem
to be the main responsible of the amount of variable instrumental
polarisation described in what follows.

All standard stars used for CAPS have been obtained from
Hsu and Breger (1982) and Gehrels (1974). They are bright
(generally between V magnitudes between 4 and 7) and require
very short exposure times (rarely above a couple of seconds).
Each measurement typically consists of 30 individual acquisi-
tions to account for scintillation noise and other type of noise
associated with short exposure acquisitions of bright objects.

Asteroid targets are generally much fainter and require
longer exposure times, up to half an hour or more in the most
challenging cases) to achieve a reasonable SNR. Each measure-
ment consists of at least 10 individual acquisitions (more for rel-
atively bright targets). We remind here that, opposite to the case
of most polarimeters used for asteroid investigations, each ac-
quisition provide the full set of Stokes parameters. Thus, the 10
individual acquisitions provide 10 independent measurements of
the target polarisation.

Another change in the data reduction procedure with respect
to the situation described by Devogele et al. (2017a), is that the
field mask has been reduced from a field of view of 5.31 x 0.95"
to a field of view of 2.65 x 0.95. This change has been imple-
mented to avoid or minimize internal reflections inside the in-
strument. Such reflections have been found to be symmetric with
respect to the x-axis of the field of view. By covering one half
of the field of view, internal reflections of the flux from bright
targets are minimized, down to mostly negligible levels (more
detail can be found in Devogele (2017b)).

Up to around mid-2018, data reduction was carried out man-
ually using the AstroImageJ image processing software (Collins
et al. 2017) and a suite of Matlab codes developed for ToPol.
These tasks were highly time consuming and needed to be up-
graded to be able to process large number of data in a timely
manner. More recently, a partially automated reduction pipeline
has been developed in Python, making use of the publicly avail-
able modules: matplotlib, argparse, numpy, operator, astroquery,
os, photutil, sys, glob, astropy, scipy, and tkinter.

The general procedure for any observed target (in the case of
CAPS, this means solar system objects and polarisation standard
stars) consists of three main steps.

1. Creation of the master dark for each exposure time and CCD
temperature and correction of the science frames from the
master dark. All the observations are performed at the same
fixed CCD temperature. This is checked by the data reduc-
tion pipeline, which automatically checks the CCD temper-
ature keyword in each dark and science frame. Each science
frame is then corrected for the dark by looking for the clos-

est in time master dark frame (of the same CCD temperature)
for each science frame.

2. Due to the small field of view ( 0.95'x2.65’), no automatic,
astrometric-based identification of the sources present in the
CCD frame can be performed, as most of the time only the
target and no more than one or two extra stars are detected in
the field of view. This prevents the user from having an au-
tomatic selection of the target based on its sky position. As
a consequence, one has to manually identify the target in the
uppermost replica of the first acquisition. Since the offsets
between the replicas are fixed, the three other replicas are
automatically selected. Then, the pipeline will automatically
detect the target in all the acquisition series (typically, 10
frames per target). The user can then verify that the correct
target has been selected in all individual frames and modify
manually the selection for each individual frame whenever
necessary. One should note that, in the case of asteroids, the
danger of mistakenly select a wrong target (like a star) is ex-
tremely unlikely if not impossible, because the asteroid is the
only object that remains stationary in the field of view from
frame to frame, as a consequence of the telescope tracking
the desired target at a non-sidereal rate matching its motion.
The target location on the CCD frame is accurately estimated
by fitting a MOFFAT function to each individual replicas of
the asteroid. Once the target has been correctly identified in
each frame, a photometric analysis using a curve of growth
technique (increasing aperture photometry) is performed.

3. The third step consists of an analysis of the photometric
curve of growth obtained for each individual observation.
The aperture photometry provides the counts in Analog
Digital Units (ADU) for each of the four images: I(d),
where d= 0°, 45°, 90°, 135°. From these, the reduced Stokes
parameters

1(0) — 1(90)
" 100) + 190)
and
1(45) — I(135)
T 1@ ¥ 1(135)

can be derived. A plot of the mean value of the ¢ = Q/I and
u = U/I reduced Stokes parameters (taking into account all
the frames) as a function of aperture size is presented to the
users for selection of the optimal aperture size. The latter is
the smallest aperture for which the curve of growth reaches a
plateau and minimizes the deviation of the individual curves
of growth of each of the four separate images produced on
the focal plane. This approach is discussed in detail by Bag-
nulo et al. (2016) and has been systematically adopted for
CAPS data (Devogele et al. 2017a).

The three steps described above produce preliminary polari-
metric measurements of the target.

The next step is the determination of the orientation in sky
of the optical axis of the polarimeter. If Gnign (and Upign ), are
the mean value of Gnigh — Grero (and Unigh — Uzero), Where the index
“high” stands for an observed high polarisation standard star, the
instrumental polarisation angle is computed as:

Unigh
Oexp = 0.5 arctan = 4 6o
Ghigh

where (see Bagnulo et al. (2006))
00 =0°if high > (0 and Uhigh > 0,
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6o = 180° if Gpigh > 0 and Upign < O,

Oy = 90° if Gpign < O,

Oy = 45° if Qpigh = 0 and Upigy > 0, and
6y = 135° if Qpigh = 0 and Up;g, < 0.

From the known value of the polarisation angle of the standard
star giang the correction angle A8 = Oyang — Bexp is determined.

The ToPol instrument is attached to the telescope in a fixed
position, and is not subject to any rotation. This means that, once
the above mentioned correction angle has been determined with
high accuracy, it is supposed to remain constant from night to
night. We use therefore for each observing run (lasting generally
between one and two weeks) a fixed A6 resulting from the mea-
surements of all high-polarisation standard stars obtained in all
the nights of the same observation run.

The final step is the computation of the so-called P, pa-
rameter, which is generally used to describe the state of linear
polarisation of planetary objects (see, also, Section 3). This is
done by applying a rotation to the Stokes parameters such that
Gaser = Pr represents the polarisation in the scattering plane”
and the plane perpendicular to the scattering plane. In this refer-
ence system, the i,y Stokes parameters is expected to be equal
or nearly equal to zero. This rotation is performed automati-
cally by pulling the “Sun-Target radial (¢)” information about
the target, available from the JPL Horizons service. The astro-
query.jplhorizons python package is used to obtain these infor-
mation automatically and accurately for each individual frame.
The P; can be finally computed as

P: = cos(2(D + 71/2))g" + sin(2(D + 7/2))u’

where ® = ¢ + A6 is the angle (corrected from the polarimeter
orientation on sky) between the direction Object-North Pole and
the direction Object-Sun. The @’ angle can be computed from
trivial formulas valid for the spherical triangle defined by the
object, the Sun and the North celestial pole. The necessary in-
formation about the Sun coordinates and asteroid phase angle for
any epoch of observation is also obtained automatically through
a request to the Horizon JPL data server.

Finally, the uncertainty on P, is computed by error propagation
assuming that the errors of ¢ and u are uncorrelated.

As mentioned above, a typical asteroid measurement consists
of atleast N = 10 individual exposures. During the various expo-
sures, the target polarisation is supposed to remain constant, so
that the scattering of the measurements about their average pro-
vides an external error estimate, which is practically dominated
by photon-noise error.

The results, however, are affected by instrumental polarisa-
tion produced by the optical components of the system. To cor-
rect for instrumental polarisation, two or more unpolarised stan-
dard stars are observed every night. For these stars, it can be
assumed that any measured values of ¢ and u # 0 are spurious,
being produced by instrumental polarisation. Assuming that g
and u are the raw Stokes parameter, while g, and i, are the
mean polarisation measured from several unpolarised standard
stars observed during the same night, a preliminary correction of
the measured polarisation is computed as:

q, =g — 4zero

2 the scattering plane is the plane containing the Sun, the observer, and
the observed planetary object
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and
’ JE—
U = U~ Uzero

Measurements of unpolarised stars allow us to estimate and
monitor the instrumental polarisation at different epochs. This
has been found to be slightly variable in time. In particular, an
extensive inspection of the scattering of measurements of un-
polarised stars around nightly average values over a time span
covering several years led us to conclude that in any given night
the instrumental polarisation may be determined with an uncer-
tainty of the order of 0.08 %, which has to be quadratically added
to the photon-noise error.

3. Mathematical representation of obtained
phase-polarisation curves

The scattered sunlight we receive from atmosphereless Solar
system bodies is in a state of partial linear polarisation, and the
linear polarisation plane is always found to be either parallel or
perpendicular to the scattering plane, namely the plane contain-
ing the Sun, the observer and the object. In asteroid polarimetry
the degree of linear polarisation is usually defined as the ratio of
the difference of intensity of the light beam component 7, having
the electric vector aligned along the plane perpendicular to the
scattering plane minus the intensity / of the component having
the electric vector aligned parallel to that plane, divided by the
sum of the two intensities. This parameter, already mentioned
in Section 2, is usually indicated as P; in the literature, and the
definition just given above, expressed as:

_ =1y
AL+

is just another equivalent way to express it.

We will always use the P, parameter to indicate the measured
linear polarisation of asteroids throughout this paper. Its value
will always be expressed (and plotted in our figures) in percent
(%). Due to the two possible orientations of the plane of linear
polarisation, as mentioned above, P, has by definition the mean-
ing of a fraction of linear polarisation, with its sign providing
information about the orientation of the polarisation plane.

The fundamental property of P;, as already mentioned in
Section 1, is that it changes as a function of the phase angle at
the epoch of observation. By observing the same object at dif-
ferent epochs and correspondingly different phase angles, one
derives its so-called phase-polarisation curve. These curves are
characterized by the fact that P; is found to be always negative
in a range of phase angles between 0° and a so-called "inversion
angle" aiyy, generally close to 20°. The interval of phase angles
in which P; is negative is generally called "negative polarisation
branch" (see, for instance, Cellino et al. 2015a, and references
therein).

Here, we follow the same approach adopted in some previ-
ous papers (Cellino et al. 2015b, 2016a, 2018), and we use the
following exponential-linear function to represent the observed
trend of the relation between P, and the phase angle a:

P(@)=A - 1)+ C-a (D

where A, B, C are free parameters to be determined by means
of best-fit techniques. According to its mathematical repre-
sentation, when the parameters A, B,C are all positive, the
exponential-linear relation describes a curve which starts at zero
for zero phase angle, then reaches increasingly negative values in
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the negative polarisation branch, up to a value generally named
Prin- As the phase angle increases, the derivative of the curve
changes its sign, P; starts to have decreasingly negative values
and reaches zero at the so-called inversion angle aj,y. At larger
phase angles P; tends to increase linearly, as the exponential
term tends quickly to zero. Note that this exponential-linear rep-
resentation is very satisfactory only up to moderate values of
the phase angle, corresponding to the extreme values achievable
by main-belt asteroids, which are rarely visible at phase angles
larger than about 30°. Much larger values of the phase angle can
be attained by near-Earth objects, which may visible up to phase
angles around 100°, depending upon the distance from the Earth.
In those cases, different representations of the phase - polarisa-
tion curve are used, as mentioned in Section 5.

The computation of the best-fit representation of phase-
polarisation curves using Eqn. 1 can be done in many ways. As
explained in previous papers (Cellino et al. 2015b, 2016a) we
use a genetic algorithm, which, starting from a random set of
A, B, C values, explores the space of possible solution parame-
ters and finds the set of A, B, C values producing the smallest
possible residuals with a given set of phase-polarisation data.

The adopted genetic algorithm takes its name by the particu-
lar way it explores the space of unknown parameters. It consid-
ers any given set of A, B, C values as the "DNA" characterizing
a particular solution. The "fitness" of any given individual solu-
tion is assumed to be the value of its residuals with respect to the
set of real data characterizing the observed phase-polarisation
curve under scrutiny. Starting from an initial population of indi-
vidual solutions each one characterized by a fully-random set of
A, B, C, the algorithm simulates an "evolution" of the population,
in which the rule is the survival of the fittest. In other words, at
each step, a number of solutions coming from the previous gen-
eration are taken, and each one is modified either by "mating"
with another solution, randomly exchanging their their A, B, C
values, or by having one single random variation of the "DNA"
of a single solution. Each newly considered "baby" solution is
evaluated in terms of residuals with respect to the real data, and
is kept in the population ("it survives") only if it is found to give
residuals better than those of some member of the previous gen-
eration (which is removed). As increasingly better solutions are
retained in the solution population, the worst members of the
previous generations are removed. This process is repeated un-
til some solution is found to give very low residuals, and this
solution cannot be further improved.

Due to the intrinsic properties of a genetic approach, the al-
gorithm is executed several times, in order to have a correspond-
ingly high number of solutions, in order to ensure that the best
possible solution is not missed. What generally happens is that
the same solution is obtained several times, with very small dif-
ferences in the resulting values of the A, B, C solution param-
eters. These differences are used to estimate the uncertainty in
the determination of each parameter. The total execution time is
generally only a few seconds.

We limit the computation of best-fit curves only to cases
when available data are of sufficiently good quality and sample
satisfactorily the interval of possible phase angles. This means
that we impose some strict constraints on the selection of the ob-
jects for which we make a best-fit computation. In this respect,
we have recently made some mild improvements in our adopted
selection criteria, with respect to those described in Cellino et al.
(2015b), In particular, our current criteria are the following:

— we exclude a priori from our analysis all measurements hav-
ing a nominal accuracy of P, worse than 0.20%.

— we require to have at least 4 accepted measurements taken at
phase angles > 2°.

— we require to have at least 1 accepted measurement taken at
phase angles > 17°.

— we require to have at least 1 accepted measurement taken at
phase angles < 14°.

— we require to have at least 3 accepted measurements taken at
phase angles < 30°.

— we require to have at least 1 accepted measurements taken at
phase angles < 10°

— we require to have at least 1 accepted measurement taken at
a phase angle between 6° and 20°.

The above criteria are similar to those adopted by Cellino et
al. (2015b), but they include some refinements chosen in such a
way to have a better automatic rejection of not adequately sam-
pled phase-polarisation curves.

In what follows we will show many figures displaying aster-
oid phase - polarisation data, and we will use different colours to
distinguish CAPS measurements from available literature data.
Whenever possible, best-fit curves computed according to the
exponential-linear representation will be displayed together with
available data.

Finally, as in the case of previous papers, we limit our anal-
ysis to available data obtained in the standard V filter, only. Po-
larimetric data obtained in other colours are not so abundant. In
previous papers, we rarely merged V and R measurements, only
in very few cases (Cellino et al. 2014, 2019), in which only few
observations of faint objects were available. It is known, in fact,
that polarimetric data of asteroids are wavelength-dependent
(Bagnulo et al. 2015), and in some cases the detected gradient
can be sufficiently steep to suggest to avoid to mix together data
obtained using different filters.

4. Exploring the CAPS database

Our purpose is to present in this paper the current CAPS cat-
alogue of asteroid polarimetric measurements. This includes
some data that were already published in the past (Devogele
et al. 2017a, 2018) as well as a large amount of unpublished
data obtained in several observing runs, up to Dec, 2021 (the
observational work having experienced in 2020 some interrup-
tions due to the COVID-19 pandemics). The whole catalogue is
given in the Appendix A. For each measurement, the Table lists
the object identification number, the epoch of observation (year,
month, day and the time of the measurement expressed as a frac-
tion of day, the phase angle, the measured value of P, with its
nominal error determined by data reduction, and the filter used
in the measurement (B, V, R or I in the Johnson-Cousin photo-
metric system). Every line in this Table corresponds to an aver-
age of all the single measurements of a given object in the same
filter obtained in the indicated night. The indicated epoch of ob-
servation corresponds to the mean of the instants of beginning of
different measurements of the same target.

The first obvious test we did, was aimed at checking that
CAPS measurements are in agreement with those obtained for
objects observed many times in the past by other authors using
different instruments. Fig. 1 shows the cases of the dwarf-planet
(1) Ceres and of the asteroids (2) Pallas, (4) Vesta, (6) Hebe, (16)
Psyche and (44) Nysa. These are objects for which several CAPS
data are added to many polarimetric data already available in the
literature (the sources of these data are summarized in Section 1).
We find that for these asteroids, CAPS measurements very nicely
fit and complement the data available in the literature. We note
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Fig. 2. The same as Fig. 1, but for the asteroids (17) Thetis, (62) Erato,
(89) Julia and (139) Juewa.

that all the best-fit curves, in this and all the other figures shown
below, have been obtained using all the available data (from the
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literature and from CAPS), without any a priori removal of dis-
crepant measurements.

Fig. 2 shows the phase polarisation curves of the asteroids
(17) Thetis, (62) Erato, (89) Julia and (139) Juewa. These are ex-
amples of cases in which CAPS data, due to scarcity of measure-
ments coming from other sources, are essential to compute new
phase-polarisation curves. In these cases, even a small number
of additional CAPS measurements produce a decisive improve-
ment of the interval of phase angle covered by the observations.

CAPS allow us in many cases to derive for the first time new,
satisfactory phase-polarisation curves of asteroids for which no
data coming from other sources were previously available. A few
examples are given in Fig. 3, showing the cases of (28) Bellona,
(57) Mnemosyne, (60) Echo and (510) Mabella.

CAPS data have been obtained for asteroids belonging to a
large variety of taxonomic classes, as defined on the basis of their
reflectance spectra. Although asteroid phase-polarisation curves
can be represented using one single mathematical representation
(as the one given by Eqn. 1), it is known that different taxo-
nomic classes exhibit differences in the details of the morphol-
ogy of their phase-polarisation curves. These differences include
the position and depth of the extreme value of negative polarisa-
tion (the latter being usually indicated as Py,), the value of the
polarisation inversion angle ai,y, the slope of the curve around
@inv, and the so-called ¥ parameter, corresponding to the differ-
ence in P, measured at the phase angles of 30° and 10° (Cellino
et al. 2015b).

The variety of polarimetric behaviour of different classes of
asteroids is generally thought to be a consequence of differences
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Fig. 3. The same as Fig. 1, but for the asteroids (28) Bellona, (57)
Mnemosyne, (194) Prokne and (510) Mabella.

in surface properties, including primarily, but not limited to, the
geometric albedo (see, for instance, Cellino et al. 2015b, 2016a).
This subject will not be specifically analyzed in this paper, since
it deserves more specific and detailed investigations to be post-
poned to forthcoming studies.

In choosing the targets of CAPS observing runs, particular
attention is devoted to the members of dynamical families (Mi-
lani et al. 2014). These are groups of asteroids issued from en-
ergetic collisional events. It is therefore interesting to study the
surface properties of these objects, that were previously parts of
the internal layers of their parent bodies. We present a few pre-
liminary results for some particular case in Section 6.4.

5. Noisy phase-polarisation curves

In the absence of very robust predictions based on theoretical
considerations, we are forced to fit asteroid phase-polarisation
curves using empirical relations like the one expressed by Eqn. 1.
Other empirical functions have also been used in the past, includ-
ing the following trigonometric representation originally pro-
posed by Lumme and Muinonen (1993):

P:(a) = K sin*(@) - cos™(@/2) - sin (@ — @iny) )
where « is the phase angle, aj,yis the value of the inversion angle
of polarisation, and K, L, and M are coeflicients to be computed
by means of least-squares fits. This mathematical representation
has been found to provide very reasonable fits of the measured
phase-polarisation curves of near-Earth objects, which are ob-
servable over a much wider range of phase angles than in the
case of main-belt asteroids. A recent application of this relation
can be found in Devogele et al. (2018).

We emphasize the empirical nature of Eqns. 1 or 2 because it
turns out that the best-fit solutions based on the above represen-
tations usually do not pass a Chi-square test. This means that the
adopted empirical relations may be wrong, and/or that there are
problems affecting several measurements of asteroid linear po-
larisation and the corresponding errors affecting these measure-

ments. If we examine some Figures shown in the previous Sec-
tion, actually, we see that there are objects for which some single
polarimetric measurements turn out to be well above or below
the expected value, according to the best-fit phase-polarisation
curve. Such discrepancies can be much larger than the nominal
error bars of the measurements.

It is therefore reasonable to explain the sporadic presence
of evident outlier values in asteroid phase-polarisation curves as
due to important observation errors and strong underestimates of
their associated errors.

In general terms, because bad data appear to be unusual, they
can be easily identified when the phase-polarisation of a given
asteroid is computed on the basis of several available measure-
ments. In these cases, the behaviour of the phase-polarisation
curve is dominated by good-quality data points, and the pres-
ence of one or few bad measurements has not a strong effect
on the computation of the best-fit curve. The situation is much
worse whenever only small numbers of observations are avail-
able, since in these cases one or two bad measurements can lead
to compute wrong phase-polarisation curves. This is the reason
why we put a number of constraints upon the number and distri-
bution of polarimetric measurements required for the computa-
tion of a phase-polarisation curve, as explained in Section 3.

As an alternative point of view, it could be tempting in some
cases to interpret a noisy phase-polarisation curve as diagnostic
of large-scale surface heterogeneity of the observed asteroid. In
fact, in computing best-fit curves we are merging together data
obtained in different observing circumstances, in terms not only
of illumination conditions, but also of illuminated area facing
the observers. This is a major point in asteroid polarimetry. Very
similar values of linear polarisation are usually measured at very
different epochs, when the object is observed in different viewing
conditions, but at the same phase angle. This suggests that, al-
though the detailed morphology of the phase-polarisation curve
of any given asteroid is certainly determined by its individual
surface properties, these properties tend to be very homogeneous
across its surface.

Moreover, it seems very unlikely that the phase-polarisation
curves of some asteroids might be characterized by so abrupt
variations to be hardly represented using a continuous function.
Nor should we forget that ground-based asteroid polarimetric
measurements are disk-integrated. This tends to smooth out any
abrupt variation that in principle might be due to local surface
features.

In fact, there is only one asteroid for which large-scale sur-
face heterogeneity has been definitely proven to exist and pro-
duce easily measurable effects on the resulting linear polarisa-
tion. This is the big asteroid (4) Vesta, which has been exten-
sively investigated by different authors (see Cellino et al. 2016b,
and references therein). Sets of measurement sequences cover-
ing intervals of time comparable to the known, 5.342 hours spin
period of Vesta have been analyzed. This led to confirm the ex-
pected dependence of linear polarisation upon the average com-
position and regolith properties of Vesta, which is characterized
by large-scale surface heterogeneity, as accurately determined
by the DAWN space probe (Cellino et al. 2016b).

Apart from (4) Vesta, another exception may be given by the
small (around 5 km in size) near-Earth asteroid (3200) Phaethon.
This object was extensively observed by different teams during
its last apparition in 2017, when it was visible at high phase an-
gles, mostly larger than 40°. Due to its fast motion on the ce-
lestial sphere, the phase angle was rapidly changing from day to
day and even during each single night. A modulation of linear
polarisation roughly corresponding to the known rotation period
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Fig. 4. The shallow phase-polarisation curves for the asteroids (64) An-
gelina, (71) Niobe, (214) Aschera and (434) Hungaria. The meaning of
the symbols is the same as in Fig. 1.

of 3.604 h was found by Borisov et al. (2018, see also refer-
ences therein). The same authors noted that no colour variation
was measured during the observations, suggesting that the mea-
sured polarimetric variation could be due to regolith texture het-
erogeneity rather than to surface composition variegation. We
can hope that more solid conclusions will be obtained during the
next apparition of (3200) Phaethon in 2026.

A few other interesting cases have been more recently found
by Wictorowicz & Masiero (2017) for (1) Ceres and (7) Iris,
using hyper-accurate polarisation measurements. Another possi-
ble, but more uncertain case might be that of (6) Hebe, accord-
ing to some old findings by Migliorini et al. (1997) that have not
been confirmed so far. In the cases of Ceres and Isis, however,
the measured modulation of the linear polarisation is extremely
weak (Wictorowicz & Masiero 2017), and was found by an in-
vestigation specifically aimed at detecting such effect, using a
3-m telescope, and a polarimeter producing ultra-precise mea-
surements.

It seems, therefore, that in the vast majority of cases sur-
face heterogeneity seems not sufficient to alter significantly the
nightly average of polarisation in such a way as to produce rele-
vant noise or discontinuities in the phase-polarisation curve. We
are led to conclude that no evidence of surface albedo hetero-
geneity can be reliably inferred by purely looking at the proper-
ties of phase-polarisation curves obtained using nightly averaged
values of polarisation measured at different epochs.

There are, in fact, many possible sources of error which can
sometimes produce low-quality asteroid polarimetric measure-
ments. These can be identified when phase-polarisation curves
of generally good quality are available.

The bottom line of this discussion is that bad measurements
do occur, and this enhances the importance of deriving asteroid
phase-polarisation curves from large datasets. In this respect, the
purpose of CAPS is to strongly increase the number of available
asteroid polarisation measurements. This perfectly fits one of the
major challenges of modern asteroid polarimetric studies.

Article number, page 8 of 70

6. Some interesting cases
6.1. Shallow phase-polarisation curves

Fig. 4 shows the phase-polarisation curves of asteroids (64) An-
gelina, (71) Niobe, (214) Aschera and (434) Hungaria. We note
that (434) Hungaria is the lowest-numbered member of an aster-
oid dynamical family located in the so-called Hungaria region,
which is found at heliocentric distances between 1.8 and 2.0 AU,
smaller than the inner edge of the classical asteroid main belt
(Milani et al. 2014).

With the only exception of (214) Aschera, classified as Xc,
the asteroids plotted in Fig. 4 are classified as members of the
Xe class defined in the SMASS taxonomic classification (Bus
& Binzel 2002). This class, which currently replaces the older £
class of the Tholen taxonomy developed in the 80s (Tholen 1984,
1989), is known to consist of very high-albedo objects, accord-
ing to polarimetric evidence. In fact, the so-called Umov "law",
an inverse relation between degree of polarisation and albedo
(see, for instance, Cellino et al. 2015b, and references therein),
predicts shallow phase-polarisation curves for bright asteroids.
NEOWISE thermal IR data (Masiero et al. 2014) for the aster-
oids shown in Fig. 4 suggest high albedo values generally above
0.4, with the only one exception of Niobe, for which a more
moderate value slightly above 0.3 has been derived.

Interestingly, the above mentioned SMASS classification of
(214) Aschera (Xc¢), based on its spectral reflectance properties
would suggest this asteroid to be a low-albedo object, in agree-
ment also with its Cgh classification in the DeMeo (DeMeo et al.
2009) taxonomy (an extension of SMASS, based on additional
data obtained at near-IR wavelengths). This is in disagreeement
with the Tholen classification of Aschera, Angelina and Hun-
garia, as members of the E class. As for Niobe, its Tholen clas-
sification was S, implying a moderate albedo.

Looking at Fig. 4, we find that new CAPS measurements of
the above mentioned asteroids confirm their very shallow phase-
polarisation curves, typical of high-albedo objects. We are then
led to conclude that polarimetric data do not support the SMASS
and DeMeo classifications of (214) Aschera as low-albedo aster-
oid, whereas they are in agreement with the older Tholen classi-
fication as E-type and with thermal IR albedo estimates. On the
other hand, the polarimetric data for (71) Niobe tend to confirm
the modern Xe classification and a moderate-to-high albedo.

Fig. 5 shows the phase-polarisation data for the asteroids
(246) Asporina, (289) Nenetta, (354) Eleonora, (863) Benkoela.
These asteroids belong to rare A taxonomic class, defined
on the basis of spectral reflectance properties suggesting a
high-abundance of the olivine silicate (Tholen 1989, and ref-
erences therein). While (246) Asporina, (289) Nenetta, and
(863) Benkoela are classified as A-type in the Tholen, SMASS
and DeMeo taxonomies, in the case of (354) Eleonora there are
classification differences: it is classified as A-class in the DeMeo
taxonomy, but as § in the Tholen taxonomy, and S/ (one of the
different sub-classes of the S complex), in the SMASS taxon-
omy. Fig. 5 shows a first example of noisy phase-polarisation
curve, that of (246) Asporina, in which a general disagreement
between CAPS and other literature data is apparent. In particu-
lar, CAPS data seem to be more compatible with a quite shallow
curve, whereas literature data seem to suggest a slightly deeper
negative polarisation branch. It is clear that more observations
of this object are needed. Apart from the uncertain case of As-
porina, the other three asteroids in Fig. 5 exhibit very shallow
curves and look quite similar to each other, in spite of some noisy
data of (863) Benkoela, which make more uncertain the determi-
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Fig. 5. Phase-polarisation data for the asteroids (354) Eleonora, (289)
Nenetta, (625) Xenia and (863) Benkoela. The meaning of the symbols
is the same as in Fig. 1.

nation of the phase angle corresponding to the extreme value of
negative polarization .

There are NEOWISE albedo estimates of 0.31 +0.05, 0.20 +
0.05, and 0.29 + 0.03 for (246) Asporina, (354) Eleonora and
(863) Benkoela, respectively, according to the most recent on-
line version of the catalogue, originally published by Masiero et
al. (2014). The agreement of the fairly high values for Asporina
and Benkoela is very good, whereas the lower albedo found for
(354) Eleonora is more common among asteroids belonging to
the S class. All these values might look a little underestimated
for objects exhibiting such shallow phase-polarisation curves,
which look similar to those of high-albedo asteroids shown in
Fig. 4. This is a potentially interesting result, but, as already
mentioned, we will postpone a more specific analysis of the
determination of the geometric albedo from polarimetric data,
and of the polarimetric properties of different asteroid taxonomic
classes, to a forthcoming paper.

6.2. Curves with low inversion angles

The phase-polarisation curves of asteroids are very useful to
identify particular classes of objects exhibiting unusual polari-
metric properties. These properties can be diagnostic of a physi-
cal behaviour which can be hardly detectable based on data com-
ing from other techniques. A classical example is given by the
recovery of the previously known F taxonomic class.

This taxonomic class was first introduced by Gradie and
Tedesco (1982). It included asteroids exhibiting a flat (that is
why F) reflectance spectrum in the wavelength range from 0.3 to
1.1 um, characterized by an overall lack of absorption features.

F-class asteroids are rare. In the classical asteroid taxonomy
classification by Tholen (1984), only 27 asteroids, corresponding
to about 3% of all classified objects, were found to belong to this
class. Most interestingly, the F-class was known to include some
objects, including the active asteroid (4015) Wilson-Harrington,
showing episodes of surface activity, and therefore suspected to
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Fig. 6. Phase-polarisation data for the asteroids (45) Eugenia, (210) Is-
abella, (419) Aurelia and (704) Interamnia, all of them belonging to the
F taxonomic class. The meaning of the symbols is the same as in Fig. 1.
The vertical lines at the phase angle of 20° (corresponding to the typi-
cal value of the polarisation inversion angle of most asteroid taxonomic
classes) are drawn as a reference to illustrate the anomanously low val-
ues of the inversion angle characterizing this taxonomic class (see text).

have a cometary origin (see, for instance, Devogele et al. 2018,
and references therein). This possibility was strengthened by
the fact that the typical polarimetric property of F-class aster-
oids, namely an anomalously low value of the polarisation in-
version angle a;,y, well below 20° (Belskaya et al. 2005, 2017),
was found to be shared also by the nucleus of comet 133P/Elst-
Pizarro according to (Bagnulo et al. 2010).

The most modern taxonomic classifications (Bus & Binzel
2002; DeMeo et al. 2009) are based on reflectance spectra ob-
tained using CCD detectors, which do not cover adequately the
UB spectral region. For this reason, objects previously classi-
fied as F-class are now merged together with asteroids previ-
ously belonging to a different Tholen class, named B, in what is
the modern taxonomic B-class. The determination of the polari-
metric inversion angle aj,,is currently the most effective tool to
identify F class objects included in the modern B class.

More recently, the possibility that F-class asteroids can be
borderline objects between asteroids and comets has been nicely
confirmed by Cellino et al. (2018), who demonstrated that the
near-Earth asteroid (101955) Bennu, the target of the space mis-
sion OSIRIS-REX, exhibits a low value of the polarimetric inver-
sion angle, typical of the F-class. This is an important discovery,
because Bennu has been found by OSIRIS-REX to display pre-
viously unexpected phenomena of surface activity (Hergenrother
et al. 2019; Lauretta et al. 2019) and abundance of hydrated min-
erals (Hamilton et al. 2019) .

An extensive analysis of F-class asteroids cannot be pre-
sented in this paper. Available polarimetric data are still not suffi-
cient. There are some preliminary indications that not all the as-
teroids classified as F-class by Tholen (1984) exhibit a sharply
low value of the polarimetric inversion angle. This is not un-
expected, taking into account possible cases of taxonomic mis-
classification, and the fact that there were in the Tholen (1984)
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taxonomy several cases of uncertain, non univocal classifications
(CF, FC, etc.). Moreover, recent polarisation measurements of
the near-Earth asteroid (3200) Phaethon, the likely parent body
of the Geminid meteor shower, and therefore an excellent candi-
date to be an active asteroid, have not produced conclusive ev-
idence of a small value of a;,,(Devogele et al. 2018). In gen-
eral terms, the work of polarimetric analysis of the F' taxonomic
class is still in progress. One of the goals of current investiga-
tions, which will be presented in forthcoming papers, is to check
whether the F class is sharply distinguishable, in terms of polari-
metric properties, from asteroids displaying a similar reflectance
spectrum at visible wavelengths, or, as it might be possible, there
is a continuum in the transition from clearly F-like objects, to
modern B-class asteroids.

In Fig. 6 we limit ourselves to present the cases of four as-
teroids, (45) Eugenia, (210) Isabella, (419) Aurelia and (704) In-
teramnia, clearly exhibiting a low value of a;,y, well below 20°,
typical of the F class. In all these cases, CAPS observations play
a relevant if not fundamental role to constrain the polarimetric
behaviour of these objects.

6.3. Barbarians

The so-called Barbarian asteroids are a class of objects exhibit-
ing an anomalous polarimetric behaviour, characterized by an
unusually large value of the inversion angle a;yy. In this respect,
their polarimetric behaviour is opposite to that of F-class aster-
oids. The prototype of the class is (234) Barbara, whose anoma-
lous phase-polarisation curve was first discovered by Cellino et
al. (2006). Since the beginning, Barbarians have been high pri-
ority targets for CAPS observations. The reason is that these ob-
jects are rare and extremely interesting, because some evidence
suggests that they could be extremely primitive. In fact, spec-
troscopic observations have revealed that Barbarians, which are
characterized by reddish reflectance spectra showing strong ab-
sorption bands in the near-IR around 2 um, have surfaces which
look extremely enriched in highly refractory compounds, espe-
cially the spinel mineral (Sunshine et al. 2008). Spinel is present
in Calcium-Aluminum-rich inclusions (CAIs) found in some
meteorites. CAls are among the oldest samples of solid matter
known in the Solar system, and their formation might date back
to the early stages of planetesimal growth, or even before (see,
for instance Cellino et al. 2015a, and references therein).

Barbarians have been extensively investigated by Devogele
et al. (2018), who carried out dedicated spectroscopic and polari-
metric investigations of these objects. Among their main results,
the authors proposed an explanation of the observed polarimet-
ric behaviour as due to the refractive index of the spinel mineral,
found to be anomalously abundant on Barbarian surfaces. More-
over, the above authors found evidence that that all the observed
Barbarians turn out to be members of the L taxonomic class de-
fined by DeMeo et al. (2009), based on reflectance spectra at
visible and near-IR wavelengths. The analysis carried out by De-
vogele et al. (2018) was based on the evidence coming from both
spectroscopic and polarimetric data, and included an attempt to
interpret the observed visible and near-IR reflectance spectra in
terms of surface composition and space weathering effects. In
this paper, instead, we focus more on details of the polarimetric
properties, taking profit of the much improved database that is
now available, including a large number of new CAPS measure-
ments.

Figure 7 shows the available phase-polarisation data in V fil-
ter for a nearly all the known Barbarians larger than some tens
of km. Smaller Barbarians exist, but they have been found to
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consist only of small members (a few km in size) of a couple
of families having a Barbarian largest remnant, as will be men-
tioned below. The only one sizeable object which is not shown
in 7 is (2085) Henan, for which we have so far only a couple of
polarimetric measurements, suggesting a deep negative polarisa-
tion branch. Only three asteroids shown in 7 are not included in
the DeMeo et al. (2009) taxonomy. They were previously classi-
fied as L-type by Bus & Binzel (2002). These three asteroids are
(172) Baucis, (611) Valeria and (980) Anacostia.

By looking at Figure 7, one can conclude that there is not
evidence of any systematic difference between Barbarians which
are known members of the DeMeo et al. (2009) L class and those
which are not included in the DeMeo et al. (2009) classification.
This is not surprising: in the case of (387) Aquitania and (980)
Anacostia, for instance, their close similarity in terms of spec-
tral reflectance data had been known since a longtime (Burbine
et al. 1992), and it was just the fact that (980) Anacostia had
been found to be a Barbarian in terms of polarimetric properties,
which led Masiero & Cellino (2009) to observe (387) Aquitania,
leading to the discovery of the Barbarian polarimetric behaviour
of this object.

It should also be noted that (729) Watsonia, whose phase-
polarisation curve is shown in Fig. 7, is the largest remnant of
the first dynamical family discovered to consist of small Barbar-
ian members (not shown in our Figure), according to Cellino et
al. (2014). This was an important discovery, because dynamical
families are the currently observable outcomes of energetic colli-
sional phenomena which produced in the past the partial or com-
plete disruption of single parent bodies. As a consequence, cur-
rent members of the Watsonia family include objects that were
buried inside their parent body before the collision. In turn, the
fact that the observed Watsonia members display the polarimet-
ric properties typical of Barbarians, means that these properties
are not simply due to surface processing mechanisms, but to un-
usual bulk compositions. The Watsonia family is important also
for another reason. It is surrounded by three large Barbarians,
(387) Aquitania, (599) Luisa and (980) Anacostia, which are not
official members of the Watsonia family, but are so close in the
space of orbital proper elements to suggest that this cannot be
due to chance. The most natural explanation (Cellino et al. 2014)
seems to be that in a very remote epoch one single big Barbar-
ian parent body was completely shattered by a collision, which
produced four large fragments: Aquitania, Luisa, Anacostia and
Watsonia. Only at a subsequent epoch Watsonia experienced in
turn another collision that produced its currently identified fam-
ily. If this interpretation is correct, we can expect a close sim-
ilarity between Aquitania, Luisa, Anacostia and Watsonia. Fig-
ure 7 confirms the close resemblance of the phase-polarisation
curves of these four asteroids. Only in the case of (599) Luisa, it
seems that the asteroid displays a slightly deeper negative polari-
sation branch, but this has to be confirmed by additional data. We
have already mentioned the very close similarity of Aquitania
and Anacostia, including also their unusual reflectance spectra.

There are, however, some questions deserving further
scrutiny. Looking at Fig. 7, it seems that we can tentatively sepa-
rate the objects into two different subclasses. The first and much
more populous subclass, which we call "classical Barbarians", is
characterized by very large values of the polarimetric inversion
angle aj,y, most commonly larger than 28°, and P, fairly shal-
low, between the values of -1.4% and -1.6%. This combination
of moderate Pp,and large aiyycharacterizes nearly all objects
shown in Fig. 7. There are, however, two cases of Barbarians
which seem to be characterized by a quite deep value of Py,
namely (824) Anastasia and (606) Brangine, shown in Fig. 7.
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Fig. 7. Phase-polarisation data in V for the asteroids currently named "Barbarians", including the prototype of this class, asteroid (234) Barbara,
Small members of the dynamical families of (729) Watsonia and (606) Brangane (see text) are not included in this Figure, as well as a couple of
measurements of (2085) Henan, another Barbarian candidate for which more data are needed. The meaning of the symbols is the same as in Fig. 1.

Moreover, as mentioned above, a couple of measurements of
(2085) Henan, classified as L-class in the DeMeo taxonomy, also
suggest a fairly deep negative polarisation branch. We note that
these three asteroids were considered to be Barbarians by De-
vogele et al. (2018) on the basis of a smaller number of measure-
ments obtained at phase angles between 16° and 20°. At these
phase angles, negative values of P, sufficiently deep to suggest
a Barbarian polarimetric behaviour are measured. Interestingly
enough, the above authors also found that the reflectance spec-
trum of (824) Anastasia could be hardly reconciled with the kind
of surface composition they found to produce the best-fit of the
spectra shown by most Barbarians in their adopted sample.

We also note that the Cellino et al. (2019) investigation of
the Brangine family was based on data collected in red light,

and no observations were made of Brangine family members at
phase angles smaller than 17°. The transition between the deep-
est negative values of P, and the inversion angle was found to
be steeper than in the case of (234) Barbara. In the above pa-
per, it was also noted that the «;,,value found for the Brangine
family, around 25°, appeared to be unusually low for Barbar-
ians. In Fig. 7 we show four previously unpublished polarisation
measurements of Brangine in the V filter. These measurements
were not available at the time of the analyses by Devogele et al.
(2018) and by Cellino et al. (2019), and their analyses made use
of two measurements in the R filter at phase angles around 20°,
including one having an error bar larger than 0.2% that should
be nominally discarded if we apply the quality selection criteria
described in this paper.

Article number, page 11 of 70



A&A proofs: manuscript no. output

i

2 = 824) Anastasia - 2 b ) i
C 606; Brangane ] | (48) Doris ]
- 2085) Henan J C ]

L= = 1= -

3 E 1 E ]
~ Of——"""""""-= -— = O f-———- —
Q, 1 A 1

L1l ‘ L1l ‘ I ) ‘ L1l
10 20 30 40
Phase angle (degrees)

L1l ‘ L1l ‘ I ‘ L1l
10 20 30 40
Phase angle (degrees)

O
O

Fig. 8. Left: phase-polarisation curve obtained by merging together
all the available V measurements of (824) Anastasia, (606) Brangéine
and (2085) Henan. Both literature and CAPS data of these asteroids
are shown using the same symbol for each of them. Right: the Phase-
polarisation curve of the asteroid (48) Doris, a member of the SMASS
and DeMeo Ch taxonomic class. The meaning of the symbols in this
panel is the same as in Fig. 1.

If one does the exercise of merging together all available po-
larimetric data of Anastasia, Brangidne and Henan in V light,
the resulting best-fit phase-polarisation curve exhibits a deeper
Prinand a slightly smaller value of the inversion angle @,y with
respect to classical Barbarians. This shown in the left panel of
Fig. 8

These results raise clearly some questions. It seems possi-
ble that either there are two different subclasses of the objects
that we collectively call Barbarians, or we must be more care-
ful when we adopt phenomenological criteria to identify Bar-
barians, based on the values of P; measured at phase angles be-
tween about 18° and 20°. Such simple criterion could lead some-
times to false positives. Some objects can exist, exhibiting deep
Pninand inversion angles well smaller than 28°, but relatively
deep negative polarisation branches that could be erroneously
interpreted as diagnostic the Barbarian class.

The first interpretation, that there are two main classes of
Barbarians, is supported by the classification as members of the
DeMeo L taxonomic class of the three above mentioned aster-
oids whose phase-polarisation data look slightly different with
respect to those of the majority of other Barbarians. This means
that their reflectance spectra are typical of Barbarians, as shown
by Devogele et al. (2018), apart possibly from the case of (824)
Anastasia, as mentioned above.

The alternative possibility, namely that some objects could
be erroneously classified as Barbarians based on insufficient
polarimetric data, is supported by the phase-polarisation curve
of the asteroid (48) Doris, shown in the right panel of Fig. 8.
(48) Doris is a Ch class asteroid, according to both Bus &
Binzel (2002) and DeMeo et al. (2009). Its reflectance spec-
trum is rather flat, as commonly found among members of the
C-complex, and has nothing to do with the strongly reddish spec-
tra of Barbarians. However, its phase polarisation curve, based
on currently available data, is characterized by a deep value
of Pin, followed by a steep raise and an inversion angle ap-
parently around 24°, and looks quite similar to the composite
phase-polarisation curve of (824) Anastasia, (606) Brangéne and
(2085) Henan, shown in the left panel of the same Figure. Of
course, we are aware that we should be careful because for (48)
Doris there is a lack of data at large phase angles, and in any case
this asteroid suggests a rather lower value of the polarimetric in-
version angle.

In any case, the existence of asteroids belonging to the C
complex, exhibiting a deep Pmyinand values of P; not far from
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Fig. 9. Phase-polarisation curve of the asteroids (19) Fortuna, (134)
Sophrosyne, (145) Adeona and (345) Tercidina. They all belong to the
SMASS Ch taxonomic class, but they exhibit quite different phase-
polarisation curve, with respect to (48) Doris shown in Figure 8. The
meaning of the symbols is the same as in Fig. 1.

—1.0% at phase angles around 20° might be not so unusual. An-
other example can be that of (238) Hypatia, another asteroid
belonging to the Ch-class (Bus & Binzel 2002), whose phase-
polarisation curve is noisy, but could be similar to that of (48)
Doris.

Based on these facts, we conclude that the identification
of Barbarians purely based on polarimetric properties, not sup-
ported by spectroscopic data, could lead in some cases to false
positives. The classification as Barbarians should not be simply
based on the measured value of P, at phase angles around 20°,
as usually done these days, but it should include measurements
taken at higher phase angles. An estimation of P, would be also
important, because classical Barbarians do not reach P, values
more negative than about —1.6. The presence of a deep negative
polarisation branch might be diagnostic of non-Barbarian aster-
oids belonging to the C-taxonomic complex, in some cases dis-
playing P, values not very different from those of real Barbarians
at relatively high values of phase angle.

Finally, we note that the fact that two asteroids classified as
members of the Ch taxonomic class of Bus & Binzel (2002), (48)
Doris and (238) Hypatia, exhibit phase-polarisation curves that
could be erroneously interpreted in terms of a Barbarian nature,
should not be over-interpreted. These might be just two unlucky
cases, and we cannot conclude that Ch asteroids are all “false
Barbarians”. A few examples are shown in Fig. 9, displaying
the cases of (19) Fortuna, (134) Sophrosyne, (145) Adeona and
(345) Tercidina. These Ch asteroids exhibit “normal” polarimet-
ric inversion angles around 20°, and values of P; of the order of
-1% are reached at smaller phase angles, although some care is
certainly needed in Barbarian searches. Other examples of un-
usually steep polarimetric data for asteroids belonging to the Ch
class, however, will be shown in Subsection 6.6.
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Fig. 10. Top panels: phase-polarisation data for the two asteroids (158)
Koronis and (208) Lacrimosa. In both cases, the data do not allow us to
compute a phase-polarisation curve according to our criteria explained
in Section 3. Bottom-left panel: by merging the polarimetric data for
(158) Koronis and (208) Lacrimosa, as well as some data for a small
number of additional Koronis family members, we obtain the plotted
phase-polarisation curve. Bottom-right panel: a slightly different phase-
polarisation curve can be obtained by adding to the measurements used
to produce the curve shown in the previous panel a fairly large number
of VLT data obtained by Cellino et al. (2010) for a sample of small
members of the Koronis and Karin families, the latter being a sub-family
of that of Koronis (see text).

6.4. Families

Asteroid dynamical families are sets of objects sharing very sim-
ilar values of their orbital proper elements (see, for instance,
Bendjoya & Zappala. 2002, and references therein). They are
interpreted as the outcomes of energetic collisions having pro-
duced a complete shattering and fragmentation of single parent
bodies. Since they consist of collisional fragments, most family
members are usually fairly small and faint, apart from the largest
remnants. Families have been found to be quite homogeneous
in terms of spectral reflectance properties (Cellino et al. 2002),
apart from the presence of random interlopers which are nearly
always present in family member lists (Migliorini et al. 1995).
As mentioned above, Cellino et al. (2014) found the first case of
a family, that of (729) Watsonia, consisting of Barbarian aster-
oid members. More recently, the existence of second Barbarian
family has been proposed by Cellino et al. (2019), as discussed
in Section 6.3.

The Calern telescope is generally too small to allow us to un-
dertake extensive polarimetric studies of large numbers of mem-
bers of any given family. We are making an effort, however, to
observe as many family members as possible, because polari-
metric data are important to obtain a better physical character-
ization of the objects, and to possible identify interlopers, ex-
hibiting properties clearly distinct from those of most members
of a given family.

An example is given by the asteroid (194) Prokne. This ob-
ject is the lowest-numbered and brightest member of the Prokne
family identified by Milani et al. (2014). Usually, this should

be the largest remnant of the family’s parent body, but in this
particular case the deep negative polarisation branch and over-
all morphology of the phase-polarisation curve is typical of a
low-albedo asteroid, as also confirmed by neoWISE thermal IR
data (Masiero et al. 2014). Most members of the Prokne fam-
ily, however, turn out to be moderate-albedo objects, according
to Masiero et al. (2014) and a few available taxonomic classi-
fications. Polarisation data of (194) Prokne, in agreement with
thermal IR data, suggest therefore that it is an interloper in its
family, because it is very unlikely that the parent body could
have a composition producing a swarm of fragments having mu-
tually inconsistent compositions. The real largest member of the
family is most likely the asteroid (686) Gersuind, and the family
itself should be accordingly named Gersuind family.

Apart from the identification of likely family interlopers,
there are other ways to exploit the general similarity in com-
position of members of the same family. It can be possible to de-
rive a common phase-polarisation curve of any given family by
merging available polarimetric data of its members. This can be
then compared with those of non-family objects sharing the same
taxonomic classification, based on spectral reflectance data. We
plan to develop as much as possible this aspect in forthcoming
papers.

Here, we present the particularly favourable case of the Ko-
ronis family in Fig. 10. This is a family characterized by a fairly
shallow size distribution, suggesting that the family-forming col-
lision was quite energetic, leading to an extensive disruption into
many small fragments having similar sizes (Tanga et al. 1999).
Some polarimetric data are available for two of the largest mem-
bers of the family, namely (158) Koronis (10 measurements) and
(208) Lacrimosa (9 measurements). As shown in the two top
panels of Fig. 10, however, the data are not sufficient to derive
for either object an individual phase-polarisation curve, due to
insufficient coverage of the phase angle. However, it is fairly ev-
ident that these two objects exhibit, as could be expected, a quite
similar behaviour, in agreement with their common collisional
origin and identical age.

We can, actually, merge together their polarimetric data, as
well as those available for a few additional family members, in-
cluding (243) Ida (four measurements) and five other objects,
each having up to a couple of measurements. In this way, we ob-
tain a set of data allowing us to compute a phase-polarisation
curve, shown in the bottom-left panel of Fig. 10. This curve
is based on data taken at phase angles not exceeding 17°, and
shows an extreme value of negative polarisation at a phase angle
significantly smaller than 10°.

The Koronis family, however, is really special from the point
of view of asteroid polarimetry. Little more than ten years ago,
Cellino et al. (2010) carried out a polarimetric project aimed at
detecting possible differences in the properties of a sample of
very small members of the Koronis family, compared to a similar
sample of equal-sized members of the very young Karin family.
The latter is believed to be the outcome of a second-generation
family-forming event, which caused the disruption of an orig-
inal member of the Koronis family. The Karin family is sup-
posed to be extremely young, with an estimated age less than
10 Myrs (see Cellino et al. 2010, and references within). The
goal of the project was to look for systematic differences in the
polarimetric properties of the members of the two families, to
be possibly interpreted as indications of different exposures to
space weathering mechanisms. The above study did not detect
any statistically significant difference between the members of
the two families, but what is important for our present purposes
is that that project produced a set of little less than forty VLT
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Fig. 11. Phase-polarisation data for the asteroids (105) Artemis, and
(914) Palisana. The meaning of the symbols is the same as in Fig. 1.

polarimetric measurements in V light for small members of the
Koronis and Karin families, with associated nominal errors be-
low 0.2% (more uncertain data were obtained by Cellino et al.
(2010) for some of the observed objects, but we did not make use
of them in the current study). If we merge these measurements to
those used to produce the phase-polarisation curve shown in the
bottom-left panel of Fig. 10, we obtain a new phase-polarisation
curve, shown in the bottom-right panel of the same Figure. It is
clear that the availability of the additional VLT measurements
is extremely important. The range of phase angle covered by
the observations increases significantly, and the derived phase-
polarisation curve shifts a little toward higher values the phase
corresponding to the extreme value of negative polarisation. The
resulting curve becomes more similar to those of most asteroids
belonging to S taxonomic complex.

Of course, this is just a favourable example, of the applica-
tion of polarimetric data to the study of asteroid families. We
plan to cover this subject of investigation in future papers, as
soon as we will have at our disposal a sufficient number of mea-
surements. Currently, we have already data for members of sev-
eral families, including those of Eos, Themis, Maria, and others.
This is work in progress.

6.5. Near-Earth objects

Near-Earth objects (NEO) are generally faint, and most of them
are beyond the possibilities of CAPS. Due to their importance,
however, we are making a special effort to observe as many
NEOs as possible, since they are targets of particular importance.
The list of CAPS measurements presented in the Appendix A
includes several NEO observations, including those of asteroids
(433) Eros, (1036) Ganymede, (1620) Geographos, (1627) Ivar,
(1862) Apollo, (3200) Phaethon and several others. Some NEOs
that have been observed most recently are not yet included in the
Appendix A, because we want to postpone their analysis to some
papers in an advanced state of preparation.

6.6. Other cases

Fig. 11 shows available polarisation data for the asteroids (105)
Artemis and (914) Palisana. In both cases, the interval of covered
phase angles, which does not include measurements at phase an-
gles smaller than 10°, is not sufficient to derive a reliable best-fit
curve according to our criteria. However, these two asteroids are
interesting and will certainly deserve new measurements in the
future.

The cases of (105) Artemis and (914) Palisana are similar,
being characterized by a very steep increase of linear polarisa-
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tion in the positive polarisation branch. Note the different scale
for the vertical axis, with respect to the “normal” scale adopted
in the other Figures in this paper. In the negative branch avail-
able data can only provide a lower limit, but they are already
sufficient to indicate a deep Ppip.

(105) Artemis is another Ch class asteroid, exhibiting an in-
version phase angle of about 20°. (914) Palisana is not classified
by either the SMASS or the DeMeo taxonomies, whereas Tholen
classified this asteroid as CU, meaning a large uncertainty. It also
exhibits a value of @jyaround 20°. Both objects are remarkable
because they show a quite spectacular transition from very neg-
ative to very positive values of P; in a limited interval of phase
angle.

7. Conclusions and future developments

In this paper we have presented the results of a strong effort
to increase the database of asteroid polarimetric data. We have
given a general description of the quality and quantity of the
CAPS database without entering yet into very specific applica-
tions which are postponed to forthcoming papers that we are al-
ready preparing.

We think that the interplay between polarimetry and spec-
troscopy is a major tool in order to significantly improve our
knowledge and understanding of the asteroids. So far, the polari-
metric side has been under-exploited, as a consequence of a gen-
eral lack of data. The Calern Asteroid Polarimetric Survey has
been designed and managed in order to represent a real change
in this field. For this reason, we are still continuing our observ-
ing project, and we plan to present in the future periodic updates
of the CAPS database.
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Appendix A: The CAPS catalogue

Table A.1. List of the results obtained by the Calern Asteroid Polarimetric Sur-
vey, since the beginning of operations and up to December, 2021. All the obser-
vations collected for each object are listed, specifying for each entry the object’s
identification number, the epoch of observation (expressed as year, month, day
and fraction of day), the phase angle, the value of the measured P, its error, and
the filter used. As for the latter, it is most commonly the standard V filter, but in
several cases also the B, R and / filters of the Johnson-Cousin system have been
used. A few additional measurements in BRI colours done since 2018 are not
listed because they are still under reduction.

Filter

Asteroid Date of observation Fraction of Phase angle P,
Number day (deg) (%)
1 2016-08-17 0.073 19.00 0.16 = 0.09
1 2016-08-18 0.071 18.89 0.15+0.09
1 2016-08-21 0.018 18.53 0.01 £ 0.09
1 2016-08-22 0.108 18.39 0.03 £ 0.09
1 2016-12-01 0.867 1524  -0.83 +£0.08
1 2016-12-05 0.848 16.15 -0.59+£0.12
1 2017-12-19 0.248 17.02  -0.23 +0.09
1 2018-01-12 0.034 9.53 -1.40+0.09
1 2018-05-08 0.892 23.12 1.40 = 0.09
1 2021-08-22 0.142 20.85 0.69 +0.08
2 2016-08-17 0.948 7.05 -1.47+0.10
2 2016-08-18 0.926 6.99 -1.53+0.09
2 2016-12-02 0.721 16.96  -0.34 +0.08
2 2015-02-18 0.191 18.70 0.05 +0.08
2 2015-02-18 0.191 18.70 0.08 +0.08
2 2016-07-19 0.048 1224  -1.21+£0.08
2 2019-01-28 0.246 24.05 1.32 £ 0.08
2 2019-02-11 0.196 22.17 0.86 = 0.08
2 2019-04-08 0.995 10.61 -1.42 +£0.08
2 2020-02-24 0.228 15.09 -0.67 +£0.08
2 2020-04-06 0.182 17.67 -0.04 £0.10
2 2020-04-07 0.175 17.69  -0.16 £ 0.09
2 2020-05-08 0.132 1720  -0.43 +£0.08
2 2021-08-13 0.054 10.61 -1.55+£0.08
2 2021-12-02 0.739 19.23 0.10 £ 0.08
3 2015-02-18 0.941 11.91 —-0.62 £ 0.08
3 2015-02-18 0.941 11.91 —-0.66 + 0.08
3 2016-06-01 0.892 12.05 -0.57 +£0.08
3 2017-07-06 0.888 6.08 —0.48 +0.08
3 2017-07-27 0.842 10.71 —-0.69 + 0.08
3 2017-07-29 0.930 11.27  -0.67 £0.08
3 2017-08-12 0.877 1477  -0.56 £ 0.09
3 2020-02-18 0.144 1513  -0.45+0.10
3 2020-04-10 0.029 4.16  -0.63+0.08
3 2021-04-19 0.150 1435 -0.58 £0.09
4 2016-12-01 0.116 1890  -0.20+0.09
4 2018-03-19 0.212 27.43 0.36 +0.10
4 2018-03-21 0.189 27.41 0.17 £ 0.08
4 2018-03-22 0.185 27.39 0.26 £ 0.08
4 2018-05-23 0.057 14.21 —-0.48 £ 0.08
4 2019-10-07 0.127 1570  -0.43 £0.08
4 2019-10-09 0.088 15.05 -0.43 +£0.08
4 2020-01-07 0.888 20.29  -0.20 +£0.08
4 2021-01-11 0.136 20.68  —-0.14 £0.08
4 2021-03-01 0.005 4.69 -0.61+0.08
5 2016-06-08 0.883 27.22 0.79 +£0.10
5 2017-07-09 0.937 3.71 -0.55+£0.09
5 2017-07-11 0.935 441 -0.68 +£0.10
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
5 2017-07-18 0.910 694 -0.75+0.10 v
5 2017-07-05 0.883 245  -0.38 +0.09 \Y%
5 2020-02-18 0.899 1555 -0.36 £0.08 \Y%
5 2020-04-08 0.842 28.12 1.02 +0.08 \Y%
6 2015-02-19 0.783 27.14 0.53 +£0.08 \Y%
6 2015-02-19 0.783 27.14 0.45 +0.08 R
6 2016-06-08 0.908 20.37  -0.13+0.10 v
6 2017-07-05 0.917 11.29  -0.59 +0.08 \Y%
6 2017-07-18 0.846 1548 -0.47+0.11 \Y%
6 2017-07-20 0.934 16.14  -0.47 £0.08 v
6 2017-08-02 0.952 19.85  -0.28 +0.09 \Y%
6 2020-02-18 0.156 16.08  -0.45+0.08 A%
6 2020-04-09 0.076 6.76  -0.81+0.09 v
6 2020-04-22 0.020 970  -0.57 +0.08 v
6 2021-08-11 0.939 13.64  -0.57 £0.08 A%
7 2017-07-07 0.076 30.53 0.95+£0.11 v
7 2015-02-18 0.014 824  —-0.75+0.08 \Y%
7 2015-02-18 0.014 824  -0.67 +0.08 R
7 2017-08-13 0.059 30.29 0.97 £0.12 v
7 2021-08-22 0.154 29.29 0.79 £ 0.08 \Y%
8 2015-02-18 0.004 333 -0.55+0.08 A%
8 2015-02-18 0.004 333  -0.46+0.08 R
8 2015-03-10 0.989 1240  -0.32+0.08 \Y%
8 2017-12-21 0.050 749  -0.61+0.24 A%
8 2017-12-22 0.030 6.89  -0.70 £0.09 v
8 2018-05-08 0.861 24.88 0.43 +0.09 \Y%
8 2019-02-11 0.249 22.83 0.20 £ 0.15 v
8 2019-02-12 0.206 22.83 0.20 = 0.08 \Y%
8 2019-04-04 0.096 15.85 -0.36 £0.08 \Y%
8 2019-04-13 0.089 12.86  —0.69 +0.08 A%
8 2019-05-29 0.921 910 -0.48+0.08 \Y%
9 2015-12-11 0.739 26.1 0.31 +£0.10 \Y%
9 2019-10-02 0.118 12.55 -0.82+0.08 A%
9 2019-10-03 0.052 12.12 -0.82+0.08 \Y%
9 2019-10-09 0.065 926 -0.82+0.08 \Y%
9 2020-01-07 0.879 27.12 0.47 +0.08 v
9 2021-01-17 0.193 23.90 0.32 +£0.08 \Y%
9 2021-02-23 0.980 1725  -0.53 £0.09 \Y%
9 2021-02-26 0.119 16.25 -0.55+0.09 v
9 2021-05-07 0.919 1469  -0.67 £0.08 \%
10 2015-02-18 0.821 1445 -0.74 £0.08 \Y%
10 2015-02-18 0.821 1445 -0.82+0.09 R
10 2017-07-11 0.948 489 -1.36+0.09 \Y%
10 2019-10-07 0.149 13.73  -1.02+0.09 A%
10 2019-11-08 0.077 587 -1.45+0.08 v
10 2020-01-07 0.900 1241 -1.17+£0.08 \Y%
10 2021-01-06 0.033 7.76 —-1.44+0.08 \Y%
10 2021-02-10 0.035 497 -133+0.08 v
10 2021-04-24 0.849 18.84 0.22 +0.08 \Y%
11 2016-07-19 0.057 26.07 0.79 £ 0.09 \Y%
11 2016-12-12 0.763 24.26 0.41 +0.10 \Y%
11 2017-12-19 0.084 15.19  -0.43+0.10 \Y%
11 2015-02-18 0.149 21.08 0.33 +£0.08 \Y%
11 2015-02-18 0.149 21.08 0.23 +0.08 R
11 2015-05-20 0.852 12.75  -0.62 £ 0.08 \Y%
11 2018-05-08 0.885 21.51 0.35+0.09 \Y%
11 2019-02-12 0.216 23.09 0.34 +0.09 v
11 2019-04-08 0.073 15.57  -0.49 £ 0.09 \Y%
11 2019-05-31 0.976 9.12  -0.60 +0.08 \%
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
12 2016-02-04 0.852 9.83  -0.89+0.09 v
12 2020-02-20 0.014 473  -0.47+0.08 \Y%
12 2020-02-21 0.055 487 -0.64+0.09 \Y%
12 2020-04-07 0.923 18.35  -0.21 £0.08 v
12 2021-08-11 0.945 12.41 —-0.71 £ 0.08 \Y%
12 2021-08-17 0.825 14.62  -0.57 £0.08 \Y%
12 2021-09-19 0.789 26.05 0.44 +0.08 \%
12 2021-11-16 0.723 30.67 1.10 + 0.08 \Y%
13 2016-12-07 0.119 16.81  —-1.28 £0.08 \Y%
13 2016-12-12 0.083 15.16 -1.64+0.10 \Y%
13 2017-01-16 0.950 11.08  -2.10+0.08 \Y%
13 2015-12-11 0.705 21.79  -0.07 £0.09 A%
13 2016-12-01 0.124 18.38  -0.93 +0.09 A%
14 2015-12-10 0.811 15.18  -0.62 +0.09 \Y%
14 2016-12-01 0.160 24.96 0.47 +0.09 A%
14 2019-10-02 0.096 6.89 -0.92+0.09 v
14 2019-10-03 0.029 6.61 —0.85 +0.08 v
14 2019-10-08 0.001 523 -0.77+0.09 A%
14 2019-12-27 0.797 19.23  -0.38 £0.08 v
14 2021-02-10 0.045 10.13  -0.73 +0.08 v
15 2015-07-15 0.066 26.05 0.38 + 0.08 A%
15 2016-12-13 0.109 20.73  -0.01 £0.08 v
15 2019-07-24 0.027 9.60 -0.79 +0.08 v
15 2019-07-29 0.064 7.60  —-0.79 £ 0.08 A%
15 2019-08-06 0.041 477  -0.71£0.09 v
15 2019-10-02 0.781 21.21 0.01 £ 0.08 \Y%
15 2019-10-07 0.852 22.36 0.09 +0.08 v
15 2019-10-10 0.792 22.94 0.13 +£0.08 \Y%
15 2021-01-06 0.026 7.19  -0.69 +0.08 \Y%
15 2021-01-19 0.971 140  -0.34+0.08 v
16 2015-12-09 0.071 1.73  -0.51+0.08 \%
16 2018-03-19 0.205 1474  -0.92 £ 0.08 \Y%
16 2018-05-12 0.001 1.68  —-0.30+0.08 v
16 2018-05-25 0.964 575 -1.04+0.09 \Y%
16 2019-07-23 0.048 6.03  -0.99 +0.09 v
16 2019-07-29 0.016 356  —0.81+0.08 v
16 2019-07-30 0.009 315 -0.80+0.08 \Y%
16 2019-07-31 0.013 272 -0.70 +£0.08 \Y%
16 2019-08-06 0.002 0.51  -0.08 +£0.08 v
16 2021-01-17 0.870 15.58 -0.71 £0.08 \Y%
17 2016-07-19 0.015 16.78  —0.40 £ 0.09 \Y%
17 2016-07-27 0.051 13.50  -0.78 £0.09 v
17 2016-08-21 0.041 211  -0.32+0.09 \Y%
17 2015-02-18 0.045 814  —-0.80+0.08 \Y%
17 2015-02-18 0.045 814  -0.75+0.08 R
17 2021-11-19 0.026 1293  -0.57 £0.08 \Y%
18 2015-02-19 0.193 20.25 -0.12+0.09 v
18 2015-02-19 0.193 20.25 0.21 +0.09 R
18 2016-12-13 0.921 26.34 0.45 +0.08 \Y%
18 2017-01-17 0.820 30.53 0.96 = 0.08 \Y%
18 2018-05-06 0.901 17.13  -0.44 +0.09 A%
18 2018-05-11 0.900 18.15  -0.36 £0.09 \Y%
18 2019-08-01 0.883 16.58  —0.52+0.09 \Y%
19 2017-12-20 0.109 1890  —-0.68 +0.09 v
19 2018-05-10 0.884 22.66 0.30+0.11 \Y%
20 2015-02-19 0.172 22.38 0.32 +0.09 \Y%
20 2015-02-19 0.172 22.38 0.22 +0.08 R
20 2017-12-21 0.916 260 -047+0.13 \Y%
20 2017-12-21 0.916 2.60 0.22 + 0.08 R
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
20 2018-05-08 0.841 25.13 0.57 +£0.09 v
21 2016-12-01 0.141 16.57  —-0.93 +0.09 v
21 2017-01-16 0.969 251 -0.73+£0.08 \Y%
21 2017-12-19 0.231 19.57 -0.67 £0.11 v
21 2018-03-08 0.065 1349  -1.29+0.09 \Y%
21 2018-05-06 0.953 11.59 -1.42+0.09 v
21 2019-10-02 0.017 380  -0.71 £0.08 v
21 2019-10-09 0.957 7.18 -1.36+0.08 \Y%
21 2021-01-06 0.066 9.66 -1.39+0.09 \Y
22 2016-12-12 0.006 7.18 -1.03+0.10 \Y%
22 2018-03-24 0.094 6.04 -0.93+0.08 v
22 2018-05-06 0.944 12.79  -0.92 +0.09 A%
22 2021-11-19 0.938 16.02  -0.52 +0.09 A%
23 2015-02-19 0.837 28.37 0.76 = 0.08 v
23 2015-02-19 0.837 28.37 0.36 + 0.09 R
23 2020-02-18 0.218 24.20 0.41 +0.08 \Y%
23 2020-04-06 0.002 9.44  -0.80+0.08 \Y%
23 2020-05-19 0.922 1197  -0.47 +0.09 A%
24 2016-07-28 0.996 583 -1.69+0.10 v
24 2017-12-21 0.818 16.78  —-1.22+0.26 \Y%
24 2019-01-28 0.967 6.36 —-1.50+0.08 A%
24 2019-02-04 0.884 9.09 -1.61+0.08 v
24 2019-04-08 0.845 21.32 0.24 +0.10 v
25 2017-08-12 0.963 22.96 0.35 +0.09 A%
25 2015-02-22 0.805 20.15 0.19 £ 0.09 R
25 2017-07-03 0.039 27.87 0.76 £ 0.14 \Y%
25 2017-07-09 0.916 26.99 0.63 +0.09 A%
25 2017-07-22 0.058 25.09 0.60 £ 0.11 v
25 2017-07-30 0.982 24.03 0.50 = 0.09 \Y%
25 2019-01-28 0.927 13.61 -0.05+0.11 A%
25 2019-02-05 0.869 15.14  -0.47 £0.09 \Y%
25 2020-04-06 0.899 1044  -0.75+£0.09 \Y%
25 2021-08-22 0.164 27.80 0.79 + 0.08 A%
25 2021-11-16 0.921 1474  -0.40x0.16 \Y%
26 2016-12-13 0.122 20.91 0.13 +£0.09 \Y%
26 2015-10-15 0.078 14.00 -0.52 +0.08 A%
26 2015-12-10 0.937 750  -0.71+0.09 \Y%
26 2016-02-05 0.823 19.76  -0.13 £0.08 \Y%
26 2019-10-05 0.081 8.03 -1.12+0.09 A%
26 2020-01-07 0.826 19.63  -0.01 £0.10 \Y%
27 2016-02-04 0.862 22.02 0.06 = 0.09 \Y%
27 2016-04-13 0.831 29.34 0.75 £ 0.09 v
27 2020-01-06 0.181 26.63 0.51 +0.08 \Y%
27 2020-02-18 0.139 13.30 -0.52+0.09 \Y%
28 2017-07-09 0.926 7.51 -0.74+0.10 \Y%
28 2017-08-11 0.840 15.65 —-0.52+0.09 \Y%
28 2017-08-13 0.842 1598 -0.57+0.13 \Y%
28 2017-08-14 0.881 16.15 -0.58 £0.09 v
28 2016-06-08 0.892 23.55 0.29 +£0.13 \Y%
28 2017-07-04 0.885 6.05 -0.60+0.10 \Y%
28 2019-12-26 0.925 935 -0.71+£0.08 v
28 2019-12-29 0.927 1045  -0.69 £ 0.09 \Y%
28 2020-02-20 0.889 23.71 0.23 +£0.08 \Y%
28 2020-04-09 0.806 23.21 0.30 + 0.08 \Y%
28 2021-04-23 0.992 523 -0.69 +0.09 \Y%
29 2015-10-15 0.063 533  -0.80+0.08 \Y%
29 2015-12-10 0.835 1949  -0.27 £0.09 v
29 2016-12-13 0.136 22.82 0.15 +0.08 \Y%
29 2019-10-02 0.084 547  -0.79 +0.08 \%
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
29 2019-10-03 0.019 503 -0.72+£0.08 \Y%
29 2019-10-09 0.005 244  -0.57+0.08 \Y%
29 2021-05-04 0.861 22.03  -0.00 +0.08 \Y%
30 2020-01-03 0.156 21.37  -0.06 +0.08 \Y%
30 2020-02-22 0.085 3.31 —-0.63 +0.09 \Y%
30 2020-04-07 0.932 16.19  -0.40+0.12 A%
30 2020-04-30 0.828 21.16 0.23 +0.08 \%
31 2016-12-12 0.776 19.05 -0.31+0.11 \Y%
31 2018-05-08 0.850 20.85 0.38 £ 0.09 \Y
31 2019-02-05 0.185 17.84  -0.51 +£0.08 \Y%
31 2019-04-08 0.987 260 -0.79+0.10 \Y%
32 2017-12-19 0.140 10.62  -0.72+0.10 A%
32 2017-12-19 0.140 10.62  -0.72+0.10 R
32 2016-08-14 0.093 17.84  -0.27 +0.09 \Y%
32 2017-12-22 0.080 949  -0.78 £0.10 A%
32 2021-11-19 0.048 14.77  -0.59 £ 0.09 v
33 2016-02-10 0.903 7.00  -0.68 +0.09 v
33 2018-05-23 0.877 840 -0.72+0.14 A%
33 2019-08-08 0.126 28.82 0.82 +0.09 v
33 2019-10-02 0.107 6.87  —-0.66 +0.08 \Y%
33 2019-10-03 0.043 6.32  -0.59 +0.08 A%
33 2019-10-08 0.007 339  -0.66 +0.08 v
33 2020-01-07 0.859 25.8 0.56 = 0.09 \Y%
33 2020-02-25 0.777 22.27 0.26 +0.10 A%
34 2016-12-08 0.033 326  -0.19+0.13 \Y%
34 2018-05-12 0.955 11.67 -1.62+0.08 \Y%
34 2019-08-02 0.966 239 -0.56+0.11 v
34 2019-08-05 0.990 2.82  -0.61+0.09 \Y%
34 2019-10-08 0.850 18.71 —-0.85+0.10 \Y%
35 2015-02-18 0.843 1696  -0.95+0.11 v
35 2015-02-18 0.843 1696  —0.67 +0.08 R
35 2019-12-30 0.937 648 -1.21+0.10 A%
35 2021-02-26 0.093 14.13  -134+0.10 A%
35 2021-05-08 0.883 1793  -0.72 £0.09 \Y%
36 2016-02-10 0.951 13.56  -1.63+£0.09 \Y%
36 2019-10-02 0.920 1023 -1.71 +£0.08 v
36 2019-10-07 0.958 1297 -1.75+0.08 \Y%
36 2019-10-10 0.926 14.51 —-1.50 +0.09 \Y%
36 2019-12-31 0.809 30.44 3.15+0.10 v
36 2021-01-18 0.103 17.16  -1.26 £0.09 \Y%
37 2020-01-06 0.117 1335 -0.73 £0.08 \Y%
37 2020-02-20 0.999 9.08 -0.94+0.08 v
37 2020-05-04 0.843 23.40 0.39 +0.08 \%
37 2020-05-20 0.833 22.70 0.29 = 0.09 A%
38 2017-07-17 0.047 10.52 -2.12+0.10 \Y%
38 2017-08-02 0.085 520 -1.52+0.11 \Y%
38 2015-02-18 0.982 274  -0.93+0.08 \Y%
38 2015-02-18 0.982 2.74  -1.00+0.08 R
38 2017-07-25 0.068 797 -190+0.15 \Y%
38 2017-08-01 0.024 558 -2.03+0.14 v
38 2019-02-09 0.855 24.25 1.17 £ 0.09 A%
38 2020-05-06 0.920 996 -1.97+0.09 \Y%
39 2016-12-12 0.134 18.50  -0.20+0.10 A%
39 2017-12-20 0.248 1527 -0.52+0.11 \Y%
39 2018-05-12 0.989 6.10 —-0.55+0.08 \Y%
39 2019-10-02 0.789 18.38  —-0.24 +0.08 A%
39 2019-10-07 0.860 19.58  -0.24 +£0.08 \Y%
39 2019-10-10 0.801 2020  -0.18 £0.08 \Y%
40 2020-02-18 0.209 23.04 0.17 = 0.08 \%
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
40 2020-04-24 0.010 2.87 -0.46+0.09 v
40 2021-11-18 0.820 21.83 0.03 +£0.09 \Y%
42 2015-02-18 0.878 8.09 —-0.63+0.08 \Y%
42 2015-02-18 0.878 8.09  —-0.59 +0.08 R
42 2016-06-09 0.930 19.53 0.05 = 0.09 v
42 2019-02-12 0.072 3.63 —-0.59+0.09 \Y%
42 2020-02-24 0.181 23.79 0.59 +0.08 v
42 2020-04-06 0.094 19.54 0.17 £ 0.09 \Y%
42 2020-05-05 0.035 941  -0.68 +0.08 \Y
43 2015-12-09 0.951 1044  -0.58 £0.08 v
43 2016-12-08 0.149 23.73 0.30+0.14 \Y%
43 2015-10-15 0.106 16.10 -0.27 £0.08 A%
43 2020-02-18 0.980 857 —0.63 +0.08 A%
43 2021-08-20 0.945 357 -0.35+0.08 v
43 2021-09-19 0.890 17.69  -0.29 £ 0.08 A%
43 2021-11-16 0.792 28.38 0.74 £ 0.08 \Y%
44 2015-02-18 0.068 17.17  -0.07 £ 0.08 v
44 2015-02-18 0.068 17.17  -0.10 £ 0.08 R
44 2015-05-13 0.862 21.53 0.09 + 0.08 v
44 2016-07-19 0.001 2.18 -0.14+0.09 \Y%
44 2016-08-10 0.905 10.88  -0.24+0.13 A%
44 2017-12-21 0.882 21.85 0.50 +£0.29 v
44 2019-01-28 0.234 25.48 0.28 = 0.08 \Y%
44 2019-02-06 0.145 25.00 0.33 +0.08 A%
44 2019-02-11 0.202 24.53 0.14 +0.08 \Y%
44 2019-04-08 0.034 820 -0.25+0.09 \Y%
44 2021-11-19 0.004 12.16  -0.17 £0.09 A%
45 2017-01-17 0.940 13.84  -0.55+0.09 \Y%
45 2015-07-15 0.072 19.84 0.99 = 0.08 \Y%
45 2015-07-17 0.072 19.54 0.99 + 0.09 v
45 2016-12-09 0.962 318  —-0.68 +0.08 \Y%
45 2017-12-19 0.158 21.70 1.72 £ 0.09 \Y%
45 2018-03-08 0.998 4.58 -0.98 +£0.08 v
45 2018-05-10 0.918 20.01 0.85 +0.40 \Y%
45 2019-05-30 0.097 20.05 1.11 +£0.08 \Y%
45 2019-07-22 0.012 236 -0.68 +£0.09 A%
45 2019-07-30 1.000 270  -0.70 +£0.08 \Y%
45 2019-07-31 0.961 3.05 -0.70+0.08 v
45 2019-08-06 0914 541 -1.05+0.09 v
45 2021-01-17 0.834 19.38 0.86 = 0.08 \Y%
46 2020-02-22 0.064 0.86 —-0.36 +0.09 v
46 2020-04-09 0.983 1642  -0.12+0.11 v
47 2016-02-04 0.960 1.71  -0.51+0.09 \Y%
47 2019-11-06 0.092 9.63 -1.36+0.09 \Y%
47 2019-12-30 0.902 11.18  -1.24 +0.08 \Y%
47 2021-01-06 0.132 11.36  -1.12+£0.09 \Y%
47 2021-02-10 0.061 149  -0.53+0.09 \Y%
48 2015-07-13 0.883 12.83  -2.10+0.09 v
48 2015-07-14 0.883 13.04 -1.98+£0.09 \Y%
48 2016-07-19 0.035 884 -2.13+0.10 A%
48 2016-07-27 0.036 638 -1.86+0.10 \Y%
48 2016-08-18 0.964 269 -0.71+0.09 \Y%
48 2017-12-22 0.932 1552 -1.89+0.10 v
48 2019-02-09 0.999 227  -0.69 +£0.08 v
48 2020-02-23 0.173 16.50  —1.68 £0.09 \Y%
48 2020-04-06 0.011 7.14  -1.82+0.12 A%
48 2020-05-19 0.960 796  -1.71£0.09 v
48 2021-08-11 0.891 11.25  -2.03+£0.08 \Y%
48 2021-08-17 0.835 12.65 -2.11+0.09 v
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
49 2016-12-12 0.194 17.82 -0.78 £0.10 \Y%
49 2016-02-05 0.870 22.13 0.21 +0.08 \Y%
49 2018-03-22 0.086 9.14 -195+0.12 v
50 2015-02-18 0.108 1296  -1.64+0.10 v
50 2015-02-18 0.108 1296  -0.67 +0.08 R
50 2015-04-01 0.920 0.66 0.82 +0.48 v
50 2021-11-18 0.923 18.33  -0.76 £0.10 v
51 2015-07-14 0.966 17.12  -0.67 +0.10 \Y%
51 2015-10-14 0.767 22.64 0.44 +0.10 \%
51 2016-12-13 0.905 21.64 0.28 + 0.09 v
51 2015-05-12 0.984 1472 -1.34+0.08 \Y%
51 2017-01-17 0.782 23.28 0.74 + 0.09 A%
51 2017-12-20 0.118 24.76 1.30 + 0.09 A%
51 2019-05-30 0.111 22.45 0.49 = 0.08 \Y%
51 2019-07-22 0.001 6.58 —-1.86+0.08 A%
51 2019-07-24 0.991 6.05 -1.79+0.08 v
51 2019-08-05 0.950 593 -1.61+0.08 \Y%
51 2019-10-07 0.761 22.49 0.55 +0.09 v
52 2019-08-08 0.135 15.12 -1.26 £0.09 v
52 2019-10-02 0.074 337 -0.64 +0.09 \Y%
52 2019-10-08 0.973 485 -0.99+0.09 A%
53 2016-07-05 0.980 227 -048+0.15 \Y%
53 2016-08-10 0.847 13.23 -1.09+0.15 v
53 2015-02-19 0.133 19.32  -0.36 = 0.09 A%
53 2015-02-19 0.133 19.32  -0.40 £ 0.09 R
53 2016-07-28 0.871 9.68 -1.96+0.13 \Y%
53 2019-02-07 0.101 16.07 -1.11+0.08 A%
53 2019-04-14 0.027 1458  -1.16 £0.09 \Y%
53 2021-08-22 0.001 436 -1.24+0.12 A%
53 2021-08-27 0.032 230  -0.60 +0.08 A%
54 2016-12-06 0.166 1573  -1.43+£0.09 \Y%
54 2017-01-17 0.055 474 -133+0.09 \Y%
54 2019-08-10 0.108 22.33 0.12 £ 0.09 A%
54 2019-10-07 0.985 6.79 -1.72+0.08 \Y%
55 2020-02-21 0.781 21.30 0.07 £ 0.09 \Y%
55 2020-04-07 0.840 20.18 0.14 + 0.08 A%
55 2021-01-18 0.141 16.12  -0.59 +0.08 \Y%
55 2021-04-12 0.954 1120  -0.83 £0.09 \Y%
56 2015-02-19 0.075 6.39 -1.21+0.09 A%
56 2015-02-19 0.075 639 -1.13+0.09 R
56 2016-07-19 0.024 1566  —1.01+£0.09 \Y%
56 2016-07-27 0.045 12.08  -1.45+0.09 A%
56 2016-08-01 0.066 9.88 —-1.60 +0.09 \%
56 2020-05-08 0.090 23.12 0.91 +0.09 v
56 2020-05-27 0.050 17.57  -0.54 +£0.08 v
56 2021-11-14 0.043 852 -1.71+0.09 \Y%
57 2017-12-20 0.100 13.80  —0.55+0.09 \Y%
57 2015-07-14 0.980 7.01  -0.81+0.09 v
57 2015-07-15 1.000 690 -0.74+0.09 \Y%
57 2016-12-12 0.846 18.05 -0.29+0.10 v
57 2017-01-16 0.782 20.60 0.04 +0.08 \Y%
57 2017-12-22 0.089 13.34  -0.62 £ 0.09 \Y%
57 2020-04-06 0.168 1536 -0.42 +0.09 A%
57 2020-05-05 0.109 10.79  -0.67 £0.09 v
57 2020-05-21 0.033 736  —-0.92+0.08 \Y%
57 2021-08-20 0.953 572 -0.67+0.08 \Y%
57 2021-12-03 0.746 19.18  -0.20 £ 0.09 A%
58 2015-02-22 0.981 6.05 -0.81+0.09 \Y%
58 2020-02-24 0.148 19.88  —0.53 £ 0.09 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
58 2020-04-10 0.106 556  -1.32+0.09 v
58 2020-04-15 0.050 370 -1.13+0.12 A%
58 2020-05-17 0.970 11.52 -1.65+0.10 v
58 2021-08-12 0.024 1.29 -0.45+0.08 v
58 2021-08-13 0.000 1.08  -0.22+0.09 \Y%
59 2015-05-12 0.863 7.67 -1.16+0.08 A%
59 2016-07-28 0.986 382  -0.53+0.11 \Y%
59 2016-08-22 0.904 11.06 -1.20+0.10 A%
59 2016-06-07 0.073 18.55 -0.12+0.08 \%
59 2016-07-18 0.030 6.22 -1.00+0.09 v
59 2016-07-27 0.991 390 -0.74+0.08 \Y%
59 2018-03-06 0.853 22.19 0.69 + 0.09 A%
59 2019-04-08 0.908 828  —1.06 +0.09 A%
59 2020-04-07 0.139 184  -0.02+0.10 A%
59 2020-05-11 0.071 1141  -1.26=+0.08 A%
59 2021-11-16 0.899 16.64  —0.46 +0.09 v
60 2016-08-17 0.115 27.53 0.81 £0.10 \Y%
60 2016-08-18 0.067 27.56 0.89 +0.12 A%
60 2016-12-08 0.050 7.67 -0.82+0.14 \Y%
60 2018-03-21 0.123 20.32 -0.19+£0.09 \Y%
60 2018-05-23 0.968 340 -0.52 +0.08 A%
60 2019-10-02 0.801 1745 -0.21 +£0.10 \Y%
60 2019-10-07 0.878 18.70  -0.11+0.10 v
60 2019-10-10 0.817 19.35  -0.10+0.09 v
61 2015-07-22 0.104 23.83 0.32+0.13 \Y%
61 2015-12-10 0.778 20.17 0.09 = 0.09 \Y%
61 2016-12-05 0.157 14.13  -0.59+0.10 A%
61 2017-01-17 0.986 477  -0.65+0.09 \Y%
62 2015-12-09 0.012 340 -1.17+0.09 \Y%
62 2016-02-10 0.852 20.51 0.10 £ 0.09 A%
62 2016-12-07 0.184 1797 -0.51+0.10 \Y%
62 2017-01-18 0.132 12.84 -1.46+0.10 A%
63 2015-12-10 0.066 5.80 -0.73+£0.09 v
63 2017-01-18 0.222 24.22 0.37 £ 0.09 \Y%
63 2020-01-06 0.035 584  -0.74+0.08 \Y%
63 2020-02-18 0.885 1346  -0.50 = 0.09 v
64 2017-12-22 0.832 20.60 —-0.07 £0.10 \Y%
64 2019-02-07 0.040 11.10  -0.29 £0.08 \Y%
64 2019-02-09 0.041 10.21  -0.21 +£0.08 v
64 2021-08-17 0.071 10.79  -0.32+£0.08 \Y%
64 2021-08-20 0.994 949  -0.32+0.09 \Y%
64 2021-11-18 0.768 19.21 0.12 £ 0.09 v
64 2021-12-02 0.761 20.25  -0.07 £0.08 \Y%
65 2016-08-11 0.079 1575  -0.90 £ 0.09 \Y%
65 2016-08-17 0.070 15.18  -0.99 +£0.10 A%
65 2016-12-12 0.904 1343 -1.28+0.10 \Y%
65 2016-08-18 0.034 15.07 -0.94 +0.10 v
65 2016-12-01 0.875 11.66  -1.38+0.09 v
65 2019-02-09 0.934 1.75  -0.46 +0.08 \Y%
65 2020-02-24 0.119 1448 -1.04 +£0.08 v
65 2020-04-09 0.084 1.87  —-0.50 +0.08 \Y%
67 2016-07-31 0.094 2190 -0.43+0.20 \Y%
67 2016-12-12 0.797 26.43 0.56 +0.10 \Y%
67 2019-02-12 0.182 20.47 0.13 +£0.08 \Y%
67 2019-04-01 0.016 584  -0.65+0.09 \Y%
67 2015-05-21 0.877 21.95 0.26 = 0.09 \Y%
68 2017-12-20 0.196 1729  -0.24 £0.09 v
68 2018-05-08 0.904 16.87  -0.29 £ 0.08 \Y%
68 2021-11-30 0.166 16.63  —0.30 +0.08 \%

Article number, page 23 of 70



A&A proofs: manuscript no. output
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
69 2015-02-19 0.861 15.64  -0.68 +£0.08 \Y%
69 2015-02-19 0.861 1564  -0.73+0.08 R
69 2016-06-09 0.939 12.16  —0.90 £ 0.09 v
69 2017-07-05 0.036 425 -0.56 +£0.09 v
69 2017-07-13 0.974 337  -0.62+0.12 A%
69 2017-07-29 0.944 6.13  -1.05+0.09 \Y%
69 2019-12-29 0.990 554 -0.83+£0.08 \Y%
69 2020-02-18 0.832 19.86  —-0.22 +0.08 \Y%
69 2021-02-26 0.146 17.77  -0.50 = 0.09 \%
69 2021-04-23 0.984 2.15  -0.69 £ 0.08 v
70 2016-12-13 0.159 19.26  -0.23+0.10 \Y%
70 2019-12-30 0.958 747  -1.70+0.09 A%
70 2020-04-09 0.828 1734 -091 +0.10 v
71 2017-07-09 0.098 19.35 0.11 +0.09 \Y%
71 2017-07-10 0.083 19.35  -0.01 £0.09 A%
71 2015-02-19 0.983 7.64  —-0.48 £0.08 v
71 2015-02-19 0.983 7.64  -0.46+0.08 R
71 2019-02-09 0.894 17.09  -0.01 +£0.08 A%
71 2021-08-13 0.028 443  -0.76 £ 0.08 \Y%
71 2021-08-20 0.981 290 -0.47+0.08 \Y%
71 2021-09-19 0.837 1194  -0.33+0.08 A%
72 2018-05-06 0.920 16.51  -1.74 £ 0.08 \Y%
72 2019-08-10 0.130 26.86 0.16 £ 0.10 \Y%
72 2019-10-05 0.040 398 —-1.03+0.09 v
75 2018-03-24 0.066 2.19  -0.58 £0.09 v
76 2015-02-19 0.025 323 -0.45+0.08 \Y%
76 2015-02-19 0.025 323  -0.49 +0.08 R
76 2019-10-05 0.064 7.82 -127+0.11 \Y%
76 2019-11-06 0.932 398 -0.78 +£0.09 \Y%
76 2019-12-27 0.829 17.61  -0.57 £0.08 A%
76 2021-01-11 0.098 7.78  —-1.07 +£0.08 \Y%
77 2015-12-09 0.991 6.04 -1.29+0.08 \Y%
77 2016-02-05 0.921 23.82 0.14 + 0.09 v
77 2019-08-10 0.162 20.62 0.09 = 0.49 \Y%
77 2021-04-19 0.856 19.57  -0.44 £0.09 \Y%
78 2015-03-07 0.815 24.84 0.94 +0.10 v
78 2020-01-03 0.176 26.85 1.65 = 0.08 \Y%
78 2020-02-23 0.059 11.72 -1.74 £ 0.08 A%
78 2020-04-11 0.989 13.60  —1.54+0.09 v
80 2020-03-04 0.085 996  -0.57+0.08 \Y%
80 2021-08-12 0.987 950 -0.41+0.09 \Y%
80 2021-08-21 0.897 10.29  -0.50 = 0.08 v
80 2021-09-19 0.796 21.45 0.04 +0.08 \%
80 2021-11-20 0.801 32.48 1.28 + 0.08 A%
81 2019-12-27 0.066 944 -1.51+0.09 A%
81 2020-01-07 0.951 562 -1.09 +0.08 \Y%
81 2020-02-21 0.871 16.36  -0.58 +£0.13 \Y%
83 2020-01-06 0.100 12.18  -1.27+0.08 \Y%
84 2016-02-10 0.997 095 -0.34+0.09 \Y%
85 2016-07-17 0.016 1549 -0.84+0.11 v
85 2016-07-18 0.052 15.13  -0.88 +0.08 \Y%
85 2016-07-28 0.980 1195 -0.94+0.10 \Y%
85 2016-12-02 0.809 26.37 2.20 +0.08 \Y%
85 2019-01-28 0.128 13.11  -0.99 +0.08 v
85 2019-02-06 0.117 10.81  -1.19+0.09 \Y%
85 2020-04-07 0.160 21.99 0.95 +0.09 \Y%
85 2020-05-11 0.109 15.03  -0.91 +0.08 v
85 2020-05-27 0.041 10.13  -1.27+0.08 \Y%
85 2021-11-14 0.034 726  —-1.39+0.08 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
86 2015-02-19 0.910 627 -1.17+0.33 v
86 2015-02-19 0.910 627 -1.24+0.09 R
86 2019-12-26 0.991 343 -0.82+0.09 \Y%
86 2019-12-29 0.955 475 -1.20=+0.08 \Y%
87 2017-07-17 0.120 1427 -1.10+0.11 A%
87 2019-12-27 0.086 6.65 -1.13+0.09 \Y%
87 2020-01-07 0.974 392 —0.69 +0.09 v
87 2020-02-22 0.939 1055 -1.08 +0.09 \Y%
87 2021-02-26 0.079 519 -0.93+0.09 \Y
88 2016-12-10 0.235 17.83  -0.23+0.13 \Y%
88 2015-12-09 0.140 1192  -1.33+0.09 \Y%
88 2019-12-26 0.895 1092 -1.31=+0.08 A%
88 2019-12-29 0.883 11.84  -1.28 £0.08 \Y%
88 2020-01-06 0.835 14.02  -1.06 +0.08 \Y%
88 2020-02-18 0.781 19.22 0.01 +0.09 A%
89 2017-08-11 0.067 15.78  -0.67 £ 0.08 \Y%
89 2017-08-14 0.020 14.66  —-0.76 £ 0.08 \Y%
89 2015-02-19 0.958 6.09 -0.78 +£0.08 A%
89 2015-02-19 0.958 6.09 -0.81+0.08 R
89 2017-07-09 0.013 25.21 0.15 +0.09 \Y%
89 2017-07-15 0.050 24.03 0.21 £0.11 A%
89 2021-08-13 0.046 813 -1.15+0.08 \Y%
89 2021-08-21 0.903 540  -0.77+0.08 \Y%
89 2021-11-20 0.783 28.19 0.58 + 0.08 A%
90 2017-08-03 0.118 20.30 0.02 +0.09 v
90 2017-08-14 0.079 18.58  —-0.38 £0.10 \Y%
90 2019-12-31 0.164 12.55 -1.51+0.10 A%
90 2020-02-19 0.995 1.27 -0.35+0.11 \Y%
90 2021-02-26 0.162 1453 -1.00+0.14 A%
91 2016-08-12 0.032 22.26 0.22 +0.10 A%
91 2016-12-21 0.923 23.21 048 £0.11 \%
91 2018-03-24 0.000 894  -1.36=+0.09 \Y%
92 2016-08-08 0.082 1591  -0.64 +0.09 v
92 2016-12-13 0.844 19.68  —0.19 +0.09 \Y%
92 2019-02-09 0.063 434  -0.69 +£0.09 \Y%
92 2020-02-18 0.231 15.83  -0.47 £0.09 v
92 2020-02-21 0.154 15.56  -0.51 +£0.09 \Y%
92 2020-04-06 0.991 6.71 —-1.00 +0.09 \Y%
92 2020-05-04 0.942 545  -0.66 +0.08 v
93 2020-01-06 0.929 685 -1.27+0.10 \Y%
93 2020-01-06 0.929 6.85 -1.27+0.09 \Y%
93 2020-02-23 0.893 17.39  -0.34 +£0.08 v
93 2020-04-07 0.869 1770  -0.23 £0.12 \Y%
93 2021-01-11 0.149 1739  -0.42 +0.08 v
93 2021-02-23 0.899 533 -1.01+0.12 v
93 2021-03-01 0.015 295 -0.88 +0.08 \Y%
93 2021-04-08 0.899 1263  -1.08 £0.08 \Y%
93 2021-04-24 0.887 17.14  -0.44 +0.09 v
94 2015-02-22 0.841 16.63  —0.35+0.09 \Y%
94 2019-11-08 0.007 322 -0.79+0.08 \Y%
94 2021-01-13 0.072 8.88  —-1.28 +£0.08 \Y%
95 2017-07-20 0.058 18.66  —0.70 £0.20 \Y%
95 2017-07-16 0.080 19.22 -0.40+0.10 v
95 2017-08-10 0.962 1447 -1.50=+0.11 \Y%
96 2015-07-21 0.096 1722 -0.95+0.09 \Y%
96 2015-07-23 0.078 1722 -0.90 £ 0.09 \Y%
96 2016-12-05 0.139 12.88  —1.51+0.09 v
96 2016-12-10 0.002 11.50 -1.55+0.11 \Y%
96 2021-11-18 0.965 9.74 -1.54+0.09 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)

97 2020-02-18 0.819 28.23 0.67 +0.09 v

97 2020-04-09 0.852 26.46 0.36 = 0.09 \Y%

98 2016-12-05 0.937 1092 -1.55+0.12 v

98 2016-12-09 0.927 12.05 -1.45+0.09 v

98 2016-12-11 0.007 1263  -1.47+0.09 \Y%

98 2016-12-28 0.989 1740  —-1.09 = 0.09 v

99 2020-03-03 0.155 10.21  -2.10+0.09 \%

99 2020-05-25 0.929 25.59 0.71 £ 0.09 \Y%
100 2016-08-18 0.108 19.85 0.18 £0.11 \%
100 2016-12-12 0.928 9.16 -0.95=+0.11 v
100 2017-01-17 0.803 1645  -0.37+0.09 \Y%
100 2019-04-08 0.927 797  -0.73+£0.09 A%
100 2020-04-06 0.128 18.93  -0.07 £0.09 v
100 2020-05-08 0.073 12.18  -0.76 +0.09 \Y%
100 2020-05-27 0.025 574 -0.85+0.08 A%
100 2021-11-18 0.901 14.03  -0.55+0.08 v
101 2020-02-18 0.119 2778  -0.51+0.09 \Y%
102 2018-03-25 0.953 7.80 -1.37+0.17 v
103 2015-10-10 0.051 13.70  -0.49 +£0.08 A%
103 2018-03-15 0.129 19.16  —-0.04 +0.08 \Y%
103 2018-03-21 0.107 18.22  -0.14 +£0.08 v
103 2018-05-12 0.009 329 -0.54 +0.08 v
103 2019-08-09 0.079 17.05  -0.40 £ 0.08 \Y%
103 2019-10-05 0.964 7.75  -0.74 £ 0.08 A%
104 2019-08-08 0.049 15.54 -1.52+0.08 v
104 2019-10-07 0.971 509 -1.08 +0.08 \Y%
104 2019-11-06 0.861 15.00 -1.50=+0.10 A%
104 2021-02-15 0.898 13.02 -191+0.11 \Y%
105 2015-12-10 0.965 10.34  -1.61+0.09 \Y%
105 2019-11-06 0.192 20.27 0.02 +0.10 v
105 2020-01-06 1.000 11.57 -1.45+0.09 \Y%
105 2021-02-26 0.190 29.95 3.51+£0.10 \Y%
105 2021-04-19 0.158 28.51 2.77 +0.10 A%
105 2021-07-28 0913 23.19 0.92 +0.08 \Y%
105 2021-08-17 0.849 25.99 1.84 +0.08 \Y%
106 2015-12-09 0.842 1529  -1.44+0.08 A%
106 2016-12-06 0.197 16.89  -1.19+0.10 \Y%
106 2016-12-10 0.096 16.30  -1.18+0.12 A%
106 2018-03-15 0.100 6.71 -1.73+0.09 A%
106 2018-05-12 0.934 1042 -1.80+0.10 \Y%
107 2020-01-06 0.054 846  -1.23+0.08 \Y%
107 2020-02-22 0.981 8.60 —-1.37+0.08 v
107 2021-02-26 0.133 1248  -1.29+0.12 \Y%
107 2021-05-08 0.927 9.14 -1.27+0.09 A%
108 2016-12-21 0.786 16.58  -0.50+0.11 \Y%
108 2019-02-05 0.097 723 -0.79 +0.08 \Y%
109 2016-12-13 0.197 22.84 0.70 £0.11 A%
109 2015-12-09 0.792 29.40 2.77 +0.09 v
109 2021-01-19 0.982 595 -1.53+0.08 \Y%
110 2019-02-05 0.157 13.84  -0.81 +£0.08 \Y%
110 2019-02-11 0.121 1222 -0.98 £ 0.08 v
110 2019-04-04 0.027 811 -1.02+0.08 \Y%
110 2019-06-15 0.870 20.39  -0.11+0.14 v
111 2021-11-16 0.879 15.25 -1.32+0.09 v
113 2019-10-05 0.053 6.66 —-0.49+0.11 \Y%
113 2021-01-13 0.103 16.62  —0.15+0.09 \Y%
114 2016-08-03 0.096 15.77  -1.01 £0.09 v
114 2019-04-08 0.132 16.86  —0.78 +£0.08 \Y%
114 2019-05-31 0.034 6.17 —-0.85+0.08 \%
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
114 2021-11-13 0.942 265 —0.61+0.08 v
115 2020-01-06 0.168 22.21 0.20 = 0.09 \Y%
115 2020-02-22 0.095 7.73  -0.71 £0.09 v
115 2020-04-07 0.951 1420 -0.35+0.09 v
116 2019-12-31 0.892 17.78  —-0.20 +0.08 \Y%
116 2021-01-13 0.129 2134  -0.12+0.09 v
116 2021-01-17 0.162 20.50 0.10 = 0.08 \%
116 2021-02-23 0.942 7.63  -0.82+0.09 \Y%
117 2016-07-27 0.103 18.92  -0.51+0.10 \Y
117 2016-08-13 0.118 16.19 -0.98 +£0.14 v
117 2019-02-12 0.138 1374  -1.01+0.08 \Y%
117 2021-08-12 0.098 12.75  -1.04 £0.09 A%
117 2021-08-22 0.024 9.63 -1.27+0.09 v
117 2021-09-19 0.959 1.73  -0.39+0.09 v
118 2020-01-03 0.051 576  -0.63 +0.08 A%
119 2019-10-07 0.138 20.11 0.03 +0.08 \Y%
119 2019-12-27 0.876 1457  -0.52+0.08 \Y%
119 2020-02-23 0.859 23.29 0.21 +£0.10 v
119 2021-05-03 0.824 17.82  -0.06 £0.10 \Y%
120 2020-04-08 0.944 18.11 -0.15+0.10 v
121 2015-12-10 0.844 1244  -1.82+0.09 A%
121 2018-03-25 0.060 452  -091+0.09 v
121 2018-05-06 0.871 13.02 -1.56 £0.09 \Y%
121 2019-06-12 0.928 10.85 —-1.91+0.09 A%
121 2021-11-16 0.834 15.87  -1.39+0.09 A%
122 2016-07-04 0.025 724 -0.80+0.09 \Y%
122 2016-07-26 0.986 0.61 -0.02+0.09 v
122 2015-05-20 0.894 3.07 -0.47+0.08 \Y%
122 2015-05-22 0.928 345  -0.55+0.09 v
122 2016-08-18 0.943 7.79  -0.64 +£0.15 v
122 2020-01-07 0.183 1697 -0.47+0.10 \Y%
122 2020-01-07 0.183 1697  —-0.54 £ 0.09 \Y%
122 2020-02-21 0.091 6.16 -0.62+0.09 A%
122 2020-04-11 1.000 1143  -0.59+0.12 \Y%
123 2020-01-03 0.028 6.46  —-0.77 +£0.09 \Y%
123 2020-01-03 0.028 646  —-0.80+0.09 v
124 2017-07-09 0.080 18.05 —-0.48 +£0.09 \Y%
124 2017-07-27 0.088 1229  -0.81 +£0.08 \Y%
124 2017-07-29 0.079 11.53  -0.84 +0.09 v
124 2017-08-03 0.060 954  -0.84 +0.08 \Y%
124 2017-08-12 0.031 569 -0.70+0.10 \Y%
124 2020-01-01 0.112 20.93 0.06 + 0.09 A%
124 2020-02-22 0.109 7.10  -0.92 +0.08 \Y%
124 2020-04-11 0.976 1445  -0.50+0.09 \Y%
124 2020-04-30 0.862 19.77 0.06 + 0.09 v
124 2020-05-04 0.864 20.59 0.14 = 0.08 \Y%
125 2017-08-03 0.995 193  -0.58 +0.08 \Y%
125 2017-08-12 0.973 487 -0.99+0.12 A%
125 2020-01-07 0.102 1220  -0.63 £0.09 \Y%
125 2020-02-22 0.022 585 -091=x0.11 v
125 2020-04-07 0.902 18.59 -032+0.16 v
125 2021-04-23 0.065 12.64  —0.80+0.09 \Y%
126 2015-02-22 0.019 420 -0.59+0.09 \Y%
126 2021-11-19 0.952 1734 -0.11 £0.09 v
127 2020-01-06 0.966 554 -1.18+0.08 \Y%
127 2021-02-28 0.155 1848  -0.98 +0.12 A%
127 2021-04-23 0.971 023 -0.36+0.10 A%
128 2015-02-22 0.947 927 -1.49+0.09 R
128 2020-01-06 0.198 18.01  -0.45+0.08 \%
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
128 2020-02-21 0.109 690 -1.47+0.10 v
128 2020-05-05 0.924 17.21 —-0.49 +0.09 \Y%
129 2017-01-18 0.745 16.79  —0.58 £0.09 \Y%
129 2019-02-09 0.025 344  -0.76 £ 0.08 \Y%
129 2021-11-19 0.908 10.60  —-1.04 +0.10 \Y%
130 2018-03-08 0.144 16.02  -1.36+0.08 v
130 2018-05-17 0.995 944 -197+0.09 v
130 2019-07-30 0.096 11.41 -1.83+£0.10 A%
130 2019-07-31 0.084 11.06  -1.88+0.08 \Y
131 2019-12-31 0.054 854 -0.89+0.10 v
132 2017-07-29 0.046 7.62  -0.93+0.10 \Y%
132 2017-08-02 0.009 801 -0.72+0.13 A%
132 2017-07-09 0.987 871  -0.79+0.10 v
132 2019-11-08 0.124 18.87 -0.21+0.10 \Y%
132 2019-12-26 0.963 9.19  -0.79+£0.08 A%
132 2020-01-03 0.982 14.6  —-0.50 £ 0.08 v
132 2020-02-18 0.805 33.99 2.21 £0.08 \Y%
132 2021-08-12 0.907 1220  -0.65+0.11 A%
132 2021-08-17 0.878 1320 -0.45+0.11 \Y%
133 2015-02-22 0.876 1578  -0.25+0.09 R
133 2020-01-06 0.862 11.17  -0.63+0.10 v
134 2017-08-14 0.128 25.49 1.89 £0.11 v
134 2017-08-11 0.111 25.53 1.88 £0.15 \Y%
134 2019-04-08 0.972 6.56 -1.63+0.10 A%
134 2021-11-18 0914 13.89  -1.27+0.09 v
135 2016-12-09 0.084 953 -1.08 +0.09 \Y%
135 2016-12-10 0.978 9.17 -0.93+0.10 A%
135 2018-05-10 0.908 18.30  —-0.45+0.09 \Y%
135 2019-07-24 0.076 22.61 0.14 + 0.09 \Y%
135 2019-07-29 0.084 20.70  -0.10 = 0.08 v
135 2019-07-31 0.097 19.87  -0.22 +0.08 \Y%
135 2019-08-05 0.040 17.68  —0.66 +0.09 \Y%
135 2019-10-02 0.901 1494  -0.76 £ 0.08 A%
135 2019-10-05 0.906 16.31  -0.85+0.08 \Y%
135 2019-10-10 0.917 1842  -0.49 £0.08 \Y%
135 2019-11-08 0.817 26.26 0.62 + 0.08 A%
135 2019-12-29 0.757 27.28 0.82 +0.09 \Y%
135 2021-01-06 0.016 5.09  -0.99 +0.09 v
136 2021-11-30 0.074 1648  —0.90 +0.09 v
137 2018-05-23 0.084 19.17  -0.43 £0.08 \Y%
137 2019-11-08 0.047 283  -0.80+0.09 \Y%
137 2019-12-31 0.930 1531 -1.26+0.09 A%
138 2019-04-08 0.941 957 -0.56 +0.09 \Y%
138 2021-11-20 0.057 17.32 0.02 +0.10 A%
139 2015-03-28 0.814 23.05 0.79 + 0.08 v
139 2020-01-03 0.100 12.82  -1.31+0.08 \Y%
139 2020-02-20 0.985 1268  —-1.30+0.08 \Y%
139 2020-04-08 0.859 24.76 1.34 +0.09 v
139 2020-05-25 0.868 24.94 1.40 = 0.08 \Y%
140 2017-01-18 0.170 16.03 -1.18+0.10 v
140 2020-01-01 0.868 1034 -1.71£0.08 \%
141 2019-02-07 0.066 1268 —1.70 £ 0.09 \Y%
141 2021-08-22 0.048 24.14 0.92 +0.09 \Y%
141 2021-08-27 0.105 22.96 0.52 +0.08 v
141 2021-11-16 0.858 1825  -0.68 +£0.08 \Y%
142 2018-03-08 0.022 16.61  —0.00 +0.09 \Y%
144 2019-12-31 0.018 1.74  -0.55+0.09 v
144 2021-01-18 0.188 16.68 —1.05+0.10 \Y%
144 2021-05-07 0.892 1427  -1.48 £0.09 \%

Article number, page 28 of 70



Ph. Bendjoya et al.: The Calern Asteroid Polarisation Survey: state of the art

Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
145 2017-12-22 0.106 11.09  -1.91+0.09 v
145 2018-03-25 0.979 25.06 1.41 +0.09 \Y%
145 2018-05-08 0.872 24.78 1.26 + 0.09 v
145 2019-04-14 0.100 1485 —-1.68+0.10 \Y%
145 2019-05-31 0.014 385 -0.86+0.09 v
145 2021-11-14 0.026 440 -1.30+0.09 \Y%
148 2017-08-02 0.891 18.29  -0.26+0.11 v
148 2017-07-19 0.889 17.15  -0.17+0.14 A%
148 2017-07-27 0.861 17.88  -0.27 £ 0.09 \%
148 2017-07-30 0.885 18.10  -0.09 £0.10 v
148 2019-12-31 0.090 1230  -0.61 +0.09 \Y%
148 2020-01-03 0.071 1125 -0.58 £0.08 A%
148 2020-02-20 0.965 12.75  -0.81 £ 0.08 v
148 2020-04-09 0.874 21.06 0.20 = 0.09 \Y%
148 2021-01-17 0.210 17.89 0.03 +0.09 A%
148 2021-02-23 0.996 1450 -0.25+0.13 v
148 2021-04-24 1.000 10.31 —-0.62 +0.10 \Y%
150 2019-12-29 0.788 21.54 0.80 +0.18 A%
151 2021-11-30 0.916 1126 -0.81 £0.09 v
152 2021-01-06 0.858 14.08  -0.44 +0.09 \Y%
153 2016-07-28 0.014 946 -1.21+0.09 A%
154 2020-01-07 0.226 19.37  -0.10 £ 0.09 v
154 2020-02-19 0.146 15.14  -0.78 £0.09 \Y%
156 2019-11-05 0.013 572 -144+0.10 A%
156 2021-01-18 0.850 10.64 293 +0.37 v
158 2016-12-05 0.110 15.06 -0.34+0.10 \Y%
158 2016-12-10 0.024 13.62 -0.29+0.11 v
158 2016-12-21 0.065 985 -0.53+0.10 \Y%
159 2019-02-07 0.990 329  -0.86+0.08 \Y%
159 2019-02-12 0.042 540 -1.29+0.08 A%
159 2020-05-04 0.961 329 -0.80+0.10 v
159 2020-05-08 0.988 423 -092+0.10 \Y%
159 2020-05-21 0.963 805 -1.57+0.10 v
161 2019-04-13 0.010 6.73  -0.78 +£0.08 \Y%
161 2021-11-30 0.190 19.38 0.20 = 0.09 \Y%
163 2016-08-11 0.046 22.72 0.45 +0.10 v
163 2016-08-17 0.031 21.45 0.02 +£0.13 \Y%
163 2016-12-21 0.865 27.64 2.33+0.12 A%
163 2019-07-22 0.030 236 -0.79+0.19 v
163 2019-07-23 0.018 208 -0.34+0.18 \%
163 2019-07-29 0.000 219  -0.59+0.10 \Y%
163 2021-01-17 0.895 16.88  —1.01 £0.08 v
164 2021-05-05 0.028 6.05 -1.17+0.09 \Y%
165 2015-07-16 0.991 19.59 0.03 +£0.10 \Y%
165 2017-12-20 0.175 15.74  -0.66 £ 0.10 \Y%
165 2021-11-27 0.896 734  -1.22+0.10 \Y%
167 2021-09-19 0.990 417 -0.59+0.10 \Y%
168 2015-02-22 0.913 1294  -1.63+0.11 R
168 2019-10-05 0.025 1.54  -0.60 +0.09 \Y%
169 2021-11-19 0.900 13.13  -0.66 £0.10 \Y%
170 2019-12-31 0.118 19.02  -0.06 +0.09 v
170 2020-02-22 0.046 589 -0.71+0.09 \Y%
172 2015-10-10 0.090 23.17  -0.70 £ 0.09 \Y%
172 2015-12-09 0.102 12.00 -1.34+0.09 v
172 2020-01-03 0.126 1392  -1.56 £0.09 \Y%
172 2020-01-07 0.144 1250  -1.36+0.08 \Y%
172 2020-02-23 0.027 870 -1.30=+0.08 \Y%
172 2020-04-08 0.916 2093  —-0.95+0.09 \Y%
173 2019-12-30 0.126 1405 -0.89+0.09 \%
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
173 2020-02-22 0.998 722 -1.39+0.09 v
174 2017-07-13 0.072 11.86  -0.61+0.12 A%
175 2016-12-13 0.023 742 -1.41+x0.09 v
175 2021-09-19 0.905 854 -1.63+0.09 v
175 2021-11-29 0.752 23.37 1.09 = 0.09 \Y%
179 2021-11-30 0.134 1391  -0.48 +0.10 v
181 2015-12-10 0.094 1147 -1.20+0.09 v
181 2019-08-02 0.068 2.31 —-0.61 +0.09 \Y%
182 2019-10-05 0.975 455 -0.70+0.09 \Y
182 2019-11-06 0.918 20.23 0.01 +0.08 \%
182 2021-05-07 0.850 17.49 0.07 £0.10 \Y%
183 2017-12-20 0.151 21.79 0.20 + 0.09 A%
183 2019-04-12 0.052 839 -043+0.11 A%
185 2015-07-16 0.869 18.56  —-0.08 +0.10 \Y%
185 2016-07-27 0.061 17.86  -0.44 +0.09 A%
185 2016-08-17 0.973 1049 -138+0.10 A%
185 2020-04-08 0.174 20.69 0.57 £0.20 \Y%
185 2020-05-08 0.120 1942  -0.06 = 0.09 A%
185 2020-05-25 0.121 17.11  -0.57 £ 0.09 v
186 2019-01-30 0.192 753  -0.55+0.09 \Y%
186 2019-02-04 0.040 649  -0.51+0.08 v
186 2019-02-05 0.990 6.35 -0.55+0.09 A%
186 2021-11-18 0.933 10.74  -1.25+0.09 \Y%
187 2019-10-05 0.935 884 -1.53+0.10 A%
188 2016-07-26 0.011 1249  -0.58 £0.10 v
188 2016-08-01 0.906 1467 -0.64+0.10 \Y%
188 2016-08-08 0.877 17.07  -0.41+0.10 A%
188 2016-08-08 0.877 1772 -0.28 £0.13 \Y%
188 2021-08-27 0.057 12.33  -0.70 £ 0.09 \Y%
188 2021-09-19 0.932 8.06 —0.88 +0.09 v
189 2016-08-07 0.094 20.18  -0.50+0.12 \Y%
190 2017-07-04 0.924 518 -0.94+0.12 v
190 2017-07-10 0.961 638 -1.26+0.14 v
190 2019-08-05 0.073 816 -1.34=+0.10 \Y%
191 2015-07-16 0.924 12.89  -0.97+0.10 \Y%
191 2016-08-08 0.063 16.28  -0.67 +0.10 A%
191 2020-04-14 0.148 17.89  -0.31+0.17 \Y%
191 2020-05-17 0.087 12.06 -1.23 +10.00 \Y%
191 2020-05-20 0.086 11.30 -1.22+0.10 v
191 2020-05-21 0.069 11.05 -1.24+0.08 \Y%
192 2015-07-16 0.084 33.18 1.02 £0.10 \Y%
192 2019-12-29 0.039 7.17  -0.71 £0.09 v
192 2019-12-30 0.047 6.73  —-0.85+0.08 \Y%
192 2020-02-19 0.867 18.08  —0.26 +£0.09 \Y%
192 2021-02-26 0.107 13.96  -0.43 +0.09 v
194 2015-05-21 0.062 1240  -1.67 £0.08 \Y%
194 2016-12-10 0.819 13.50  -1.74+£0.27 A%
194 2017-01-16 0.807 1991  -0.35+0.09 v
194 2017-12-20 0.132 15.06 -1.44+0.10 \Y%
194 2015-07-17 0.859 24.72 1.27 +0.09 v
194 2016-12-05 0.895 12.54 -1.66+0.11 \Y%
194 2019-04-08 0.002 847 -191=+0.09 \Y%
194 2019-05-30 0.011 18.12  -0.68 = 0.08 \Y%
194 2019-06-15 0.896 21.29 0.13+£0.11 v
194 2021-01-19 0.810 23.44 0.74 £ 0.08 \Y%
196 2019-10-09 0.076 872  —-0.78 £0.08 \Y%
196 2019-12-31 0.867 16.61  -0.41+£0.08 \Y%
196 2020-02-23 0.791 1691  —0.40 +0.09 \Y%
196 2021-01-13 0.033 239  -0.49+0.08 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
198 2020-01-01 0.044 726  -0.73+£0.09 v
199 2020-04-06 0.019 11.82 -1.08 £0.11 A%
199 2020-05-08 0.954 6.87 -0.91+0.09 \Y%
200 2015-07-22 0.980 1340 -1.71+0.11 v
200 2015-10-15 0.844 1925  -0.60 +0.08 \Y%
201 2015-07-14 0.092 23.55 0.19 £ 0.10 \Y%
201 2015-07-15 0.026 23.35 0.15 £ 0.09 v
201 2019-05-29 0.070 15.63  —-0.90 +0.08 v
201 2019-06-15 0.028 943  -1.05+0.09 \Y
203 2018-03-23 0.145 16.84  -0.44 +0.09 v
203 2019-10-10 0.878 17.72 -0.12+0.20 A%
204 2015-12-10 0.002 305 -0.52+0.24 A%
204 2021-01-11 0.073 6.81  —-0.89+0.08 v
205 2017-07-05 0.941 876 —-1.68 +0.11 A%
205 2017-07-11 0.974 726 -1.18+0.11 A%
205 2021-04-19 0.065 11.37 -1.63+0.09 v
207 2021-11-19 0.979 18.76  -0.73 +0.10 \Y%
208 2016-08-07 0.038 4.04 -0.56+0.12 A%
208 2021-08-17 0.038 356 —0.72 +£0.08 \Y%
210 2016-06-09 0.870 19.54 0.92 +0.14 v
210 2019-12-30 0.149 1556  -0.15+0.11 A%
210 2020-02-19 0.961 6.39 —-1.06+0.08 v
211 2016-07-15 0.059 10.21 -1.74 £ 0.14 v
211 2016-07-26 0.030 691 -1.65+0.11 A%
213 2015-10-16 0.083 17.30  -0.35+0.08 \Y%
213 2015-12-09 0.043 267 -1.27+0.09 \Y%
213 2016-12-12 0.109 18.51 0.38 £0.11 A%
213 2019-11-08 0.994 550 -2.03+0.11 \Y%
213 2019-12-29 0.818 18.17 -0.13+0.11 \Y%
213 2021-01-11 0.008 0.58  —-0.46+0.08 v
214 2017-12-21 0.794 21.58 0.22+£0.14 \Y%
214 2017-07-28 0.086 22.12 0.18 £ 0.12 v
214 2021-08-21 0.016 12.04  -0.10+0.09 v
216 2016-06-09 0.956 9.89  -0.97 +0.09 \Y%
216 2017-07-06 0.935 1046  —1.08 £0.09 \Y%
216 2017-07-26 0.972 792  -0.99 +0.09 A%
216 2020-02-24 0.096 11.84  -0.94 £ 0.08 \Y%
216 2021-04-12 0.144 13.61 —0.87 +0.08 \Y%
217 2016-07-29 0.985 1224  -0.82+0.10 v
217 2016-07-27 0.905 1146  —-0.81 £0.09 \Y%
217 2016-08-08 0.848 16.18  —-0.31+0.10 \Y%
217 2021-08-21 0914 348  —0.57 +£0.09 A%
218 2019-05-30 0.080 21.59 0.17 £ 0.09 \Y%
218 2019-07-19 0.014 830 -0.71+0.10 \Y%
218 2019-07-31 0.921 742  -0.70 £ 0.09 v
218 2019-08-05 0.959 813 -0.54=+0.10 \Y%
218 2019-11-06 0.802 21.75 0.25 +0.16 A%
219 2017-07-03 0.055 18.59  -0.13+0.16 v
219 2017-07-26 0.005 1198  —-0.59 +0.09 \Y%
219 2017-07-29 0.977 11.63  -0.58 £0.09 \Y%
219 2020-04-07 0.107 6.11 -0.88+0.13 \Y%
221 2017-01-18 0.955 1347 -0.78 £0.10 \Y%
221 2015-07-14 0.070 17.78  —0.58 £ 0.09 \Y%
221 2016-12-10 0.903 4,55 -0.83+0.10 v
221 2019-02-11 0.226 17.89  -0.28 £0.10 \Y%
221 2019-04-08 0.056 9.01 -1.12+0.09 A%
221 2019-04-13 0.066 772 -1.13+£0.09 A%
221 2019-06-10 0.926 14.16  -0.74 £0.10 \Y%
221 2019-06-15 0.908 1522  -0.77+0.13 \%
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
222 2017-07-30 0.084 10.16 -1.92+0.11 v
222 2017-08-11 0.049 5.91 -1.58 +0.12 \Y%
222 2017-08-14 0.000 481 -139+0.11 v
222 2016-06-01 0.902 990 -1.80+0.09 v
222 2017-07-27 0.115 11.13  -1.69+0.10 \Y%
222 2021-04-24 0914 14.14 -1.43+0.23 v
223 2016-12-10 0.928 1.50  -0.20+0.12 v
223 2017-01-18 0.914 1565 -0.78+0.14 \Y%
224 2021-08-13 0.071 13.99 -1.15+0.09 \Y
225 2015-10-16 0.130 13.83  -0.73 £0.08 \Y%
225 2019-04-08 0.096 13.74  -0.84 +0.08 \Y%
225 2019-04-13 0.108 1259 -1.12+0.09 A%
225 2019-05-30 0.033 9.59 -1.01+0.08 v
225 2019-05-31 0.992 9.84  -0.92+0.09 \Y%
225 2019-06-15 0.928 1393  -0.87+0.11 A%
225 2019-07-23 0.876 21.22 0.74 £0.13 \Y%
225 2019-07-24 0.873 21.32 0.91 +0.09 \Y%
225 2019-07-30 0.861 21.84 1.03 + 0.09 v
225 2019-07-31 0.874 21.91 0.96 +0.14 v
225 2019-08-09 0.845 22.37 1.33+£0.10 \Y%
226 2016-07-15 0.018 1136 -0.72 £ 0.09 A%
226 2016-07-26 0.903 572 -1.03+£0.09 v
226 2016-07-27 0.002 512 -0.94+0.09 \Y%
226 2020-04-06 0.069 16.83  -0.52+0.10 A%
226 2020-05-19 0.004 1221  -0.53+0.10 \Y%
226 2020-05-21 0.985 1256  -0.48 £0.12 \Y%
227 2016-08-06 0.063 6.14 -142+0.10 v
227 2016-08-14 0.055 320 -0.90+0.09 \Y%
227 2016-08-16 0.078 244  -0.67+0.11 A%
227 2019-01-30 0.915 1270  -1.44+0.18 A%
227 2019-02-04 0.839 1353 -1.30+0.12 \Y%
230 2015-12-09 0.088 226 -0.43+0.08 \Y%
230 2020-02-18 0.893 13.64  —-0.79 £0.09 v
233 2019-12-29 0.851 18.87  —0.44 £ 0.09 \Y%
233 2021-01-18 0.071 1149 -1.16+0.09 \Y%
234 2015-02-25 0.165 1695 -1.54+0.11 A%
234 2015-05-22 0.876 17.38  —-1.43 +£0.08 \Y%
234 2016-07-19 0.069 33.54 0.62 +0.09 \Y%
234 2016-12-04 0.945 18.34 -1.49+0.12 v
234 2018-03-06 0.882 6.74  -0.84 +0.09 \Y%
234 2019-04-04 0.121 19.71  -1.28 £0.09 \Y%
234 2019-04-13 0.129 1795 -1.62+0.09 A%
234 2019-06-01 0.035 1276  -1.36 £ 0.09 \Y%
234 2019-06-15 0.941 16.58  -1.36 +£0.09 \Y%
234 2019-07-23 0.857 2645 -0.78+0.14 A%
234 2019-07-24 0.853 26.63  —0.45+0.10 \Y%
234 2019-07-29 0.910 2742  -0.20=+0.14 v
234 2019-07-30 0.885 27.56  —0.44 +0.09 A%
234 2019-07-31 0.896 27.69  —0.30 £ 0.09 \Y%
234 2019-08-07 0.876 2851  -0.33 £0.08 \Y%
234 2021-01-06 0.912 9.73 -1.56+0.11 v
234 2021-01-17 0.953 1293  -1.55+0.08 \Y%
234 2021-01-19 0.948 13.52 -1.65+0.08 \Y%
235 2015-12-10 0.871 11.68  —1.48 £0.09 v
236 2015-02-22 0.125 11.50 -1.31+0.09 \Y%
236 2015-03-30 0.871 0.41 0.03 +0.08 \Y%
236 2015-05-21 0.902 1526  -1.24+0.09 A%
236 2016-06-07 0.989 502 -0.87+0.10 \Y%
236 2016-07-17 0.861 1393  -1.30=+0.11 v
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
236 2016-07-26 0.863 16.52 -1.24+0.10 \Y%
236 2016-07-28 0.912 17.05 -1.45+0.11 A%
236 2017-07-17 0.079 25.69 0.09 £0.11 v
236 2016-07-05 0.922 998 -1.08£0.13 v
236 2017-07-22 0.106 2597  -0.06 £0.11 \Y%
236 2017-07-29 0.117 2623  -0.14+0.10 v
236 2017-08-01 0.108 2629  -0.07 £0.12 v
236 2019-01-28 0.037 6.59 -0.94+0.09 \Y%
236 2019-02-04 0.010 430 -0.69+0.08 \Y
236 2019-04-14 0.874 1640 -1.13+0.11 \%
236 2020-02-18 0.185 16.00 -1.37+0.10 \Y%
236 2020-02-19 0.164 1588  —-1.42+0.12 A%
236 2020-04-07 0.051 416 -0.69+0.13 v
236 2020-04-15 0.032 1.72  -0.53 +0.09 \Y%
236 2020-04-23 0.009 234  -0.48+0.08 A%
236 2020-05-20 0.882 11.02 -1.39+0.11 v
236 2021-07-28 0.974 535 -0.69 +0.08 v
236 2021-08-17 0.907 1222 -1.35+0.09 A%
236 2021-09-19 0.815 2196  -0.84 +0.09 v
237 2020-01-01 0.953 6.47 -0.90+0.10 \Y%
238 2017-08-02 0.928 16.75 -1.75+0.16 v
238 2016-06-07 0.870 1245 -0.79£0.22 \Y%
238 2017-07-04 0.873 10.41 -1.59+0.12 v
238 2017-07-12 0.900 1472 -1.57+0.10 A%
238 2017-07-22 0.875 1472  -1.57+0.10 \Y%
238 2017-07-26 0.907 1553 -1.42+0.16 v
238 2017-08-03 0.921 1691 -124+0.15 v
238 2017-08-14 0.831 18.31 -0.84+0.12 \Y%
238 2019-12-29 0.012 6.91 -1.34+0.08 \Y%
238 2020-02-21 0.825 17.04  -1.15+0.11 v
238 2021-04-19 0.908 819 -1.38+0.08 v
240 2019-08-09 0.024 17.51 -1.18 +0.09 \Y%
240 2021-04-08 0.875 1554 -1.19+0.11 v
241 2017-07-30 0.063 13.51 -1.08 £0.08 \Y%
241 2017-07-09 0.064 1849  -0.47 £0.09 \Y%
241 2017-07-16 0.104 17.11 -030=+0.13 A%
241 2017-07-29 0.094 13.79  -1.08 £0.08 \Y%
241 2017-08-12 0.040 925 -1.30x0.11 \Y%
241 2017-08-16 0.066 7.81  -1.31+0.08 A%
241 2020-01-06 0.141 1391  -0.97 £0.09 \Y%
241 2020-02-21 0.072 208 -0.52+0.09 \Y%
243 2019-08-02 0.123 11.05 -091=+0.16 v
245 2019-10-05 0.917 1432  -0.45+0.10 \Y%
245 2019-11-05 0.726 21.14 0.11 £0.10 A%
246 2016-12-09 0.120 10.85 —-0.23 +0.09 A%
246 2017-12-20 0.223 21.18 0.09 = 0.09 \Y%
246 2016-12-08 0.076 11.12  -0.27+0.15 v
246 2019-07-24 0.067 14.62 -0.10+0.11 \Y%
246 2019-07-29 0.073 12.82  -0.31+0.08 \Y%
246 2019-07-31 0.070 1206  -0.35+0.08 \Y%
246 2019-10-02 0.862 14.66  -0.33+0.09 v
246 2021-01-19 0.858 1699  -0.11 +£0.09 \Y%
247 2019-08-08 0.072 19.54  -0.10+0.08 \Y%
247 2019-10-03 0.984 6.15 —-1.08 £0.08 v
247 2019-10-09 0.944 939 -1.22+0.08 \Y%
247 2019-11-08 0.866 21.97 0.57 +£0.10 \Y%
247 2019-12-31 0.835 27.65 2.48 +0.08 \%
247 2021-02-10 0.104 10.71 -1.25+0.10 \Y%
252 2019-08-05 0.017 499  -0.95+0.09 \%

Article number, page 33 of 70



A&A proofs: manuscript no. output

Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
256 2017-07-06 0.028 788 -1.63+0.11 \Y%
256 2017-07-28 0.969 745 -1.36+0.10 \Y%
256 2017-08-14 0.940 1149 -1.67+0.16 v
257 2015-12-11 0.834 1470 -1.62+0.16 \Y%
257 2021-11-30 0.043 874 -1.51=+0.08 \Y%
258 2019-12-30 0.058 11.05 -0.34 +0.08 \Y%
258 2020-02-23 0.929 1486  -0.48 +0.09 v
258 2021-04-22 0.885 738  —-0.68 +0.09 v
259 2017-12-22 0.112 9.73  -1.19+0.11 \%
259 2019-04-04 0.055 5.80 -0.91+0.08 v
259 2019-06-15 0.882 19.77 0.08 £ 0.11 \Y%
260 2019-05-31 0.063 3.64 —-0.44 +0.09 A%
261 2020-04-06 0.042 16.34  -0.59 £ 0.09 v
261 2020-05-05 0.976 296 -091+0.10 \Y%
261 2021-08-21 0.059 1270  -1.03 +£0.08 A%
263 2019-12-30 0.016 1.32  -0.63+0.10 \Y%
264 2020-04-07 0.076 534 -0.99+0.12 \Y%
266 2019-06-10 0.071 1148  -1.67+0.09 A%
266 2019-07-19 0.955 7.50 -1.33+0.09 v
266 2019-07-29 0.941 10.37  -1.49+0.10 v
266 2019-08-09 0.898 13.63 -1.43+0.08 v
268 2016-12-12 0.157 20.88 0.63 +£0.12 \Y%
268 2019-08-05 0.105 1044  -132+0.11 v
270 2021-11-19 0.017 1496  -0.32+0.09 A%
273 2015-07-23 0.964 17.87  -0.42 +0.09 A%
273 2018-03-23 0.104 8.14  -091+0.10 v
275 2019-11-05 0.802 1396 -1.00+0.14 v
276 2016-08-03 0911 915 -0.96+0.11 \Y%
276 2016-08-14 0.895 849  —-0.86+0.09 \Y%
276 2015-07-23 0.896 15.74  -0.38 £0.09 v
276 2020-04-24 0.995 0.96 0.00 = 0.09 \Y%
276 2021-08-16 0.854 1393  -0.62+0.17 \Y%
277 2020-02-19 0.103 1149 -0.93+0.36 A%
278 2020-04-07 0.990 17.71  -0.18 £ 0.09 \Y%
279 2021-11-23 0.849 9.28  -0.98 +0.09 \Y%
283 2019-07-22 0.054 9.11 -0.76 £0.28 v
283 2019-07-23 0.072 873 -1.00+0.11 \Y%
283 2019-07-30 0.023 6.01 —-0.91 £ 0.09 \Y%
283 2019-07-31 0.028 5,60 -0.82+0.10 v
283 2021-01-06 0.884 11.84  -0.92 £0.09 \Y%
284 2016-07-12 0.945 11.62  -1.81+0.08 \Y%
284 2016-07-26 0.879 17.72 -0.77 £ 0.09 A%
284 2016-07-20 0.903 1406 -1.28+0.10 \Y%
284 2016-07-22 0.985 1590 -1.15+0.10 A%
286 2019-06-08 0.921 1298  —-1.61 £0.66 v
287 2019-08-05 0.089 13.60  —-0.70 £ 0.08 \Y%
287 2021-01-13 0.015 352  -0.56+0.08 \Y%
289 2016-02-05 0.974 15.57 -0.09 +£0.11 v
289 2019-07-23 0.058 11.84 -0.16+0.14 \Y%
289 2019-07-30 0.081 9.11 -0.37+0.10 A%
289 2019-07-31 0.052 871  —0.30+0.09 v
289 2019-10-02 0.828 18.95 0.22 +£0.09 \Y%
290 2021-11-24 0.131 31.49 1.11 £0.12 A%
293 2019-01-28 0.836 2044  -0.48 +£0.14 \Y%
293 2019-02-05 0.803 20.87 -0.13+0.11 \Y%
293 2019-02-06 0.805 2091 -0.34+0.11 A%
293 2019-02-12 0.866 21.01  -0.22+0.20 \Y%
293 2020-03-03 0.087 930 -1.85+0.09 \Y%
293 2020-04-08 0.071 1478  -1.48+£0.15 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
293 2020-05-04 0.910 20.26 0.02 +£0.17 \Y%
297 2021-12-01 0.051 539 -0.57+0.09 v
298 2021-01-14 0.908 1534  -0.29+0.10 v
303 2021-11-29 0.830 1544  -0.82+0.09 v
304 2015-07-17 0.943 19.89 0.30 = 0.09 \Y%
306 2016-12-10 0.953 6.38 -0.53+0.14 v
306 2016-12-09 0.023 6.75 -0.47+0.09 v
306 2017-01-18 0.993 1248  -0.45+0.09 \Y%
306 2015-07-14 0.004 459 -0.29+0.10 \%
306 2018-05-20 0.909 21.27 0.46 + 0.09 v
306 2019-08-08 0.119 24.68 0.43 +0.09 \Y%
306 2019-10-05 0.998 539  -0.58+0.11 A%
306 2019-12-26 0.827 25.57 0.66 = 0.11 \Y%
308 2016-08-10 0.117 21.37 0.12+0.13 A%
308 2016-08-16 0.113 20.72  -0.09 £0.10 A%
308 2016-12-02 0.835 15.08 -1.28 £0.09 A%
308 2016-12-11 0.844 17.18  -0.93 +0.09 \Y%
308 2019-04-08 0.043 935 -1.58+0.09 A%
308 2019-06-12 0.950 16.23  -1.21 +£0.09 v
313 2015-07-18 0.980 589 -1.52+0.10 \Y%
313 2015-07-14 0.026 6.67 -1.77+0.09 A%
313 2016-08-13 0.138 23.78 1.04 £0.11 \Y%
313 2016-08-12 0.105 23.85 1.17 £ 0.11 A%
313 2016-12-01 0.900 20.60 0.03 +0.10 A%
313 2019-08-01 0.056 948 -2.01+0.11 A%
313 2019-10-08 0.890 17.02 -1.09+0.10 \Y%
313 2019-10-10 0.845 1745 -0.81+0.10 A%
314 2019-08-01 0.912 9.86 -1.39+0.15 \Y%
317 2019-08-05 0.052 1490 -0.24 £0.09 \Y%
317 2021-01-06 0.048 11.76 ~ -0.09 £0.10 A%
321 2019-12-31 0.970 487 -0.78 £0.19 \Y%
322 2016-08-03 0.046 21.55 0.22 +0.10 v
322 2016-12-12 0.822 27.20 1.44 £0.11 v
322 2016-07-26 0.086 23.41 0.54 +£0.10 \Y%
322 2021-08-27 0.149 28.00 1.72 £ 0.10 \Y%
322 2021-11-17 0.978 528  -0.90+0.09 v
323 2021-01-06 0.165 18.18  —0.10+0.09 \Y%
323 2021-03-01 0.990 1348 -0.14+0.10 A%
324 2015-03-27 0.987 1199 -1.48+0.10 v
324 2019-01-28 0.983 461 -1.14+0.08 \Y%
324 2019-02-04 0.950 7.18 -1.48+0.09 \Y%
324 2020-02-22 0.123 948 —1.85+10.00 v
324 2020-03-03 0.045 6.82 -1.39+0.08 \Y%
325 2021-11-19 0.831 1599  -0.46 £ 0.09 \Y%
328 2021-11-20 0.902 11.03 -1.10+0.08 \Y%
329 2019-10-10 0.172 23.12 1.04 £0.15 \%
329 2021-02-28 0.186 23.97 1.55+0.17 \Y%
329 2021-04-22 0.048 1499  -0.62 +0.09 v
329 2021-04-24 0.108 1442  -0.57+0.14 \Y%
332 2019-10-08 0.146 1744  -0.59+0.10 v
334 2016-12-13 0.872 10.00 -1.46+0.10 \%
335 2016-06-07 0.006 6.82 -1.28+0.10 \Y%
335 2019-01-28 0.075 726 -1.25+0.08 v
335 2019-02-07 0.020 3.08 —0.82 +0.08 \Y%
335 2021-11-18 0.945 691 -1.06+0.10 \Y%
336 2017-08-10 0.013 22.06 1.00 £ 0.10 A%
336 2017-08-13 0.027 21.19 0.58 +0.13 v
336 2017-08-14 0.058 20.87 0.51 +£0.09 \Y%
336 2017-08-15 0.072 20.55 0.28 £0.11 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
336 2017-08-16 0.099 20.22 0.14 £ 0.10 v
336 2017-07-28 0.017 25.06 2.08 £ 0.09 \Y%
336 2019-01-28 0.006 375 -1.02+0.08 A%
336 2019-02-05 0.955 561 -1.33+0.09 v
337 2017-12-22 0.803 26.27 0.84 +0.20 \Y%
337 2015-02-25 0.853 18.22  -0.32+0.10 R
337 2019-01-28 0.165 21.21 0.05 +0.09 A%
337 2019-02-05 0.137 18.68  —0.36 +0.09 \Y%
337 2019-02-11 0.100 1644  -0.71 £0.08 \%
337 2021-11-20 0.990 731 -1.04+0.09 v
338 2016-07-27 0.072 1512 -0.79 +0.09 \Y%
338 2016-12-13 0.814 20.02  -0.10+0.10 A%
338 2019-02-12 0.100 10.67  -0.85+0.08 \Y%
338 2021-08-27 0.081 694  -0.92+0.08 \Y%
339 2017-07-07 0.042 1299  -1.03+0.18 A%
339 2017-07-14 0.972 10.80  -1.12+0.10 \Y%
339 2017-07-30 0.998 536  -0.64+0.12 A%
339 2017-08-01 0.013 476  -0.67+0.13 A%
341 2016-08-08 0.108 30.43 0.75+0.13 \Y%
341 2016-12-12 0.872 26.62 0.29 +£0.17 \Y%
345 2016-12-11 0.884 22.13 0.39 +0.09 v
345 2016-08-11 0.107 25.36 1.35 +£0.09 A%
345 2018-03-23 0.997 385 —-0.86+0.08 v
345 2019-07-24 0.006 8.61 —-1.38+0.09 A%
345 2019-07-31 0.991 7.10 -1.37+0.10 \Y%
345 2019-10-07 0.784 23.06 0.54 +£0.10 \Y%
345 2019-11-08 0.781 24.79 1.10£0.21 A%
346 2021-02-28 0.132 16.52  -0.30 £ 0.09 \Y%
346 2021-04-23 0.004 359  -0.60 +0.08 v
346 2021-05-05 0.954 529  -0.58 £0.08 v
347 2021-04-23 0.091 17.13  -0.53 £0.09 \Y%
348 2021-01-18 0.821 17.91 -0.34 +£0.12 A%
348 2021-01-18 0.821 1149 -1.15+0.09 v
349 2019-01-28 0.102 1092  -0.33 +£0.08 \Y%
349 2019-02-05 0.122 8.51 —-0.42 +0.08 \Y%
350 2016-06-01 0.969 629 -1.43+0.10 v
350 2016-06-09 0.975 7.67 —-1.56+0.09 \Y%
350 2020-04-09 0.946 19.66  -0.24 +0.10 A%
350 2020-05-06 0.858 19.62  -0.64 +0.37 v
350 2020-05-07 0.846 19.58  -0.17£0.12 \Y%
350 2021-04-12 0.054 879  -1.66+0.09 \Y%
354 2016-08-01 0.891 13.59  -0.29 £0.09 v
354 2016-08-08 0.830 15.05 -0.21+£0.09 \Y%
354 2016-06-01 0.074 11.26  -0.48 +0.09 v
354 2016-07-26 0.896 1220  -0.34 +0.09 v
354 2019-02-09 0.825 20.56 0.10 = 0.08 \Y%
354 2019-02-12 0.828 2099  -0.04 £0.08 \Y%
354 2020-02-18 0.162 20.08 0.10 + 0.09 v
354 2020-03-03 0.130 17.35  -0.21 £0.08 \Y%
354 2020-04-09 0.130 990 -0.48+0.09 \Y%
354 2020-05-08 0.941 1393  -0.17 £0.08 v
354 2020-05-17 0.853 1595 -0.20+0.10 \Y%
354 2020-05-20 0.851 16.59  —-0.07 +£0.08 \Y%
354 2021-08-16 0.884 946  -0.57+£0.08 v
354 2021-08-21 0.858 1091  -0.47 £0.09 \Y%
355 2021-09-23 0.114 20.52 0.08 +0.10 A%
355 2021-11-29 0.916 927  -0.61+0.08 v
356 2021-01-13 0.989 957 -1.59+0.08 \Y%
358 2020-04-08 0.006 11.67 -135+0.14 v
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
359 2021-08-22 0.069 18.29  -0.53+0.10 v
359 2021-11-29 0.791 21.84 0.02 +0.10 A%
360 2021-11-14 0.017 754 -1.12+0.08 v
361 2017-12-22 0.169 1526 -0.46+0.13 v
362 2019-10-05 0.008 140  -0.42+0.09 \Y%
363 2020-01-01 0.064 6.39 -1.70+0.08 v
363 2021-04-24 0.968 543 -1.26x0.11 v
365 2017-08-16 0.080 1130 -1.67+0.13 \Y%
365 2017-07-09 0.034 20.69 0.11 £0.12 \%
365 2017-08-03 0.087 15.67 -0.94 +0.12 v
365 2017-08-04 0.067 1537 -1.13+0.13 A%
365 2017-08-15 0.046 11.68  —1.64 +0.09 A%
365 2020-04-15 0.002 205 -0.55+0.12 \Y%
365 2021-08-11 0.852 1572 -0.89 +0.19 \Y%
366 2021-04-08 0.924 7.80  -2.03+0.10 A%
368 2017-07-28 0.909 1292  -1.08+0.13 v
368 2017-07-13 0.942 744  -1.28+0.14 A%
368 2017-07-14 0.925 7.80 -1.18+£0.09 A%
369 2018-05-24 0.058 8.64  —-0.77 +£0.09 v
370 2017-07-13 0.008 436 -1.15+0.13 v
372 2016-08-11 0.008 518 -1.27+0.08 v
372 2016-07-26 0.103 10.09 -1.62+0.10 v
375 2018-05-20 0.870 16.86  —0.43 £0.09 \Y%
375 2021-11-18 0.979 938 -1.22+0.09 A%
376 2020-02-18 0.024 258  -0.39+0.09 v
376 2021-08-13 0.095 1843  -0.32+0.09 \Y%
377 2016-07-27 0.018 484 -1.24+0.09 v
377 2016-08-05 0.052 408 -098+0.10 \Y%
377 2021-11-18 0.879 1546  -1.29+0.09 \Y%
379 2021-01-06 0.783 17.34  -0.74 £ 0.08 v
380 2018-05-24 0.862 11.20  -2.01+0.17 \Y%
381 2016-06-02 0.989 6.54 -1.24+0.09 \Y%
381 2016-07-27 0.851 18.58  -0.12+0.09 v
385 2016-07-28 0.103 14.13  -0.59 £ 0.09 \Y%
385 2021-11-18 0.797 1590 -0.17 £0.09 \Y%
386 2016-12-05 0.178 19.10  -0.42+0.12 A%
386 2016-12-10 0.117 18.83  -0.39+0.13 \Y%
386 2018-05-23 0.901 11.05 -1.77+0.10 A%
386 2019-04-14 0.135 19.30  -0.42 +0.09 A%
386 2019-05-30 0.064 15.84 -1.21+0.08 \Y%
386 2019-07-16 0.976 889  -1.54+0.09 \Y%
386 2019-07-22 0.936 940 -1.77+0.10 v
386 2019-07-23 0.949 954 -1.75+0.08 \Y%
386 2019-07-30 0.907 10.72  -1.77 £0.08 A%
386 2019-11-06 0.734 2041  -0.23+0.09 A%
387 2016-12-01 0.197 17.89  -1.24+£0.09 \Y%
387 2017-07-25 0.854 25.52 -0.62+0.10 A%
387 2017-07-30 0.861 2531  -0.49+0.12 v
387 2017-01-18 0.202 20.59 -1.11+0.08 \Y%
387 2017-07-03 0.866 2556  -0.38+0.13 \Y%
387 2017-07-03 0.866 2556  -0.32+0.11 R
387 2017-07-19 0.852 25.68 —0.40+0.16 \Y%
387 2017-07-19 0.852 25.68 -0.32+0.11 R
387 2016-04-13 0.858 17.80  -1.54+0.10 \Y%
387 2015-10-10 0.149 1647  -1.37+0.09 \Y%
387 2015-12-09 0.161 1297  -1.53+0.09 A%
387 2016-04-10 0.931 17.74  -1.43+0.10 v
387 2017-08-02 0.825 25.16 -0.48 £0.13 \Y%
387 2017-08-02 0.825 25.16  -0.63+0.18 R
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
387 2017-08-05 0.832 2498  -0.51+0.08 v
387 2019-10-09 0.111 17.58 -1.39+0.11 A%
387 2019-12-26 0.031 496 -0.81+0.09 \Y%
387 2019-12-29 0.974 536 -0.95+0.09 v
387 2020-04-07 0.811 16.15 -1.24+0.12 A%
387 2021-01-17 0.116 10.75 -1.30=+0.10 v
387 2021-04-08 0.850 16.61  -1.37+0.09 v
387 2021-04-24 0.868 1892 -1.11+0.10 A%
388 2016-08-03 0.065 1429  -0.95+0.10 \%
389 2019-11-06 0.173 19.80  -0.11 +£0.09 v
389 2019-12-29 0.028 1.62  -0.52+0.08 \Y%
391 2021-08-11 0.918 26.68 0.78 + 0.08 A%
391 2021-08-21 0.877 28.33 1.08 + 0.09 v
391 2021-09-24 0.809 34.15 1.59 £0.13 \Y%
392 2017-12-22 0.036 9.73 -1.72+0.10 A%
393 2018-05-06 0.968 6.34 -1.44+0.09 v
393 2019-11-08 0.061 288 —-0.81+0.10 \Y%
396 2019-04-13 0.953 812  -1.05+0.57 v
396 2021-11-24 0.003 1.38  -0.37+0.09 v
399 2021-11-29 0.998 585 -0.81+0.09 \Y%
402 2015-10-10 0.775 1735 -1.74+0.10 A%
402 2015-12-10 0.717 1936 -1.50=+0.13 v
402 2016-12-01 0.921 6.78  —1.06 +0.09 \Y%
402 2016-12-27 0.923 14.07 -1.71 £0.09 A%
402 2016-12-28 0.949 1442  -1.80+0.09 A%
402 2017-01-03 0.911 16.35 -1.79+£0.09 \Y%
402 2017-01-06 0.960 1728 -1.99+0.12 v
402 2017-01-16 0.839 1990 -1.58 £0.09 \Y%
402 2015-10-14 0.807 18.05 -1.70+0.10 \Y%
402 2016-12-07 0.020 745 -1.16+0.09 v
402 2017-01-17 0.902 20.15  -1.39+0.10 \Y%
402 2016-12-09 0.051 817 -1.46+0.10 \Y%
402 2016-12-12 0.952 899 -1.34+0.12 A%
402 2017-01-24 0.825 21.58 -1.41x0.10 \Y%
402 2018-05-06 0.012 999 -1.35+0.09 \Y%
403 2019-10-02 0.967 453 -0.64+0.09 v
403 2019-11-06 0.831 1433  -0.58 £0.15 \Y%
404 2020-02-21 0.186 26.57 1.96 + 0.09 \Y%
404 2020-04-06 0.029 16.17  -1.22+0.08 v
404 2020-05-25 0.967 1538  -1.07 £0.08 \Y%
405 2021-11-30 0.940 588 -1.39+0.09 \Y%
407 2019-11-06 0.218 21.67 0.26 +0.17 A%
409 2019-10-07 0.157 17.81  -0.55+0.10 \Y%
409 2019-11-08 0.091 7.87 -1.75+0.09 \Y%
409 2019-12-29 0.907 13.23 -1.37=+0.08 \Y%
409 2020-02-23 0.818 21.14 0.42 +0.09 \Y%
409 2021-02-10 0.083 1396 -1.22+0.08 v
409 2021-05-04 0.907 21.17 0.37 +£0.16 \Y%
410 2017-12-22 0.130 13.81 -1.59+0.12 \Y%
410 2019-04-12 0.126 25.09 1.36 + 0.09 \Y%
410 2021-11-20 0.025 1344  -1.52+0.09 v
412 2021-04-22 0.998 794  -1.29+0.09 \Y%
417 2018-05-24 0.033 311 -0.85+0.13 \Y%
418 2017-07-06 0.067 19.71  -0.14+0.10 v
418 2017-08-01 0.061 11.53 -1.04+0.14 \Y%
418 2021-08-16 0.949 9.60 -1.25+0.08 \Y%
419 2017-07-26 0.994 838 -1.10+0.10 \Y%
419 2017-08-12 0.021 440 -0.99 +£0.09 \Y%
419 2017-07-21 0.029 10.88  —0.98 +0.09 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
419 2017-07-03 0.048 19.27 0.72 +£0.14 v
419 2017-07-13 0.036 14.83 -0.48+0.14 A%
419 2017-07-22 0.074 1035  -0.99 £ 0.09 \Y%
419 2019-12-30 0.104 11.79  -0.83 +0.09 v
419 2020-03-03 0.004 11.99 -0.79 +0.09 \Y%
419 2020-04-08 0.880 19.48 1.03 £0.11 v
420 2016-07-29 0.046 1096  -094 +0.13 v
420 2019-02-07 0.959 693  -0.84 +0.09 \Y%
422 2019-08-09 0.092 25.71 0.16 £ 0.10 \%
423 2019-08-10 0.146 1536  -0.84 +£0.10 \%
423 2019-10-05 0.987 598 -1.24+0.09 \Y%
423 2019-12-26 0.804 1844  -0.38 +0.09 A%
423 2021-01-14 0.888 11.69 -1.11+£0.09 v
425 2020-02-19 0.980 379  -0.71+0.09 \Y%
426 2015-07-17 0.011 17.27  -0.47 £0.09 A%
426 2015-07-18 0.019 1720  -0.63+0.13 v
426 2016-12-05 0.958 8.05 -1.01=+0.09 \Y%
426 2016-12-10 0.847 7.89 -1.17+0.11 A%
426 2016-12-11 0.973 792 -1.14+0.09 v
429 2019-11-08 0.981 510 -0.96 +0.13 \Y%
431 2020-01-01 0.927 6.84 -1.60+0.09 A%
432 2021-11-18 0.995 9.64 -0.70+0.09 v
433 2016-08-11 0.979 953 -0.74+0.09 \Y%
433 2016-08-16 0.003 7.11  -0.64+0.09 A%
433 2016-12-02 0.778 40.99 1.92 +0.09 v
433 2016-07-26 0.053 19.04 -0.33+0.10 \Y%
433 2016-07-28 0.051 1792 -0.50 £ 0.09 A%
433 2019-01-28 0.879 42.63 2.09 £ 0.08 \Y%
433 2019-02-05 0.847 45.46 2.31 £0.08 \Y%
433 2019-02-09 0.810 46.68 2.45 +0.08 A%
433 2019-04-08 0.855 50.38 290 +£0.10 \Y%
434 2017-08-04 0.012 26.21 0.32 +0.14 A%
434 2017-07-28 0.871 25.12 0.31 +0.10 A%
434 2017-07-30 0.940 2542 0.12+0.18 \Y%
434 2017-08-14 0.917 27.89 0.23 +£0.09 \Y%
434 2017-07-22 0.918 24.38 0.20 £ 0.10 v
434 2017-08-11 0.876 27.36 0.28 £0.11 \Y%
434 2017-08-05 0.885 2635 -0.22+0.28 \Y%
434 2019-02-06 0.016 12.83  -0.18 £0.09 A%
434 2019-02-09 0.969 1299  -0.11+0.11 \Y%
435 2021-11-30 0.964 817 -1.23+0.08 \Y%
437 2016-07-18 0.100 19.04  -0.09 +0.08 A%
437 2016-07-26 0.976 15.11  -0.20 £ 0.09 \Y%
437 2016-08-16 0.016 824  -0.04+0.10 v
439 2018-05-23 0.010 539  -0.90+0.20 A%
441 2019-08-05 0.973 408 -0.83+0.09 \Y%
443 2019-08-09 0.055 18.34  -0.73 £0.09 \Y%
443 2019-10-09 0.916 1098  -0.92 +0.08 v
444 2015-07-17 0.876 1742 -0.63 £0.09 \Y%
444 2015-05-21 0.017 6.55 -1.11+0.08 \Y%
444 2015-07-13 0.921 15.80  —0.65+0.09 A%
444 2016-08-02 0.102 26.02 1.49 = 0.09 \Y%
444 2016-08-14 0.112 25.10 1.19 £ 0.09 v
444 2016-12-02 0.855 1627  -0.81 £0.08 \Y%
444 2016-12-09 0.845 1823  -0.55+0.08 \Y%
444 2016-12-11 0.916 18.71  -0.36+0.10 \Y%
444 2017-01-18 0.779 23.06 0.72 + 0.08 v
444 2019-04-14 0.048 129 -0.24+0.09 \Y%
444 2021-11-18 0.069 12.01  -1.11+0.08 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
446 2016-12-09 0.994 499 -0.56=+0.13 v
446 2021-12-01 0.160 15.01 —-0.24 +0.09 \Y%
451 2019-01-28 0.196 14.17  -1.19+0.08 v
451 2019-02-06 0.133 1222 -1.44+0.08 \Y%
451 2019-04-08 0.916 11.97 -1.34+0.09 \Y%
451 2019-06-10 0.915 1148  -1.67+0.09 v
451 2020-02-24 0.209 17.58  —0.68 +0.09 v
451 2020-04-06 0.107 14.19 -1.18+0.09 \Y%
451 2020-04-17 0.136 11.88  —-1.68+0.23 \%
451 2020-05-08 0.009 621 -1.57+0.13 v
451 2020-05-17 0.061 3.81 -1.18 £ 0.09 \Y%
453 2021-11-23 0.966 293 -0.45+0.09 A%
455 2021-04-24 0.025 384  -091+0.10 v
456 2017-07-05 0.061 2020 -0.03 +£0.11 A%
456 2017-08-12 0.059 11.83  -035+0.12 A%
456 2017-08-13 0.980 11.57 -0.54+0.14 v
456 2020-02-25 0.831 13.21 -0.58 +0.15 \Y%
456 2021-07-28 0.860 19.99 0.12 + 0.09 A%
458 2016-04-10 0.982 16.15 -1.85+0.11 \Y%
458 2018-05-24 0.078 822 -1.89+0.23 \Y%
458 2019-08-10 0.072 1230  -2.07 £0.08 A%
458 2021-01-06 0.091 1134 -1.84+0.09 A%
459 2020-01-06 0.895 18.81 -0.39 +0.11 \Y%
460 2016-08-21 0.966 551 -145+0.14 v
460 2016-08-06 0.999 368 -1.44+0.10 v
460 2016-08-14 0.953 3.19  -1.20+0.11 A%
460 2018-01-12 0.104 1038  -1.50+0.33 v
460 2019-04-04 0.993 629 -1.38+0.32 v
463 2019-10-10 0.114 23.13  -0.11+0.18 A%
466 2021-08-20 0.913 456 -0.81+0.10 A%
468 2021-11-23 0.821 20.82  -0.10+0.12 \Y%
470 2021-08-16 0.981 545  -0.66 +0.09 \Y%
471 2016-12-05 0.197 20.16 0.10+£0.11 v
471 2016-12-21 0.023 18.62  —-0.07 £0.10 \Y%
471 2018-05-23 0.853 942  -0.48 +0.09 \Y%
472 2021-01-11 0.052 6.22  -0.69 +0.08 A%
474 2021-05-08 0.023 1041 -1.71 £ 10.00 \Y%
476 2020-02-24 0.939 990 -1.52+0.09 \Y%
477 2020-02-19 0.083 1020 -0.64+0.13 A%
478 2015-07-18 0.909 7.80 -0.73+0.13 \Y%
478 2015-07-21 0.938 8.60 —0.74 +£0.09 \Y%
478 2015-09-29 0.810 1782  -0.10+0.13 v
478 2016-07-29 0.006 1468 —-0.62+0.10 \Y%
478 2020-05-06 0.122 11.65 -0.64+0.13 A%
478 2020-05-20 0.050 7.71  -0.89 £0.11 A%
478 2021-08-21 0.938 598 -0.75+0.10 \Y%
479 2017-07-21 0.002 1.60  -0.40+0.09 \Y%
480 2020-01-07 0.923 9.80 -0.61+0.08 v
480 2020-02-21 0.803 19.81 0.12+0.10 \Y%
481 2021-05-07 0.980 329  -0.76 £0.08 \Y%
482 2017-08-04 0.879 20.91 0.14 +0.13 v
482 2017-07-06 0.908 1627  —-0.09 £0.10 \Y%
484 2020-04-24 0.141 1721  -0.18 £0.12 v
485 2017-07-07 0.925 7.03  -0.65+0.12 v
485 2017-07-18 0.063 596 -0.62+0.09 \Y%
485 2020-04-07 0.942 1436  -0.18 +0.09 A%
485 2021-04-23 0.129 14.89  -0.39+0.10 v
486 2021-04-12 0.093 1794  -0.22 £0.09 \Y%
487 2017-12-22 0.147 1626  -0.46+0.11 v
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
487 2019-04-12 0.112 10.12  —1.00 = 0.09 v
487 2021-11-19 0.039 1557 -0.34+0.08 \Y%
489 2018-05-06 0.989 642  -0.97+0.09 v
489 2019-06-01 0.103 1499  -0.85+0.10 v
489 2019-08-02 0.903 6.18 -0.78 +0.09 \Y%
490 2018-01-15 0.969 1127  -0.69 £0.25 v
490 2019-04-08 0.019 540 -1.21+0.10 \%
490 2020-05-17 0.076 14.87 —-1.62+10.00 \Y%
490 2021-11-18 0.841 1476 -1.41 +£0.09 \%
491 2015-07-21 0.859 1193  -0.89 +£0.10 v
491 2016-08-10 0.081 929 -1.16+0.12 A%
491 2020-04-17 0.012 6.69 -1.14+0.10 A%
491 2021-08-20 0.858 1344  -0.85+0.12 \Y%
497 2019-01-30 0.099 890 -1.03+0.09 \Y%
500 2015-07-17 0.978 791  -0.61+0.09 A%
502 2021-01-11 0.121 19.18  -0.10 £ 0.08 v
503 2020-02-18 0.013 559 -1.26+0.08 \Y%
505 2020-04-23 0.085 10.15 -1.07+0.10 A%
507 2019-12-30 0.988 337  —0.66 +0.08 \Y%
508 2021-02-28 0.112 1439 -1.50+0.12 A%
508 2021-05-04 0.933 720 -1.40+0.09 A%
509 2017-07-07 0.003 1647 -0.31+0.13 \Y%
509 2017-07-26 0.029 1235 -0.62+0.10 A%
509 2017-08-13 0.945 844  -0.76 £0.11 v
509 2021-05-05 0.988 234  -0.57+0.10 \Y%
510 2017-07-22 0.949 15.71 -1.11+£0.10 A%
510 2017-07-03 0.918 9.18 -1.32+0.14 v
510 2017-07-21 0.907 1533 -1.22+0.09 \Y%
510 2017-07-26 0.932 17.15  -0.96 £ 0.09 \Y%
510 2017-07-30 0.913 18.52  -0.83 +0.09 A%
510 2017-08-12 0.864 22.37 0.13+0.12 \Y%
510 2021-05-03 0.014 7.02  -1.37+0.11 v
511 2015-02-25 0.098 9.78  -1.68 £0.08 v
511 2020-01-01 0.029 6.14 -1.63+0.08 \Y%
511 2021-05-04 0.987 883 —-1.64+0.08 \Y%
513 2019-12-27 0.906 1098  -1.15+0.09 A%
513 2020-02-19 0.781 2048  —-0.47+0.12 \Y%
516 2020-02-18 0.132 6.01 —-0.71 £ 0.09 \Y%
516 2021-08-12 0.070 9.72  -0.73 £0.08 A%
517 2021-11-19 0.069 15.83  -0.31+£0.09 \Y%
532 2015-07-18 0.874 21.44 0.04 +£0.11 A%
532 2019-02-09 0.012 6.13  —-0.68 +£0.08 v
532 2019-05-30 0.844 25.37 0.60 = 0.08 \Y%
534 2019-10-08 0.108 16.11  -0.43 +0.09 A%
534 2020-01-01 0.848 15.87  -0.56 £0.12 A%
534 2020-01-01 0.848 15.87 -0.64+0.11 \Y%
535 2021-11-13 0914 271  -0.80+0.08 \Y%
542 2021-05-03 0.882 1256  -0.58 £0.15 \Y%
547 2019-08-02 0.990 10.18  —-1.36 £0.09 \Y%
547 2019-08-06 0.940 9.69 -1.44+0.09 A%
547 2019-10-07 0.831 22.74 0.79 £ 0.12 v
550 2016-08-12 0.063 23.00 0.14 £0.12 \Y%
554 2019-02-11 0.163 20.07  -0.35+0.09 \Y%
554 2021-11-19 0.998 22.26 0.58 +0.09 v
556 2019-07-30 0.046 578  -0.79 +0.09 \Y%
556 2021-01-19 0.912 1452  -0.76 £ 0.09 A%
558 2020-04-17 0.100 928 -091=+0.17 v
558 2020-04-22 0.063 7.79  -1.08 +0.09 \Y%
558 2020-05-05 0.015 456 -0.64+0.13 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
564 2019-04-01 0.098 18.01  -2.00+0.11 v
566 2019-11-08 0.967 9.06 -1.14+0.11 A%
567 2021-05-07 0.942 11.68 —-1.10+0.09 v
570 2021-12-01 0.096 12.06  -1.61 +£0.08 v
576 2019-11-08 0.027 567 -0.95+0.09 \Y%
579 2021-01-06 0.835 15.08  —0.66 +0.09 \Y%
582 2017-07-03 0.960 10.87 -0.38+0.15 v
582 2020-02-22 0.078 1.39  -0.36+0.09 \Y%
582 2020-04-09 0.016 20.93 0.21 +0.08 \%
582 2021-05-04 0.091 16.37  -0.38 £0.09 v
582 2021-08-26 0.834 1823  -0.14+0.22 A%
583 2019-11-06 0.111 1144  -1.43+0.09 A%
585 2020-04-11 0.036 924 -1.62+0.09 v
585 2021-08-21 0.971 238 -0.11x0.22 A%
589 2018-03-23 0.176 1690 -0.74 £0.32 A%
589 2019-08-10 0.983 431 -0.98+0.09 v
592 2019-08-09 0.115 15.31 —-0.80 +0.10 \Y%
593 2021-01-13 0.050 10.70  -1.26 £ 0.09 A%
595 2020-03-04 0.037 537 -1.00+0.09 v
595 2020-04-07 0.021 1259 -0.71£0.11 v
595 2020-05-05 0.951 16.76 -0.48 +0.14 v
597 2021-11-21 0.026 401 -0.57+0.08 \Y%
599 2016-04-10 0.025 10.09 -1.51+0.13 v
599 2019-01-30 0.824 20.58  -1.35+0.09 A%
599 2019-02-04 0.777 20.88  -1.39+0.09 v
599 2019-02-06 0.863 2098  -1.25+0.09 \Y%
599 2019-04-08 0.819 16.89  —1.66+0.12 v
599 2021-04-12 0.994 498 -0.83+0.09 \Y%
599 2021-04-24 0.944 825 -1.39+0.14 A%
606 2015-12-10 0.120 19.80 -1.13+0.24 v
606 2015-12-11 0.108 19.60 -1.30+0.14 \Y%
606 2019-10-07 0.177 25.09 -0.25+0.20 \Y%
606 2019-12-30 0.084 879 -1.93+0.08 v
606 2020-01-07 0.020 520 -1.15+0.10 \Y%
606 2020-02-22 0.960 1497  -2.02+0.22 A%
606 2020-02-24 0.818 1550 -1.70+0.15 A%
611 2015-12-11 0.027 19.28  -0.89+£0.10 \Y%
611 2017-07-13 0.882 17.67 -1.20+0.17 \Y%
611 2017-07-26 0.867 18.05 —-1.53+0.19 A%
611 2017-08-02 0.853 1799  -2.81+0.75 \Y%
611 2019-08-08 0.095 16.87  -1.52+0.09 \Y%
611 2019-10-02 0.048 1.32 -0.47+0.09 v
611 2019-10-03 0.003 1.70  -0.43 +0.09 \Y%
611 2019-10-09 0.982 417 -0.75+0.09 \Y%
618 2018-05-25 0.931 9.01 -1.36+0.17 A%
622 2021-05-04 0.011 432 -0.62+0.14 \Y%
625 2017-12-22 0.990 562 -0.48+0.11 A%
625 2020-04-08 0.129 149 -0.64+0.12 v
625 2020-04-22 0.092 11.15  -0.95+0.13 \Y%
625 2020-05-25 0.039 930 -0.62+0.12 A%
625 2021-11-13 0.973 795 -0.48+0.09 v
626 2021-08-22 0.095 31.01 4.45 +0.09 \Y%
628 2020-04-09 0.166 20.16 0.60 + 0.20 v
628 2020-05-06 0.080 13.39  -0.45+0.10 v
628 2020-05-20 0.018 848  —0.62+0.08 \Y%
631 2021-09-23 0.089 13.86  -0.48 £0.10 \Y%
634 2019-06-02 0.016 7.08 -1.59+0.14 v
635 2019-08-02 0.028 420 -0.76 £0.09 \Y%
635 2019-08-06 0.979 391  -0.78+0.10 v
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635 2019-08-08 0.009 396 —0.70 +0.09 v
638 2020-04-08 0.100 1268 -1.15+0.14 A%
639 2017-07-29 0.001 247  -0.56+0.10 v
639 2017-07-12 0.967 595 -1.07+0.09 v
639 2020-03-04 0.993 10.66  —-0.69 +0.10 \Y%
639 2020-04-09 0.907 16.95 0.08 +0.15 v
642 2015-10-10 0.958 411 -0.95+0.09 v
642 2016-12-07 0.051 6.55 -1.33+0.12 \Y%
642 2016-12-12 0.980 498 -1.18+0.12 \%
642 2017-01-06 0.016 849 -1.57+0.14 v
642 2017-01-03 0.949 750 -1.56+0.12 \Y%
642 2016-12-01 0.030 842 -1.73+0.11 A%
642 2018-03-24 0.039 1.54 -0.30+0.10 v
653 2020-04-23 0.122 1458  -0.97 +0.09 \Y%
653 2020-05-05 0.059 11.57 -0.68 £0.14 A%
653 2020-05-21 0.009 7.10 -1.04+0.10 v
654 2021-08-20 0.968 892 -1.50=+0.10 \Y%
654 2021-09-23 0.833 134 -1.41+0.09 A%
654 2021-11-20 0.756 21.98 0.52 +0.09 v
656 2021-04-19 0.976 233 -0.60+0.10 \Y%
660 2018-03-22 0.164 24.37 0.42 +0.09 v
660 2019-10-09 0.026 7.79  -0.67£0.09 v
660 2021-01-11 0.028 6.57 —-0.59 +0.08 \Y%
661 2021-11-30 0.885 999 -0.96+0.14 A%
663 2021-08-17 0.932 9.12 -0.87+0.10 v
664 2021-05-08 0.959 509 -0.59 +0.08 v
667 2020-04-09 0.108 812 -1.31x0.11 v
670 2021-11-19 0.917 1228  -0.62+0.10 \Y%
673 2017-08-13 0.098 2074 -1.55+0.23 A%
673 2017-08-10 0.078 2091 -138+0.23 v
673 2021-08-17 0.975 1.70  -0.34 +0.09 \Y%
674 2020-05-06 0.952 19.79 0.02 +0.09 \Y%
675 2019-10-07 0.120 17.12  -0.31 +0.08 A%
675 2020-02-20 0.792 26.01 0.45 +0.08 \Y%
675 2021-05-03 0.850 1546  -0.42 +£0.08 \Y%
677 2019-11-04 0.022 3.61 -0.40+0.10 v
678 2019-11-06 0.006 699 -0.80+0.09 \Y%
678 2019-12-26 0.866 25.44 0.47 +0.08 \Y%
679 2015-07-13 0.963 372 -0.59 +0.09 v
679 2016-12-01 0.171 2227  -0.89+£0.09 \Y%
679 2016-12-27 0.167 1494  -1.62+0.10 A%
679 2016-12-21 0.114 17.01  -1.49+0.10 A%
679 2016-12-28 0.199 1457  -1.66 +£0.09 \Y%
679 2016-12-09 0.151 20.39 -1.27+0.10 A%
679 2017-01-16 0.997 726 -1.16+0.08 \Y%
679 2017-01-18 0.063 652 -1.25+0.10 \Y%
679 2019-04-08 0.160 1992  -1.16+0.18 v
679 2019-05-29 0.046 11.16  —-1.83+0.09 v
679 2019-06-15 0.993 6.70  -1.09 +0.17 \Y%
679 2019-07-19 0.903 13.81 -1.49+0.13 A%
679 2019-07-23 0.903 15.19 -1.67+0.13 v
679 2019-08-08 0.872 1996  -1.21+£0.09 \Y%
679 2021-01-06 0.998 345  -0.55+0.09 \Y%
679 2021-01-17 0.020 263 -0.30+0.09 v
683 2019-07-31 0.940 629 -1.06 +0.09 \Y%
690 2015-07-24 0.051 21.70 0.56 +0.13 A%
690 2021-08-27 0.126 2242 0.89 + 0.08 v
690 2021-11-14 0.004 340 -0.87+0.08 \Y%
691 2021-05-03 0.920 11.75 -1.44+0.12 v
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
692 2021-04-08 0.993 855 —-0.50+0.20 \Y%
702 2019-07-29 0.100 16.75  -0.76 +0.09 \Y%
702 2019-11-08 0.837 1485 -1.17+0.09 v
704 2017-07-07 0.068 22.62 225+0.11 \Y%
704 2017-07-25 0.044 21.57 1.88 +0.09 \Y%
704 2017-08-01 0.037 20.80 1.54 +0.13 v
704 2017-07-22 0.084 21.84 2.05+0.10 \Y%
704 2017-12-22 0.765 22.14 2.08 +0.10 v
707 2019-10-07 0.909 1293  -0.36 £ 0.09 \Y
712 2021-11-16 0.749 25.87 1.59 +0.08 v
713 2019-06-12 0.015 7.30 -1.05+10.00 \Y%
714 2017-07-10 0.003 15.80  -0.21 £0.09 A%
714 2017-07-30 0.044 10.73 -0.48 +0.11 \Y%
714 2017-08-03 0.036 9.86  —-0.67 +0.08 v
714 2021-08-11 0.991 848  —-0.83+0.10 A%
720 2019-10-10 0.005 043  -0.08 £0.08 \Y%
720 2021-02-23 0.879 16.01 0.29 + 0.44 A%
727 2016-06-07 0.948 1039 -0.92+0.11 A%
727 2020-04-14 0.064 12.02  -0.96 +0.10 v
727 2020-04-23 0.060 992  -0.98 +0.08 \Y%
727 2020-05-20 0.980 9.07 -0.68+0.09 v
727 2020-05-25 0.998 10.09 -1.01+0.11 A%
729 2015-12-11 0.759 18.10 -1.33+0.10 \Y%
729 2016-12-01 0.077 13.86 -1.20+0.10 A%
729 2016-12-08 0.115 9.86 -1.18+£0.15 v
729 2016-12-12 0.053 856 —0.84 £0.13 \Y%
729 2016-12-05 0.071 10.82 -1.24+0.10 A%
729 2016-12-06 0.047 10.50 -1.17+0.10 \Y%
729 2016-12-13 0.081 822  -1.06+0.09 \Y%
729 2016-12-27 0.984 435 -0.64+0.09 v
729 2017-01-16 0.895 799 -1.11+0.09 v
729 2016-12-10 0.044 9.21 -0.88 +0.15 \Y%
729 2016-12-23 0.981 517 -0.89+0.09 v
729 2016-12-28 0.069 421 -0.70 £0.09 \Y%
729 2016-12-04 0.056 11.14  -1.04+0.16 A%
729 2016-12-07 0.090 10.18  -1.18+0.10 A%
729 2017-12-19 0.200 21.33  -0.67 £0.12 \Y%
729 2017-01-03 0.053 437  -0.66 +£0.09 \Y%
729 2017-01-06 0.054 496 -0.80=+0.13 v
729 2017-01-18 0.030 872 -1.10+0.10 \Y%
729 2018-03-08 0.046 18.60 -1.10+0.10 A%
729 2018-03-22 0.122 15.61  -1.19+0.09 A%
729 2018-05-06 0.052 1322 -1.17+£0.09 \Y%
729 2018-05-23 0.918 16.89  -1.17+0.09 A%
729 2018-05-25 0.867 1733  -1.18+0.14 v
729 2021-12-01 0.201 20.51 -0.91+0.11 \Y%
732 2020-04-26 0.046 1021 -0.73 +1.06 A%
739 2018-05-23 0.043 14.13  -1.01 £0.09 v
740 2020-04-10 0.046 754  -1.09 +0.09 \Y%
741 2021-04-08 0.966 6.83 -1.16+0.13 \Y%
747 2018-03-21 0.152 11.80  -1.25+0.09 v
747 2019-06-08 0.011 6.74 -1.22+0.10 \Y%
747 2019-07-19 0.925 899 -0.90=+0.10 \Y%
747 2019-07-24 0.896 1024 -131=+0.13 v
747 2021-01-06 0.815 29.21 2.50 £ 0.08 \Y%
751 2017-12-22 0.158 1480 -1.38+0.10 A%
751 2021-11-30 0.152 19.34  -0.41 £0.09 A%
752 2021-04-19 0.937 11.03 -1.34+0.10 \Y%
753 2015-12-11 0.183 2396 -0.12+0.13 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
753 2017-07-28 0.122 2468 -0.18 +0.31 \Y%
753 2017-07-30 0.110 2468 —-0.06 £0.17 \Y%
753 2017-08-02 0.123 24.65 0.32 +0.14 v
753 2017-08-12 0.107 24.29 0.05 +0.20 v
753 2019-01-30 0.152 6.11 -0.61 +£0.11 A%
753 2019-02-04 0.972 7.50 -091=+x0.12 v
753 2019-04-08 0.880 23.09 -0.02+0.12 v
754 2019-08-02 0.942 1020  -1.37+0.09 \Y%
754 2021-11-30 0.107 16.61  -0.90+0.12 \%
755 2021-05-04 0.963 744  -1.05+0.09 v
758 2020-04-16 0.037 215 -0.77+0.08 \Y%
758 2020-05-17 0.916 943  -1.08 £0.09 A%
760 2021-09-20 0.166 15.85 —-0.26 £ 0.09 v
760 2021-11-30 0.986 6.48  —-0.66 +0.09 \Y%
762 2019-07-24 0.044 544  -1.21+x0.10 A%
762 2019-07-29 0.035 3890  -1.08 +0.09 v
770 2019-11-06 0.076 13.03  -0.49+0.09 \Y%
776 2020-03-04 0.063 8.06 —1.77+0.08 v
776 2020-05-06 0.015 1548 -1.20+0.11 \Y%
776 2021-04-12 0.124 1148 -1.78 £0.09 \Y%
779 2016-08-01 0.953 6.03  —-0.64 +0.08 A%
779 2016-07-26 0.047 505 -0.79+0.09 v
779 2021-08-22 0.120 25.88 0.72 £0.10 \Y%
780 2020-04-17 0.051 898 -1.71+0.19 A%
780 2020-05-04 0.991 785 -136+0.14 \Y%
780 2021-08-12 0.955 6.82 -1.31+0.09 \Y%
781 2020-04-25 0.057 860 -1.30+0.14 A%
783 2015-07-21 0.003 1540 -1.40+0.09 \Y%
786 2020-02-19 0.803 1565 -0.89+0.17 \Y%
786 2021-04-19 0.883 17.05  -0.28 £0.09 v
787 2016-08-22 0.107 10.31 -0.70+0.10 \Y%
787 2016-07-29 0.083 19.89  -0.07 £0.10 \Y%
787 2021-11-21 0.108 16.12 -0.24 +£0.10 A%
790 2021-08-11 0.964 10.02  -1.06 +£0.08 \Y%
795 2019-11-06 0.892 13.19 -1.17x0.15 A%
796 2021-09-20 0.137 28.91 1.08 + 0.09 A%
796 2021-11-20 0.997 7.87  —-0.97 +0.08 \Y%
796 2021-11-27 0.910 10.54 -0.83+0.10 \Y%
797 2019-10-10 0.047 7.79  -0.67+0.10 v
798 2017-07-21 0.942 584  -0.94+0.09 \Y%
798 2017-07-27 0.964 739  -0.98 +0.09 \Y%
798 2017-08-11 0.924 11.69 -0.76 £0.11 A%
798 2017-07-04 0.997 565 -0.73+0.10 \Y%
798 2017-07-25 0.919 6.83 -1.03+0.11 A%
798 2017-08-12 0.928 1197 -1.05+0.13 A%
799 2021-05-03 0.043 887 —1.69 +0.09 \Y%
803 2021-09-23 0.032 873 -0.83+0.10 \Y%
804 2020-04-08 0.978 1349 -1.03+0.10 A%
808 2019-08-01 0.111 1098  -0.79 +0.11 \Y%
814 2020-04-24 0.113 958 -1.15+0.14 v
818 2021-09-23 0.064 938 -1.61+0.12 v
818 2021-11-19 0.872 1485 -1.99+0.16 \Y%
824 2016-12-04 0.885 1141 -2.15+0.14 v
824 2016-12-13 0.947 13.76  -2.59+0.23 v
824 2017-01-09 0.814 18.11  -1.71+£0.19 \Y%
824 2017-01-18 0.825 18.71  -1.62+0.15 A%
824 2015-07-15 0.933 374 =092 +0.10 A%
824 2015-07-13 0.053 335 -0.80+0.10 \Y%
824 2019-04-01 0.048 566 -1.58+0.10 \%
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
824 2021-11-18 0.041 6.53 -1.39x0.11 v
838 2019-07-19 0.989 526 -1.25+0.10 A%
838 2019-08-01 0.986 7.87 -146+0.21 v
844 2019-10-08 0.069 1125 -1.29+0.10 v
847 2017-07-30 0.020 4.91 -0.71 £ 0.11 A%
847 2017-08-12 0.003 1.35  -0.61+0.11 v
849 2015-07-18 0.891 13.04 -0.86+0.11 \%
849 2015-07-17 0.922 13.19  -0.71 +0.09 \Y%
849 2020-05-05 0.992 376 -0.76 £ 0.09 \Y
856 2019-06-01 0.066 929 -1.06 +£0.09 v
856 2019-06-08 0.976 9.04 -1.09 +0.09 \Y%
857 2021-11-24 0.088 9.87 -0.52+0.25 A%
861 2019-06-10 0.954 593 -1.10+0.10 v
861 2019-06-12 0.983 6.59 -1.13+0.15 \Y%
863 2016-07-29 0.860 1492  -0.14+0.11 A%
863 2016-06-01 0.017 823 -0.34=+0.10 \Y%
863 2016-06-09 0.014 7.15  -0.40+0.09 \Y%
863 2020-01-01 0.087 699 -0.48+0.11 A%
863 2020-01-07 0.058 490 -0.40+0.09 v
863 2020-01-07 0.058 489 -0.39+0.09 \Y%
863 2020-02-23 0.991 11.73  -0.41+0.11 A%
895 2016-08-03 0.968 748  -1.11+0.10 \Y%
895 2016-08-18 0.988 949  -0.78 +0.17 \Y%
895 2017-07-14 0.069 19.48 0.21 +£0.10 v
900 2019-07-30 0.945 1198 -1.15+0.13 \Y%
906 2017-12-22 0.966 480 -092+0.13 \Y%
907 2021-11-20 0.965 528  -0.92+0.09 v
908 2015-12-08 0.833 2201  -0.38 £0.09 \Y%
908 2016-12-04 0.187 25.36 0.64 +£0.10 \Y%
908 2021-05-03 0.957 1128  -1.09+0.12 v
909 2020-02-19 0.129 10.85 —-1.01 £0.09 \Y%
909 2020-04-10 0.077 567 -0.87+0.12 \Y%
909 2021-04-19 0.107 11.10 -1.21+0.10 v
913 2020-04-26 0.124 1193  -0.62 +£0.09 \Y%
914 2019-06-10 0.985 12.57  -1.77+£0.08 \Y%
914 2019-06-15 0.005 1090  -1.90 +0.09 A%
914 2019-07-22 0.922 18.65 —-0.51+0.10 \Y%
914 2019-08-09 0.870 2491 1.48 £ 0.09 \Y%
914 2019-11-05 0.764 29.26 3.10 £ 0.09 v
924 2021-01-18 0.773 21.13 0.69 +0.10 \Y%
928 2017-07-21 0.068 1192  -1.70+0.20 A%
934 2021-12-05 0.004 10.74  -0.90 +0.10 A%
950 2020-05-19 0.068 1828 -0.39+0.14 \Y%
951 2021-08-16 0.918 12.89  -0.61 +0.11 A%
957 2021-11-30 0.849 1476 -0.72+0.10 \Y%
972 2017-12-22 0.886 17.08 -1.09+0.13 \Y%
976 2021-07-29 0.063 996 -191+x0.14 v
980 2017-08-10 0.123 1455 -1.29+0.14 A%
980 2017-08-01 0.135 2127 -0.99+0.14 \Y%
980 2016-07-04 0.996 3.02 -0.61+0.09 \Y%
980 2016-07-26 0.004 798 -1.03+0.11 v
980 2016-08-10 0.915 1454 -1.18+0.13 \Y%
980 2016-07-22 0.900 6.01 -0.77+0.10 \Y%
980 2017-12-21 0.922 322 -0.58+0.11 \Y%
980 2017-12-22 0.961 340 -0.61+0.09 \Y%
980 2016-08-05 0.921 1248 -1.32+0.10 A%
980 2016-12-02 0.747 2230  -0.78 £0.09 A%
980 2021-08-26 0.999 1947  -1.04 £0.08 \Y%
980 2021-11-18 0.813 21.77  -0.81 +£0.09 \%
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980 2021-12-02 0.791 23.92  -0.52+0.08 v

984 2016-07-26 0.070 22.01 0.32 +0.10 A%

984 2016-07-28 0.079 21.60 0.15+0.10 v

984 2016-12-01 0.827 24.94 0.58 +0.09 v

984 2017-01-17 0.754 24.34 0.62 +0.10 A%

984 2016-08-17 0.992 1584 -0.15+0.11 v

984 2016-07-16 0.090 23.75  -0.27+0.10 \Y%

984 2019-02-06 0.168 1528 -0.17+0.21 v

984 2019-04-13 0.981 480 -099=+0.15 \Y

984 2021-11-20 0.939 790  -0.47+0.09 v

994 2021-08-18 0.140 17.65  -0.42+0.09 \Y%
1013 2021-05-04 0.882 24.30 0.65 + 0.09 A%
1021 2016-06-07 0.032 507 -0.98+0.11 v
1021 2020-04-10 0.135 879 -0.78+0.15 \Y%
1021 2020-04-22 0.037 6.65 -1.36+0.12 v
1021 2020-04-25 0.090 628 -1.02+0.18 \Y%
1021 2020-05-17 0.012 759 -1.07+0.10 \Y%
1031 2020-05-27 0.075 1345 -1.59+0.10 v
1036 2021-01-06 0.969 14.15  -0.27 £0.09 v
1040 2017-07-20 0.111 21.21 -1.06 = 0.45 v
1040 2016-08-06 0.921 4.14 -0.12+0.12 v
1040 2016-08-12 0.971 471 -039+0.13 \Y%
1040 2016-08-22 0.963 694 -1.04+0.14 v
1040 2017-12-19 0.005 16.03 -1.21+0.21 A%
1040 2019-02-05 0.044 1243  -1.02+0.12 \Y%
1040 2019-02-06 0.072 12.18 -0.97+0.13 \Y%
1040 2019-04-14 0.929 1430 -1.01+0.74 v
1048 2021-04-08 0.945 1256  -1.62+0.08 \Y%
1055 2019-06-10 0.024 13.85 -0.57 £0.09 \Y%
1059 2019-06-08 0.886 18.75 -0.38+0.12 A%
1070 2019-11-04 0.987 726 -149+0.24 \Y%
1098 2021-11-29 0.869 1450 -0.81+0.10 \Y%
1146 2020-05-17 0.111 26.00 0.88 +0.12 v
1164 2021-02-28 0.077 1.67 -0.22+0.17 \Y%
1165 2019-06-04 0.027 9.17 -1.14+0.10 A%
1166 2019-04-12 0.147 24.37 0.33 +0.23 v
1166 2019-05-29 0.023 11.20  -1.04+0.10 \Y%
1166 2019-06-11 0.018 816 —-0.70+0.13 \Y%
1166 2019-06-15 0.956 826 —-0.63+0.10 v
1189 2021-11-18 0.002 6.58 -1.06+0.13 \Y%
1222 2021-09-23 0.864 1642 -0.52+0.13 \Y%
1246 2017-07-25 0.980 6.52 -0.71+0.10 v
1246 2017-08-13 0.909 10.79  -0.72+£0.13 \Y%
1246 2017-07-17 0.026 9.60 -0.93+0.12 R
1248 2020-04-09 0.050 13.14  -0.51+0.10 \Y%
1263 2020-04-08 0.040 15.07 -0.78 £0.18 \Y%
1284 2016-12-09 0.191 2295 -0.53+0.12 v
1284 2015-12-09 0.870 2520  -0.19+£0.09 v
1284 2015-10-10 0.869 923 -193+0.10 \Y%
1284 2016-12-10 0.145 22.89  -0.55+0.27 \Y%
1294 2017-12-21 0.970 514 -1.17+0.24 \Y%
1303 2020-02-23 0.109 10.05  —-0.65+0.09 \Y%
1303 2020-04-30 0.889 18.52 0.35+0.16 \Y%
1303 2020-05-06 0.984 19.20 0.83 +0.17 v
1322 2021-08-26 0914 20.79  -0.07 £0.17 \Y%
1330 2021-02-03 0.944 813 -1.52+0.17 A%
1332 2016-04-10 0.119 890 -2.10+0.31 v
1332 2017-07-12 0.061 882 —-1.69=+0.17 \Y%
1353 2020-05-20 0.125 1253  -0.79+£0.10 v
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1372 2015-02-26 0.787 1996  -091+0.15 v
1406 2016-12-04 0.994 11.06  -0.44+0.13 A%
1406 2018-03-25 0.031 555 -1.11+0.18 v
1434 2020-04-22 0.999 742 -0.62+0.17 v
1469 2021-07-29 0.103 1412 -1.01+£0.13 A%
1504 2021-05-07 0.038 633 -0.39+0.15 \Y%
1531 2019-10-07 0.009 9.00 -0.81+0.11 v
1620 2019-10-04 0.852 45.28 2.51+0.20 A%
1620 2019-10-08 0.789 44.62 1.95 +0.15 \Y%
1627 2018-03-19 0.182 26.09 0.63 +0.34 v
1627 2018-05-25 0.977 29.37 0.82 +£0.10 \Y%
1627 2021-12-11 0.930 7.04 -0.83+0.14 A%
1627 2021-12-13 0.024 655 -0.76 £0.21 \Y%
1627 2021-12-14 0.020 6.13 -0.67+0.14 \Y%
1627 2021-12-15 0.016 572  -0.67+0.15 A%
1627 2021-12-16 0.029 534 -0.59+0.17 v
1627 2021-12-17 0.045 499 -0.64+0.23 \Y%
1627 2021-12-18 0.016 470 -0.62+0.15 A%
1627 2021-12-19 0.057 444  -0.80+0.31 \Y%
1627 2021-12-20 0.066 4.24 0.34 £ 0.67 \Y%
1639 2021-07-30 0.102 18.71  -0.24+0.13 A%
1675 2021-02-03 0.896 18.02 -0.21+0.13 \Y%
1702 2015-05-22 0.974 739  -1.08 +0.66 \Y%
1702 2016-08-02 0.022 12.08 -1.01+0.13 A%
1702 2016-08-22 0.037 575 -0.72+0.10 \Y%
1712 2020-05-25 0.091 10.12  -1.27+0.19 A%
1819 2020-04-14 0.103 16.63  -0.73+0.14 v
1819 2020-05-06 0.049 1341  -1.01+0.18 \Y%
1819 2020-05-27 0.005 1298  -0.80+0.10 \Y%
1862 2021-12-03 0.775 61.71 442 +0.25 A%
1862 2021-12-11 0.849 51.31 3.09 +£0.28 \Y%
1981 2018-03-08 0.938 38.10 1.82 +0.08 \Y%
1981 2018-03-19 0.976 63.59 4.93 +0.09 A%
1981 2018-03-21 0.787 75.89 6.00 £ 0.12 \Y%
1981 2018-03-22 0.791 83.19 7.27 +£0.09 \Y%
2031 2019-11-05 0.892 22.71 0.20 +0.20 v
2050 2020-05-21 0.941 26.73 1.00 £ 0.12 \Y%
2085 2017-07-04 0.075 1228 -2.03+0.18 A%
2085 2017-07-12 0.019 9.51 -2.21+0.73 v
2354 2015-12-11 0.927 354 -0.65+0.11 \%
2382 2019-11-06 0.039 7.15  -1.78+0.14 \Y%
2448 2016-12-21 0.180 1735 -0.64 £0.14 A%
2448 2016-12-04 0.116 20.27 0.06 = 0.15 \Y%
2448 2017-01-18 0.094 837 -1.69+0.11 A%
2448 2018-03-24 0.134 23.18 0.56 +0.29 v
2448 2018-05-17 0.117 1526 -2.75 +10.00 \Y%
2511 2018-03-23 0.945 7.55 -0.10+0.21 A%
2512 2019-11-06 0.148 17.68  —0.63 +0.29 v
2660 2021-08-26 0.876 15.75 -0.38+0.15 \Y%
2732 2016-12-06 0.101 886 —0.77+0.34 \Y%
2962 2020-04-23 0.033 491 -0.50+0.09 A%
3127 2019-11-05 0.960 1091  -1.05+0.19 \Y%
3178 2021-02-28 0.036 9.15 -095=+0.11 v
3200 2017-12-20 0.756 109.39 39.69 £ 0.17 A%
3200 2017-12-15 0.865 49.70 10.78 £ 0.08 R
3200 2017-12-19 0.825 101.81 38.54 £ 0.12 A%
3200 2017-12-20 0.756 110.02  41.68 £0.15 \%
3200 2017-12-17 0.845 78.82 27.95+0.14 R
3200 2017-12-15 0.865 50.26 11.00 + 0.08 R
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
3200 2017-12-14 0.755 36.85 5.45+0.09 R
3200 2017-12-19 0.825 101.65 37.58 £ 0.11 R
3200 2017-12-20 0.756 109.85 40.99 +0.13 \Y%
3200 2017-12-19 0.825 101.87 38.59 £ 0.13 v
3200 2017-12-19 0.825 101.90 38.67 £0.12 \Y%
3200 2017-12-19 0.825 101.94 39.22 +£0.13 A%
3200 2017-12-15 0.865 48.66 10.78 £ 0.09 v
3200 2017-12-15 0.865 48.66 9.99 £9.99 R
3200 2017-12-20 0.756 109.29 39.58 +£0.10 \Y
3200 2017-12-20 0.756 109.92 4138 +0.14 v
3200 2017-12-17 0.845 77.21 27.17 £0.12 I
3200 2017-12-15 0.865 49.13 10.68 + 0.09 R
3200 2017-12-15 0.865 49.77 11.03 £ 0.09 v
3200 2017-12-15 0.865 49.77 9.99 £9.99 R
3200 2017-12-15 0.865 50.32 11.34 £ 0.08 A%
3200 2017-12-15 0.865 50.32 9.99 +9.99 R
3200 2017-12-17 0.845 77.72 25.04 +£0.24 R
3200 2017-12-19 0.825 101.67 37.55+0.28 R
3200 2017-12-20 0.756 109.33 38.73 £0.52 v
3200 2017-12-20 0.756 109.43 39.35+0.12 \Y%
3200 2017-12-17 0.845 78.27 25.53 £0.12 A%
3200 2017-12-20 0.756 110.10  40.99 +0.19 v
3200 2017-12-20 0.756 109.36 39.14 £ 0.24 A%
3200 2017-12-17 0.845 78.34 26.42 +0.13 R
3200 2017-12-15 0.865 49.49 10.14 £ 0.11 I
3200 2017-12-15 0.865 49.85 11.55 +0.08 B
3200 2017-12-15 0.865 49.85 9.99 +9.99 v
3200 2017-12-15 0.865 49.85 9.99 +9.99 R
3200 2017-12-14 0.755 37.53 5.08 £ 0.09 B
3200 2017-12-19 0.825 101.63 37.44 £ 0.17 R
3200 2017-12-15 0.865 48.91 10.19 £ 0.11 I
3200 2017-12-17 0.845 78.76 27.20+0.13 \Y%
3200 2017-12-14 0.755 36.92 5.71 £ 0.08 I
3200 2017-12-17 0.845 78.42 27.68 £0.12 I
3200 2017-12-19 0.825 101.78 38.40 £ 0.12 A%
3200 2017-12-19 0.825 101.84 38.68 +£0.12 v
3200 2017-12-17 0.845 78.57 27.25+0.13 R
3200 2017-12-15 0.865 50.59 10.95 = 0.09 I
3200 2017-12-15 0.865 50.87 11.89 +0.08 v
3200 2017-12-15 0.865 50.87 9.99 +9.99 R
3200 2017-12-15 0.865 49.19 10.89 = 0.08 \Y%
3200 2017-12-15 0.865 49.19 9.99 +9.99 R
3200 2017-12-15 0.865 48.73 11.27 £ 0.08 B
3200 2017-12-15 0.865 48.73 9.99 £9.99 \Y%
3200 2017-12-15 0.865 48.73 9.99 +9.99 R
3200 2017-12-15 0.865 49.31 11.33 £ 0.08 B
3200 2017-12-15 0.865 49.31 9.99 £9.99 \Y%
3200 2017-12-15 0.865 49.31 9.99 +9.99 R
3200 2017-12-17 0.845 77.04 2594 +0.12 \Y%
3200 2017-12-15 0.865 50.41 11.89 + 0.09 B
3200 2017-12-15 0.865 50.41 9.99 +9.99 A%
3200 2017-12-15 0.865 50.41 9.99 +9.99 R
3200 2017-12-21 0.737 116.21 4191 +£0.29 v
3200 2017-12-20 0.756 109.49  40.71 £0.15 A%
3200 2017-12-15 0.865 48.59 10.50 + 0.09 R
3200 2017-12-17 0.845 77.12 26.65 +0.14 R
3200 2017-12-19 0.825 101.57 36.22 +£0.18 \Y%
3200 2017-12-19 0.825 101.62 37.38 £0.19 R
3200 2017-12-15 0.865 50.96 12.40 = 0.08 B
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Table A.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)

3200 2017-12-15 0.865 50.96 9.99 +9.99 v
3200 2017-12-15 0.865 50.96 9.99 £9.99 R
3200 2017-12-20 0.756 109.89  41.61 +£0.32 v
3200 2017-12-20 0.756 109.46  40.12 +0.18 v
3200 2017-12-20 0.756 109.82  41.48 +0.14 A%
3200 2017-12-14 0.755 36.79 5.27 £0.09 A%
3200 2017-12-15 0.865 51.17 11.13 £ 0.09 I
3200 2017-12-17 0.845 77.63 25.56 £0.11 \Y%
3200 2017-12-17 0.845 78.51 26.39 +£0.12 \Y%
3200 2017-12-17 0.845 77.42 24.55+0.14 B
3200 2017-12-17 0.845 78.66 28.41 £ 0.11 I
3200 2017-12-20 0.756 109.54  41.24 +0.15 A%
3200 2017-12-15 0.865 50.82 11.66 + 0.08 R
3200 2017-12-20 0.756 110.05 41.39 +0.16 \Y%
3200 2017-12-15 0.865 50.04 10.41 £ 0.09 I
3200 2017-12-17 0.845 78.03 24.15+0.15 B
3200 2017-12-20 0.756 109.95 41.34+0.18 \Y%
3200 2017-12-20 0.756 109.98 41.11+£0.29 A%
3200 2017-12-17 0.845 77.82 26.98 +£0.12 I
3269 2016-12-05 0.003 1248  -0.92+0.34 A%
3295 2019-11-06 0.961 11.50 -1.87+0.14 A%
3674 2021-08-18 0.099 32.83 1.33 +0.10 v
3674 2021-11-20 0.848 33.27 1.53 £ 0.09 \Y%
3800 2018-05-12 0.021 22.00 1.24 +10.00 v
3800 2018-05-17 0.927 22.00 0.34 +0.19 v
4205 2021-07-30 0.023 20.09 0.07 £ 0.28 \Y%
4905 2021-07-29 0.984 9.93 0.14 £ 0.18 v
5131 2019-01-28 0.952 20.14  0.91 £10.00 \Y%
5131 2019-01-30 0.017 22.85 0.40 £0.13 \Y%
5131 2019-02-06 0.958 31.68 1.02 +0.29 A%
5131 2019-02-11 0.965 37.55 0.70 £ 0.26 \%
5131 2019-02-12 0.925 38.61 1.62 +0.14 A%
5817 2019-10-08 0.031 24.42 0.45+0.11 v
6147 2019-10-08 0.941 843 —-0.87+0.36 \%
6364 2019-10-07 0.046 8.91 -0.45+0.11 A%
6979 2019-10-10 0.952 403 -0.60+0.14 v
7358 2021-12-12 0.007 15.05 -0.44+0.12 \Y%
7505 2017-12-20 0.852 28.64 0.99 +£0.10 \Y%
8256 2017-12-19 0.063 11.06  -0.29+0.13 A%
12008 2021-07-29 0.893 30.98 0.73 £0.10 \Y%
18736 2019-02-05 0.909 17.86  -0.21 £0.09 \Y%
18736 2019-02-11 0.053 22.41 0.01 £0.12 A%
18736 2019-02-12 0.997 23.06 0.27 £0.13 \Y%
24473 2019-04-12 0.001 1.71  -0.08 £0.13 \Y%
25916 2018-05-17 0.014 1948 -0.04+0.13 \Y%
35107 2020-02-18 0.069 790 -0.33+0.29 \Y%
35107 2020-02-19 0.015 8.68 0.01 £0.24 A%
52800 2017-12-20 0.918 32.40 1.41 £0.22 v
162149 2021-12-18 0.076 6.14 -1.20+0.16 \Y%
326732 2021-07-29 0.025 27.89 3.26 +0.15 v
354030 2019-10-04 0.092 28.55 438 +0.12 A%
354030 2019-10-07 0.083 30.36 5.06 £ 0.24 \Y%
418849 2017-12-20 0.051 37.37 1.29 +0.32 v
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Appendix B: Unpublished CASLEO data used in this paper

Table B.1. List of unpublished polarimetric measurements of asteroids obtained
using the 2.15m telescope of the El Leoncito observatory (San Juan, Argentina)
between 1995 and 2004, plus a small number of measurements obtained in an-
other observing run in 2013. The Table lists for each object its identification
number, the epoch of observation (expressed as year, month, day and fraction of
day), the phase angle, the measured P,, its error, and the adopted filter (in all
cases chosen among the standard Johnson-Cousin UBVRI filters).

Asteroid Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
000001 1997-07-09 0.367 16.75 -0.388 £ 0.055 U
000001 1997-07-09 0.367 16.75 —0.369 = 0.028 B
000001 1997-07-09 0.367 16.75 —0.306 + 0.025 A%
000001 1997-07-09 0.367 16.75 -0.300 + 0.017 R
000001 1997-07-09 0.367 16.75 —0.241 +£0.033 I
000001 2002-10-07 0.191 515 -1.803+0.174 U
000001 2002-10-07 0.191 5.15 -1.667 +0.079 B
000001 2002-10-07 0.191 5.15 —-1.487+0.025 v
000001 2002-10-07 0.191 5.15 -1.506 +0.027 R
000001 2002-10-07 0.191 5.15 —-1.431+0.055 I
000002 2003-08-25 0.331 17.60  —-0.270 = 0.094 U
000002 2003-08-25 0.331 17.60 —0.216 +0.042 B
000002 2003-08-25 0.331 17.60 -0.249 +0.039 \Y%
000002 2003-08-25 0.331 17.60 —-0.206 = 0.036 R
000002 2003-08-25 0.331 17.60 —-0.088 = 0.039 I
000002 2003-08-24 0.332 1777  -0.354 £0.123 U
000002 2003-08-24 0.332 17.77 -0.162 +£ 0.044 B
000002 2003-08-24 0.332 17.77 -0.164 £ 0.039 \Y%
000002 2003-08-24 0.332 17.77  -0.182 +£0.045 R
000002 2003-08-24 0.332 17.77  —=0.120 = 0.083 I
000002 2003-08-23 0.340 17.93  -0.280 = 0.201 U
000002 2003-08-23 0.340 17.93  -0.058 +£0.040 B
000002 2003-08-23 0.340 17.93 -0.086 = 0.024 v
000002 2003-08-23 0.340 17.93 -0.129 +£0.033 R
000002 2003-08-23 0.340 17.93  -0.079 +0.108 I
000002 2003-08-22 0.364 18.09 0.209 £ 0.184 U
000002 2003-08-22 0.364 18.09 -0.138 £0.071 B
000002 2003-08-22 0.364 18.09 -0.042 +0.073 \Y%
000002 2003-08-22 0.364 18.09 -0.126 £ 0.032 R
000002 1995-02-03 0.042 25.90 0.975 £ 0.140 U
000002 1995-02-03 0.042 25.90 1.674 £ 0.121 B
000002 1995-02-03 0.042 25.90 1.605 + 0.102 v
000002 1995-02-03 0.042 25.90 1.652 + 0.098 R
000002 1995-02-03 0.042 25.90 1.632 £ 0.149 I
000002 1995-02-04 0.043 25.93 1.472 £ 0.089 B
000002 1995-02-04 0.043 25.93 1.563 £ 0.138 \Y%
000002 1995-02-04 0.043 25.93 1.652 + 0.063 R
000002 1995-02-04 0.043 25.93 1.715 £ 0.140 I
000002 1995-02-05 0.044 25.95 1.131 +£0.134 U
000002 1995-02-05 0.044 25.95 1.512 £ 0.078 B
000002 1995-02-05 0.044 25.95 1.535 £0.053 A%
000002 1995-02-05 0.044 25.95 1.714 + 0.042 R
000002 1995-02-05 0.044 25.95 1.562 + 0.091 I
000002 1995-02-06 0.038 25.96 1.139 £ 0.079 U
000002 1995-02-06 0.038 25.96 1.710 + 0.106 B
000002 1995-02-06 0.038 25.96 1.618 £ 0.138 v
000002 1995-02-06 0.038 25.96 1.713 £ 0.042 R
000002 1995-02-06 0.038 25.96 1.629 + 0.094 I
000003 1999-07-15 0.039 1492 -0.385+0.138 U
000003 1999-07-15 0.039 1492 —-0.724 £ 0.198 B
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
000003 1999-07-15 0.039 1492  -0.987 +0.062 v
000003 1999-07-15 0.039 1492 -1.119 +£0.362 R
000003 1999-07-16 0.060 15.07 -0.325+0.049 \Y%
000003 1999-07-16 0.060 15.07 -0.350 +0.107 R
000003 1999-07-16 0.060 15.07 -0.509 +0.042 I
000003 2013-07-28 0.220 5.80 -0.673 +0.050 \Y%
000004 1996-03-17 0.250 22.32  0.072 +£0.140 U
000004 1996-03-17 0.250 22.32  0.031+0.128 B
000004 1996-03-17 0.250 22.32  0.017 £0.030 \Y%
000004 1996-03-17 0.250 22.32  0.004 +£0.042 R
000004 1996-03-17 0.250 22.32  -0.105+0.073 I
000004 1996-03-15 0.344 22.74  0.435+0.121 8]
000004 1996-03-15 0.344 22.74  0.171 £0.152 B
000004 1996-03-15 0.344 22.74  0.024 +0.035 v
000004 1996-03-15 0.344 22.74  0.082+0.018 R
000004 1996-03-15 0.344 22.74 -0.048 = 0.066 I
000005 2002-10-09 0.285 13.33  -0.337 £0.072 0]
000005 2002-10-09 0.285 13.33  —-0.434 +0.065 B
000005 2002-10-09 0.285 13.33  -0.590 + 0.035 \Y%
000005 2002-10-09 0.285 13.33  -0.597 +0.031 R
000005 2002-10-09 0.285 13.33  -0.802 +0.072 I
000005 2004-07-01 0.002 2202 0471+0.114 U
000005 2004-07-01 0.002 22.02  0.376 +0.085 B
000005 2004-07-01 0.002 22.02  0.116 £0.078 \Y%
000005 2004-07-01 0.002 22.02  0.127 £0.071 R
000005 2004-07-01 0.002 22.02  -0.081 +0.082 I
000005 2004-06-30 0.005 22.12  0.027 £0.174 8]
000005 2004-06-30 0.005 22.12  0.294 +0.157 B
000005 2004-06-30 0.005 22.12  0.363 +£0.258 v
000005 2004-06-30 0.005 22.12  0.392 +£0.247 R
000005 2004-06-30 0.005 22.12  0.645 +0.248 I
000005 2004-07-03 0.963 22.43 0.541 £ 0.220 U
000005 2004-07-03 0.963 22.43 0.389 + 0.107 B
000005 2004-07-03 0.963 2243 0.050 + 0.037 v
000005 2004-07-03 0.963 22.43 0.252 +0.079 R
000005 2004-07-03 0.963 22.43 0.135+0.124 I
000006 1999-12-14 0.181 11.12  -0.462 +0.061 U
000006 1999-12-14 0.181 11.12 -0.769 = 0.099 B
000006 1999-12-14 0.181 11.12  -0.784 +0.023 \Y%
000006 1999-12-14 0.181 11.12  -0.912 +0.035 R
000006 1999-12-14 0.181 11.12  -0.742 +£0.023 I
000006 1995-11-29 0.081 23.08 0.513 £0.129 B
000006 1995-11-29 0.081 23.08 0.092 +0.039 \Y%
000006 1995-11-29 0.081 23.08 0.081 + 0.047 R
000006 1995-11-29 0.081 23.08 —0.162 +0.093 I
000006 1995-11-30 0.078 23.33 0.515+0.223 U
000006 1995-11-30 0.078 23.33 0.253 £0.115 B
000006 1995-11-30 0.078 23.33 0.166 + 0.064 \Y
000006 1995-11-30 0.078 23.33 0.095 + 0.061 R
000006 1995-11-30 0.078 2333  -0.015 +£0.036 I
000006 1995-12-01 0.075 23.56  —-0.095 +9.999 \Y%
000006 2002-10-09 0.035 27.15 0.859 + 0.247 U
000006 2002-10-09 0.035 27.15 0.630 £ 0.115 B
000006 2002-10-09 0.035 27.15 0.546 + 0.060 \Y%
000006 2002-10-09 0.035 27.15 0.572 +0.036 R
000006 2002-10-09 0.035 27.15 0.551 +0.067 I
000008 2013-07-27 0.199 4.00 —0.509 £ 0.040 \Y%
000009 1995-03-26 0.160 8.18 —-0.814 +0.074 U
000009 1995-03-26 0.160 8.18 —0.704 = 0.037 B
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Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
000009 1995-03-26 0.160 8.18 —0.687 +0.054 \Y%
000009 1995-03-26 0.160 8.18 —-0.944 +0.032 I
000009 1995-03-28 0.153 9.00 —0.734+0.083 U
000009 1995-03-28 0.153 9.00 —-0.804 +0.022 B
000009 1995-03-28 0.153 9.00 -0.671+0.044 v
000009 1995-03-28 0.153 9.00 —0.866+0.031 R
000009 1995-03-28 0.153 9.00 -1.087 +0.074 I
000009 1995-02-05 0.321 16.51 -0.333 +0.200 0]
000009 1995-02-05 0.321 16.51 —0.486 +0.015 B
000009 1995-02-05 0.321 16.51 -0.404 +0.031 v
000009 1995-02-05 0.321 16.51 —0.617 +£0.053 R
000009 1995-02-05 0.321 16.51 —0.749 +0.091 I
000009 1995-02-02 0.329 17.55 -0.097 £0.123 U
000009 1995-02-02 0.329 17.55 -0.339 +0.070 B
000009 1995-02-02 0.329 17.55 —0.387 = 0.068 \Y%
000009 1995-02-02 0.329 17.55 -0.482 +0.021 R
000009 1995-02-02 0.329 17.55 -0.611 +0.050 I
000009 2003-03-10 0.363 21.60  0.406 +0.196 8]
000009 2003-03-10 0.363 21.60  0.214 +0.095 B
000009 2003-03-10 0.363 21.60 -0.213 £0.048 v
000009 2003-03-10 0.363 21.60 —0.181 +0.038 R
000009 2003-03-10 0.363 21.60 -0.278 +0.031 I
000009 2004-06-27 0.412 24.29 1.087 £ 0.122 U
000009 2004-06-27 0.412 24.29 0.409 + 0.088 B
000009 2004-06-27 0.412 2429 -0.024 +0.071 v
000009 2004-06-27 0.412 24.29 -0.015+0.052 R
000009 2004-06-27 0.412 2429 -0.121 +£0.081 I
000010 1996-11-15 0.066 1091 -1.466 +0.266 B
000010 1996-11-15 0.066 1091 -1.270 £ 0.046 v
000010 1996-11-15 0.066 1091 -1.171 £0.105 R
000010 1996-11-15 0.066 1091 -0.823 +£0.176 I
000010 1996-11-16 0.063 11.15 -1.307 +£0.144 \Y%
000010 1996-11-16 0.063 11.15 -1.053 +0.049 R
000010 1996-11-16 0.063 11.15 -1.454+0.122 I
000010 1996-11-18 0.057 11.60 -1.502 +0.277 B
000010 1996-11-18 0.057 11.60 -0.899 +0.149 \Y%
000010 1996-11-18 0.057 11.60 -0.921 +0.044 R
000010 1996-11-18 0.057 11.60 -1.171 +£0.252 I
000010 2004-02-16 0.068 12.45 -1.064 +£0.101 U
000010 2004-02-16 0.068 1245 -1.237 £ 0.087 B
000010 2004-02-16 0.068 1245 -1.111+0.040 \Y%
000010 2004-02-16 0.068 12.45 -1.063 +0.024 R
000010 2004-02-16 0.068 1245 -0.948 +0.037 I
000010 2002-10-07 0.279 9.94 —-1.846+0.254 U
000010 2002-10-07 0.279 994 —-1.455+0.128 B
000010 2002-10-07 0.279 994 —1.508 +0.048 v
000010 2002-10-07 0.279 9.94 -1.343+£0.038 R
000010 2002-10-07 0.279 9.94 -1.300 + 0.087 I
000012 2002-03-05 0.093 12.52  -0.805 +0.197 U
000012 2002-03-05 0.093 12.52  -0.575 £ 0.047 B
000012 2002-03-05 0.093 12.52  -0.705 + 0.049 \Y%
000012 2002-03-05 0.093 12.52  -0.793 £ 0.040 R
000012 2002-03-05 0.093 12.52  -0.697 +0.080 I
000012 2002-03-06 0.090 12.83  -0.570 £ 0.169 U
000012 2002-03-06 0.090 12.83  -0.669 + 0.108 B
000012 2002-03-06 0.090 12.83  —-0.846 +0.027 \Y%
000012 2002-03-06 0.090 12.83  -0.825+0.025 R
000012 2002-03-06 0.090 12.83  -0.916 £ 0.044 I
000012 1995-03-28 0.057 16.22 -0.223 +0.200 8]
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000012 1995-03-28 0.057 1622  -0.468 +0.123 B
000012 1995-03-28 0.057 1622  -0.359 +0.176 v
000012 1995-03-28 0.057 1622 —-0.385 +0.088 R
000012 1995-03-28 0.057 16.22  -0.908 + 0.235 I
000012 2003-03-10 0.380 27.61 1.265 + 0.121 U
000012 2003-03-10 0.380 27.61 1.024 £ 0.126 B
000012 2003-03-10 0.380 27.61 0.656 + 0.061 \Y%
000012 2003-03-10 0.380 27.61 0.654 +0.063 R
000012 2003-03-10 0.380 27.61 0.302 + 0.096 I
000012 1996-11-14 0.036 30.97 2.033 +0.111 B
000012 1996-11-14 0.036 30.97 1.803 = 0.164 v
000012 1996-11-14 0.036 30.97 1.479 + 0.262 R
000012 1995-02-07 0.216 5.61 —-0.223 £ 0.093 U
000012 1995-02-07 0.216 5.61 -0.432 +0.085 B
000012 1995-02-07 0.216 561 -0.459+0.116 \Y%
000012 1995-02-07 0.216 561 —-0.612 +0.043 R
000012 1995-02-07 0.216 561 —-0.683 +0.122 I
000012 1995-02-06 0.220 5.87 —-0.669 +0.184 U
000012 1995-02-06 0.220 5.87 —-0.551+£0.093 B
000012 1995-02-06 0.220 587 —0.517+0.058 v
000012 1995-02-06 0.220 587 -0.514+0.113 R
000012 1995-02-06 0.220 587 —-0.624 £0.134 I
000012 1995-02-05 0.223 6.14 -0.015+0.154 U
000012 1995-02-05 0.223 6.14 —-0.565 +0.077 B
000012 1995-02-05 0.223 6.14 -0.757£0.111 v
000012 1995-02-05 0.223 6.14 —-0.638 +0.045 R
000012 1995-02-05 0.223 6.14 —0.680 + 0.059 I
000012 1995-02-04 0.226 6.43 —0.994 +0.355 B
000012 1995-02-04 0.226 6.43 —0.787 £0.195 v
000012 1995-02-04 0.226 6.43 —-0.909 +0.115 R
000012 1995-02-04 0.226 6.43 -0.916 +0.239 I
000012 1995-02-03 0.230 6.75 —0.236 +0.090 0]
000012 1995-02-03 0.230 6.75 —0.133 £0.074 B
000012 1995-02-03 0.230 6.75 —0.340 +0.240 v
000012 1995-02-03 0.230 6.75 -0.602 +£0.113 R
000012 1995-02-03 0.230 6.75 -0.518 £0.139 I
000012 1995-02-02 0.233 7.06 —0.365 +0.229 U
000012 1995-02-02 0.233 7.06 —0.623 £0.156 B
000012 1995-02-02 0.233 7.06 —0.522 +0.078 \Y%
000012 1995-02-02 0.233 7.06 —0.672 +0.027 R
000012 1995-02-02 0.233 7.06 —0.855+0.103 I
000016 2002-03-05 0.192 1.03  —0.337+0.075 U
000016 2002-03-05 0.192 1.03  -0.427 +0.036 B
000016 2002-03-05 0.192 1.03  -0.440 £ 0.019 \Y%
000016 2002-03-05 0.192 1.03 —-0.454+0.013 R
000016 2002-03-05 0.192 1.03  -0.441 +0.037 I
000016 2004-06-28 0.312 14.04 -0.723 +£0.299 U
000016 2004-06-28 0.312 14.04 -0.974+0.111 B
000016 2004-06-28 0.312 14.04 -0.777 £0.156 v
000016 2004-06-28 0.312 14.04 -0.848 +=0.079 R
000016 2004-06-28 0.312 14.04 -1.120+0.115 |
000016 2002-03-06 0.189 141  -0.095 +0.222 U
000016 2002-03-06 0.189 1.41 0.121 £ 0.140 B
000016 2002-03-06 0.189 1.41 0.005 + 0.038 \Y%
000016 2002-03-06 0.189 1.41 0.043 +0.037 R
000016 2002-03-06 0.189 1.41 0.051 + 0.097 I
000016 2004-06-27 0.315 14.31 -0.781 £ 0.116 U
000016 2004-06-27 0.315 14.31 -0.824 £ 0.050 B
000016 2004-06-27 0.315 14.31 -0.970 = 0.024 \%
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000016 2004-06-27 0.315 14.31 -1.032 £ 0.042 R
000016 2004-06-27 0.315 14.31 -1.009 +0.073 I
000016 2002-03-07 0.186 1.78 —-0.495 +0.138 U
000016 2002-03-07 0.186 1.78 —0.536 + 0.041 B
000016 2002-03-07 0.186 1.78 -0.524 +0.034 v
000016 2002-03-07 0.186 1.78 —0.598 + 0.029 R
000016 2002-03-07 0.186 1.78 —0.581 = 0.049 I
000016 2003-08-25 0.036 18.06 —-0.429 +0.179 0]
000016 2003-08-25 0.036 18.06 —0.394 +0.126 B
000016 2003-08-25 0.036 18.06 —0.534 +0.022 v
000016 2003-08-25 0.036 18.06 —0.493 +0.062 R
000016 2003-08-25 0.036 18.06 —0.623 +0.084 I
000016 2003-08-24 0.027 18.12 -0.193 +0.173 U
000016 2003-08-24 0.027 18.12  -0.372 +0.100 B
000016 2003-08-24 0.027 18.12  —-0.560 + 0.037 \Y%
000016 2003-08-24 0.027 18.12  —-0.659 + 0.052 R
000016 2003-08-24 0.027 18.12 -0.712 £ 0.056 I
000016 2003-08-23 0.022 18.18 —0.396 +0.153 8]
000016 2003-08-23 0.022 18.18 —0.475 +0.102 B
000016 2003-08-23 0.022 18.18 —0.514 +0.048 v
000016 2003-08-23 0.022 18.18 —0.505 = 0.052 R
000016 2003-08-23 0.022 18.18 —0.538 +0.097 I
000016 2003-08-22 0.055 18.22  —-0.560 + 0.259 U
000016 2003-08-22 0.055 18.22 -0.552+0.110 B
000016 2003-08-22 0.055 18.22 —-0.458 +0.075 A%
000016 2003-08-22 0.055 18.22 -0.430 = 0.036 R
000016 2003-08-22 0.055 18.22  -0.523 +0.072 I
000018 2004-02-15 0.293 11.68 —0.726 = 0.098 U
000018 2004-02-15 0.293 11.68 —0.882 +0.132 B
000018 2004-02-15 0.293 11.68 —-0.869 +0.045 \Y%
000018 2004-02-15 0.293 11.68 —0.909 +0.071 R
000018 2004-02-15 0.293 11.68 —0.976 +0.050 I
000018 1995-10-18 0.162 20.51 0.011 +£0.139 8]
000018 1995-10-18 0.162 20.51 -0.085 +0.078 B
000018 1995-10-18 0.162 20.51 -0.100+0.153 \Y%
000018 1995-10-18 0.162 20.51 -0.078 = 0.064 R
000018 1995-10-18 0.162 20.51 -0.176 £ 0.072 I
000018 1995-10-19 0.196 2097 -0.093 +0.149 U
000018 1995-10-19 0.196 20.97 -0.177 +£0.053 B
000018 1995-10-19 0.196 2097 —0.157 £ 0.080 \Y%
000018 1995-10-19 0.196 20.97 -0.088 +0.066 R
000018 1995-10-19 0.196 20.97 -0.061 +0.147 I
000019 2003-03-08 0.238 230  0.359+0.222 v
000019 2003-03-08 0.238 230  0.224+£0.216 R
000019 2003-03-08 0.238 230 —-0.045+0.276 I
000019 2003-03-10 0.107 313 -0.529+0.126 U
000019 2003-03-10 0.107 3.13 -1.074+£0.115 B
000019 2003-03-10 0.107 313 -1.152+0.144 \Y
000019 2003-03-10 0.107 313 -1.136 £0.125 R
000031 2004-06-27 0.303 10.30  -1.138 £ 0.236 B
000031 2004-06-27 0.303 10.30  -1.323 £0.136 \Y
000031 2004-06-27 0.303 10.30  —-1.168 + 0.067 R
000031 2004-06-27 0.303 10.30  —-1.728 £0.205 I
000041 2013-07-27 0.184 12.00 -1.780 + 0.050 \Y
000041 2013-07-28 0.147 12.20 -1.744 £ 0.030 v
000041 2013-07-29 0.147 1240 -1.629 +0.040 \Y%
000044 2004-06-27 0.031 19.37 0.288 £ 0.265 U
000044 2004-06-27 0.031 19.37 0.135+0.126 B
000044 2004-06-27 0.031 19.37 0.065 + 0.089 \Y
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000044 2004-06-27 0.031 19.37 -0.015 +0.060 R
000044 2004-06-27 0.031 19.37 -0.230 +0.165 I
000044 2004-06-28 0.028 19.57 -0.132+0.263 U
000044 2004-06-28 0.028 19.57 -0.047 +0.199 B
000044 2004-06-28 0.028 19.57 0.404 +0.166 v
000044 2004-06-28 0.028 19.57 0.303 £ 0.106 R
000044 2004-06-28 0.028 19.57 0.334 £0.195 I
000044 2004-06-29 0.025 19.75 0.338 +0.257 0]
000044 2004-06-29 0.025 19.75 -0.029 +0.114 B
000044 2004-06-29 0.025 19.75 -0.139 +£0.170 v
000044 2004-06-29 0.025 19.75 -0.015 + 0.089 R
000044 2004-06-29 0.025 19.75 —0.008 + 0.089 I
000044 2004-07-01 0.020 20.10 -0.212 +0.158 U
000044 2004-07-01 0.020 20.10  0.257+0.135 B
000044 2004-07-01 0.020 20.10 -0.174 +£0.151 \Y%
000044 2004-07-01 0.020 20.10 -0.111 +£0.128 R
000044 2004-07-01 0.020 20.10 -0.185+0.170 I
000044 2004-07-04 0.012 20.58 0.095 + 0.147 8]
000044 2004-07-04 0.012 20.58 0.032 +0.052 B
000044 2004-07-04 0.012 20.58 0.019 + 0.067 v
000044 2004-07-04 0.012 20.58 0.016 + 0.042 R
000044 2004-07-04 0.012 20.58 0.030 + 0.068 I
000044 2004-02-16 0.347 2434 0.697 +0.364 v
000044 1998-10-13 0.196 277 —-0.180 + 0.121 \Y%
000044 1998-10-13 0.196 277  —0.045 £ 0.145 R
000044 1998-10-13 0.196 2.77 0.024 + 0.236 I
000044 1998-10-12 0.116 3.01 0.296 + 0.295 8]
000044 1998-10-12 0.116 3.01 -0.198 £0.174 B
000044 1998-10-12 0.116 3.01 -0.266 +0.076 v
000044 1998-10-12 0.116 3.01 -0.258 +0.056 R
000044 1998-10-12 0.116 3.01 -0.273 £0.142 I
000047 2013-07-27 0.211 290 —0.881+0.040 \Y
000047 2013-07-28 0.161 3.00 -0.869 + 0.040 \Y%
000047 2013-07-29 0.161 3.10 -0.926 +0.060 v
000048 2004-07-01 0.093 10.33  -1.732+0.282 U
000048 2004-07-01 0.093 10.33  -2.069 +£0.124 B
000048 2004-07-01 0.093 10.33  -2.131 £9.999 v
000048 2004-07-01 0.093 10.33  -2.181 +0.073 R
000048 2004-07-01 0.093 10.33  -2.031 +£0.231 I
000048 2004-06-29 0.099 983 -1.756+0.163 B
000048 2004-06-29 0.099 9.83 -2.023 +0.059 \Y
000048 2004-06-29 0.099 9.83 —-1.973 +£0.037 R
000048 2004-06-29 0.099 9.83 -1.779 £ 0.096 I
000051 2012-07-21 0.374 17.90 -0.548 +0.020 \Y%
000051 2012-10-22 0.108 19.20 -0.237 +0.069 \Y%
000053 2002-03-06 0.203 140 -0.185+0.118 8]
000053 2002-03-06 0.203 1.40 -0.371 £ 0.049 B
000053 2002-03-06 0.203 1.40  —0.399 + 0.026 \Y%
000053 2002-03-06 0.203 140 -0.424 +0.028 R
000053 2002-03-06 0.203 1.40 -0.393 +0.050 I
000053 2002-03-05 0.207 147 -0.445+0.127 U
000053 2002-03-05 0.207 147 -0.437 +0.060 B
000053 2002-03-05 0.207 1.47 -0.438 £ 0.020 \Y%
000053 2002-03-05 0.207 1.47 -0.351+0.030 R
000053 2002-03-05 0.207 147 -0.416 +0.035 I
000053 2002-03-07 0.200 1.52 -0.404 £0.126 8]
000053 2002-03-07 0.200 1.52  —0.493 £ 0.056 B
000053 2002-03-07 0.200 1.52 -0.471 +£0.017 v
000053 2002-03-07 0.200 1.52  -0.508 +0.026 R
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000053 2002-03-07 0.200 1.52  -0.542 +0.053 I
000073 1997-05-02 0.102 11.53  -0.762 + 0.063 v
000073 1997-05-02 0.102 11.53 -0.603 +0.098 R
000073 1997-05-02 0.102 11.53 -0.406 +0.178 I
000073 2003-08-23 0.295 14.07 -0.389 +0.215 B
000073 2003-08-23 0.295 14.07 -0.543 +0.051 \Y%
000073 2003-08-23 0.295 14.07 -0.507 £ 0.072 R
000073 2003-08-23 0.295 14.07 -0.580=+0.113 I
000078 2013-07-27 0.283 4.50 —1.009 + 0.060 \Y%
000078 2013-07-28 0.245 420 -1.006 +0.050 v
000085 2012-10-21 0.185 510 -1.253+0.030 v
000087 2002-03-05 0.322 10.72  —-1.599 + 0.466 8]
000087 2002-03-05 0.322 10.72  -0.743 £ 0.190 B
000087 2002-03-05 0.322 10.72  -0.920 +0.187 v
000087 2002-03-05 0.322 10.72  —-1.226 £ 0.044 R
000087 2002-03-05 0.322 10.72  -1.372 £0.220 I
000091 2003-08-23 0.185 1.79  -0.296 + 0.211 U
000091 2003-08-23 0.185 1.79 —-0.472 £ 0.082 B
000091 2003-08-23 0.185 1.79  —0.575 £ 0.050 v
000091 2003-08-23 0.185 1.79  -0.469 + 0.048 R
000091 2003-08-23 0.185 1.79 -0.768 £0.115 I
000091 2003-08-24 0.159 225 -0.323 £0.203 U
000091 2003-08-24 0.159 225 -0.740+0.114 B
000091 2003-08-24 0.159 225 —-0.720 £ 0.048 \Y%
000091 2003-08-24 0.159 225 —0.585+0.057 R
000091 2003-08-24 0.159 225 —0.798 +0.099 I
000091 1995-10-19 0.261 10.19 -2.166 +0.323 B
000091 1995-10-19 0.261 10.19 -1.178 £0.264 v
000091 1995-10-19 0.261 10.19 -1.650+0.153 R
000091 1995-10-19 0.261 10.19 -1.304 +0.282 I
000094 2013-07-29 0.318 1790 -0.338 +0.070 v
000106 2013-07-27 0.054 16.00 —-1.320 +0.050 \Y
000106 2013-07-29 0.067 16.10 -1.047 £0.180 \Y%
000113 2003-03-10 0.259 16.58 0.001 +0.021 0]
000113 2003-03-10 0.259 16.58 0.137 £ 0.095 B
000113 2003-03-10 0.259 16.58 —-0.200 + 0.059 \Y%
000113 2003-03-10 0.259 16.58 —0.242 +0.055 R
000113 2003-03-10 0.259 16.58 —-0.441+0.134 I
000113 2003-03-08 0.347 1730 0.036 £0.182 U
000113 2003-03-08 0.347 17.30  0.010 +0.073 B
000113 2003-03-08 0.347 17.30 -0.072 £ 0.054 \Y
000113 2003-03-08 0.347 17.30  -0.134 = 0.060 R
000113 2003-03-08 0.347 17.30  -0.166 + 0.097 I
000113 1996-04-24 0.332 20.12  -0.124 +0.187 B
000113 1996-04-24 0.332 20.12  0.167 £0.157 \Y%
000113 1996-04-24 0.332 20.12  0.308 £0.119 R
000113 1996-04-24 0.332 20.12  0.039 +0.137 I
000113 1997-07-09 0.416 23.23 0.257 £ 0.176 \Y
000113 1997-07-09 0.416 23.23 0.174 £ 0.166 R
000113 1996-03-17 0.382 26.62  0.676 +0.070 \Y
000113 1996-03-17 0.382 26.62  0.488 +£0.077 R
000113 1996-03-17 0.382 26.62  0.497 £0.139 I
000113 2012-10-22 0.312 14.20 -0.210 +0.070 \Y%
000118 1999-07-15 0.266 8.81 —-0.439 +0.269 B
000118 1999-07-15 0.266 8.81 —0.797 +0.308 v
000118 1996-11-14 0.234 9.05 -0.581+0.141 B
000118 1996-11-14 0.234 9.05 -0.651=+0.115 \Y%
000118 1996-11-14 0.234 9.05 -0.735+0.070 R
000118 1996-11-14 0.234 9.05 —0.878 +0.086 I
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000125 1999-07-16 0.322 16.29 -0.918 +0.367 0]
000125 1999-07-16 0.322 16.29 —0.850 + 0.381 B
000125 1999-07-16 0.322 16.29 —0.706 = 0.145 \Y%
000125 1999-07-16 0.322 1629 -0.321+0.184 R
000125 1999-07-16 0.322 16.29 -0.229 +0.250 I
000125 2003-08-22 0.006 22.04  0.139+0.218 B
000125 2003-08-22 0.006 22.04  0.195+0.112 v
000125 2003-08-22 0.006 22.04  0.310 = 0.094 R
000125 2003-08-22 0.006 22.04  0.003 +£0.155 I
000128 1995-11-30 0.114 10.19 -1.480 +0.299 B
000128 1995-11-30 0.114 10.19 -1.476 +0.036 v
000128 1995-11-30 0.114 10.19 -1.417 +£0.080 R
000128 1995-11-30 0.114 10.19 -1.488 £0.106 I
000128 1995-10-19 0.305 10.38  —1.555 +0.387 6]
000128 1995-10-19 0.305 10.38  —-1.938 £0.153 B
000128 1995-10-19 0.305 10.38 —-1.601 +£0.130 v
000128 1995-10-19 0.305 10.38  —-1.422 +0.131 R
000128 1995-10-19 0.305 10.38  -1.074 +0.178 I
000128 1995-12-01 0.111 10.61 —-1.627 £0.242 U
000128 1995-12-01 0.111 10.61 -1.660 +0.136 B
000128 1995-12-01 0.111 10.61 -1.460 +0.075 \Y%
000128 1995-12-01 0.111 10.61 —-1.435+0.027 R
000128 1995-12-01 0.111 10.61 -1.515+0.095 I
000128 1995-10-18 0.326 10.72  -1.743 + 0.168 B
000128 1995-10-18 0.326 10.72  -1.844+0.117 v
000128 1995-10-18 0.326 10.72  -1.522+0.078 R
000128 1995-10-18 0.326 10.72  -1.477 £0.131 I
000128 2003-08-25 0.013 20.33 0.556 +0.158 B
000128 2003-08-25 0.013 20.33 0.149 £ 0.092 v
000128 2003-08-25 0.013 20.33 0.198 £ 0.104 R
000128 2003-08-25 0.013 20.33 0.371 £ 0.107 I
000128 1995-11-29 0.117 9.77 -1.011+0.207 U
000128 1995-11-29 0.117 9.77 —1.346 £ 0.095 B
000128 1995-11-29 0.117 9.77 -1.480+0.027 v
000128 1995-11-29 0.117 9.77 -1.494 +0.031 R
000128 1995-11-29 0.117 9.77 —1.495 £ 0.066 I
000129 2012-10-22 0.361 1290 -0.458 +0.070 v
000131 2009-02-19 0.226 920 -0.332+0.037 \Y
000131 2009-02-18 0.217 9.60 —0.484 +0.040 \Y%
000131 1995-10-18 0.111 18.57 0.103 £ 0.165 v
000131 1995-10-18 0.111 18.57 —0.024 +0.147 R
000131 1995-10-20 0.055 19.01 0.141 £ 0.230 \Y%
000131 1995-10-20 0.055 19.01 -0.111 +0.263 R
000131 2003-08-22 0.365 20.73 0.152 +£0.143 \Y%
000131 2003-08-22 0.365 20.73 -0.007 = 0.087 R
000131 2003-08-22 0.365 20.73 0.169 + 0.302 I
000131 1995-11-30 0.016 22.80  0.566 +0.183 R
000131 2010-09-03 0.118 12.10 -0.716 £ 0.130 \Y
000131 2010-09-04 0.181 12.50 -0.790 +0.110 v
000131 2010-09-05 0.123 1290 -0.625 +0.080 \Y
000132 1995-03-28 0.157 27.00 1.547 £ 0.129 U
000132 1995-03-28 0.157 27.00 1.011 +0.092 B
000132 1995-03-28 0.157 27.00  0.917 +£0.055 \Y
000132 1995-03-28 0.157 27.00  0.832 +0.080 R
000132 1995-03-28 0.157 27.00  0.918 +0.280 I
000132 1995-03-26 0.163 27.39 1.423 +0.079 8}
000132 1995-03-26 0.163 27.39 1.193 + 0.067 B
000132 1995-03-26 0.163 27.39 1.044 +0.093 v
000132 1995-03-26 0.163 27.39 1.100 + 0.120 I
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000132 1995-02-07 0.301 35.06  0.813+0.172 U
000132 1995-02-07 0.301 35.06 2.299 +0.209 B
000132 1995-02-07 0.301 35.06 2.235 + 0.064 \Y%
000132 1995-02-07 0.301 35.06 2.002 £ 0.056 R
000132 1995-02-06 0.303 35.16  0.947 +0.136 0]
000132 1995-02-06 0.303 35.16  2.096 +0.088 B
000132 1995-02-06 0.303 35.16 2.100 + 0.059 v
000132 1995-02-06 0.303 35.16 2.021 + 0.049 R
000132 1995-02-06 0.303 35.16  2.023+0.123 I
000132 1995-02-05 0.306 35.26 2.203 £ 0.229 B
000132 1995-02-05 0.306 35.26 2.342 £ 0.106 v
000132 1995-02-05 0.306 3526 2.342 +0.067 R
000132 1995-02-05 0.306 35.26 2.141 £ 0.091 I
000132 1995-02-04 0.308 35.36 2.263 +£0.186 B
000132 1995-02-04 0.308 3536 2.026 £0.274 \Y%
000132 1995-02-04 0.308 35.36 2.306 = 0.211 R
000132 1995-02-02 0.313 35.55 1.323 £0.192 U
000132 1995-02-02 0.313 35.55 2.428 +£0.053 B
000132 1995-02-02 0.313 35.55 2418 £0.111 \Y%
000132 1995-02-02 0.313 35.55 2.093 + 0.050 R
000132 1995-02-02 0.313 35.55 2.136 +0.108 I
000134 2004-06-28 0.345 16.71 —-0.679 +0.328 U
000134 2004-06-28 0.345 16.71 -1.155=+0.191 B
000134 2004-06-28 0.345 16.71 -1.016 =0.076 \Y%
000134 2004-06-28 0.345 16.71 —-0.904 + 0.104 R
000134 2004-06-28 0.345 16.71 -1.063 +0.233 I
000134 1999-07-16 0.012 19.01 -0.007 £0.212 \Y%
000134 1999-07-16 0.012 19.01 0.226 + 0.245 R
000134 2012-07-24 0.304 530 -1.119+0.030 v
000138 2004-02-14 0.394 21.41 0.301 £ 0.104 \Y%
000138 2004-02-14 0.394 21.41 0.351 £ 0.056 R
000138 2004-02-14 0.394 21.41 0.469 + 0.247 I
000138 1997-07-09 0.334 21.57 0.855 +0.203 U
000138 1997-07-09 0.334 21.57 0.430 +0.126 B
000138 1997-07-09 0.334 21.57 0.220 + 0.045 \Y%
000138 1997-07-09 0.334 21.57 0.219 £ 0.032 R
000138 1997-07-09 0.334 21.57 0.174 £ 0.080 I
000138 2004-06-27 0.007 23.93 0.941 £ 0.202 \Y%
000138 2004-06-27 0.007 23.93 0.923 £ 0.352 R
000138 2004-06-27 0.007 23.93 0.547 £ 0.355 I
000138 2004-06-28 0.991 2422 0.502+0.195 B
000138 2004-06-28 0.991 2422 0.680+0.105 \Y%
000138 2004-06-28 0.991 2422  0.573 £0.084 R
000138 2004-06-30 0.014 24.37 1.056 + 0.269 B
000138 2004-06-30 0.014 24.37 0.807 £ 0.155 \Y%
000138 2004-06-30 0.014 24.37 0.568 +0.158 R
000138 2004-06-30 0.014 24.37 0.980 + 0.241 I
000138 1997-05-02 0.388 28.89 1.543 £0.245 B
000138 1997-05-02 0.388 28.89 0.968 +0.122 A%
000138 1997-05-02 0.388 28.89 1.026 + 0.049 R
000138 1997-05-02 0.388 28.89 0.887 = 0.205 I
000139 2013-07-27 0.372 16.30  -0.922 +0.140 v
000139 2013-07-29 0.363 16.10 -0.856 +0.070 \Y
000141 2010-04-20 0.023 16.60 —0.046 + 0.006 \Y
000141 2012-10-21 0.026 25.40 1.429 +0.030 v
000150 1997-05-02 0.182 096 —-0.257 +0.249 8]
000150 1997-05-02 0.182 0.96 —0.269 +0.155 B
000150 1997-05-02 0.182 096 —0.323 +0.074 v
000150 1997-05-02 0.182 0.96 —0.263 +0.094 R
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000150 1997-05-02 0.182 096 —0.237+£0.194 I
000158 1996-11-17 0.181 0.39 —0.561 +0.249 v
000158 1996-11-17 0.181 0.39 -0.578 £0.132 R
000158 1996-11-18 0.178 0.56 —0.149 +0.149 B
000158 1996-11-18 0.178 0.56 —-0.293 +0.050 v
000158 1996-11-18 0.178 0.56 —0.347 £ 0.046 R
000158 1996-11-18 0.178 0.56 —0.257 +0.087 I
000158 2003-03-10 0.205 0.59 -0.102+0.143 B
000158 2003-03-10 0.205 0.59 -0.107 = 0.068 \Y%
000158 2003-03-10 0.205 0.59 —0.139 +£0.071 R
000158 2003-03-10 0.205 0.59 0.033 +0.150 I
000158 2003-03-08 0.275 1.20  —0.605 + 0.070 \Y%
000158 2003-03-08 0.275 1.20 -0.435+0.083 R
000158 2003-03-08 0.275 1.20  0.015+£0.165 I
000158 1999-07-16 0.024 16.46  —-0.295 +0.336 \Y%
000158 1999-07-16 0.024 16.46 -0.322 +0.344 R
000158 1999-07-16 0.024 16.46 —-0.172 +£0.329 I
000169 1999-07-16 0.368 23.72 1.255 £ 0.232 \Y%
000169 1999-07-16 0.368 2372 0.525+0.213 R
000169 1999-07-16 0.368 23.72  0.649 +0.347 I
000170 1996-03-17 0.177 14.06 -0.407 +0.137 \Y%
000170 1996-03-17 0.177 14.06 —-0.421 +0.082 R
000170 1996-03-17 0.177 14.06 -0.692 +0.298 I
000170 1996-03-15 0.276 14.57 -0.293 +0.104 \Y%
000170 1996-03-15 0.276 14.57 -0.324 +£0.101 R
000170 1996-03-15 0.276 14.57 -0.878 +0.316 I
000170 2004-02-14 0.308 17.69 -0.667 +0.295 B
000170 2004-02-14 0.308 17.69 -0.223 +0.128 v
000170 2004-02-14 0.308 17.69 —-0.239 +0.147 R
000170 2004-02-14 0.308 17.69 -0.074 +0.249 I
000170 1997-05-02 0.363 21.80  0.134 £0.221 v
000170 1997-05-02 0.363 21.80 —0.041 +0.107 R
000170 1996-04-24 0.134 9.55 -1.227+0.117 \Y%
000170 1996-04-24 0.134 9.55 -1.097+0.113 R
000170 1997-07-09 0.270 9.58 —0.648+0.118 \Y
000170 1997-07-09 0.270 9.58 —0.734 £ 0.090 R
000170 1997-07-08 0.274 9.97 -0.621 +0.379 B
000170 1997-07-08 0.274 997 -0.736 +0.137 \Y
000170 1997-07-08 0.274 997 -0.747 £0.112 R
000172 2010-04-20 0.355 18.30 —0.955 +0.039 v
000178 2003-03-10 0.286 21.70  0.353 +0.145 \Y
000178 2003-03-10 0.286 21.70  0.212+0.183 R
000178 2003-03-10 0.286 21.70  0.104 £ 0.224 I
000178 2012-10-23 0.195 370 -1.393 +0.060 \Y
000183 1998-10-11 0.296 31.37 1.778 £ 0.271 U
000183 1998-10-11 0.296 31.37 1.293 +0.113 B
000183 1998-10-11 0.296 31.37 1.185 £ 0.058 \Y%
000183 1998-10-11 0.296 31.37 1.098 + 0.048 R
000183 1998-10-11 0.296 31.37 0.925 +0.080 I
000183 2012-10-21 0.356 30.10 1.181 £ 0.030 \Y%
000186 2006-08-27 0.258 13.09 -0.023 +0.093 U
000186 2006-08-27 0.258 13.09 -0.118 £ 0.049 B
000186 2006-08-27 0.258 13.09 -0.286 +0.024 \Y%
000186 2006-08-27 0.258 13.09 -0.280 +0.023 R
000186 2006-08-27 0.258 13.09 -0.390 + 0.064 I
000186 1995-10-18 0.137 25.21 1.597 £ 0.334 8]
000186 1995-10-18 0.137 25.21 1.373 £ 0.263 B
000186 1995-10-18 0.137 25.21 1.196 + 0.079 v
000186 1995-10-18 0.137 25.21 1.017 £ 0.080 R

Article number, page 60 of 70



Ph. Bendjoya et al.: The Calern Asteroid Polarisation Survey: state of the art

Table B.1. continued.

Asteroid  Date of observation  Fraction of Phase angle P, Filter
Number day (deg) (%)
000186 1995-10-18 0.137 25.21 0.835 +0.144 I
000186 1995-10-19 0.170 25.43 1.301 £ 0.192 B
000186 1995-10-19 0.170 25.43 1.093 + 0.080 \Y%
000186 1995-10-19 0.170 25.43 0.955 + 0.082 R
000186 1995-10-19 0.170 25.43 1.482 +0.145 I
000186 1995-12-01 0.042 28.64 1.758 £ 0.129 \Y%
000186 1995-12-01 0.042 28.64 1.770 £ 0.117 R
000186 1995-12-01 0.042 28.64 1.837 £ 0.301 I
000186 2002-10-10 0.040 29.56 1.474 £ 0.330 \Y%
000186 2002-10-10 0.040 29.56 1.222 £ 0.231 R
000188 1996-03-16 0.091 1446 -1.137+0.250 v
000188 1996-03-16 0.091 1446 —0.806 = 0.167 R
000188 1998-10-13 0.062 16.56 -0.512 +£0.196 R
000188 1998-10-13 0.062 16.56 —0.742 +0.272 I
000188 1998-10-12 0.141 16.28 —0.273 +£0.343 U
000188 1998-10-12 0.141 16.28 -0.275+0.128 B
000188 1998-10-12 0.141 16.28 —0.603 +0.059 v
000188 1998-10-12 0.141 16.28 —0.556 = 0.050 R
000188 1998-10-12 0.141 16.28 —0.512 +0.089 I
000188 1996-04-26 0.059 18.13 0.966 + 0.308 R
000188 1997-07-08 0.055 2241 0.474 £ 0.372 B
000188 1997-07-08 0.055 2241 0.104 £ 0.154 v
000188 1997-07-08 0.055 22.41 0.240 + 0.098 R
000188 1997-07-08 0.055 2241 -0.534+0.318 I
000188 2012-10-22 0.155 6.90 -2.723 £0.070 v
000189 2004-06-27 0.258 10.02 -1.222+0.353 U
000189 2004-06-27 0.258 10.02  -1.512+0.271 B
000189 2004-06-27 0.258 10.02 —-1.264 +0.098 A%
000189 2004-06-27 0.258 10.02 -1.190+0.112 R
000189 2004-06-27 0.258 10.02  -0.957 +0.184 I
000189 1996-04-24 0.321 16.65 —0.762 +0.125 v
000189 1996-04-24 0.321 16.65 —0.321 +0.044 R
000189 1996-04-24 0.321 16.65 -0.939 +0.210 I
000189 1996-03-16 0.375 2291 0.262 + 0.161 v
000189 1996-03-16 0.375 22.91 0.054 +0.135 R
000189 2004-06-28 0.255 9.63 —0.938 +£0.132 R
000189 2012-10-23 0.044 20.60 —0.423 +0.060 v
000192 2007-09-03 0.011 25.73 0.552 +0.336 6]
000192 2007-09-03 0.011 25.73 0.526 +£0.103 B
000192 2007-09-03 0.011 2573 -0.242 +0.335 v
000192 2007-09-03 0.011 25.73 -0.014+0.183 R
000192 2007-09-03 0.011 25.73 -0.410+0.357 I
000197 2002-10-09 0.025 23.17 0.775 £0.215 B
000197 2002-10-09 0.025 23.17 0.417 £ 0.068 \Y%
000197 2002-10-09 0.025 23.17 0.338 +£0.074 R
000197 2002-10-09 0.025 23.17 0.004 + 0.060 I
000197 1998-10-11 0.226 9.61 —0.396 +0.240 B
000197 1998-10-11 0.226 9.61 —0.788 +0.083 \Y
000197 1998-10-11 0.226 9.61 —0.721 +0.069 R
000197 1998-10-11 0.226 9.61 -0.597+0.124 I
000200 2004-02-14 0.274 9.71 —-1.609 +0.374 U
000200 2004-02-14 0.274 971 -1.725+0.177 B
000200 2004-02-14 0.274 9.71 —-1.768 £ 0.072 \Y%
000200 2004-02-14 0.274 9.71 —1.804 +0.088 R
000200 2004-02-14 0.274 971 -1.348+0.214 I
000201 1996-03-15 0.229 090 -0.165+0.309 8}
000201 1996-03-15 0.229 0.90  0.089 +0.275 B
000201 1996-03-15 0.229 090 -0.347 +0.100 v
000201 1996-03-15 0.229 0.90 —0.426 + 0.061 R
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000201 1996-03-15 0.229 0.90 -0.323 +£0.258 I
000201 1996-03-17 0.098 1.06 -0.435+0.073 v
000201 1996-03-17 0.098 1.06 —0.419 £ 0.091 R
000201 1996-03-17 0.098 1.06 —0.188 +£0.271 I
000201 2006-08-28 0.239 1497 -0.751+£0.138 0]
000201 2006-08-28 0.239 1497 -1.487+0.258 \Y%
000201 2006-08-28 0.239 1497 -1.077 £0.280 R
000204 2004-02-15 0.270 10.93 -0.316+£0.211 B
000204 2004-02-15 0.270 10.93 -0.834+0.119 \Y%
000204 2004-02-15 0.270 10.93 -0.813 +0.070 R
000204 2004-02-15 0.270 10.93 -0.761 +0.179 I
000210 2009-09-14 0.238 6.70 —0.792 + 0.022 \Y%
000210 2013-07-27 0.235 330 —0.807 +0.050 v
000210 2013-07-28 0.186 3.10 —0.668 +0.060 A%
000213 2005-09-28 0.198 373 —-1.288 £0.279 8]
000213 2005-09-28 0.198 3.73  —1.040 £ 0.261 B
000213 2005-09-28 0.198 373 -1.503+0.152 A%
000213 2005-09-28 0.198 373  —1.545+0.095 R
000213 2005-09-28 0.198 373 -1.611+0.149 I
000214 1996-11-19 0.091 1148 —0.164 +0.225 B
000214 1996-11-19 0.091 11.48 —0.123 +0.084 \Y%
000214 1996-11-19 0.091 11.48 —0.193 +0.067 R
000214 1996-11-19 0.091 1148 —0.118 £0.143 I
000216 1997-05-02 0.157 338 —-0.409 + 0.264 U
000216 1997-05-02 0.157 338 —-0.656 +0.169 B
000216 1997-05-02 0.157 338 —0.628 +0.068 v
000216 1997-05-02 0.157 3.38 —0.854 +0.050 R
000216 1997-05-02 0.157 3.38 —0.905 + 0.084 I
000216 1996-03-15 0.112 11.50 -1.109 £0.210 U
000216 1996-03-15 0.112 11.50 -0.906 + 0.253 B
000216 1996-03-15 0.112 11.50 -0.893 +0.086 v
000216 1996-03-15 0.112 11.50 -0.989 +0.117 R
000216 1996-03-15 0.112 11.50 -0.792 +0.167 I
000216 1996-03-17 0.040 11.99 -1.236+0.234 0]
000216 1996-03-17 0.040 11.99 -1.191+0.137 B
000216 1996-03-17 0.040 11.99 -0.895 +0.067 \Y%
000216 1996-03-17 0.040 11.99 -0.903 +0.061 R
000216 1996-03-17 0.040 11.99 -1.123 +0.200 I
000216 2003-08-22 0.133 13.09 -1.114+£0.262 U
000216 2003-08-22 0.133 13.09 -0.651+0.118 B
000216 2003-08-22 0.133 13.09 -0.842 +0.026 \Y
000216 2003-08-22 0.133 13.09 -0.938 +0.058 R
000216 2003-08-22 0.133 13.09 -0.970 £ 0.150 I
000216 2003-08-22 0.102 13.12  -0.532 +0.141 U
000216 2003-08-22 0.102 13.12  -0.755 +0.070 B
000216 2003-08-22 0.102 13.12 -0.826 +0.039 \Y%
000216 2003-08-22 0.102 13.12  —-0.939 +0.052 R
000216 2003-08-22 0.102 13.12  -0.927 +0.059 I
000216 2003-08-23 0.048 13.39  -0.712 £ 0.140 U
000216 2003-08-23 0.048 13.39  -0.670 £ 0.077 B
000216 2003-08-23 0.048 13.39 -0.805 +0.052 \Y%
000216 2003-08-23 0.048 13.39  -0.829 £ 0.033 R
000216 2003-08-23 0.048 13.39  —-0.943 £ 0.056 I
000216 2003-08-24 0.096 13.70 -0.688 +0.077 U
000216 2003-08-24 0.096 13.70  —0.668 + 0.055 B
000216 2003-08-24 0.096 13.70 -0.751 +0.034 \Y
000216 2003-08-24 0.096 13.70 -0.810 +0.034 R
000216 2003-08-24 0.096 13.70  -0.830 £ 0.057 I
000216 2003-08-25 0.104 14.02 -0.607 =0.114 U
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000216 2003-08-25 0.104 14.02 -0.662 + 0.085 B
000216 2003-08-25 0.104 14.02 -0.778 +0.031 v
000216 2003-08-25 0.104 14.02 —-0.842 +0.038 R
000216 2003-08-25 0.104 14.02 -0.783 £ 0.053 I
000219 2004-02-14 0.043 24.68 0.040 £ 0.299 v
000219 2004-02-14 0.043 24.68 0.296 + 0.100 R
000219 2004-02-14 0.043 24.68 -1.139+0.212 I
000219 2006-08-27 0.099 28.83 1.695 + 0.263 0]
000219 2006-08-27 0.099 28.83 1.008 £ 0.113 B
000219 2006-08-27 0.099 28.83 0.898 + 0.076 v
000219 2006-08-27 0.099 28.83 0.841 + 0.064 R
000219 2006-08-27 0.099 28.83 0.609 + 0.095 I
000219 2006-08-30 0.150 29.36 0977 +0.114 v
000219 2006-08-30 0.150 29.36 0.938 £0.121 R
000219 2006-08-30 0.150 29.36 0917 +0.149 I
000219 2009-02-18 0.277 16.70  -0.061 +0.082 \Y%
000219 2010-09-05 0.283 19.70  —0.057 £ 0.048 v
000220 1996-03-17 0.217 1431 -1.136 £0.553 \Y%
000220 1996-03-17 0.217 1431 -1.393+£0.235 R
000221 2003-03-08 0.297 10.16 -1.311+0.170 B
000221 2003-03-08 0.297 10.16  —-0.983 +0.092 \Y%
000221 2003-03-08 0.297 10.16 —1.009 + 0.096 R
000221 2003-03-08 0.297 10.16 -1.175+0.106 I
000221 1995-12-01 0.198 505 -1.077 £0.357 U
000221 1995-12-01 0.198 505 -0.969 +0.270 B
000221 1995-12-01 0.198 505 -0.728 £0.103 v
000221 1995-12-01 0.198 505 -0.946 +0.055 R
000221 1995-12-01 0.198 505 -0.982 +0.051 I
000222 2004-02-16 0.211 1.18 —-0.341 £ 0.296 B
000222 2004-02-16 0.211 1.18 —=0.745 +0.237 \Y%
000222 2004-02-16 0.211 1.18  —-0.494 +0.149 R
000222 2010-04-22 0.127 1040  0.648 £0.153 \Y
000234 2003-03-10 0.068 14.14 -1.561 +£0.332 \Y%
000234 2003-03-10 0.068 14.14 -1.629 +0.274 R
000234 1997-07-09 0.101 18.49 —-0.853 +0.299 U
000234 1997-07-09 0.101 18.49 -1.330+0.154 B
000234 1997-07-09 0.101 18.49 —1.253 +0.068 v
000234 1997-07-09 0.101 18.49 —-1.249 +0.045 R
000234 1997-07-09 0.101 18.49 -1.157+0.173 I
000234 1997-05-02 0.321 19.89 -1.642 +0.384 U
000234 1997-05-02 0.321 19.89 -1.535+0.130 B
000234 1997-05-02 0.321 19.89 -1.217 £ 0.067 \Y%
000234 1997-05-02 0.321 19.89 —-1.136 + 0.067 R
000234 1997-05-02 0.321 19.89 -1.042 +0.131 I
000234 2004-06-28 0.004 23.68 —0.873 +£0.239 \Y%
000234 2004-06-28 0.004 23.68 —0.648 +0.142 R
000234 2004-06-28 0.004 23.68 —0.068 +0.235 I
000234 2012-10-21 0.074 30.80  0.017 £ 0.027 \Y
000237 1996-11-17 0.275 10.12  -0.669 + 0.070 v
000237 1996-11-17 0.275 10.12  —-0.695 + 0.068 R
000237 1996-11-17 0.275 10.12  -0.806 = 0.190 I
000237 1995-10-18 0.224 1541 -0.341+£0.219 v
000237 1995-10-18 0.224 1541 -0.234+0.133 R
000237 1995-10-18 0.224 15.41 -0.761 +£0.386 |
000237 1995-10-19 0.138 15.64 -0.308 £0.117 v
000237 1995-10-19 0.138 15.64 —0.271 +0.099 R
000237 1995-10-19 0.138 15.64 -0.934 +0.299 I
000237 1995-11-30 0.029 21.12  0.215+0.305 v
000237 1995-11-30 0.029 21.12  0.042+0.177 R
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000237 1995-12-01 0.044 21.14  0.107 £ 0.307 \Y%
000237 1995-12-01 0.044 21.14  0.115+0.183 R
000238 2013-07-27 0.332 17.00 -1.234+0.169 \Y%
000238 2013-07-28 0.338 16.70 —1.180 + 0.050 \Y%
000246 2004-02-14 0.127 9.05 -0.480 +0.201 B
000246 2004-02-14 0.127 9.05 -0.570 +0.084 \Y%
000246 2004-02-14 0.127 9.05 -0.536 +0.093 R
000246 2004-02-14 0.127 9.05 -0.779+£0.172 I
000253 1996-03-17 0.283 16.58 —0.116 +0.345 R
000263 1997-05-02 0.186 040 -0.303+0.174 \Y%
000263 1997-05-02 0.186 0.40 —0.341 +£0.146 R
000263 1997-05-02 0.186 0.40 —0.053 +0.347 I
000271 2004-02-16 0.208 0.67 —0.192 +£0.203 v
000271 2004-02-16 0.208 0.67 —0.301+0.145 R
000273 1996-03-15 0.378 23.86  0.288 +0.287 \Y%
000273 1996-03-15 0.378 23.86  0.704 £0.145 R
000278 2002-03-05 0.315 16.00 -0.073 +0.224 B
000278 2002-03-05 0.315 16.00 -0.548 +0.118 \Y%
000278 2002-03-05 0.315 16.00 -0.313 +0.100 R
000278 2002-03-05 0.315 16.00 -1.116 +0.251 I
000282 2002-10-07 0.327 20.86 1.200 + 0.225 \Y%
000282 2002-10-07 0.327 20.86 1.104 + 0.249 R
000288 2009-02-19 0.182 920 —0.763 +0.050 v
000288 1996-04-24 0.320 18.36  —-0.031 +£0.224 B
000288 1996-04-24 0.320 18.36  —0.564 +0.248 v
000288 1996-04-24 0.320 18.36  —0.205 +0.238 R
000288 1996-04-24 0.320 18.36  -0.350 +0.297 I
000288 1996-03-16 0.341 25.93 0.632+0.116 v
000288 1996-03-16 0.341 25.93 0.447 + 0.088 R
000288 1996-03-16 0.341 25.93 0.756 + 0.220 I
000292 1999-07-15 0.070 15.92 -0.202 +0.237 v
000292 1999-07-15 0.070 15.92 -0.481+0.273 R
000292 2003-08-25 0.002 23.70  0.313+0.233 \Y%
000292 2003-08-25 0.002 23,70 0.272 £ 0.231 R
000302 2002-10-07 0.187 0.83 0.214 £ 0.223 U
000302 2002-10-07 0.187 0.83 —0.326+0.187 B
000302 2002-10-07 0.187 0.83 -0.269 +0.091 v
000302 2002-10-07 0.187 0.83  —-0.205 + 0.082 R
000302 2002-10-07 0.187 0.83 —0.147+0.189 I
000305 2003-08-25 0.283 10.70  -0.971 +0.245 B
000305 2003-08-25 0.283 10.70  —-0.641 + 0.099 \Y
000305 2003-08-25 0.283 10.70  -0.527 £ 0.071 R
000305 2003-08-25 0.283 10.70  -0.737 £ 0.257 I
000306 2012-10-20 0.279 11.00 -0.507 +0.020 \Y%
000324 2002-03-05 0.189 1.40  —0.626 + 0.202 U
000324 2002-03-05 0.189 140 -0.415+0.156 B
000324 2002-03-05 0.189 1.40 -0.575 +0.050 \Y
000324 2002-03-05 0.189 1.40  —0.550 +0.043 R
000324 2002-03-05 0.189 140 -0.475+0.135 I
000324 2002-03-06 0.185 1.63 —0.586 +0.135 8}
000324 2002-03-06 0.185 1.63  —-0.556 + 0.048 B
000324 2002-03-06 0.185 1.63 -0.651 +0.027 v
000324 2002-03-06 0.185 1.63  —0.668 +0.029 R
000324 2002-03-06 0.185 1.63  -0.624 +0.085 |
000324 2002-03-06 0.185 1.90 -0.721 +0.093 U
000324 2002-03-06 0.185 1.90 -0.670 +0.064 B
000324 2002-03-06 0.185 1.90 —0.676 +0.048 \Y%
000324 2002-03-06 0.185 1.90 -0.689 +0.030 R
000324 2002-03-06 0.185 1.90 -0.534+0.077 I
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000324 2013-07-27 0.308 24.00 1.250 + 0.050 \Y%
000324 2013-07-28 0.372 23.70 1.149 £ 0.050 v
000324 2013-07-29 0.294 23.40 1.032 + 0.040 \Y%
000334 2013-07-28 0.026 1470 -0.990 + 0.060 v
000334 2013-07-29 0.105 14.80 —0.940 +0.050 \Y%
000335 2012-07-24 0.071 25.50  2.673 +£0.020 \Y%
000338 2004-02-16 0.248 7.14 —-1.148 £ 0.291 U
000338 2004-02-16 0.248 7.14  -0.771 £0.105 B
000338 2004-02-16 0.248 7.14  —-0.969 + 0.104 \Y%
000338 2004-02-16 0.248 7.14  -0.973 +£0.108 R
000338 2004-02-16 0.248 7.14  -1.154 +0.162 I
000341 1996-04-24 0.324 20.88 —-0.013 +£0.334 8]
000341 1996-04-24 0.324 20.88 0.777 £ 0.179 B
000341 1996-04-24 0.324 20.88 0.537+0.218 v
000341 1996-04-24 0.324 20.88 0.458 +£0.199 R
000341 1996-11-18 0.022 29.11 0.906 £ 0.315 R
000341 2003-08-23 0.363 2942 0.547 £0.188 v
000341 2003-08-23 0.363 29.42  0.531 +£0.090 R
000345 2012-10-22 0.065 23.60 1.110 + 0.080 \Y%
000351 2002-10-07 0.267 1046 -0.791 +£0.219 B
000351 2002-10-07 0.267 1046 -0.736 = 0.092 \Y%
000351 2002-10-07 0.267 1046 —0.748 + 0.068 R
000351 2002-10-07 0.267 1046 —0.814 +0.109 I
000351 2004-02-15 0.297 13.15 -0.611+0.173 B
000351 2004-02-15 0.297 13.15 -0.673 £0.230 v
000351 2004-02-15 0.297 13.15 -0.719 +£0.084 R
000351 2004-02-15 0.297 13.15 -0.693 +0.154 I
000359 2003-08-22 0.291 19.98 —0.171 = 0.308 B
000359 2003-08-22 0.291 19.98 -0.207 = 0.144 v
000359 2003-08-22 0.291 19.98 -0.159 +£0.145 R
000359 2003-08-22 0.291 19.98 -0.462 +0.317 I
000359 1998-10-12 0.064 25.20 1.458 £ 0.395 0]
000359 1998-10-12 0.064 25.20 1.030 £ 0.213 B
000359 1998-10-12 0.064 25.20 1.002 + 0.079 v
000359 1998-10-12 0.064 2520  0.814 +0.098 R
000359 1998-10-12 0.064 25.20 1.176 £ 0.163 I
000367 2003-08-22 0.284 1320 -0.454 +0.187 v
000367 2003-08-22 0.284 13.20 -0.324 +0.145 R
000367 2002-03-07 0.368 24.68 0.304 £ 0.141 \Y%
000367 2002-03-07 0.368 24.68 0.146 +0.116 R
000374 2003-08-23 0.983 23.01 0.525 +0.138 \Y
000374 2003-08-23 0.983 23.01 0.281 £0.175 R
000374 2003-08-23 0.983 23.01 0.032 +0.226 I
000376 2003-03-08 0.325 19.70  -0.003 +0.138 B
000376 2003-03-08 0.325 19.70  0.114 £ 0.080 \Y%
000376 2003-03-08 0.325 19.70  0.096 +0.107 R
000376 2003-03-08 0.325 19.70  —-0.045 +0.135 I
000376 1996-03-18 0.228 8.47 -0.540+0.370 U
000376 1996-03-18 0.228 8.47 —-0.690 = 0.089 B
000376 1996-03-18 0.228 8.47 -0.461 +0.056 \Y%
000376 1996-03-18 0.228 847 -0.439+0.111 R
000376 1996-03-18 0.228 8.47 -0.581+0.173 I
000376 1996-03-17 0.155 8.87 -0.472+0.278 B
000376 1996-03-17 0.155 8.87 -0.817 +0.204 \Y
000376 1996-03-17 0.155 8.87 —0.638 +0.090 R
000376 1996-03-17 0.155 8.87 -0.457 +0.223 I
000381 2012-10-20 0.210 570 —-0.083 +0.131 \Y
000384 1999-07-16 0.196 10.11  -0.579 £ 0.182 R
000386 2004-07-04 0.152 10.19 -1.201 +0.304 8]
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000386 2004-07-04 0.152 10.19 -1.304 +0.084 B
000386 2004-07-04 0.152 10.19  -1.631 +0.069 v
000386 2004-07-04 0.152 10.19 -1.554 +0.049 R
000386 2004-07-04 0.152 10.19 -1.741 £ 0.086 I
000387 2013-07-27 0.160 9.80 —1.300 +0.040 v
000387 2013-07-28 0.126 10.20  -1.290 = 0.100 \Y%
000396 2002-10-09 0.105 10.58 -1.011 +£0.320 B
000396 2002-10-09 0.105 10.58 —1.336 +0.089 v
000396 2002-10-09 0.105 10.58 —1.023 +0.094 R
000396 2002-10-09 0.105 10.58 —-1.593 +£0.262 I
000399 2002-03-05 0.274 10.60 -0.873 £0.257 B
000399 2002-03-05 0.274 10.60 —-1.026 +£0.125 \Y%
000399 2002-03-05 0.274 10.60 —-0.981 +0.069 R
000399 2002-03-05 0.274 10.60 -1.278 £0.273 I
000404 2013-07-28 0.401 19.40 -0.573 +£0.277 \Y%
000409 2004-02-14 0.101 12.80 -1.620 +£0.161 U
000409 2004-02-14 0.101 12.80 -1.683 +0.134 B
000409 2004-02-14 0.101 12.80 —-1.352 +0.086 \Y%
000409 2004-02-14 0.101 12.80 —1.356 +0.056 R
000409 2004-02-14 0.101 12.80 -1.225+0.101 I
000409 1996-03-15 0.127 13.75 -1.022 +0.295 U
000409 1996-03-15 0.127 13.75 —-1.305+0.080 B
000409 1996-03-15 0.127 13.75 -1.193 £0.052 v
000409 1996-03-15 0.127 13.75 -1.183 £0.026 R
000409 1996-03-15 0.127 13.75 —1.288 +£0.063 I
000409 1996-03-17 0.024 14.35 -1.122+0.231 U
000409 1996-03-17 0.024 1435 -1.287 +0.107 B
000409 1996-03-17 0.024 14.35 —1.087 £0.045 v
000409 1996-03-17 0.024 14.35 —-1.002 = 0.062 R
000409 1996-03-17 0.024 1435 -1.173 +£0.105 I
000409 1999-12-14 0.281 18.43 —-1.069 +0.181 U
000444 2010-04-20 0.241 370  —-0.628 +0.030 \Y
000444 2004-02-16 0.112 9.80 —-2.199 +0.196 B
000444 2004-02-16 0.112 9.80 -1.304 +0.181 v
000444 2004-02-16 0.112 9.80 -1.631+0.136 R
000444 2010-09-04 0.991 1820 -0.964 +0.159 \Y%
000444 2012-10-23 0.360 2090  0.260 + 0.060 A%
000451 2004-06-29 0.094 10.19 -1.112+0.229 U
000451 2004-06-29 0.094 10.19 -1.617 £ 0.085 B
000451 2004-06-29 0.094 10.19  -1.359 +0.075 \Y%
000451 2004-06-29 0.094 10.19 -1.555+0.071 R
000451 2004-06-29 0.094 10.19 -1.523 +0.109 I
000451 2004-07-01 0.087 10.73  —-0.860 + 0.187 B
000451 2004-07-01 0.087 10.73  -0.394 + 0.071 \Y
000451 2004-07-01 0.087 10.73  -0.246 £ 0.051 R
000451 2004-07-01 0.087 10.73  -0.366 + 0.164 I
000451 2004-06-28 0.097 893 —-1.599+0.222 8}
000451 2004-06-28 0.097 893 -1.596 +0.205 B
000451 2004-06-28 0.097 8.93 —1.583+0.093 v
000451 2004-06-28 0.097 893 -1.467 +0.126 R
000451 2004-06-28 0.097 893 -1.228+0.141 I
000456 2002-03-06 0.288 16.13 0.051 £0.313 U
000456 2002-03-06 0.288 16.13  —0.550 +0.143 B
000456 2002-03-06 0.288 16.13  -0.208 + 0.080 \Y
000456 2002-03-06 0.288 16.13  —0.355 £ 0.040 R
000456 2002-03-06 0.288 16.13 -0.745+0.111 I
000456 2003-08-22 0.208 8.89 —1.064 +0.388 B
000456 2003-08-22 0.208 8.89 —-0.752 +0.099 v
000456 2003-08-22 0.208 8.89 —-0.552+0.105 R
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000456 2003-08-22 0.208 8.89 —-0.484 +0.225 I
000471 2013-07-29 0.020 1640 —0.210 +0.050 v
000472 2003-08-22 0.320 18.88 —0.077 = 0.188 \Y%
000472 2003-08-22 0.320 18.88 —0.309 +£0.192 R
000472 2003-08-22 0.320 18.88 —0.154 +0.291 I
000476 2013-07-28 0.285 8.60 -1.492+0.070 \Y%
000476 2013-07-29 0.200 830 —1.489 +0.090 v
000491 2002-03-05 0.193 1.67 -0.921+0.238 B
000491 2002-03-05 0.193 1.67 —0.530 = 0.099 \Y%
000491 2002-03-05 0.193 1.67 —0.464 +0.083 R
000491 2002-03-05 0.193 1.67 -0.673+0.214 I
000491 2002-03-06 0.190 1.69 —0.137 £0.161 \Y%
000491 2002-03-06 0.190 1.69 -0.214+0.173 R
000491 2002-03-07 0.187 1.80 -0.341 +£0.290 B
000491 2002-03-07 0.187 1.80 —0.481 +0.074 \Y%
000491 2002-03-07 0.187 1.80 —0.478 £ 0.091 R
000491 2002-03-07 0.187 1.80 —-0.397 +0.319 I
000532 2012-10-20 0.158 830 -0.660 +0.020 \Y%
000542 2003-08-22 0.239 746 —0.152+0.323 B
000542 2003-08-22 0.239 746 —0.425 +0.090 v
000542 2003-08-22 0.239 746 —0.500=+0.115 R
000542 2003-08-22 0.239 746 —0.285+0.348 I
000542 1999-12-13 0.228 9.08 -0.163 +0.221 v
000542 1999-12-13 0.228 9.08 —-0.335+0.105 R
000542 1999-12-13 0.228 9.08 -0.361 +£0.213 I
000550 1996-11-15 0.321 15.82  -0.654 +0.206 v
000550 1996-11-15 0.321 15.82 -0.671 +£0.173 R
000550 1996-11-14 0.345 16.05 —0.593 +£0.189 v
000550 1996-11-14 0.345 16.05 -0.774 +£0.156 R
000550 1995-10-20 0.121 24.16  0.638 £0.104 \Y%
000550 1995-10-20 0.121 24.16  0.493+£0.153 R
000550 2003-08-22 0.086 27.73 1.293 + 0.258 \Y%
000550 2003-08-22 0.086 27.73 0.758 +0.227 R
000550 2003-08-22 0.086 27.73 0.972 +0.268 I
000554 2004-02-13 0.228 474 -0.433 +0.305 U
000554 2004-02-13 0.228 474 —0.864 £ 0.160 B
000554 2004-02-13 0.228 474 -0.934 +0.049 v
000554 2004-02-13 0.228 4.74 -0.901 = 0.028 R
000554 2004-02-13 0.228 474 -1.142+0.116 I
000572 2002-10-09 0.345 2442  0.875 +0.364 B
000572 2002-10-09 0.345 2442  0.374+£0.150 \Y%
000572 2002-10-09 0.345 2442  0.663 +0.093 R
000573 2002-03-05 0.194 0.63 -0.230+0.188 v
000573 2002-03-05 0.194 0.63 —0.271 +0.131 R
000573 2002-03-06 0.191 1.00 -0.730+0.179 \Y%
000573 2002-03-06 0.191 1.00 -0.492 +0.163 R
000573 1999-07-17 0.327 1499 -0.505 +0.355 \Y
000573 1999-07-17 0.327 14.99 -0.499 +0.233 R
000600 1999-12-13 0.290 9.89 —-0.427+0.193 A%
000600 1999-12-13 0.290 9.89 -0.620 +0.120 R
000600 1999-12-13 0.290 9.89 —0.802 +0.383 I
000604 1996-03-16 0.198 0.54  0.080 +0.131 v
000604 1996-03-16 0.198 0.54 -0.185=+0.149 R
000604 1996-03-17 0.130 0.73  —0.551 £0.330 \Y
000604 1996-03-17 0.130 0.73 -0.332+0.117 R
000604 1996-03-18 0.192 098 -0.313+0.190 \Y%
000604 1996-03-18 0.192 098 —0.116 +0.147 R
000625 1999-07-17 0.297 14.50 -0.663 +0.324 6]
000625 1999-07-17 0.297 14.50 —0.645+0.158 B
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000625 1999-07-17 0.297 1450 -0.466 +0.141 \Y%
000625 1999-07-17 0.297 14.50 -0.590 + 0.068 R
000625 1999-07-17 0.297 14.50 -0.485+0.109 I
000625 1999-07-16 0.263 15.35 -0.600 +0.228 B
000625 1999-07-16 0.263 15.35 —0.425+0.225 v
000625 1999-07-16 0.263 15.35 -0.324 +0.151 R
000625 1999-07-16 0.263 15.35 -0.381 +£0.270 I
000625 2003-08-25 0.056 26.59 0.372 +0.130 v
000625 2003-08-25 0.056 26.59 0.431 +0.107 R
000625 2003-08-25 0.056 26.59 1.241 £0.323 I
000660 1999-12-14 0.135 15.89 —0.244 +0.249 B
000660 1999-12-14 0.135 15.89 0.058 +0.102 \Y%
000660 1999-12-14 0.135 15.89 -0.195+0.072 R
000660 1999-12-14 0.135 15.89 -0.607 +0.228 I
000660 2003-08-24 0.400 21.60  0.012 +0.096 \Y%
000660 2003-08-24 0.400 21.60  0.172+0.134 R
000660 2003-08-24 0.400 21.60  0.403 +£0.354 I
000661 1999-07-17 0.256 1448 —0.458 +£0.238 \Y%
000661 1999-07-17 0.256 1448 -0.802 +0.140 R
000661 1999-07-16 0.294 1450 -0.910=+0.163 R
000662 1999-12-13 0.125 10.76  -1.317+0.333 \Y%
000662 1999-12-13 0.125 10.76  —0.639 +0.163 R
000678 2009-02-19 0.337 17.00 -0.128 +0.073 A%
000678 1999-12-14 0.328 22.37 -0.153 £0.310 B
000678 1999-12-14 0.328 22.37 -0.048 £0.101 v
000678 1999-12-14 0.328 22.37 0.365 +0.096 R
000678 1999-12-14 0.328 22.37  -0.294 +0.214 I
000704 2009-02-21 0.210 6.70 -1.307 +0.020 v
000704 2009-02-19 0.211 7.10 —1.226 +0.030 v
000704 2010-04-22 0.220 7.20 —1.247 £ 0.020 \Y%
000704 2010-04-21 0.229 7.30 -1.184 +0.020 A%
000704 2003-03-10 0.050 1543 -0.050 +0.145 0]
000704 2003-03-10 0.050 15.43 -0.118 £0.090 B
000704 2003-03-10 0.050 1543 0.045 +0.044 v
000704 2003-03-10 0.050 1543 0.038 + 0.044 R
000704 2003-03-10 0.050 15.43 0.235 +0.097 I
000704 2004-07-03 0.970 16.54  0.358 +0.155 B
000704 2004-07-03 0.970 16.54  0.309 +0.127 \Y
000704 2004-07-03 0.970 16.54  0.187 £0.073 R
000704 2004-07-03 0.970 16.54 -0.011 +0.100 I
000704 2004-06-29 0.961 16.67 0.488 + 0.364 U
000704 2004-06-29 0.961 16.67 0.180 + 0.342 B
000704 2004-06-29 0.961 16.67 0.237 +0.199 R
000704 2004-06-29 0.961 16.67 0.556 +0.248 I
000737 2012-10-23 0.276 11.40 -0.719 £0.051 \Y%
000769 1997-05-02 0.180 1.20 -0.174 £0.222 B
000769 1997-05-02 0.180 1.20 -0.411+0.081 \Y%
000769 1997-05-02 0.180 1.20  —0.258 +£0.053 R
000769 1997-05-02 0.180 1.20 -0.372 +0.185 I
000787 1996-11-16 0.084 15.34  -0.472 +0.067 \Y%
000787 1996-11-16 0.084 15.34  -0.300 = 0.050 R
000787 1996-07-15 0.341 26.27 0.405 +0.211 v
000787 1996-07-15 0.341 26.27 0.480 + 0.168 R
000787 1996-07-12 0.366 26.31 0.548 + 0.361 \Y
000787 1996-07-12 0.366 26.31 0.479 +0.184 R
000787 2012-10-23 0.135 1640 —0.335 +0.060 \Y
000791 2013-07-27 0.097 19.10  0.308 = 0.060 \Y%
000796 2003-03-10 0.328 18.20 -0.422 +0.190 v
000796 2003-03-10 0.328 18.20 -0.376 +0.172 R
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000796 1995-10-18 0.076 30.85 1.654 +0.170 B
000796 1995-10-18 0.076 30.85 1.455 +0.100 v
000796 1995-10-18 0.076 30.85 1.398 +0.098 R
000796 1995-10-18 0.076 30.85 1.277 £ 0.156 I
000796 1995-10-19 0.058 31.00 1.599 + 0.203 B
000796 1995-10-19 0.058 31.00 1.305 £ 0.135 \Y%
000796 1995-10-19 0.058 31.00 1.204 + 0.104 R
000796 1995-10-19 0.058 31.00  0.801 +£0.252 I
000796 1995-12-01 0.045 33.25 1.855 +0.344 B
000796 1995-12-01 0.045 33.25 1.352 + 0.041 \Y%
000796 1995-12-01 0.045 33.25 1.984 + 0.200 R
000796 1995-12-01 0.045 33.25 1.991 £0.175 I
000832 2003-08-23 0.186 0.71 -0.358 £0.139 v
000832 2003-08-23 0.186 0.71 —0.145+£0.166 R
000832 2003-08-24 0.114 0.59 -0.548 +£0.138 \Y%
000832 2003-08-24 0.114 0.59 -0.271+0.169 R
000832 2003-08-25 0.156 0.81 —0.270 = 0.202 v
000832 2003-08-25 0.156 0.81 —0.443 +0.155 R
000832 2003-08-25 0.156 0.81 —1.865+0.166 I
000832 2003-08-22 0.187 1.00 —-0.455+0.158 v
000832 2003-08-22 0.187 1.00 —0.165 +0.152 R
000834 2004-02-15 0.273 098 —0.418£0.194 v
000834 2004-02-15 0.273 098 —0.566 +0.187 R
000834 2004-02-14 0.201 1.00 —-0.519+0.243 \Y%
000834 2004-02-14 0.201 1.00 -0.672 +0.193 R
000857 2004-06-28 0.254 9.83 —-0.744 +0.159 v
000857 2004-06-28 0.254 9.83 —-0.751 +£0.149 R
000857 2004-06-28 0.254 9.83 —1.159+0.323 I
000863 1995-10-19 0.222 10.96 -0.634 +0.174 v
000863 1995-10-19 0.222 1096 -0.410+0.159 R
000863 1995-10-18 0.346 11.07 -0.746 = 0.269 A%
000863 1995-10-18 0.346 11.07 -0.807 +0.142 R
000863 1995-11-29 0.132 11.44 -0.308 +0.197 \Y%
000863 1995-11-29 0.132 11.44 -0.250 +0.120 R
000863 1995-11-29 0.132 11.44 -0.462 +0.360 I
000863 1995-11-30 0.129 11.59 -0.100 = 0.136 \Y%
000863 1995-11-30 0.129 11.59 -0.320+0.174 R
000863 1995-12-01 0.126 11.73  -0.285+0.217 \Y%
000863 1995-12-01 0.126 11.73  -0.543 +0.137 R
000863 1996-11-18 0.326 15.89 —-0.343 £0.158 R
000863 2012-10-21 0.249 10.10  —-0.099 + 0.050 \Y
001100 2002-10-09 0.177 0.79 —0.439+£0.196 \Y%
001100 2002-10-09 0.177 0.79 0.005 +0.090 R
001105 1996-11-16 0.274 10.12 -1.203 £ 0.160 \Y%
001105 1996-11-16 0.274 10.12  -1.097 £0.125 R
001105 1995-10-18 0.193 16.58 —0.524 +0.313 \Y%
001105 1995-10-18 0.193 16.58 —0.617 +0.245 R
001105 1995-10-20 0.084 17.00 -0.779 £0.276 \Y%
001105 1995-10-20 0.084 17.00 -0.986 +0.152 R
001201 2002-10-10 0.284 0.62 -0.050+0.189 \Y
001201 2002-10-10 0.284 0.62 -0.386+0.172 R
001263 2013-07-29 0.249 7.70  -1.250+0.170 v
001659 2004-06-30 0.264 10.59 -0.474+0.139 \Y%
001659 2004-06-30 0.264 10.59 -0.727 £0.115 R
001659 2004-06-29 0.268 10.84 —-0.870 + 0.283 B
001659 2004-06-29 0.268 10.84 —0.626 +0.193 \Y%
001659 2004-06-29 0.268 10.84 -0.764 = 0.100 R
001659 2004-06-29 0.268 10.84 -0.922 +0.220 I
001659 1995-10-20 0.153 22.71 0.544 £ 0.120 \%
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001659 1995-10-20 0.153 22.71 0.427 £ 0.190 R
002126 2003-08-23 0.249 1.57 -1.012 +£0.269 v
002126 2003-08-23 0.249 1.57 -0.212+0.249 R
002126 2003-08-25 0.222 265 -0.710+0.284 \Y%
002126 2003-08-25 0.222 2.65 -0.794 £ 0.261 R
002209 2004-02-14 0.190 1.44  —0.046 + 0.280 \Y%
002209 2004-02-14 0.190 1.44 —0.480 +0.255 R
002271 2003-08-24 0.259 0.66 —0.785 +0.304 B
002271 2003-08-24 0.259 0.66 —0.069 +0.136 \Y
002271 2003-08-24 0.259 0.66 —0.225+0.143 R
002271 2003-08-24 0.259 0.66 —0.064 + 0.281 I
002271 2003-08-25 0.298 0.56 —0.476 +0.102 \Y%
002271 2003-08-25 0.298 0.56 —0.252 £0.151 R
002271 2003-08-25 0.298 0.56 —-0.035+0.248 I
002271 2003-08-23 0.201 1.00 -0.283 +0.144 \Y%
002271 2003-08-23 0.201 1.00  —0.390 + 0.130 R
002271 2003-08-23 0.201 1.00 -0.891 +0.354 I
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