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Abstract. We present the results of the observations of five Main Belt asteroids and one Trojan obtained using the Fine
Guidance Sensors (FGS) of the Hubble Space Telescope. For each object, estimates of the spin axis orientation, angular size
and overall shape, as well as possible indications of a binary structure, are derived. This enables the computation of new physical
ephemerides. While the data concerning (63) Ausonia are clearly compatible with a three-axis ellipsoidal model, other objects
show more complex shapes. (15) Eunomia, (43) Ariadne and (44) Nysa could in fact be double asteroids, or highly irregular
bodies. The data concerning (624) Hektor are not conclusive as to its supposed binary nature, even if they agree with the signal
of a single body. The results presented here strongly support the outstanding capabilities of the FGS for asteroid measurements,
provided that the observations are performed ovelffiacgnt time interval.
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1. Introduction their large maximum amplitudes, the light—curves of the se-
lected targets are generally compatible with the behavior ex-
The HST/FGS astrometer has already been successfully usg cted for couples of bodies having overalbble pileinter-

in the past to derive angular diameters and flattenings o . S
Mira stars (Lattanzi et al. 1997) with typical sensitivitie nal structures, for which equilibrium shapes can be expected

?Weidenschilling 1980; Zappalet al. 1983). In particular, the

around the~1 mas level. An application of FGS to the Mea5pserved rotation periods and light-curves could be consistent

E:Je:re)mhe;; g;esnmz& Sii[tz r(rj] il?]octir;is (?ST o;nﬂatr;]eetsrér;u?tzrt@tb contact — or nearly—contact — binaries that could form as
sented here are th?egfirst successflfl att,em ts that prove %]Lgtcomes of catastrophic collisions with large angular momen-
. . . P P Eurﬁ transfer. Of course, this is not the only possible interpre-
the HSVFG.S IS vall_JabIe N measuring th_e apparen_t angult%rtion of the available data, since purely shafieas can be
sizes of minor bodies and in providing important Imcormafesponsible for light—curve morphologies like those observed

tion on their shapes. Five main-belt asteroids and one JUpFoerrthese objects (Cellino et al. 1989). As shown in a previ-

Trojan have been observed as part of an approved program
devoted to search for duplicity among asteroids during H%us paper (Hestrter et al. 2002b, called hereafter Paper |), the

N . ST/FGSinstrument is powerful enough to resolve such binary
ggg e(ggagfiritislkjs?)gi’r;gigﬁ;it) al\ll'yzsg?z(gé)-rzﬁstg; gystems or to find constraints for alternative shape models.
(216) Kleopatra and (624) Hektor) were selected on the ba- Our observations show that there is no compelling ev-
sis of peculiar photometric properties suggesting a possilidence for well separated or nearly-contact binaries among
binarity (see Leone et al. 1984; Cellino et al. 1985). Apart frothe objects of our sample. TIST/FGSnevertheless provides
important and accurate results on the pole orientation, size,
shape, and brightness distribution of these asteroids, hence en-

+ Based on observations with the NASZSA Hubble Space abling the computation of a physical ephemeris. The good-

Telescope, obtained at the Space Telescope Science Institute, wRERS of f'_t obtained assum_mg a _smgle triaxial ellipsoid
is operated by the Association of Universities for Research #j/@P€ varies among the fiirent objects of our sample.

Send g@print requests toP. Tanga,
e-mail: tanga@obs-nice. fr

Astronomy, Inc. under contract No. NAS5-26555. While (44) Nysa ?nd (63) Ausonia are very well modele_d
** Figures 1 to 12 are only available in electronic form aBy Pprolate spheroids, the data obtained for (15) Eunomia,
http://www.edpsciences.org (43) Ariadne and (624) Hektor show slight but appreciable

*** |nvited researcher at the Osservatorio Astronomico di Torino. departures from this ideal shape. (216) Kleopatra is confirmed

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20030032
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to have a bi-lobated dumbbell shape (see also Tanga etvaw (leading to full determination df and complete indeter-
2001) as suggested by previous observations (Ostro et al. 2Q@Mation ofc) is rarely achievable in practice, whereas an as-
Marchis et al. 1999). pect closer to equatorial view (corresponding to full determi-

A methodological discussion on the basic strategy was pR&tion ofc and complete indetermination bj is more likely.
principle, having the possibility to follow an object during a

sented in Paper |, together with the principles employed in tH?e o i ; X .
data reduction. In this second paper we present the detailedg@nificant fraction of its rotation period would lead to a much

sults obtained for each of the observed bodies. In Sect. 2 fifter determination of the overall shape. In our observations,
observing circumstances are given. The results are develop§g"ave tried to maximize the information coming from the

in Sect. 3, together with the physical parameters (pole orienti2W: Steady change of the apparent ellipse projected by each
tion, shape and size estimate) that have been derived. quect, although it is clear that a longer available observation
time would have allowed us to carry out a much better recon-
struction of the true three-dimensional shapes.

The recorded signal is an “S-shaped” curve (usually called
an “S-curve”) whose detailed shape depends upon the target
size, shape, and surface brightness distribution. As explained
in detail in Paper I, the “S-curve” allows us to distinguish a
close binary object, such as those searched for by this observing
The ephemerides of the targets at the epochs of their obdEpJram: Many. examples. are shown n this paper (Figs. 7-14)
vations and the observing logs are given in Table 1. The o%r]d discussed in the textin the following Sections.
servations were carried out using théS astrometer RGS#3
for all objects, with the exception of (216) Kleopatra, observet]2. Data reduction
by FGSR#). In order to improve the signal-to-nois8/N) ra- ) . .
tio, the multiple scan merging strategy used by Lattanzi et &S €xPlained in Paper |, the data over successive scans (cor-
(1997) was followed. Four to six consecutive scans were ma@sPonding to less than 5 mn of time) are merged to obtain a
before each re-centering; this set of target acquisition and G¥gherS/N ratio. For (624) Hektor, a smoothing of data by

servation is called a “visit". Each object was observed durind@V-pass filtering was performed before merging. A single S-
whole HST “orbit”, i.e. a sequence of visits distributed all alon urve is thus obtained for eaElBSaxis and each visit. Because

a continuous visibility period of the asteroid as seen from HSIE {argets were at a few AU distance, the data were corrected
The position angle of theGSaxes did not change during thefor the apparent motion of the target during the scan, produced

orbit. TheFGSwas used with a step delay of 0.025 s. Each sa¥ the displacement of theST platform along its orbit. This

pling step was 1.0 or 1.5 mas, with a total scan duration of 168/T€Ction corresponds to a re-scaling of H&S-axis abscissa.

or 120 s, respectively. Only in the case of (624) Hektor, waynthetic S-curves are subsequently calculated by convolution
the sampling step 2.4 mas, and the total scan duration 150 L template transfer function with a shape model, taking into

all cases, these parameters correspond to a total scan lengfif6PUNt @ specific brightness distribution ffBient template

2 arcsec. All observations were performed withmiupIL filter 1S acquired in 1998 and 1999 have been made available by
which — although penalizing in limiting magnitude — reduce tH8€ STScl. They were acquired in 1998 and 1999 and corre-

negative &ect of the spherical aberration of HST optics. ~ SPond to stars Upgren 68(- V = 0.5, file £44v8702m in
the calibration database) amtb 233877 B - V = 1.1, file

Due to the limited time-allocation, only a relatively smalle; 3,959 1m), whose color indexes are close to that of a typical
fraction (5-10%) of the total spin period, corresponding t0 th&ieroid. No use is made of piecewise interpolated data, but the
duratlo_n of each orblt,_ls covered by the observ_atlons. Singge of T(x) for any abscissa is obtained by linear interpo-
the main purpose of this program was the detection of nearfysion. Except for the asteroid (216) Kleopatra, the calibration
contact binary systems, the asteroids were observed near thgih obtained in 1998 for the HD 233877 star was used for the
predicted light-curve maximum, approximately correspondifgysfer function.
to the maximal apparent separation of possible Componems'Concerning single body shape models, only perfect triax-

The observations of each object were carried out at an epQg|jipsoid shapes have been considered in this analysis. On
corresponding to a given value of the aspect adglés a e hang, this is justified by the purpose of finding basic in-
consequence, the complete three-dimensional shape of th&gsnation on the overall shapes of the objects, avoiding as a
teroids cannot be completely and unambiguously retrieved.dn giep excessive and unnecessary complexity; on the other
particular, assuming for the sake of simplicity that an object g the limited coverage of the rotational phase and the sin-
a perfect triaxial ellipsoid with axea > b > c observed at 4o 55pect angle covered by the observations do not permit us
the epoch of the maximum light—curve, one should expect thgt, a1y 76 much more complex models. As we will see, simple
the projected area on the sky will be an ellipse, having axgs,hes are siicient, in general, to reproduce the overall fea-
equal toa (longest apparent axis) angb?cog £ + C2COS ¢ yyres of the observations, and to identify interesting discrepan-

(shortest axis), respectively. According to the value of the agas when present. Finally, for what concerns possible binarity,
pect angle, the relative contribution of the semiaxesndc

to the corresponding shortest axis of the projected ellipse varieis The displacement due to the orbital motion of the targets them-
significantly, although one could expect a priori that a pole-@elves during each scan were negligible.

2. Observations and data reduction

2.1. Strategy
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Table 1. Selected targets ephemeris and observation logs.

UTCtime of visit ~ Mag. Sidereal Geoc. Solar Sep Scans

Name Date first last VvV  period® Dist. phase 1 8 step # rol®

[h] [h] [h] [AU] [deg] [deg] [mas] [deq]
(15) Eunomi&) 30 Sep.98 23:30:03 00:05:10 8.6  6.0828 1.360 207 B4 15 4 421
(43) Ariadne 22 Aug. 98 17:14:45 17:51:47 10.3 5.7620 0.958 18.6 +145 1.0 4 273.0
(44) Nysa 05Sep.98 18:40:09 19:17:11 10.6 6.4214 1.638 172 =285 1.0 4 529
(63) Ausonia 02 Apr.98 16:07:08 16:40:32 11.7 9.2976 1.824 19.7 +304 1.0 4 2876
(216) Kleopatra 13 Jan. 00 13:32:59  14:11:17 10.8 5.3853 1.529 224 -43@ 1.0 2 2487
(624) Hektor 23 0ct. 98  12:03:52 12:42:43 15.0 6.9205 4.618 95 325 24 6 55.1

(a) Coordinates of the Sub-Earth Point (SEP) with respect to the asteroid equator, following the pole coordinates given in Table 2. The longitude
origin is assumed to be at a semi-meridian lying on the plane that contains the major axis, and it is given for the first visit.

(b) From P. Magnusson’s on-line databdsetp: //www.astro.uu.se/ per

(c) Position angle of the FGS-X axis (also called “roll angle”) with respect to the North direction and counted positive toward the East.

(d) Last visit on October 1st.

we assumed that the binary components are triaxial ellipsordedel, which may in principle dlier from the actual shape of
in synchronous rotation, with major axes mutually aligned arkde observed asteroid. Last, as seen in Sect. 2.1, the modeling
parallel spin axes, accordingly with the original idea of poss based on a limited variation of the apparent projected ellipse
sible equilibrium models suggested by available light—curvdsring each visit as a consequence of asteroid rotation. In this
(Cellino et al. 1985). respect, faster rotations can provide in principle a better recon-
structed shape.

. . Our data analysis procedure yields the best-fit solution for

3. Modeling asteroid shapes a triaxial ellipsoid assuming a uniform brightness distribution.

A grid of triaxial ellipsoid models is explored as a first step tfitroducing a limb-darkeningfeect of the surface leads to
obtain a preliminary best fit for each single visit, separately féfger resulting sizes with approximately the same goodness of
each FGS-axis. In a second step, a model-grid is exploredife The exact function describing this limb-darkening is gener-
obtain the best fit solution for the whole set of visits taking int8lly not known for the asteroids and cannot be retrieved from
account the asteroid rotation. This iterative two-steps fittirfy!l data alone. However, in order to quantify the uncertainty
procedure finally provides the pole solutioh g), the lengths in the resulting shape and size determination due to thefinsu
of the axes of the ellipsoica(b, ¢), the separation and the axe§i€nt knowledge of limb-darkening, we have performed a sep-
(a, b, ¢’) of the secondary in case of a binary, and the rotatiorfiate data reduction by assuming a normalized brightness dis-
phase angl&\p, i.e., the position of the major-axis meridian affibution corresponding to a Minnaert's law (Minnaert 1941),
a given reference epoch (see Hilton 1992; Seidelmann etlaF g4 (1o andyu being the cosine of the incidence and
2002). In all cases, a fit assuming two components with diafigflection angles, respectively) assuming- 0.6 (Hestrdfer
eter ratio larger than 0.5 and varying separation has been g&t98; Parker et al. 2002), i.e., moderate limb-darkening. We
formed to check the possible binary nature. If the goodnessf@#nd that, except for (15) Eunomia, the systematic error on
the fit is poor, the hypothesis of a nearly-contact binary systé##€ estimate is of the order of 3%. Interestingly, we also found
can be rejected. A complete discussion of this procedure dRat introducing a limb-darkeningfect has no appreciable in-
be found in Paper . fluence on the resulting ellipsoid flattening. In other words,
The values obtained for the physical ephemeris and the while the overall size increases slightly for incrgasing limb-
lipsoid sizes are summarized in Table 2. They were compufé@fkening, the change on the resultag anda/c ratios tends
assuming uniform surface brightness of the projected astertd*® insignificant.
shape. The error bars of each listed quantity depends critically In the following sections we give, for each asteroid, the
on the orientation of the asteroid with respect to the directiéSults for the duplicity test and the data inversion. The ax-
of the two FGS axis. For this reason, details are given in tffd ratios of the ellipsoids are compared to the values derived
discussion concerning each single object. However, in gend?¥IMagnusson et al. (1994) (and reference therein) on the ba-
the formal error (depending upon the asteroid magnitude) is%§$ of photometric analyses. The same source provides a set
the order of a few mas for the best determined axis, and c@rPole coordinates for each object, as determined Hrint
be as large as 10-20% for the less well constrained |éngtﬁuthors. Coordinate values are normally spread over two inter-

Moreover, these formal errors refer to the best-fit ellipsoid¥@ls of a few degrees, grouped around two independent pole

orientations, both compatible with the available photometric
2 The contribution of thé andc semiaxes to the projected ellipsedata (Taylor 1979). The two orientationsflér by about

measured in the sky around the maximum of the light—curve is mainly

a function of the aspect angle, as explained above. For instance, inghgle¢ = 0°), no indication of the length of the smallest agig/ould

limiting case of an object observed at a perfectly polar view (aspdm possible for any possible rotational phase.
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Table 2. Physical ephemeris and shape parameters derived froryR@&STobservations. For (216) Kleopatra the solution with two overlapping
ellipsoidal components is given.

Name Pol& and rotatiof?) Ellipsoid®
A B Wo Ref. epoch a b c a b c dab a/c
[deg] [hUTC] [mas] [km]
—_——

(15) Eunomia 352 -58 34.8 010982 09.1 183104 103 181103102 (1.76) 1.78
(43) Ariadne 252 -16 111.0 0685 03.3 65 38 38 45 26 26 1.71 (1.71)
(44) Nysa 102 +50 254.8 08079 16.0 50 31 31 59 37 37 (1.61) 161
(63) Ausonia 119 -29 15.3 012383 235 57 25 25 76 33 33 228 (2.28)
(216) Kleopatra 72 +16 248.4 0®884 11.8 (see Table 3)

(624) Hektor 329 -25 63.9 0204/65 04.5 62 28 28 208 94 94 221 (2.21)

(a) Solution number of Magnusson et al. (1994) and coordinates in the ecliptic B1950.
(b) The rotational phas@p is computed for the reference epoch given on the second line.
(c) The ellipsoid’s flattening cdgcient given in parenthesis is determined with lower precision (see text).

Table 3. Same as Table 2 for (216) Kleopatra. Here the solution with two “overlapping” ellipsoidal components is given.

Primary Secondary Separation
a b c gb a/c a b c a/b aj/c d
—_—~—
[mas] [km] [mas] [km] [mas]  [km]
693416 763818 2.03 (4.31) 653123 723426 2.10 (2.83) 114 125

180 degrees in ecliptic longitude. This is due to the fact thaiplutions. This allows us also to discriminate amoniedent
for both orientations, the same fraction of the asteroid surfagele solutions in some cases like (43) Ariadne (see below), in
is visible from Earth at a given epoch; as a consequence, thgich the resulting axial ratios corresponding to one of the pole
integrated disk photometry is the same. However, the oriensalutions would be unrealistic (extreme flattening) and totally
tion of the projected shape of the object on the sky planerist compatible with the values derived from the photometry.
different, therefore high-resolution observations can discrimi- A comparison to the asteroid sizes derived by indirect
nate between the two solutions. In general, as it will be seemirethods, such as radiometric diameters computed on the basis
the detailed discussion about each object, a single pole oriemBlRAS-measured thermal IR fluxes, requires one to translate
tion is consistent with the HSFGS data. Thus, we are able tdhe derived shape parameters into average radii. In the follow-
eliminate the residual pole ambiguity. ing we discuss our results by computing the radius of a sphere
On the other hand, we are not able to provide fully ind€quivalent in volumeR,). For a three-axis ellipsoid, we thus
pendentimprovements of the precise value of pole coordinateaye 43rabc=4/37R.
that would require observations over longer time spans, at dif- The data for the diameters comparison are summarized in
ferent aspect angles. Thus, we did not include the pole cooriable 4. The graphs for the final step of our model fit process
nates in the free parameters of the fit. In fact, our observatiengroviding the ellipsoid parameters — are given in Figs. 1 to 6.
(being restricted to a single aspect angle) are mainly sensitiMee fits of the derived model to the data (“first step”) follow
to the projectedbosition of the rotation axis on the sky plane(Figs. 7 to 12).
not its real positiorin spaceGiven the large uncertainty (sev-
eral degrees)fecting the pole coordinates given in Magnusso
et al. (1994), we ran several fit solutions, trying to minimiz
the residuals, for diierent values of pole coordinates. The vaWith an apparent size of approximately 0.26 arcsec,
ues retained for the final fit, listed in Table 2, are always insig&5) Eunomia is the largest asteroid observed within this pro-
the uncertainty interval of the available solutions. Finally, wgram, and hence exhibits the flattest S-curve. The evolution of
should note that the fierent photometrically-derived pole sothe S-curve as a function of time (Fig. 1) clearly shows that the
lutions available in the literature are also associated with sosiee along the<-axis remains approximately constant while the
corresponding estimates of the axial ratiga andc/a, com- size along the other axis is increasing. This enables us to dis-
puted from the analysis of the light—curve properties underiminate between the two possible pole solutions. The one that
the general assumption that the objects are triaxial ellipsoidsretained shows that, consistently with the variation observed
Our HST observations are able to determine the axial ratiosadbng the FGS axis, at the epoch of observation (15) Eunomia
the objects, given the measured (varying) axial ratios of timas almost equator-on with a sub-earth point (SEP in the fol-
projected ellipses in the sky, and assumingfedent pole lowing) longitude close to 120In this viewing conditions, the

5) Eunomia



P. Tanga et al.: Asteroids observations with the &3S 737

length of the longest and shortest axasiidc) are well deter-
mined, whereas the length of thexxis is poorly constrained.

The fit with a single-body solution and the pole solutio
indicated in Table 2 is acceptable for the whole set of visigiBkR
(see Fig. 1). (15) Eunomia is an almost prolate-spheroid wi
sizes 36X 205x 203 km. The orientation relatively to the FGS
axis is such that the lengths of theandc axes are well de-
termined. The ellipsoid flattening is larger than the one deriv
from the photometryd/b = 1.42,a/c = 1.6) even ifb is not
well constrained. The derived volume corresponds toftete
tive diameter of 248 km, close to the IRAS diameter (255 km

In contrast with the other asteroids of this program, t/jet
large size of (15) Eunomia, combined with the relatively larcjiii
solar phase angle, implies that introducing a moderate limb-
darkening (Minnaerk ~ 0.6) provides a slightly better good-
ness of fit to the data.

A more careful analysis of fit residuals provides further in-
sight into the the shape of this object. In fact, it can be seen that °
the S-curves in thX-axis are particularly asymmetric in com-
parison to the model. The fit residual, systematically present
especially close to the S-curve maximum (Fig. 7), can reflect
a shape or brightness-distribution irregularity (i.e. presence of
a spot, non convex or non-symmetric shape, etc.). To test this
hypothesis, a dark-spot — as was suggested by Lupishko et al.
(1984) on basis of photometric data analysis — was introduced ,
in the fitting grid with varying position, relative albedo, and L L L
diameter. The residuals — on a single-scan basis — improved -o+ -02 00 0.2
considerably on theX-axis, without #ecting the fit on the s forcoec]
Y-axis. Nevertheless, the best-fit dark-spot is much too largig. 13. Octants shape model for (15) Eunomia on the first visit (top),
(about 25% of the visible surface) godtoo dark to be realis- and interferogram (bottom).
tic. Such model would thus be in complete disagreement with
the observed photometric light-curves of this asteroid.
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corresponding to one of the two solutions would be unrealis-

bi Sucrl a iolutiondbei?r? S_OW discard(:_d, a tentativg fit Withtﬁ, being characterized by (b:c) = (1:1:026). As we will
inary structure and with diameters ratio (secongaiyary) discuss in more detail in a future work, such a flattened body is

sma(;Iertth_an |0‘6.h.?s been d_one. Th_z reskl)(ljugls of e:;ch ": Sfcompatible with photometric observations. Our results sug-
pendent singie VISIt are, again, considerably IMproved on &g ¢ (43) Ariadne should be a prolate-spheroid with axial
X-axis. Nevertheless, no acceptable solution fitting together

dat bothX and Y axi be found. | lusi th gths 90x 53 x 53km. At the epoch of observation, how-
ata on bo an axis, can be lound. In conclusion, the, er, (43) Ariadne had an intermediate aspect angle (with SEP
available data show_thatdupllcny is not convmcmglysuggest?‘,ﬁitude 44), so that the length of thee) axis is not well con-
by the data at our disposal. ) . strained. The ellipsoid flattening is fairly in agreement with that
It should be stressed that this example clearly illustrates th&ived from photometryab = 1.6, a/c = 1.8) taking into ac-
need to have more than two single baselines for the interferofgynt the uncertainty on. The derived volume corresponds
eter, and that observations with dfdrent scanning geometryy, an dfective diameter of 63 km, close to the IRAS diameter
(i.e. different “roll” position angle) would be valuable for the(66 km).
shape reconstruction. As shown in Paper |, an egg-shaped conqthough the single-ellipsoid model provides an acceptable
vex profile (Gdey & Ostro 1987) or an octants-shape modeloogness of fit, the S-curves in theaxis exhibit a tendency
(Cellino et al. 1989) would provide features similar to thosg, j gjight, increasing deviation from the model at the end of
observed on the present S-curves (see Fig. 13). In SUMM&RY opserving run (see Fig. 8). In fact, a better goodness of fit
(15) Eunomiais hardly a binary system nor a regular ellipsoig, 5ptained with a binary model in contact where the compo-
but this work confirms that probably it has an egg-like shapgnis diameters are in the ratio 0.35 (see Fig. 14). Such a bi-

that could be accurately modeled with métgT/FGSdata. nary model, however, would not adequately reproduce the ob-
served light-curves, and it is not clear from the available data if
(43) Ariadne the components are actually separated or if (43) Ariadne could

be a single object with non-ellipsoidal shape. In particular, the
In contrast to the other asteroids of this program, twitedent actual shape of the “secondary” (a sphere here) is not well con-
published poles yield a possible solution for the triaxial ektrained. More data are certainly needed to refine the overall
lipsoid that adequately fit the data. Nevertheless, the shabape of (43) Ariadne, but for the moment we have strong
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Fig. 14.“Binary” shape model for (43) Ariadne on the last visit (top),Fig' 15.“Binary” shape model for (44) Nysa on the last visit (top), and
and interferogram (bottom). interferogram (bottom).

indication of such a contact-binary structure in the available
indication that the asteroid is a bi-lobated or bifurcated nopsT/FGSdata for this object, we tested this hypothesis by fit-
convex body. In any case, our data reliably reject the tentatiyiey the data with a binary model. The best-fit solution, given in
model of Cellino et al. (1985) (based on photometric analysisjy. 15, is obtained for a contact structure with a 0.6 diameter
that predicts a slightly separated binary system having neatdyio. It is stressed that the goodness of fit is neither consid-

equal components (diameter ratio 0.93). erably improved nor is it degraded in this case, and that hence
theFGSdata alone cannot confirm or rule out such a solution. A
(44) Nysa more careful analysis, combining both photometric and inter-

ferometric data, should help to constrain a possible non-convex
The fit with a single-body solution and the indicated pole soaodel and reveal the actual shape of (44) Nysa.
lution is good for the whole set of visits (see Figs. 3 and 9).
Any ambiguity on the pole coordinates is thus removed. Ny :
is well modeled by a prolate-spheroid of size XI89x 69 km. ?83) Ausonia
At the epoch of observation this asteroid was almost equat®he fit of the observations by means of a single triaxial ellip-
on with a SEP longitude close to 2260 that the major and soid model is the best we could find in our sample. In fact,
minor axis & andc) are well determined while the interme-residuals are very small for the whole set of visits (see Figs. 4
diate one b) is poorly constrained. The ellipsoid flattening isand 10). (63) Ausonia is not a binary asteroid but a regular pro-
coherent with the one derived from the photometry analydiste spheroid with sizes 15466 x 66 km.
(a/b = 1.44,a/c = 1.6 - 2.3) taking into account the inherent At the epoch of observation the SEP latitude
uncertainty orb. The derived volume corresponds to dfee- for (63) Ausonia was large (8, so that the length of
tive diameter of 83 km, larger by 16% than the IRAS diametéie smallest axisdj is poorly constrained. The ellipsoid
(71 km). flattening is in good agreement with the one derived from the

Kaasalainen et al. (2002), from analysis of photometrghotometry analysisaf{b = 2.2, a/c = 2.2), and in particular

data, derive a cone-like shape for (44) Nysa, that they sugith the resulting shape of Zappak Knezevic (1984). The
gest to be the signature of a “compound asteroid” consistingasdrived volume corresponds to affieetive diameter of 87 km,
two components of unequal size. Although there is no strosmaller by 16% than the IRAS diameter (103 km).
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(216) Kleopatra Table 4. Comparison to IRAS diameters (unavailable for

. . (624) Hektor). All values are in km.
Unlike the other asteroids of our sample, the observed S-curves

of (216) Kleopatra are not consistent with a single triaxial el-

lipsoid model, but are best explained by a double-lobed shape Name i IRAS _ Ellipsoid 2R,
model with the pole indicated in Table 2 (Fig. 5). The fit pro- (15) Eunomia 255 248
cedure is based on assuming an ellipsoidal companion with (ﬁ) Q”adne ?? gg
varying size, flattening, and separation. The best-fit model is 563; Azzini a 103 87
obtained by using two similarly sized elongated bodies over- (216) Kleopatra 135 05
lapping each other. Consistently to their volume, we call them (624) Hektor _ 245

“primary” and “secondary”. The details about this solution are

given in (Tanga et al. 2001). This bi-lobated model is coherent

with the radar observations of Ostro et al. (2000) and adapti®@mponents, has also been done. The varying parameters are

optics observations of Marchis et al. 1999. the diameters of the primary and of the secondary, and their
At the epoch of observation the SEP latitudgeparation.

for (216) Kleopatra was large-¢3°), so that the length  This model does not improve fit residuals in comparison

of the smallest axisdj is poorly constrained. No direct com-to the single ellipsoid. Due to the geometry of our observa-

parison should be done with the ellipsoid flattening deriveibns, the data on thEGS X-axis are not very sensitive to a

from photometry. Nevertheless the resultia ratio for the binary structure (see Paper 1). The best fit is obtained for a

“primary” and the “secondary” is of the order of 2.1, which igbinary” with two overlapping components and with a rela-

still a somewhat high value for such a large asteroid. Due tigely large diameter ratio (0.9), thus for a shape that, given the

the peculiar shape, fiierent from the simple models usuallyresolution of the instrument, is not significantlyfférent from

employed to derive sizes from thermal data, a comparistitat of a single ellipsoid (see Fig. 16). Thus, ®8T/FGSdata

with the IRAS diameter can only be tentative. Taking intdo not conclusively reject the hypothesis of a dumbbell-shape

account that the two ellipsoids of the model are overlappimgade of two large and similarly sized bodies. The @&ifd ra-

by approximately 10%, the derived volume corresponds to fi together with the limitedy, v) plane coverage are not high

effective diameter of 95km, smaller than the IRAS diametehough to separate those two shape models. Nevertheless our

(135km). analysis suggests that a single-ellipsoid model better matches
The fit of the S-curves — while satisfactory — is not as godHe data. Observations with the recently installed astrome-

as for other asteroids in this program (see Fig. 11), and reflei@s FGS#1 providing higherS/N ratio, would be helpful for

non-modeled shape gt brightness anomalies. Nevertheless, better reconstruction of the shape of (624) Hektor.

it is shown in Hestrffer et al. (2002c) that such a simple model

of overlapping ellipsoids better reproduces the presently ob- ,

served S-curves than would the topographic nominal model &b-Final remarks and perspectives

tained by Ostro et al. (2000) from inversion of radar data. Considering that theS/N ratio measured on the averaged
S-curves is>10 for all the objects, with the exception of
(624) Hektor (_6_24) Hektor, the technique of dz?lta redugtion proves to be suf-
ficient to extract relevant shape information from our data. As
(624) Hektor, a member of the Jupiter Trojans, is the only nexplained in Paper |, we recall here that, when fit residuals are
main-belt asteroid in this program. It is also the faintest olas low as in the case of (63) Ausonia, the sensitivity of size es-
ject observed, close to the limit of acceptaBJ& ratio for the timates reach a level of 1-2 mas, at least on favorably projected
FGS#3. At the epoch of observation the best-fitting pole soldirections.
tion suggested a SEP latitude relatively larg8%’), so that The available data allow us to test the binary structure hy-
the length of the smallest axis)(is poorly constrained. The fit pothesis, providing valuable information on the asteroid size.
with a single-body solution is satisfactory for the whole set @for instance the tentative binary models of Cellino et al. (1985),
visits (Figs. 6 and 12). that would be in satisfactory agreement to observed light-
The ellipsoid flattening is smaller than the one derived frogurves, would give too large diameters ratio to be coherent
the photometric analysisi(b = 2.4, a/c = 3.1), but it should with our HST/FGSdata. Also, the inversion procedure applied
be taken into account thais not well constrained. The derivedhere, which considered only ellipsoidal figures, provides good
volume would correspond to arffective diameter of 245km. indication on the presence of unmodeled shapégaratight-
No IRAS diameter is available for (624) Hektor, but on thaeess anomalies, as it can be seen in the cases of (15) Eunomia
other hand the size 426188 km found here is consistent withand (63) Ausonia.
the size estimate (370 195km) given by Storrs et al. (1999)  None of the asteroids of this program appears to be a well
from a deconvolution of HSYWFPC data. separated or nearly-contact binary system, with components of
Fit residuals indicate that there is no strong evidence ofsamilar size, as expected from a binary fission model. Except
binary structure. However, to test the binary equal-sized ddof (216) Kleopatra, which is best represented as two over-
ble as hypothesized by Hartmann & Cruikshank (1978), a fipping ellipsoids (hence resembling a nearly-contact binary
with a binary model, with either overlapping or separatestructure), the observed asteroids turn out to be, on average,
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observing time. This was generally long enough to provide use-
ful indications on the three-dimensional shape of the bodies,
but it was nevertheless shorter than 10% of the rotation period.
Moreover, our observations of each object were limited to a
single value of the aspect angle. Obviously, more data cover-
ing different observing geometries could allow us to retrieve a
more complete model of asteroid shapes at the available reso-
lution. In particular, observations made affdrent aspect (and
rotation) angles could be combined to eliminate the limited res-
olution that is possible in the determination of some of the prin-
cipal axes.

A further level of investigation will require us also to com-
bine HST data with observations made by other techniques
o o o o (e.g. radar observations Hudson & Ostro 1994 or light-curve in-
ViSit: © - axis: x ] version Kaasalainen & Torppa 2001). For instance, light-curve
amplitudes can help to constrain the surface scattering parame-
ters for a given ellipsoid. Furthermore, photometry can suggest
asymmetric shapes that could justify théfeliences observed
between primary and secondary extrema. This refinements rep-
resent, in fact, the next step in an analysis that should eventually
lead to a reduction process that takes consistently into account,
both photometry antlST/FGSinterferograms at the same time.

The reduction of the residual uncertainties would allow
us to compare the obtained models to the equilibrium figures
for fluid bodies (rubble piles) as suggested by Farinella et al.
(1981). The available data seem to indicate that the observed
asteroids would resemble prolate spheroids lfi.e.c), which,
although not being part of the Jacobi sequence, would sug-
Fig. 16.“Binary” shape model for (624) Hektor on the last visit (top) gest low bulk densities. When dealing with rubble pile struc-
and interferogram (bottom). tures, which are not ideal fluid bodies, however, one should
also consider the possible role of internal friction, as suggested

not very diferent from single triaxial ellipsoids, although somgx dHr;)]IaS?r%zlfoE)Zigg%))r’oﬁgglsng to more realistic bulk-densities

appreciable discrepancies with such a simple shape model are
apparent in some cases, as quoted above. For instance, a better
fit solution is obtained for (15) Eunomia when considering a
single egg-like shaped convex body, while for (43) Ariadne,® Conclusions
contact-binary non-convex shape would provide a better fit to
the data. Kaasalainen et al. (2002) give a convex conical shapBe direct detection of binary asteroids by long-range obser-
model of (44) Nysa that they suggest to be the signature \Gttions requires the exploitation of the highest resolutions cur-
a contact structure whose components hatiewint sizes. A rently available. For the first time, we have been able to use the
more extensive test of such an hypothesis fromHis@/FGs FGSastrometer of thelSTto study moving targets of the Solar
data will be done in a forthcoming work. System. The restricted sample of targets was selected mainly
As for the absolute precision of the size measuremer$ the basis of models derived from photometric observations.
those derived represent probably lowest boundary values, sif¥€n though no detached binary object was discovered, this cri-
we considered uniform brightness distributions. In fact, intréeria has proven to be valuable in selecting targets that present
ducing an a priori limb-darkening would result in slightly largepignificant shape features.
sizes. Adopting a realistic Minnaert parameteko£ 0.6 the Due to the rotation of the asteroids around their axis, not
size is approximately 3% larger. This would lead to an imenly can the sky-projected profile be measured, but it is also
proved agreement with nominal IRAS results, but in casgsssible to infer information about the fully three-dimensional
like (216) Kleopatra, in which the resulting shape is very fashape, provided that some pole solution can be found to be con-
from a sphere. It is also clear, in any case, that a better desistent withFGSdata. Moreover, wrong pole solutions can be
mination of the most uncertain axis lengths would be needed#jected and nearly-contact binary asteroids revealed. Results
carry out a more detailed comparison with published size dadge expected to be even better using the upgraded and more
In this respect, a whole shape reconstruction at the highsshsitiveFGSR#1 Depending on the geometry of the observa-
precision reachable BYST/FGSwould ofer a precious insight tions, the lengths of the principal axes of the bodies cannot all
on the real shape of these asteroids. Unfortunately, our modm-determined with the same precision, but observations at dif-
fitting inversion procedure is limited by the short availabléerent epochs wouldfciently overcome such limitations.
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The inversion procedures applied here have proved to Bestrdfer, D., Tanga, P., Berthier, J., et al. 2002a, SIS
solid, being able to provide best-fit ellipsoidal figures and to interferometric observations of asteroids, to appear in
test alternative, more complex models. Some evolved binary Mem. Soc. Astron. Italiana
structures cannot be completely ruled out for some of the destrdfer, D., Tanga, P., Cellino, A., et al. 2002b, A&A, 391, 1123
jects of our sample based on the available data, although sir'%fé“dfer’ D., Berthier, J., Descamps, P., etal. 2002¢, A&A, 392, 729
ellipsoidal shapes are generally a good first approximation l}ton, J. L. 1992, in Explanatory supplement to the Astronomical

. . Almanac, 383
what we have observed. While we hope to obtain RST/FGS H
. . ) olsapple, K. A. 2001, Icarus, 154, 432
data in the fl_Jture, we are confident thgt morg detailed analy%son’ R.S. & Ostro, S. J. 1994, Science, 263, 940
of data coming from dferent sources, including the data preg asalainen, M., & Torppa, J. 2001, Icarus, 153, 24
sented in this paper, will likely provide stricter constraints tRaasalainen, M., Torppa, J., & Piironen, J. 2002, A&A, 383, L19
the overall shapes and internal structures of large asteroids aaghanzi, M. G., Munari, U., Whitelock, P. A., & Feast, M. W. 1997,
to their past collisional evolution. ApJ, 485, 328
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