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SUMMARY 
The IRAS data base on asteroid albedos and diameters has been used to derive size 
distributions for a set of about 4000 numbered main-belt asteroids and for various 
subsets defined according to the semimajor axis range and family membership. 
Different procedures have been used to obtain albedo estimates for the (mostly small) 
members of the sample not observed by IRAS, allowing us to assess the sensitivity of 
the derived size distributions to the assumptions used for this purpose. The results 
show that, apart from the Flora zone in the inner belt, non-family asteroids always 
have size distributions characterized by a strong change in slope at diameters - 150 
km, with the differential power-law distribution exponent passing from values around 
3 or more at large sizes, to ~ 1 at smaller ones. In the Flora region, where the sample 
is complete down to about 18 km (contrasting with 44 km for the whole asteroid 
population), a steep slope is also observed at small sizes. A similar feature is typical of 
the most populous families. 

While the size distribution of large bodies has probably been little affected by 
collisional evolution, it seems likely that most family members and Flora asteroids are 
fragments from catastrophic impacts, with a size distribution close to that found after 
laboratory impact experiments. For the other main-belt asteroids, the flatter slope in 
the intermediate diameter range between ~30 and 150 km is either due to the 
influence of self-gravity on the collisional outcomes, or is a remnant of the 
‘primordiar distribution. Collisional evolution models, however, can approximately 
reproduce the observed overall distribution starting from very different initial 
populations. Thus, the size distribution data alone do not effectively constrain the 
initial distribution and the intensity of the collisional process. 

1 INTRODUCTION 

An outstanding feature of the asteroid belt is that in this zone 
a vast population of bodies is present, whose number rapidly 
increases for decreasing brightnesses and sizes. The largest 
asteroid, Ceres, is 913 km across; about 30 bodies are larger 
than 200 km, 200 are larger than 100 km, while most of the 
4700 asteroids numbered to date are less than 40 km in 
(mean) diameter. 

Up to the 1970s the observational knowledge of the 
asteroid size distribution was based almost entirely on 
asteroid (absolute) brightness statistics. These early surveys 
(Kuiper et al. 1958) had correctly inferred the general shape 
of the distribution, which can be described as a quasi-power 
law, with a relative excess of bodies at intermediate 
diameters (around 100 km). In the same way Klacka (1990) 
found a steeper slope in the most populous families than for 
non-family asteroids. However, the derivation of asteroid 
sizes from absolute brightnesses only (by assuming a priori 

some ‘mean’ value for the albedo) has the drawback of 
neglecting the possible selection effects and/or systematic 
trends due to the variable albedos of asteroids. Although the 
luminosity of an asteroid is proportional to the product of 
the cross-section (i.e. square of size) and albedo, the latter 
parameter can span a range of values exceeding a factor of 
10, leading to serious uncertainties in the diameters derived 
from brightnesses values only. Moreover, it is well known 
that the mean asteroid albedo - along with the distribution of 
taxonomic types - changes systematically with the orbital 
semimajor axis in the belt, and overlooking this correlation 
can introduce strong biases in the derived size distribution 
(see, e.g. Gradie, Chapman & Tedesco 1989). Today, thanks 
to the extensive data base on asteroid albedos derived by the 
IRAS satellite (Tedesco 1989), a much better approach is 
feasible, as we shall discuss. 

The asteroid size distribution is important because it can 
shed some light on both the original size distribution of the 
planetesimals formed in this part of the Solar System, and the 
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collisional process which subsequently modified this distri- 
bution and eventually produced the currently observed one. 
Starting in the 1960s, the general shape of the distribution 
has been interpreted in two different ways, with different 
implications on our understanding of the history of the 
asteroid population. Anders (1965) and Hartmann & 
Hartmann (1968) focused their attention on the ‘bump’ at 
about 100 km, and interpreted this feature as a direct record 
of an original bell-shaped planetesimal size distribution, to 
which a power-law ‘tail’ of fragments was later superimposed 
by disruptive collisions. On the other hand, Dohnanyi (1969, 
1971, 1972) and Hellyer (1970, 1971) were more impressed 
by the overall quasi-power law trend extending over a wide 
range of sizes, a property which was confirmed in 1970 by 
the Palomar-Leyden Survey (PLS; Van Houten et al. 1970). 
These authors developed an analytical theory of the size 
distribution generated by the impact fragmentation process 
and showed that, if the collisional parameters (in particular, 
the impact strength - see Davis et al. 1989) are independent 
of size, any initial size distribution relaxes to a (differential) 
equilibrium power-law distribution having an exponent of 
- 3.5. This value does not depend on the size distribution of 
the fragments generated in an individual impact; since it was 
found to be close to the slopes derived from the Kuiper et al. 
(1958) and the PLS surveys, the inference was made that the 
asteroid size distribution has actually relaxed to equilibrium 
conditions. According to this interpretation, any deviation 
from the power-law trend (including the ‘bump’ at 100 km, 
but perhaps with the exception of the very largest sizes) is not 
a signature of the initial conditions, but is due to the fact that 
collisional parameters are not really size-independent, in 
particular due to the onset of self-gravitational effects and to 
strain-rate dependent scaling of the strength (Davis 1989; 
Housen & Holsapple 1990). In order to discriminate 
between the two theories summarized above, a complex 
numerical simulation of the collisional process appears to be 
necessary, taking into account observational constraints 
including not only the present size distribution, but also the 
properties of families and of peculiar objects such as Vesta 
(Davis et al. 1985) and the distribution of asteroid rotation 
rates (Binzel et al. 1989; Davis et al. 1989; Farinella et al. 
1991a). For this purpose, a re-assessment of the asteroid size 
distribution based on the most recent data is an obvious pre- 
requisite, and will be the subject of the present paper. 

In Section 2 we describe in detail the methods used to 
derive reliable size distributions by making full use of the 
IRAS data base and also to estimate albedos (hence sizes) for 
many small asteroids whose albedos have not been directly 
measured. Section 3 will present the results of this exercise 
for the whole asteroid set and for several subsets referring to 
different orbital zones and family memberships, and will 
discuss possible power-law fits to the observational data. 
Finally, in Section 4 we will discuss these results from the 
point of view of their implications on the characteristics of 
the collisional process. 

2 METHODS 

The data set used in this work is the same sample of 4100 
numbered asteroids that has been recently analysed by 
Zappalà et al. (1990), who applied a multivariate data 
analysis method to identify asteroid families. In this set of 

objects, only about 1700 have an //MS-determined value of 
the diameter, whereas, for the remaining bodies, only the 
absolute V magnitude (// parameter) is presently available. 
In past studies (e.g. Zellner 1979), whenever direct and 
reliable measurements of the albedo were missing, diameters 
have been generally inferred from rough criteria exploiting 
the correlations between albedo, taxonomic type and helio- 
centric distance, such as assigning C-type albedos to 
asteroids lying in the outer part of the belt and S-type albe- 
dos to objects orbiting in the inner zone. The values derived 
in this manner, however, are only very tentative guesses, 
since the relationship between orbital semimajor axis and 
taxonomic type is not so simple. Moreover, the range of albe- 
dos corresponding to a given taxonomic type is often not 
negligible. For these reasons, and as a consequence of the 
particular needs of the present analysis, we apply a more 
refined method to derive better diameter estimates for the 
objects not directly measured by IRAS, while at the same 
time taking the maximum advantage from the large data 
base provided by this satellite. 

Our method consists of a detailed analysis of the albedo 
distribution displayed by the asteroids observed by IRAS, as 
a function of the orbital semimajor axis a. In any given range 
of a, the albedo distribution of the //MS-observed objects is 
then used in order to assign an albedo value to the asteroids 
lacking an individual IRAS measurement. In this way, from 
the knowledge of albedo and of the absolute magnitude H, 
which is independently known for every object of our 
sample, it is straightforward to obtain the value of the corre- 
sponding diameter. However, several other independent esti- 
mates of the diameter have been obtained for the asteroids 
not observed by IRAS. We made the alternative choices of 
either assigning the same average albedo to all objects lying 
in a narrow range of semimajor axes, or assigning different 
albedos, chosen at random in such a way to mimic the albedo 
distribution of the observed objects in the same zone of the 
belt. The details of these computations are explained in the 
following. However, we point out that, in this way, we have 
neglected any possible bias or sistematic errors affecting the 
IRAS-denved diameters and albedos. Such effects have been 
taken into account in a subsequent stage of the computation, 
as it will be explained later. On the other hand, a recent anal- 
ysis by Matson et al. (1990) has shown that no significant dif- 
ference can be found between the 25-/un ZRAS-derived 
diameters and those obtained by means of occultation 
observations. 

Among the asteroids of our data set, we considered only 
those having orbital semimajor axes ranging between 2.06 
and 3.27 au, i.e. between the g = g6 secular resonance at the 
inner edge of the main belt and the 2:1 mean motion 
resonance with Jupiter (the Hecuba gap). The reason of 
excluding from our analysis the objects orbiting beyond the 
2:1 gap and the inner-planet crossing asteroids, is that 
observational selection effects are very strong in the former 
case, while the latter objects are in general so small that they 
cannot be meaningfully compared with main-belt objects (in 
other words, their diameters fall in a range where bias-free 
distributions cannot be derived for any other zone of the 
belt). Moreover, following the procedure already applied by 
Zappalà et al. (1990), we distributed our asteroid population 
sample into six zones delimited by the other most important 
mean-motion resonances with Jupiter; this is useful in order 
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to separate different parts of the belt, for which the 
completeness of our sample is different, as will be explained 
later. The six zones are labelled by numbers from 2 to 7, in 
agreement with the notation introduced in the previous 
paper, and their boundaries are specified in Table 1. 

Zappalà et al (1990) succeeded in identifying 21 families 
of asteroids, including 867 objects overall, with most family 
members belonging to the three major families associated 
with Eos, Themis and Koronis (the altogether account for 14 
per cent of the total sample). Since there are good physical 
reasons and also observational evidence supporting the 
hypothesis that the albedos of asteroids belonging to any 
given family can be non-representative of the ‘background’ 
population at the same heliocentric distance (see Gradie, 
Chapman & Williams 1979; Zellner, Tholen & Tedesco 
1985; Chapman et al. 1989; Bell 1989), the asteroids 
belonging to the Zappalà et al. (1990) families were treated 
separately from the ‘normal’, non-family asteroids. 

We scanned each zone, binning together the objects 
present in intervals of 0.1 au in semimajor axis (this step 
appeared small enough to be confident that the diameters 
computed in this way should be significantly more accurate 
than those derived from simple considerations on the distri- 
bution of taxonomic types, as explained above). In every 
interval, we computed the average albedo of the non-family, 
//MS-observed asteroids, and we used this value as the 
albedo to be assigned to non-family, non-//MS-observed 
objects. In this way a first diameter estimate could be 
inferred for these asteroids. 

Since the dispersion of the observed albedos is not 
negligible in some cases even in the narrow semimajor axis 
strips, we applied an alternative approach, aimed at 
reproducing the real albedo distribution in each zone. This 
procedure consisted in assigning at random an albedo value 
to each object missing direct observations, in such a way that 
the distribution of the randomly generated albedos strictly fit 
the actual albedo distribution of /ÆA-S-observed objects in 
each zone (here ‘strictly’ means that the distribution was 
constrained to be the same over bins of width 0.01 in 
albedo). Since in this way an albedo value is assigned to each 
non-//MS-observed asteroid, which depends on the seed of 
the random number generator, we repeated for each zone 
this procedure three times and averaged the results; this was 
meant to avoid possible anomalies due to particular random 
assignments of the albedo values. 

The asteroids belonging to dynamical families were 
treated in the following way. In the few cases in which IRAS 

Table 1. Ranges [au] for semi- 
major axis zones 2-7. 

Zone O'min amax 

2 2.065 2.300 

3 2.300 2.501 

4 2.501 2.825 

5-6 2.825 3.030 

7 3.030 3.278 

AsteroidsfromïRAS data 563 

albedo estimates were available for at least three objects in a 
family, an average family albedo was computed from these 
values and then used for deriving the diameters of the 
remaining members of the family; alternatively, when an 
IRAS albedo was available for less than three objects, we 
used the average albedo of the non-family, /TMS-observed 
objects having orbital semimajor axes lying in the same 
range of a spanned by the family. We are aware that this 
procedure is somewhat questionable, since the two groups of 
families are treated in a slightly different way, and in 
particular for the latter group it is assumed that the average 
albedo of a family is not different from the background value; 
on the other hand, no better procedure appears to be 
possible, due to lack of reliable measurements of albedos for 
most small asteroids. In this respect, collecting reliable 
physical parameters like albedo and colours for many small 
asteroids is certainly a high-priority task for asteroid 
observers in the near future. 

In the cases of the three most populous families, it was 
possible to derive the albedos (and diameters) both by the 
procedure described above, and also applying the random- 
generation procedure used for non-family objects. In these 
cases the random-generated albedos were constrained to 
strictly fit the distribution of the /TMS-observed members of 
each family; however, as explained above, this procedure was 
not applicable in the cases of small families having a low 
number of members. 

As remarked by Veeder, Tedesco & Matson (1989), it is 
well known that the albedo values derived by IRAS for faint 
objects are in general underestimated (see also Veeder 1986). 
According to Veeder et al., the error can reach a factor of 
about 2 at the lower brightness cut-off. In order to take into 
account this effect, we proceeded in the following way: for 
each sample to be analysed (the different zones of the belt 
and the major families) we computed the average diameter 
D' of the five smallest /RAS-observed asteroids (we did not 
take directly the smallest IRAS diameter of each sample in 
order to avoid problems due to the presence of abnormally 
small individual values). Then we considered the diameter 
range between D' and 2D\ multiplied the albedos of all 
objects in this range (of diameter D) times a factor (3-/7/ 
/)'), and rederived the albedo histogram of the IRAS- 
observed asteroids of each sample. In this way the objects for 
which D=D' had their IRAS albedo increased by a factor 2, 
while for Z) > 2/7' no correction was made (see Fig. 1, which 
shows the original and the corrected albedo histograms for 
zone 2). The corrected albedo distributions were then used 
for the fit with the distribution of the randomly generated 
albedos to be assigned to non-Z/MS-observed asteroids of 
each sample, as explained above. 

3 OBSERVED DISTRIBUTIONS AND 
POWER-LAW FITS 

By applying the procedures described in the previous 
section, we had at our disposal three different methods for 
deriving the diameters of asteroids not observed by IRAS; 
accordingly, we could compute in each case the cumulative 
size distribution of our whole asteroid set, and analyse the 
trend exhibited by the entire population, as well as by some 
‘natural’ subsamples of it, i.e. those obtained by separately 
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Figure 1. Histograms of the //MS-derived albedos in semimajor 
axis zone 2; the lower plot includes the correction at small asteroid 
sizes described in the text. 

Figure 2. The size distribution of asteroids in zone 2, shown as a 
log-log plot of the cumulative number of bodies of diameter larger 
than D versus D. Notice that at small sizes there is some discrepancy 
between the curves derived according to the different procedures 
explained in the text to estimate albedos of non-//MS-observed 
asteroids. The vertical dash-dotted line shows the minimum 
diameter for which the samples are probably complete (i.e. no, or 
very few undiscovered asteroids exist). 

grouping the asteroids present in the different zones of the 
belt defined in Table 1, and by separating the family and non- 
family objects. The results are shown in Figs 2-14, which are 
all log-log plots of the cumulative number of objects larger 
than a given diameter versus the diameter itself. 

We have always excluded the four largest asteroids from 
our analysis, on the basis of a physical argument. According 

to the current collisional evolution models (Davis et al. 1985, 
1989), the mass of these objects is unlikely to have been 
much affected by impacts since the end of the planetesimal 
growth process, contrasting with the history of most smaller 
asteroids; in a sense, the few biggest asteroids are small 
planets, i.e. they belong to a physically distinct population 
which should not be mixed with the general asteroid popu- 
lation. Of course, the limiting diameter we have chosen 
(Z^max = 350 km) is subject to some arbitrarity; however, since 
these large objects are anyway just a few, our results are not 
very sensitive to the specific choice we have made. 

Another, more important problem arises from the obvious 
observational selection effect against the discovery of faint 
asteroids, which has the consequence that the observed size 
distributions can be considered reliable only for diameters 
greater than some minimum value, below which our samples 
are likely to be incomplete. The threshold diameter ¿)min 

(indicated by a dash-dotted, vertical line in the figures) 
obviously depends upon the heliocentric distance, hence it is 
different for each of the different zones. In order to quantify 
what exactly is the limiting diameter, we adopted the 
following simple criterion. Assuming that F= 16.0 mag is the 
maximum apparent magnitude for which our samples are 
complete and that the minimum albedo of asteroids is 0.02, 
and using an heliocentric distance equal to the outer 
boundary of each zone, we could compute the corresponding 
diameter threshold £>min, which should give a fairly good 
estimate of the minimum size for ‘completeness’ in each 
zone. While the adopted maximum value of V can be con- 
sidered somewhat conservative, being based on the value of 
the mean opposition magnitude cut-off adopted by Zellner 
(1979), we preferred to be on the safe side when avoiding 
observational selection effects on the results of our analysis. 
In most cases, however, the trends of the cumulative size 
distributions shown in the figures indicate by themselves that 
our estimates of Dmin are reasonable, as the lower slope for 
D < Dmin suggests that part of the existing objects are actually 
missing. In the case of the three major families (Eos, Themis 
and Koronis), Z)min was computed in a slightly different way, 
namely on the basis of the actual range of semimajor axes 
and of the observed distribution of albedos for each family 
(the limiting albedo being such that more than about 90 per 
cent of the members of each family have albedos larger than 
it). The Dmin value for the whole sample of family objects is 
lower than that for the sample of ‘background’ objects, since 
the largest semimajor axis value of the most distant family is 
smaller than the outer border of the belt used for the non- 
family objects. 

Fig. 2 shows the difference between the cumulative 
distributions obtained by our three different methods for 
estimating the diameters of non-//MS-observed bodies for 
one particular case. In general, the differences are small, 
though not completely negligible. 

In order to summarize the results in a simple quantitative 
way, a well-known method used is to fit the size distributions 
with power laws, or truncated Pareto distributions, spanning a 
diameter range between a lower limit Dmin and an upper limit 
Dmax (e.g. see Kresák 1977; Hughes 1982; Donnison & 
Sudgen 1984). If the probability density function Ç(D) - i.e. 
the fraction of objects lying in the diameter interval ÖD 
centred at a given value D - is assumed to be proportional to 
£)-(« + 1) (with a a constant exponent), integration over the 
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range Dmin to Dmax yields the normalization coefficient, so 
that we have 
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^D) = 
a 

Dm 
1- 

-1 

In order to obtain the usual cumulative size distribution 
6(D), namely the fraction of bodies larger than some given 
diameter D, £(D) must be integrated between D and £>max. 
As a consequence, we find that 6(D) is proportional to 
(Z)_a-D~ax), so that, in a log-log plot, the relationship 
between 6(D) and D is no/represented by a straight line, as is 
usually assumed, unless Z)max oo. in order to match a Pareto 
distribution to a given data set, i.e. to find the best-fitting 
value of the exponent a and the corresponding standard 
error, we cannot use a simple least-square procedure to 
either the cumulative or the differential distribution, because 
the different data points would not be independent (Hughes 
1982; Donnison & Sudgen 1984). Instead, as suggested by 
Donnison & Sudgen, an appropriate procedure is provided 
by the maximum likelihood estimation method, based on the 
idea of finding the maximum of the function L(a) = f] £(£>/), 
where D¡ is the given set of diameters (the index i labelling all 
the objects included in the sample). The maximum of / = ln L 
is actually more easily found, by solving the equation <9// 
<9a = 0. This yields the equation 

I = XMA/A™) + /-expi-otr) 
a n l-exp(-ar)’ 

which has to be solved by numerical iterations for the best 
fitting value of a [here n is the total number of objects in the 
sample, the sum over i is extended to all of them, and 
r = ln(Z)max/Z)min )]. The standard error of the estimate of a is 

ôa=n -1/2 2 a 
r2 exp( - ar) 

1 - exp( - ar)2 

1/2 

The goodness of the fit can now be assessed by a test, 
after having grouped the data in such a way that no group 
includes less than 10 objects (five when the complete sample 
consists of less than 100 objects). 

Figs 3(a) and 4 and Tables 2 and 3 show the results of the 
procedure described above for the entire data set, and for the 
same set but excluding the family asteroids and those belong- 
ing to semimajor axis zone 2 (the so-called Flora region), 
respectively. The latter sample was selected because, as we 
shall see later, there is evidence that both zone 2 and the 
families are characterized by peculiar size distributions, 
steeper than usual especially at small sizes (as pointed out by 
Zappalà et al. (1990), it is likely that a large fraction of the 
population of zone 2 would be recognized as one or a few 
families, were it possible to use more accurate and stable 
proper elements in the family identification analysis). The 
upper part of the tables gives the total number of objects 
belonging to each sample, the value of £)min (44 km in the 
case of the whole sample), the number n of objects larger 
than £)min according to any given diameter derivation 
procedure (from the mean albedo in each semi-major axis 
strip, or, alternatively, from the r¿m¿/ora-generated albedo, or 
from the random-generated albedo corrected for the IRAS 
bias at small sizes, as discussed in Section 2). The tables give 

0  ^ 1 ^^^^^^^^^ 1  
1 1.5 2 2.5 3 Log(D) [km] 

Figure 3. (a) Power-law fits to the observed size distribution 
(derived from the corrected IRAS albedos) for the entire asteroid 
sample. The dashed curve is the best-fitting single truncated Pareto 
distribution, while the full line corresponds to the best-fitting double 
truncated Pareto distribution (see text), (b) The cumulative size 
distribution for the whole asteroid population as derived in this 
paper (dashed line), compared with that obtained by Chapman 
(1989; solid line and dots). In this representation, we have used a 
small number of diameter values with equal logarithmic spacings. 

the best-fitting value of a with its standard error, the corre- 
sponding exponent ô of the differential mass distribution 
(assuming size-independent densities and shapes; we have 
<5 = 1 + <x/3), the extrapolated number of objects of diameter 
larger than 10 km, and the results of a x2 test (value of x2 

statistics, number of degrees of freedom, probability P that 
the observed residuals are not due to chance, and result of 
the test - ‘reject’ the fit when P> 95 per cent, ‘marginally 
reject’ for 85 per cent<P<95 per cent, and ‘no reject’ for 
P< 85 per cent). In the figures, which are log-log plots of the 
cumulative size distributions, the best-fitting truncated 
Pareto distributions are shown by the dashed curves, which 
approximate straight lines only for D < Dmax. 

As it can be easily seen from both the figures and the 
tables, for both of these two very populous samples, the 
Pareto fit must be rejected. The main reason is that the 
Pareto distribution curve, while providing a good match for 

© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 



19
 9

1M
N

RA
S.

25
3.
 .

56
1C

 

566 A. Cellino, V. Zappalà and P. Farinella 

Table 2. Results of the power-law fits for the whole sample considered in the present work; for the 
meaning of the listed quantities, see text. 

Whole Population (3952 objects) Dmin = 44fcm 

Single Truncated Pareto Distribution 

N 
(> lOfcm) 

741 1.51 ± 0.06 1.50 ± 0.02 7.2 • 103 

X2 ^ P Interp. 
(%) 

48.62 25 99 Reject 

Small objects 

Dtr n 
{km) 

Double Truncated Pareto Distribution 

Large objects 

6 N n <x 6 
(> lOfcm) 

v P Interp. 
(%) 

145 668 1.07 ±0.04 1.36 ±0.01 4.3 • 103 73 3.7 ± 0.4 2.24 ± 0.15 11.58 23 2 No R. 

Table 3. Same as in Table 2, but for the sample obtained excluding both family and zone 2 asteroids. 

Whole (no Zone 2, no families) (2446 obj.) Dm«n = 44ibm 

Single Truncated Pareto Distribution 

n a 6 N 
(> lOfcm) 

“mean’’ 678 1.48 ± 0.06 1.49 ± 0.02 6.4 • 103 

‘‘random” 707 1.52 ±0.06 1.51 ±0.02 7.0 • 103 

“random corr.” 703 1.51 ±0.06 1.50 ±0.02 6.9 • 103 

X2 u P Interp. 
(%) 

51.82 24 99 Reject 

50.35 24 99 Reject 

52.36 24 99 Reject 

Small objects 

(km) 

Double Truncated Pareto Distribution 

Large objects 

N n a « 
(> lOfcm) 

P Interp. 
(%) 

“mean” 160 633 1.02 ± 0.04 1.34 ±0.01 3.8 • 103 45 3.6 ± 0.5 2.22 ±0.18 13.86 22 9 No R. 

“random” 160 662 1.08 ±0.04 1.36 ±0.01 4.2 • 103 45 3.6 ± 0.5 2.22 ±0.18 13.66 22 9 No R. 

“random corr.” 160 658 1.06 ±0.04 1.35 ±0.01 4.1 • 103 45 3.6 ± 0.5 2.22 ±0.18 14.15 22 10 No R. 

the slope at small sizes (where most objects are concen- 
trated), fails badly at diameters larger than « 100 km, where 
the real distribution is much steeper. This is not surprising, 
because a change of slope when passing from ‘small’ to ‘big’ 
objects has long been suspected for the general asteroid 
population (see the debate on the ‘bump’ at ~ 100 km 
summarized in Section 1), and has been both predicted by 
theoretical models of the asteroid collisional evolution 
(Davis 1989; Davis et al 1989), and actually observed in the 
size distribution of fragments from hyperveloeity impact 
experiments (Fujiwara, Kamimoto & Tsukamoto 1977; 
Fujiwara et al 1977). 

Therefore, we have attempted an alternative fit to the 
observed distributions, using a pair of truncated Pareto 
distributions with different exponents, connected at some 
transition diameter Z)tr. The two values of the exponent a 
and the value of Z)tr are treated in this case as three free 
parameters to be found. We have again used the maximum 

likelihood method to separately estimate a in the two ranges 
(Dmin, Dtr) and (Dtr, Dmax); then, we have varied £>tr with steps 
of 5 km, looking for the maximum of the logarithm of the 
likelihood function, as defined above (with the constraint 
that at least five objects should always be included in either 
size range). The lower parts of Tables 2-13 show the results 
of this exercise: values of ft, a and ô are given for both the 
‘small’ and the ‘large’ asteroids, along with the transition 
diameter Dtr, the extrapolated number of objects larger than 
10 km and the new results of the %2 test (in the same format 
as described above). For both the entire asteroid population, 
and the population excluding zone 2 and family objects (in 
the latter case we have used all the three different diameter 
derivation methods) the fit is now satisfactory. The corre- 
sponding ‘double’ Pareto distributions are plotted in the 
figures as full lines. 

We shall now comment in some detail on the results shown 
in the figures and tables. 
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Whole population (Fig. 3a, Table 2). As we have already 
noticed, there is a clear change of slope at about Z) = 145 km. 
The large objects have a much steeper slope, a = 3.7 con- 
trasting with a = 1.1 at smaller sizes. Between 44 km 
(minimum size for completeness) and 145 km, the mass dis- 
tribution index ô has a value of about 1.36, much lower than 
both Dohnanyi’s equilibrium value (11/6) and the values 
observed for the fragments from laboratory impact experi- 
ments (typically, 1.7 to 2; see Fujiwara et al. 1911 \ Capac- 
cioni et al. 1986). This appears to rule out in this size range 
either an intense, stength-dominated collisional process, or a 
high abundance of competent fragments from a few discrete 
breakup events. 

We have to notice that we have also compared the distri- 
bution for the whole population derived by means of the 
procedure described in Section 2 with that derived by 
Chapman (1989) (see Fig. 5, p. 330, in Gradie al. 1989) 
and used by Farinella et al. (1991a) for their comparison with 
the outputs of numerical simulations on the collisional 
history of asteroids. For this purpose, we used a representa- 
tion consistent with that adopted in the papers described 
above, i.e. a small number of discrete diameter values 
separated by equal logarithmic intervals (of about 0.1). As 
apparent from Fig. 3(b), the discrepancies between the two 
distributions are very small. 

Whole population, without families and zone 2 (Fig. 4, 
Table 3). The results are similar to the previous ones. It is 
interesting to note that they are not sensitive to the method 
used to infer albedos for non-//MS-observed bodies. 

Zone 2 (Fig. 5, Table 4). Here £>min = 18 km, i.e. our sample 
is complete down to fairly small sizes; moreover, our 
estimate of Z)min is probably conservative, as in this region 
low-albedo asteroids are rather rare (actually, we can see that 
the distribution possibly starts to ‘flatten’ only at about 10 
km). While the fit with a single Pareto distribution is not good 
(although it can only marginally be rejected when albedos are 
derived by correcting the IRAS data at small sizes), the 
situation improves considerably with the double Pareto 

Figure 4. Same as Fig. 3(a), but for the sample of asteroids not 
belonging to dynamical families or to the Flora region. 

Figure 5. Same as Fig. 3(a), but for the sample of asteroids belong- 
ing to zone 2. 

Table 4. Same as in Table 2, but for the sample of asteroids belonging to zone 2. 

Zone 2 (639 obj.) D,nin = 18fcm 

Single Truncated Pareto Distribution 

n a 8 N 
(> 10km) 

“mean” 47 1.9 ± 0.3 1.62 ±0.09 1.4 • 102 

“random” 106 2.5 ± 0.2 1.83 ± 0.08 4.6 • 102 

“random corr.” 94 2.4 ±0.2 1.79 ± 0.08 3.8 • 102 

X2 v P Interp. 
(%) 

10.87 5 95 Reject 

12.39 6 95 Reject 

9.55 6 86 M.Rej. 

mean 

“random” 

“random corr.” 

Small objects 

Double Truncated Pareto Distribution 

Large objects 

Dtr na 6 N n a 6 X2 v 
(km) (> 10km) 

60 38 3.7 ±0.6 2.22 ± 0.20 3,4 • 102 9 1.9 ±0.6 1.64 ±0.21 1.04 3 

80 100 3.0 ±0.3 2.01 ±0.10 6.1 • 102 6 2.6 ±1.0 1.85 ±0.35 7.05 4 

80 88 2.9 ±0.3 1.97 ±0.10 5.0 • 102 6 2.6 ±1.0 1.85 ±0.35 5.84 4 

P Interp. 
(%) 

21 No R. 

87 M.Rej. 

79 No R. 
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distribution; the best-fit is found for Z)tr = 60 km. Anyway, 
the estimates of à are never far from the 11/6 value. Inter- 
estingly, in this zone the size distribution resembles those of 
the major families (see later) more than those seen in other 
zones of the asteroid belt, where usually the distribution is 
steeper at larger sizes; it is thus possible that most bodies in 
this zone are members of one - or perhaps a few - populous 
Flora families, which are difficult to recognize because of 
problems in both the proper elements theory and the family 
identification procedure (Zappalà et ai 1990). 

Zone 3 (Fig. 6, Table 5/. The fit with a single Pareto distri- 
bution cannot be rejected by the %2 test; however, the figure 
shows clearly that at large sizes there are systematic 
discrepancies, and the fit is considerably improved when a 
double distribution is used, with a steeper slope at large sizes. 
It is also interesting to notice that in spite of the obser- 
vational bias, for D<Dm{n the observed distribution lies 

above the best-fitting curve, i.e. it becomes somewhat steeper 
than at larger sizes, and not flatter as it would be expected 
(and as it happens for all the other samples); this suggests that 
below ~ 20 km the slope probably gets significantly higher 
than the value seen at intermediate sizes. 

Zone 4 (Fig. 7, Table 6). Here there is a strong evidence of 
a transition between two different behaviours: an almost flat 
distribution (a less than 1, <5 » 1.3) for 30 km<Z)< 155 km 
and a steep distribution (a «5) from the 21 objects larger 
than 155 km. Neither of these slopes is consistent with the 
Dohnanyi equilibrium value or with a fragmental size distri- 
bution. 

Zone 5 + 6 (Fig. 8, Table 7). Due to the scarcity of non- 
family asteroids in zones 5 and 6 defined in the Zappalà et al. 
(1990) paper, we have merged these two zones for the 
present analysis. The situation is rather similar to that seen in 

Figure 6. Same as Fig. 3(a), but for the sample of asteroids belong- 
ing to zone 3. 

Figure 7. Same as Fig. 3(a), but for the sample of asteroids belong- 
ing to zone 4. 

Table 5. Same as in Table 2, but for the sample of asteroids belonging to zone 3. 

Zone 3 (645 obj.) -Dm*n = 22km 

Single Truncated Pareto Distribution 

n a 6 N 
(> 10km) 

139 1.23 ±0.10 1.41 ±0.03 3.7 • 102 

183 1.50 ±0.11 1.50 ±0.04 6.0 • 102 

182 1.53 ±0.11 1.51 ±0.04 6.1 • 102 

mean 

“random” 

“random corr.” 

10.64 10 

16.64 14 

13.76 14 

P Interp. 
(%) 

61 No R. 

72 No R. 

53 No R. 

Small objects 

Dtr 
(km) 

a 

Double Truncated Pareto Distribution 

Large objects 

N n a ( 
(> lOfcm) 

mean 

“random” 

“random corr.” 

100 123 0.99 ±0.09 1.33 ±0.03 3.3 • 102 16 2.9 ± 0.7 1.98 ±0.24 7.81 8 

100 167 1.40 ±0.11 1.47 ±0.04 5.7 • 102 16 2.9 ± 0.7 1.98 ±0.24 16.87 12 

100 166 1.48 ±0.12 1.49 ±0.04 5.9 • 102 16 2.9 ± 0.7 1.98 ±0.24 14.12 12 

P Interp. 
(%) 

55 No R. 

85 M.Rej. 

71 No R. 
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Table 6. Same as in Table 2, but for the sample of asteroids belonging to zone 4. 

Zone 4 (908 obj.) Amu = 30ibm 

Single Truncated Pareto Distribution 

6 N 
(> lOfcm) 

“mean” 338 1.11 ±0.06 1.37 ±0.02 1.2 • 103 

“random” 371 1.23 ±0.06 1.41 ± 0.02 1.5 • 103 

“random corr.” 369 1.22 ± 0.06 1.41 ± 0.02 1.5 • 103 

X2 v P Interp. 
(%) 

50.04 27 99 Reject 

45.34 27 99 Reject 

44.31 27 98 Reject 

Small objects 

Dtr 
(km) 

Double Truncated Pareto Distribution 

Large objects 

N n a i 
(> lOfcm) 

P Interp. 
(%) 

“mean” 155 317 0.75 ± 0.05 1.25 ±0.02 9.1 • 102 21 5.3 ± 1.2 2.76 ± 0.38 24.00 25 48 No R. 

“random” 155 350 0.94 ±0.05 1.31 ± 0.02 1.2-103 21 5.2 ± 1.2 2.76 ±0.38 26.46 25 62 No R. 

“random corr.” 155 348 0.93 ± 0.05 1.31 ± 0.02 1.2-103 21 5.3 ± 1.2 2.76 ±0.38 25.16 25 55 No R. 

Figure 8. Same as Fig. 3(a), but for the sample of asteroids belong- 
ing to zones 5 and 6. 

zone 4. Here, however, the distribution for the eight objects 
larger than 155 km is even steeper, while at about 100 km it 
is somewhat irregular. As a consequence, even with the 
double distribution the fit is not satisfactory. 

Zone 7 (Fig. 9, Table 8). In this zone a single Pareto distri- 
bution cannot be rejected, though the systematic discrepan- 
cies at large sizes are removed when a double distribution is 
fitted. The reason for this behaviour is that the distribution is 
again steeper at large sizes, but much less so than in the two 
previous cases. In this respect, the situation is similar to that 
of zone 3. Here, however, the selection effect below Z)min is 
quite strong. 

All families (Fig. 10, Table 9). As we have already 
mentioned, the situation is similar to that of zone 2, with the 
slope decreasing for larger sizes. The single Pareto distribu- 

tion cannot be rejected, but again the fit looks much better 
with the double distribution. Notice that, especially in the 
latter case, the high value of a at small sizes results in a 
prediction of a very substantial number of small bodies when 
extrapolated to D~10 km. The observed distribution is 
consistent with those found in the laboratory for fragments 
generated by high-velocity impact breakups, and the value of 
ô at small sizes is close to the values derived by Klacka 
(1990). 

Families 51+61 + 71 (Fig. 11, Table 10). These are the 
three populous Koronis, Eos and Themis families. As they 
account for almost Iß oí all the family asteroids, it is not 
surprising that their behaviour is similar to that of the 
previous sample. Notice, however, that the best-fitting 
exponents are fairly sensitive to the method adopted to infer 
albedos. 

Individual families 51, 61, 71 (Figs 12-14, Tables 11-13). 
For the three individual families the size distributions can be 
fitted by single power laws; both the goodness of the fit and 
the best-fitting exponents, however, are method-sensitive. It 
is thus impossible to make a reliable estimate of the number 
of undiscovered family members at sizes ~ 10 km and 
smaller. 

4 DISCUSSION 

We can summarize the results discussed above as follows. 
The size distribution of the whole asteroid population cannot 
be fitted by a single-exponent power law, due to a large 
change of slope at about 150 km diameter: larger asteroids 
have a steep distribution, with ô close to or larger than 2, 
while smaller asteroids (down to the completeness limit 
diameter of 44 km) show a remarkably flat distribution, with 
à « 1.35. Surprisingly enough, neither of these values is close 
to the equilibrium slope of about 1.8 predicted by the 
analytical theory assuming size-independent collisional 
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Table 7. Same as in Table 2, but for the sample of asteroids belonging to zones 5 and 6. 

Zone 5 + 6 (250 obj.) Am» = 36fcm 

Single Truncated Pareto Distribution 

n a 6 N 
(> lOfcm) 

“mean” 131 1.34 + 0.12 1.44+0.04 7.5 • 102 

"random” 138 1.36 + 0.12 1.45 + 0.04 8.2 • 102 

“random corr.” 129 1.27 + 0.11 1.42 + 0.04 6.9 • 102 

22.71 11 

27.05 11 

31.17 10 

P Interp. 
(%) 

98 Reject 

99 Reject 

99 Reject 

Dtr 
(km) 

Double Truncated Pareto Distribution 

Small objects Large objects 

n a 6 N n a 6 
(> lOfcm) 

“mean” 155 123 0.92 + 0.09 1.31 + 0.03 5.1 102 8 6.5 ±2.3 3.18 + 0.77 13.11 9 

“random” 155 130 0.96 + 0.09 1.32 + 0.03 5.5 • 102 8 6.5 ± 2.3 3.18 + 0.77 17.96 9 

“random corr.” 155 121 0.81 + 0.08 1.27 + 0.03 4.5 • 102 8 6.5 ± 2.3 3.18 + 0.77 21.72 8 

P Interp. 
(%) 

84 No R. 

96 Reject 

99 Reject 

Figure 9. Same as Fig. 3(a), but for the sample of asteroids belong- 
ing to zone 7. 

outcomes, and which is also typical for fragments from indi- 
vidual catastrophic impacts. (We have found some clues, 
however, that the slope may become again steep at sizes 
smaller than about 20 km, which are poorly sampled with the 
currently available data.) Moreover, the size distribution 
undergoes substantial changes in the different semimajor 
axis zones and when families are taken into account. In 
particular, in the Flora region, where the sample is complete 
down to about 18 km, a steep slope (ó * 2) is observed even 
at small sizes, and a similar behaviour is typical of the most 
populous families. 

Can these results be interpreted in terms of collisional 
evolution? While the answer is probably positive, it is also 
going to be more complex than previously thought, and 
affected by substantial uncertainties on the intensity of the 
past collisional process. 

Families are relatively simple: their size distributions are 
clearly distinct from those of the ‘background’ objects in the 
same zones of the belt, and this is likely to mean that these 
distributions ‘remember’ well the initial distribution 
generated by the catastrophic disruption of a parent body. 
Changes of slope, if present, are probably similar to those 
observed for fragments from laboratory experiments, and/or 
may be due to gravitational reaccumulation of slowly- 
escaping fragments (Zappalà et al. 1984). The well- 
preserved size distributions of families probably put an 
upper bound to their age, which might be estimated by 
suitable collisional evolution models (Davis 1990). Finally, it 
is interesting to notice that a simple extrapolation of the 
distributions observed at « 50 km would lead us to predict 
that the asteroid population is dominated by family members 
for sizes smaller than about 10 km (Klacka 1990). However, 
we believe that this conclusion is premature, due to the 
uncertainties of the best-fitting slopes and the likelihood of 
further changes of slope below the completeness limits. More 
generally, it should be pointed out that at present we cannot 
reliably extrapolate from the available data to give the 
abundance of small asteroids, since even at sizes of a few km 
the uncertainty is already at least a factor 10. This means that 
we are currently unable to estimate the collisional lifetimes 
and the likely ages of all the asteroids smaller than several 
tens of km, including those which in the next decade will be 
encountered by interplanetary probes (Farinella et al. 
1991b). 

In zone 2, the Flora region, we have a dilemma: either we 
are seeing a collisionally relaxed population with a slope 
approximating the prediction of Dohnanyi’s model, or we are 
just looking at a population dominated by one or more 
families, behaving as described above and not yet unequivo- 
cally recognized as such owing to problems in the dynamical 
theories. We think that the latter hypothesis is more likely, 
because there would be no a priori reason for expecting 
different collisional response parameters in this zone with 
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Table 8. Same as in Table 2, but for the sample of asteroids belonging to zone 7. 

Zone 7 (643 obj.) -Dm»« = 44fcm 

Single Truncated Pareto Distribution 

n a 6 N 
(> 10km) 

“mean” 282 1.62 ±0.10 1.54 ±0.03 3.2 • 103 

“random” 293 1.63 ±0.09 1.54 ±0.03 3.4 • 103 

“random corr.” 298 1.64 ± 0.09 1.55 ± 0.03 3.5 • 103 

P 
(%) 

Interp. 

28.16 22 83 No R. 

22.48 24 45 No R. 

30.51 24 83 No R. 

Small objects 

Dtr 
(km) 

Double Truncated Pareto Distribution 

Large objects 

N 
(> 10km) 

“mean” 140 252 1.32 ± 0.08 1.44 ±0.03 2.2 • 103 

“random” 140 263 1.30 ±0.08 1.43 ± 0.03 2.3 • 103 

“random corr.” 140 268 1.31 ± 0.08 1.44 ±0.03 2.3 • 103 

n a 6 P 
(%) 

Interp. 

30 2.8 ±0.5 1.94 ±0.17 21.92 20 66 No R. 

30 2.8 ±0.5 1.94 ±0.17 15.51 22 16 No R. 

30 2.8 ±0.5 1.94 ±0.17 23.48 22 63 No R. 

Figure 10. Same as Fig. 3(a), but for the sample of asteroids Figure 11. Same as Fig. 3(a), but for the sample of asteroids 
belonging to dynamical families. belonging to families 51,61 and 71. 

Table 9. Same as in Table 2, but for the sample of family asteroids. 

AH Families (867 obj.) Dm¿n = 35fcm 

X2 v P Interp. 
(%) 

16.65 14 73 No R. 

Single Truncated Pareto Distribution 

n a 6 N 
(> lOfcm) 

“mean” 112 2.6 ± 0.2 1.88 ± 0.08 3.1 • 103 

Dtr 
(km) 

Double Truncated Pareto Distribution 

Small objects Large objects 

n a 6 N n a 6 X2 v P Interp. 
(%) 

“mean” 95 98 3.9 ±0.4 2.29 ±0.13 1.3 • 104 14 2.5 ±0.7 1.85 ±0.23 7.38 12 17 No R. 

N 
(> lOfcm) 
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Table 10. Same as in Table 2, but for the sample of asteroids belonging to families 51,61 and 71. 

Families 51+61+71 (567 obj.) Dmin = 35Jbm 

Single Truncated Pareto Distribution 

h a 6 N x2 u P 
(> lOifem.) (%) 

“mean’’ 90 3.2 ± 0.3 2.08 + 0.11 5.2 • 103 

“random” 109 3.2 ± 0.3 2.06 + 0.10 5,8 • 103 

“random corr.” 82 2.6 ± 0.3 1.87 + 0.10 2.2 • 103 

Interp. 

13.49 12 67 NoR. 

8.71 8 63 No R. 

7.52 11 25 No R. 

Double Truncated Pareto Distribution 

Small objects Large objects 

n a 6 N -a. a 6 
(> lOfcm) 

P Interp. 
(%) (km) 

“mean” 95 82 4.4 ± 0.5 2.48 + 0.16 2.1 • 104 8 3.6 ± 1.3 2.21 + 0.43 5.10 10 12 NoR. 

“random” 95 101 3.8 ± 0.4 2.28 + 0.13 1.3 • 104 8 3.6 ± 1.3 2.21 + 0.43 6.31 6 61 NoR. 

“random corr.” 90 73 3.1 ±0.4 2.02 + 0.12 3.5 • 103 9 3.4+ 1.1 2.12 + 0.37 6.59 9 32 NoR. 

Figure 12. Same as Fig. 3(a), but for the sample of asteroids 
belonging to family 51. 

Figure 14. Same as Fig. 3(a), but for the sample of asteroids 
belonging to family 71. 

Figure 13. Same as Fig. 3(a), but for the sample of asteroids 
belonging to family 61. 

respect to the rest of the belt (although it should be kept in 
mind that this sample is complete to a smaller limiting size 
than all the other ones). 

Finally, for all the other zones and for the overall samples, 
where there is always a clear change of slope and a com- 
paratively flat distribution (not a real ‘bump’! ) at Z) « 100 km, 
we have another dilemma. Even if we take it for granted that 
the steep distributions at large sizes are ‘primordial’ (i.e. that 
only a minor fraction of asteroids larger than 150 km have 
been eroded or disrupted by collisions, in agreement with the 
conclusions of recent numerical collisional evolution models; 
see Davis et al. 1989), at intermediate sizes it is difficult to 
discriminate between the two alternative possibilities which 
we already mentioned in Section 1. These can be formulated 
as follows: ( 1 ) in this size range also, the shape of the distri- 
bution ‘remembers’ the original distribution of asteroidal 
planetesimals, which was possibly peaked at about 100 km 
and was later supplemented by a ‘tail’ of small collisional 
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fragments; (2) the size distribution has relaxed to an equi- 
librium one, but the slope is different from that predicted by 
Dohnanyi’s model because collisional outcomes are not 
invariant with size, and in particular at about 100 km self- 
gravitation plays an important role in compressing asteroid 
interiors (hence making them more resistant to impacts) and/ 
or causing partial reaccumulation of the ejected fragments. In 
the latter case, it is possible that the primordial asteroid belt 

Table 11. Same as in Table 2, but for the sample of asteroids 
belonging to family 51. 

Family 51 (137 obj.) nm¿n = 25km 

Single Truncated Pareto Distribution 

6 N x2 v P 
(> lOfcm) (%) 

Interp. 

“mean” 27 4.6 ± 0.9 2.54 ± 0.30 1.9 • 103 1.11 2 43 No R. 

“random” 37 3.4 ±0.6 2.14 ±0.19 8.5 • 102 2.33 4 32 No R. 

“random corr.” 22 2.8 ±0.6 1.92 ± 0.20 2.8 • 102 1.31 2 48 No R. 

Table 12. Same as in Table 2, but for the sample of asteroids 
belonging to family 61. 

Family 61 (202 obj.) Dm - ZOkm 

Single Truncated Pareto Distribution 

n a 6 N x2 v P Interp. 
(> 10km) (%) 

“mean” 61 4.1 ± 0.5 2.38 ± 0.18 5.8 • 103 9.35 7 78 No R. 

“random” 62 3.8 ± 0.5 2.28 ±0.16 4.2 • 103 7.72 6 74 No R. 

“random corr.” 39 3.2 ±0.5 2.07 ±0.17 1.3 • 103 2.10 4 28 No R. 

AsteroidsfromlRAS data 573 

contained much more material than the present one, in parti- 
cular at intermediate and small sizes. Both these alternative 
scenarios can be reproduced by numerical simulations of the 
collisional process, provided suitable sets of collisional para- 
meters and appropriate - completely different - starting size 
distributions are assumed (Davis et al. 1919\ Farinella et al. 
1991a; Davis et al., in preparation). This means that the pres- 
ent size distribution alone is unable to tell us unequivocally 
the collisional history of the asteroid belt; other observa- 
tional constraints are necessary, and are going to be used in 
future studies. 

ACKNOWLEDGMENTS 

We thank D. R. Davis and Z. Knezevic for useful discussions 
on the subject of this paper, and I. R Williams for his careful 
review. The work was supported in part by the Italian 
Ministry of University and Scientific Research (MURST) 
and the EEC Research Contract no. SC1-0011-C(GDF ). 

REFERENCES 

Anders, E., 1965. Icarus, 4, 399. 
Bell, J. F., 1989. Icarus, 78, 426. 
Binzel, R. R, Farinella, R, Zappalà, V. & Cellino, A., 1989. In: 

Asteroids II, pp. 416-441, eds Binzel, R. R, Gehrels, T. & 
Matthews, M. S., University of Arizona Press, Tucson. 

Capaccioni, F., Cerroni, R, Coradini, M., Di Martino, M., Farinella, 
R, Flamini, E., Martelli, G., Paolicchi, R, Smith, R N., 
Woodward, A. & Zappalà, V., 1986. Icarus, 66, 487. 

Chapman, C. R., 1989. Icarus, submitted. 
Chapman, C. R., Paolicchi, R, Zappalà, V., Binzel, R. P. & Bell, J. E, 

1989. In: Asteroids II, pp. 386-415, eds Binzel, R. R, Gehrels, 
T. & Matthews, M. S., University of Arizona Press, Tucson. 

Davis, D. R., 1989. In: Asteroids, Comets, Meteors HI, pp. 39-44, 
eds Lagerkvist, C.-L, Rickman, H., Lindblad, B. A. & Lindgren, 
M., Uppsala University, Uppsala. 

Table 13. Same as in Table 2, but for the sample of asteroids belonging to family 71. 

Family 71 (228 obj.) Amn = 35fcm 

Single Truncated Pareto Distribution 

N 
(> 10km) 

“mean” 49 2.5 ± 0.4 1.84 ±0.12 1.1 • 103 

“random” 58 2.5 ± 0.3 1.84 ±0.11 1.3 • 103 

“random corr.” 46 2.1 ±0.3 1.70 ±0.10 6.5 • 102 

X2 v P Interp. 
(%) 

8.56 7 71 No R. 

9.03 8 66 No R. 

18.48 6 99 Reject 

Small objects 

Dtr n 
(km) 

Double Truncated Pareto Distribution 

Large objects 

6 N n a 6 
(> 10km) 

P Interp. 
(%) 

“mean” 95 42 3.7 ± 0.6 2.24 ±0.19 4.6 • 103 7 3.4 ± 1.3 2.12 ± 0.42 6.66 5 75 No R. 

“random” 95 51 3.2 ± 0.5 2.07 ±0.15 3.0 • 103 7 3.4 ±1.3 2.12 ± 0.42 10.45 6 89 M.Rej. 

“random corr.” 90 38 2.7 ±0.4 1.89 ±0.14 1.2 • 103 8 3.2 ±1.1 2.07 ±0.38 18.36 4 99 Reject 

© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 



19
 9

1M
N

RA
S.

25
3.
 .

56
1C

 

574 A. Cellino, V. Zappalà and P. Farinella 

Davis, D. R., 1990. Presented at the Third International Workshop 
on Catastrophic Disruption of Small Solar System Bodies, Kyoto, 
Japan. 

Davis, D. R., Chapman, C. R., Greenberg, R., Weidenschilling, S. J. 
& Harris, A. W., 1979. In: Asteroids, pp. 528-557, ed. Gehrels, 
T., University of Arizona Press, Tucson. 

Davis, D. R., Chapman, C. R., Weidenschilling, S. J. & Greenberg, 
R., 1985. Icarus, 62, 30. 

Davis, D. R., Farinella, R, Paolicchi, R, Weidenschilling, S. J. & 
Binzel, R. R, 1989. In: Asteroids II, pp. 805-826, eds Binzel, R. 
R, Gehrels, T. & Matthews, M. S., University of Arizona Press, 
Tucson. 

Dohnanyi, J. S., 1969. J. Geophys. Res., 74, 2531. 
Dohnanyi, J. S., 1971. In: Physical Studies of Minor Planets, pp. 

263-295, ed. Gehrels, T, NASA SP-267, Washington D.C. 
Dohnanyi,!. S., 1972. Icarus, 17, 1. 
Donnison, J. R. & Sudgen, R. A., 1984. Mon. Not. R. astr. Soc., 210, 

673. 
Farinella, R, Paolicchi, P. & Zappalà, V., 1982. Icarus, 52, 409. 
Farinella, R, Davis, D. R., Paolicchi, R, Cellino, A. & Zappalà, V., 

1991a. Astr. Astrophys., in press. 
Farinella, R, Davis, D. R., Cellino, A. & Zappalà, V., 1991b. 

Presented at the Lunar and Planetary Science Conference, 
Houston. 

Fujiwara, A., Kamimoto, G. & Tsukamoto, A., 1977. Icarus, 31, 
277. 

Fujiwara, A., Cerroni, R, Davis, D. R., Ryan, E., Di Martino, M., 
Holsapple, K. A. & Housen, K., 1989. In: Asteroids II, pp. 
240-265, eds Binzel, R. R, Gehrels, T. & Matthews, M. S., 
University of Arizona Press, Tucson. 

Gradie, J. C, Chapman, C. R. & Williams, J. G., 1979. In: Asteroids, 
pp. 359-390, ed. Gehrels, T, University of Arizona Press, 
Tucson. 

Gradie, J. C, Chapman, C. R. & Tedesco, E. T, 1989. In: Asteroids 
II, pp. 316-335, eds Binzel, R. R, Gehrels, T. & Matthews, 
M. S., University of Arizona Press, Tucson. 

Hartmann, W. K. & Hartmann, A. C, 1968. Icarus, 8, 361. 
Hellyer, B., 1970. Mon. Not. R. astr. Soc., 148, 383. 
Hellyer, B., 1971. Mon. Not. R. astr. Soc., 154, 279. 
Housen, K. R. & Holsapple, K. A., 1990. Icarus, 84, 226. 
Hughes, D. W, 1982. Mon. Not. R. astr. Soc., 199, 1149. 
Klacka, J., 1990. Acta Astr. Geophys, in press. 
Kresák, L., 1977. Bull. Astr. Inst. Czech., 28, 65. 
Kuiper, G. R, Fujita, Y., Gehrels, T, Groeneveld, I., Kent, J., Van 

Bies-Broeck, G. & Van Houten, C. J., 1958. Astrophys. J. Suppl, 
3,289. 

Matson, D. L., Veeder, G. J. & Tedesco, E. F, 1990. Bull. Am. astr. 
Soc., 22, 3, 1117. 

Tedesco, E. F, 1989. In: Asteroids II, pp. 1090-1138, eds Binzel, R. 
R, Gehrels, T. & Matthews, M. S., University of Arizona Press, 
Tucson. 

Van Houten, C. J., Van Houten-Groeneveld, I., Herget, P. & 
Gehrels, T, 1970. Astr. Astrophys. Suppl, 2, 339. 

Veeder, G. J., 1986. In: Infrared Astronomical Satellite Asteroid and 
Comet Survey: Preprint Version No. I, pp. 2-1-2-53, ed. Matson, 
D. L., JPL Document No. D-3698, Pasadena. 

Veeder, G. J., Tedesco, E. F. & Matson, D. L., 1989. In: Asteroids II, 
pp. 282-289, eds Binzel, R. R, Gehrels, T. & Matthews, M. S., 
University of Arizona Press, Tucson. 

Zappalà, V., Farinella, R, Knezevic, Z. & Paolicchi, R, 1984. Icarus, 
59,261. 

Zappalà, V., Cellino, A., Farinella, P. & Knezevic, Z., 1990. Astr. J., 
100,2030. 

Zehner, B., 1979. In: Asteroids, pp. 783-806, ed. Gehrels, T, 
University of Arizona Press, Tucson. 

Zellner, B., Tholen, D. J. & Tedesco, E. F, 1985. Icarus, 61, 355. 

© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


	Record in ADS

