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Abstract 

There are approximately 5,000 known asteroids in the Hungaria orbital space, a 

region defined by orbits with high inclination (16° < i < 34°), low eccentricities (e < 

0.18), and semi-major axes 1.78 < a < 2.0 AU. We argue that this region is populated by 

a large number of asteroids formed after a catastrophic collision involving (434) 

Hungaria, the presumptive largest fragment of the Hungaria collisional family. The 

remaining objects form a background population that share orbital characteristics with the 

family members. Due to the general dynamic stability of the region, it is likely that most 

asteroids in Hungaria space (the Hungaria “group”) have been in this region since the 

formation of the solar system or at least since the planets assumed their current orbital 

configuration. Our examination of the Hungaria group included comparing rotation rates, 

taxonomic classification, and orbital dynamics to determine the characteristics of the 

family and background populations. We first found there is an excess of slow rotators 

among the group but, otherwise, the distribution of spin frequencies is essentially 

uniform, i.e., that a plot of the cumulative number of objects over the range of 1 d-1 < f < 

9 d-1 is nearly a straight line or, put another way, if the distribution over the range is 

binned by equal intervals of f (1-2 d-1, 2-3 d-1, etc.), the number of objects in each bin is 

statistically the same.  

There is a distinct family within the Hungaria group, centered at a semi-major axis of 

1.940 AU, with a dispersion range that increases with decreasing size of members, as 

expected of an evolved collisional family. The larger members with well-determined 

taxonomic class, including (434) Hungaria itself, have flat spectra, mostly likely type E 

or similar. The degree of spreading versus size of family members is consistent with that 
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expected from Yarkovsky thermal drift in roughly 0.5 Gy, suggesting that age for the 

family. The asteroid (434) Hungaria is displaced in semi-major axis by 0.004 AU from 

the center of the Hungaria family. The collision event that produced the family should not 

have left the largest body displaced by more than 0.001 AU from the original orbit, thus 

we infer that the displacement of (434) Hungaria is mainly due to Yarkovsky drift, and is 

consistent with the expected drift for that size body in ~0.5 Gy. Finally, through a series 

of Monte Carlo tests, we believe that there is one and only one collisional family within 

the Hungaria population. 

 

Keywords: ASTEROIDS, PHOTOMETRY, TAXONOMY, DYNAMICS 
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1. Introduction 

Before proceeding, it is important to differentiate between members of a family and of 

a group in the context of this work. Members of a group share common orbital 

characteristics, i.e., similar values of a, e, and i. They may or may not have similar 

taxonomy or albedos (e.g., Cellino et al., 2002). Family members, however, share not 

only orbital characteristics but other traits as well, such as similar taxonomy and albedos, 

and thus appear to originate from a common parent asteroid through a catastrophic 

collision. We will use the terms “Hungaria group” and “Hungaria family”, as defined 

above, in the rest of this paper. If we use the term “Hungaria” or “Hungarias” without 

qualification, it should be taken to mean the Hungaria group. We will also use the term 

“background” and take it to mean those asteroids in the Hungaria group minus those in 

the Hungaria family. 

Hungaria orbital space is bounded by the ν5 and ν16 secular resonances, and by Mars-

crossing in (a,e) space (Gradie et al., 1979). The zone is roughly defined by semi-major 

axis a (1.78 < a < 2.0 AU), eccentricity e (e < 0.18), and inclination i (16° < i < 34°). 

With their, on average, high albedos (pV ~ 0.3-0.4), this makes the Hungarias among the 

smallest main-belt objects that can be readily studied with modest-size instruments. Since 

they are also not generally subject to tidal encounters with the terrestrial planets, the 

Hungarias provide a control set within the main belt to compare against the near-Earth 

asteroids (NEAs) for such characteristics as rotation rate distribution and binary 

population. Studies along those lines (discussed in more detail below) have shown some 

striking similarities between the NEAs and Hungarias. This suggests that forces other 
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than tidal encounters were responsible for the binary and/or paired asteroids in the 

Hungaria group.  

It is likely that, because of their dynamical stability, the objects trapped in Hungaria 

space have resided there since the planets assumed their final configuration. This makes 

the asteroids in the region prime targets for studies concerning the formation and 

evolution of the solar system in terms of orbital dynamics, space weathering, and 

YORP/Yarkovsky forces, among others. The large surveys coming on line or planned for 

the near future, e.g., Pan-STARRS, LSST, and the Discovery Channel Telescope (DCT), 

will be able to provide a wealth of information that will supplement and extend the 

current state of knowledge about the Hungarias. In this work examine what is known 

about the Hungarias in terms of rotation rates, taxonomic makeup, and orbital dynamics.  

 It appears that most, but not all, of the smaller objects in the Hungaria group were 

likely produced by the catastrophic disruption of the Hungaria parent body and so are 

members of the Hungaria faimly. Figure 1 shows all currently known objects in Hungaria 

space using absolute magnitude (H) as an indictor of size versus the semi-major axis. It is 

easy to see the large concentration of asteroids around (434) Hungaria (dark triangle) that 

fall within the V-shaped zone (curved lines) characteristic of a collisionally-born cluster 

of asteroids (see, e.g., Zappalà et al., 2002). The vertical line represents the center of the 

V-shape. This figure and, in particular, the apparent offset of (434) Hungaria from the 

center of the “V” will be discussed in detail in Section 4. 

 

2. Lightcurve and Rotation Rate Analysis 

Figure 1  
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There are approximately 5,000 known asteroids in Hungaria orbital space, as 

determined from pseudo-proper elements in the AstOrb data file (Bowell, 2008). 

Asteroids in the Hungaria group have been the subject of a concentrated study the past 

few years by the authors. That program has produced one or more lightcurves for more 

than 100 Hungarias and determined statistically useful rotation rates and amplitudes for 

almost all observed objects. Those lightcurve observations have also lead to the discovery 

of six binary asteroids. Since the Hungarias are not subject to tidal encounters with Mars 

or Earth, the discovery of binaries in this population requires that other forces were 

involved in binary formation, likely the YORP (Yarkovsky-O’Keefe-Radzievskii-

Paddack) effect (Warner and Harris, 2007; Bottke et al., 2006b). YORP is the thermal re-

radiation of sunlight that creates a torque on smaller (D < 50 km) irregularly-shaped 

bodies that can cause the rotation rate to increase or decrease. In the case of the former, 

the parent body can eventually reach a critical spin rate where it sheds mass in order to 

prevent total break up. That mass can reform into a separate body that goes into orbit 

about the parent, becoming a satellite (Pravec and Harris, 2007; Walsh et al., 2008), or 

the two bodies can escape from one another to become separate asteroids with very 

similar heliocentric orbits (Vokrouhlický and Nesvorný, 2008).  

It has been suggested that some binaries in a collisional family may be created during 

the family-forming event, i.e., they are escaping ejecta binaries or EEBs (see Durda et al., 

2004). However, all of the binary asteroids found to date among the Hungarias have fast-

rotating primaries, which suggests that they were more likely formed by YORP spin up.  

Warner and Harris (2007) showed that the spin rates among the Hungarias have a 

relatively uniform distribution down to a frequency of ~ f = 1 d-1 and that below that (f < 

Figure 2  
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1 d-1) there is an excess of slow rotators. Figure 2 shows the frequency distribution for the 

129 Hungarias with reliable lightcurve periods in the Asteroid Lightcurve Database 

(LCDB, Warner et al., 2008) as of 2008 December. The excess of slow rotators is clearly 

seen. Pravec et al. (2008) did an extended study that included small main-belt and Mars-

crossing asteroids (3 < D < 15 km) as well as a subset of the Hungaria lightcurves and 

found the same results, including the excess of slow-rotators. The mostly uniform 

distribution means that the number of objects at any given spin rate is approximately the 

same as at any other spin rate over the range of 1 d-1 < f < 9 d-1. This appears to be the 

result of the YORP effect with the excess related to the time slowly rotating asteroids 

spend in that state, which Pravec et al. (2008) estimate to be ~110 Myr.  

 

3. Taxonomic Classification 

Until recently, only a small number of the Hungaria group had been taxonomically 

classified. Tholen (1987) included only 25 group members while Bus and Binzel 

(SMASS II, 2002a,b) listed only 18. These numbers are hardly sufficient to draw 

conclusions about the group, let alone the family. The release of the Sloan Digital Sky 

Survey Moving Object Catalog (MOC, Ivezić et al., 2001) provided a much greater 

opportunity to explore family membership. Nesvorný et al. (2005) used Principal 

Component Analysis (PCA) to map SDSS ugriz magnitudes onto the SMASS II 

taxonomic system that proved very effective in distinguishing among S, C, and X type 

asteroids. The X-type is degenerate in that it encompasses other types (E, M, and P), with 

accurate albedo information required to remove the ambiguity. The recent fourth release 
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of the MOC (ADR4, Parker et al., 2008) allowed us to take another look at the Hungaria 

population using the using the original Nesvorný PCA method.  

The u magnitudes in the SDSS catalog are often very noisy and so, despite having 

data on more than 1000 Hungarias in ADR4, only 362 could be reliably classified. Even 

so, the results were strongly conclusive. Of the 362 asteroids, 22 (6.0%) were type C, 63 

(17.2%) were type S, and 282 (76.8%) were type X. As will be shown in subsequent 

sections, there is convincing evidence of a collisional family in Hungaria space and that 

(434) Hungaria is the largest fragment of that family. That asteroid is known to be type E, 

which is characterized by a flat “X-type” spectrum. In the case of (434) Hungaria itself, 

we also know its albedo, pV = 0.381 (Morrison and Zellner, 1979). It is a reasonable 

assumption that other members of the family will be of that type and, indeed, most of 

those with spectral information do show a flat spectrum.  

Justification for this assumption is based on a review of more than 3000 asteroids 

with known or SDSS-derived classes where we counted taxonomic classification versus 

semi-major axis. Only eight asteroids with a < 2.2 AU have flat spectra. Of those, only 

two have known low albedos (pV < 0.10) and, more important, are Near-Earth Asteroids 

(NEA), not main-belt asteroids (MBA), and so their provenance is unknown. Similar 

checks using the SIMPS catalog (Tedesco et al., 2002) and Asteroid Lightcurve Database 

(LCDB, Warner et al., 2008) also found very small numbers of flat spectra, low albedo 

                                                 

1 The Morrison and Zellner albedo was based on the V(1, 0) system.  The value used here, pV = 0.38, is 

on the H-G system and was derived using the original albedo and H and G values from the Asteroid 

Lightcurve Database (LCDB, Warner et al. 2008).  
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MBAs with a < 2.2 AU. These reviews strongly suggest that a flat spectrum implies 

something other than type C in the inner reaches of the main belt. 

As a side note, we did look at two other SDSS mapping schemes, those being Masi et 

al. (2008) and Parker et al. (2008). The former did not make a distinction between X and 

C type asteroids, though assuming the Masi C types (flat spectrum) to be X/E, we found 

similar results for the Hungaria family and background populations as when using the 

PCA method. Parker et al. did not distinguish between C and X and the distinction 

between S and C was such that we found an unjustifiable number of background objects 

in Hungaria space.  

Figure 3 shows an a-H plot of the 367 Hungaria group asteroids for which a PCA 

taxonomic classification was available. Small dark squares represent C-type asteroids, 

dark circles represent the X/E-type asteroids, and the small gray triangles represent type S 

asteroids. The same distinctive V-shape is seen among the Hungarias, with the X/E-type 

asteroids dominating the “V” and having only a few outliers. The distribution of the S-

type asteroids is much more random. Of interest is that all but one of the type C asteroids 

fall within the collisional-family zone. Of the 367 asteroids represented in Figure 3, only 

41 (11%) have lightcurve rotation rates listed in the LCDB. These are shown in the figure 

as larger circles (X/E) and larger triangles (S). Not included in Figure 3 are four other 

asteroids that have “unusual” classes. Three are type A (1600 Vyssotsky, 4713 Steel, and 

5641 McCleese) and one is type V (Vestoid, 4483 Petofi). Objects in both of these 

classes have moderate to high albedos, which fits with the type E class, but given the 

significant difference in spectra, it is likely that these four asteroids are interlopers.  

Figure 3  
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Looking outside the Hungaria family zone defined by the curved lines, it appears that 

the number of X/E and S type asteroids is about the same. This, perhaps, is to be expected 

since it would be unlikely that that the parent body that lead to the Hungaria family was 

the only X/E-type asteroid in Hungaria space some 0.5 Gy ago. This leads to the 

interpretation that those X/E-type asteroids outside the family zone are background 

objects and so may or may not follow the expectation that, having a < 1.94 AU, they are 

all in retrograde rotation. 

As might be expected, the number of asteroids with known lightcurves is dominated 

by objects with both smaller H and semi-major axes, i.e., the brighter members of the 

group. This goes hand-in-hand with the fact that most of the lightcurve rotation rates have 

been determined using modest “backyard telescopes” of 0.35-0.5m size. Appeals have 

and are being made to observers with larger telescopes to start working the fainter 

members of the group, in particular the X/E-type asteroids within the “V”. Anyone able 

and willing to participate in the Hungaria observing program in order to reduce the 

existing observing biases is urged to contact the corresponding author.  

Figure 4 is another frequency distribution plot similar to Figure 2 except that it 

includes only the known S and X/E types and shows the combined totals. The distribution 

within the 41 asteroids is split about 2:1, with 26 type X/E, and 15 type S asteroids. For 

the most part, the distribution is similar between the two classes for each frequency bin. 

The notable differences of no fast rotators (f > 9 d-1) among the X/E-type asteroids and an 

excess of slow rotators among the X/E-type asteroids are most likely due to small number 

statistics rather than any real difference.  

 

Figure 4  
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4. Dynamics of the Hungaria Asteroid Population 

To set a stage for our work on the dynamics of the Hungaria group, we initially 

needed the best characterization of the orbital distribution of its members and a glimpse 

into their size frequency distribution. First we note that there is no set of proper elements 

for the Hungarias available on-line. The AstDyS web site (http://newton.dm.unipi.it) does 

provide synthetic proper elements for high-inclination objects but always with semi-

major axis > 2 AU. However, Milani and Knežević (in preparation) are working toward 

providing a set of proper elements for the Hungarias.  

The semi-numerical theory of Lemaître and Morbidelli (1994) developed for high-

inclination orbits is applicable in this case. See, for example, Lemaître (1994) where the 

author noticed clustered values of proper inclination for several members of the Hungaria 

group and hypothesized that they are fragments from a common parent objects much like 

members in other main belt families. Since we do not have the software to apply the 

Lemaître-Morbidelli theory to the currently available (much larger) sample of Hungaria-

type asteroids, we adopted a more simple, but acceptable, numerical approach. We 

extracted all potential Hungaria group asteroids from the AstOrb file (July 2008), some 

5,150 asteroids, and numerically integrated their orbits for 10 My. This integration 

contained perturbations from all planets (we used SWIFT-RMVS integrator, a time step 

of 10 days, and output sampling of 500 years). 72 objects were discarded before the 

integration ended because our initial filter in semi-major axis also included some Mars-

crossing objects with very high eccentricities. These are obviously not related to the 

Hungaria group and so they were rejected. The remaining 5,074 objects survived the 10 

My integration and are likely members of the Hungaria group. We then computed the 
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mean values of the semi-major axis, eccentricity, and inclination of these orbits. These 

results were used to approximate proper orbital elements for this work.  

Figure 5 shows the results of our calculations. We notice a strong concentration of 

objects in the range of 20° to 21° inclination, and somewhat less clustered in the 

eccentricity values. This is a dynamical mark of the Hungaria collisional family. We 

should note that we also ran a series of tests using other quantities for the proper elements 

such as maxima of osculating eccentricity and minima of osculating inclination and 

achieved similar results. We do not detail those calculations here since the work by 

Milani and Knežević (in preparation) will lead to actual proper elements for the Hungaria 

family.  

Returning to Figure 1, we again note the large concentration of asteroids around (434) 

Hungaria (dark triangle) that fall within the V-shaped zone (curved lines) characteristic to 

the collisionally-born clusters of asteroids. We also point out that the family members 

dominate the whole population since, for example, there are 2589 objects within the 

curved lines in the range 15.5 < H < 17.0 while there are only 232 of those outside the 

lines. If we consider without prejudice all objects within the region defined by the curved 

lines and assume that they all have a geometric albedo value of 0.38, the same as (434) 

Hungaria, their collective volume is equivalent to that of a ~26 km body. This implies 

that these are rather small objects, including the parent body, (434) Hungaria, which has 

D ~11 km. 

Note that in Figures 1 and 3 the largest member of the family, (434) Hungaria, is 

located outward of the center of the cluster by ~ 0.004 AU. We would expect a shift in 

the semi-major axis of ≤ 0.001 AU with respect to the center of the family after the initial 

Figure 5  
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disruption event. The escape velocity from the parent body is vesc ~16 m/s, which itself 

means δa ~2 vesc/vorb ~1.5 ×10-3 AU (here vorb ~21 km/s is the characteristic orbital 

velocity at 2 AU). Assuming even up to 10% asymmetry in the transversal velocities of 

the ejection field of all other members in the family, we would expect (434) Hungaria 

was launched with a speed ≅ 0.1 × [(27/13)3 -1] ×16 ~11 m/s implying δa ~ ±0.001 AU 

from the center-of-mass of the family (the vertical line in Fig. 1). Yet, the observed offset 

of (434) Hungaria from the family center is much larger, ~ 4.4 × 10-3 AU. We thus 

postulate that a major part of this offset was not due to the initial velocity of this asteroid 

but was slowly accumulated over time due to Yarkovsky forces. The fact that this 

displacement puts (434) Hungaria near the edge of the family drift zone for its size is 

consistent with this hypothesis. 

We checked the hypothesis with the following. It has been shown (e.g., Bottke et al., 

2006b) that objects spinning in a prograde sense experience outward drift while those 

with retrograde spin drift inward. (434) Hungaria has a rotation period of 26.5 hr and an 

estimated pole position of (λ1, ß1) = (159°, 65°) or (λ2, ß2) = (117°, 64°) (Ďurech, 2006). 

These correspond to small obliquities of ~28° or ~13° with the orbital plane of (434) 

Hungaria and are, in either case, prograde. This implies that (434) Hungaria should 

indeed migrate outward from the Sun by the Yarkovsky effect. Its long rotation period 

suggests that it is near the asymptotic state of the YORP evolution (e.g., see Čapek and 

Vokrouhlický, 2004). Interestingly, the characteristic timescale of YORP evolution for an 

asteroid of its size and heliocentric distance is ~ 0.5 Gy. Smaller asteroids in the 

Hungaria family should have even shorter time scales of spin evolution, as we see from 

the nearly flat spin rate distribution. That same timescale (0.5 Gy) is needed to acquire 



 14

the suggested 0.002 to 0.003 AU outward drift of (434) Hungaria with respect to the 

center of mass position of the family. These independent lines of evidence suggest that 

the Hungaria family is about 0.5 Gy old. It is thus tempting to link its birth to other major 

disruption events in the inner part of the main asteroid belt, possibly the birth of the Flora 

family (e.g., Nesvorný et al., 2002, 2007).  

 

5. Analysis of the Size Frequency Distribution  

Here we analyze the size frequency distribution (SFD) of Hungaria group, especially 

its two distinct parts: the Hungaria family and the background population (the Hungaria 

group minus the Hungaria family). We do this by examining the absolute magnitude 

distribution of both populations. With the limited means described above to distinguish 

family members from the background, we decided to construct a Monte Carlo code to 

explore how randomly changing the taxonomic type of different asteroids would modify 

the family SFD (size-frequency distribution). In this code, we assumed the Hungaria 

family objects were delimited by the curved lines in the a-H projection in Figure 1. To 

determine the background population for a given value of H, we looked at the number of 

objects well outside the family zone in 0.5 magnitude wide strips and determined the 

number of interlopers per AU for each strip. This number was applied against the width, 

in AU, of the given strip within the family zone to find the estimated percentage of 

interlopers within that strip. As a result, we found that for H > 15 the interloper 

contamination is only 1-3%.  

After finding the number of interlopers for each 0.5 magnitude strip, we then ran 20 

different test cases to find the SFD, each time using the calculated number of interlopers 

Figure 6  
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to pick family members at random and move them to the background population. The top 

panel of Figure 6 shows the results for the background population while the bottom panel 

shows the results for the family. Since the family population dominates the zone between 

the curved lines in Fig. 1, the results for all of our cases are similar in character and so the 

individual SDF curves overlap to the point to where they usually cannot be distinguished 

from one another. The straight lines in each panel represent power-law estimates in the 

interval of 15 < H < 17 for the background population and 14 < H < 17 for the family 

population. From this analysis we obtain an approximate power-law distribution of the 

form N(<H) ~ 10γH with γ = 0.21 for the background population and γ = 0.62 for the 

family. Translating the latter value for γ to a cumulative power-law SFD, this yields a 

power-law exponent of approximately -3.1 [N(>D) ~ D-α, α ~ 3.1]. This slope is slightly 

steeper than a power-law SFD in collisional equilibrium as described by Dohnanyi 

(1969), where the slope would be α ~ 2.5. However, the steep slope is expected as 

evidenced by similar slopes among many other families and it also fits into the hypothesis 

of the relatively young age of the Hungaria family. 

Our analysis of the background population is more complicated because the Hungaria 

family dominates the background population. The general result mentioned above can be 

seen by the fact that the number of family members goes up faster with increasing H than 

the number of background objects. Confirmation of the background results will require 

additional spectra data. The value of γ = 0.21, which corresponds to a surprisingly 

shallow SFD slope of -1.05, is only slightly shallower than γ = 0.26, which has been 

repeatedly found in the SFD of the inner main belt as one moves from multi-kilometer 

objects to kilometer and sub-kilometer objects. For example, the 3rd and 4th releases of 
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the SDSS catalog find this value for H > 15.5 and H > 16.0, respectively (e.g., Ivezić et 

al., 2001; Parker et al., 2008). Assuming an average albedo of pV = 0.18 among inner 

main belt asteroids, the slope change at 15.5 < H < 16 corresponds to D = 2.0-2.5 km 

diameter asteroids. 

This “bump” or slope change in the SFD is thought to be a byproduct of collisional 

evolution (see Davis et al., 2002 for a review). As asteroids increase in size, they move 

from the strength- to the gravity-scaling disruption regimes, with the transition occurring 

near D = 0.2 km. Because objects slightly larger than 0.2 km are more difficult to disrupt, 

more of them survive, which in turn creates an excess number of projectiles capable of 

disrupting still larger asteroids. This perturbation launches a wavy pattern into the 

asteroid SFD and creates a bump near D = 2-3 km. 

For Hungaria background objects, the slope change to γ = 0.21 occurs at H ~ 15.0, a 

somewhat brighter value than those in the inner main belt. However, using the average 

albedo of the Hungaria family, pV = 0.4, we find this value corresponds to a D = 2.1 km 

asteroid, nearly the same as than those found in the inner main belt. The fact that inner 

main belt and Hungaria background asteroids have “bumps” at similar diameters suggests 

the disruption properties of typical objects in both populations are similar to one another. 

We hesitate to take this further, given the uncertainties in using average albedos to 

characterize different populations, but if the bump in the Hungaria background SFD is 

indeed at a slightly larger diameter than the bump in the inner main belt SFD, it could 

indicate that typical Hungaria group asteroids are more difficult to disrupt than typical 

inner main belt objects. 
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The Hungaria group is small enough that it probably could not develop a bump by 

itself if it were placed in isolation. Instead, we suspect the bump developed via collisions 

between Hungaria group and inner main belt asteroids. While proving this is beyond the 

scope of this paper, we did perform the following suggestive calculation. Using the 

collision probability code described in Bottke et al. (1994), we computed the “intrinsic 

collision probability” (i.e., the probability that a single member of the impacting 

population will hit a unit area of the target body in a unit of time) and impact velocity 

between a representative object of each population: (434) Hungaria and (8) Flora. We 

found that a typical Flora object is 3 times as likely to strike a typical Hungaria object as 

a typical main belt object is to strike another main belt object (9.24 x 10-18 km-2 yr-1 

versus 2.85 x 10-18 km-2 yr-1). Moreover, Hungaria asteroids also hit inner main belt 

objects at nearly twice the velocity as standard main belt collisions (9.1 km/s vs. 5 km/s). 

All of this points in the direction of the inner main belt population playing an important 

role in the evolution of the Hungaria asteroids over the last several Gy. 

Hungaria asteroids can also be dynamically lost from their zone by Yarkovsky 

thermal drift forces and resonances working in tandem. This should affect the Hungaria 

SFD by preferentially depleting smaller objects compared to larger ones. The difference 

may not be severe, however, because the mobility of smaller objects may be obstructed 

by the YORP cycles (e.g., Bottke et al., 2006b). YORP cycles, which are fairly short for 

kilometer-size and smaller Hungarias, effectively randomize the asteroid spin axes and 

thereby change Yarkovsky drift directions from a slow steady march toward or away 

from the Sun to a random walk. At the extreme limit, when all Yarkovsky effects are 

random walking with time steps given by the YORP cycle length DTYORP, the effective 
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Da/Dt becomes (da/dt)/(DTYORP/T)1/2. Since both numerator and denominator here are 

1/D, the effective Da/Dt becomes size independent. There is no clear evidence that the 

limit has been reached for the Hungaria family, though there are hints of it at H ~ 17 and 

greater. Conclusive evidence awaits additional data from upcoming surveys that will 

reach to larger values of H (smaller diameters). 

 

6. The Role of Yarkovsky Migration for Structure of the Hungaria Family  

Figure 5 shows that the Hungaria family has been possibly perturbed below ~1.92 AU 

heliocentric distance. Most strikingly, the tight confinement in the pseudo-proper 

inclination value for a = 1.92 AU disappears and the bulk of the family population is 

shifted by nearly one degree toward large inclination values. There is also a weaker 

“stream” of particles going down to smaller values of the pseudo-proper inclination up to 

~ 17°–18°. Either (i) the population of small asteroids migrating by the Yarkovsky forces 

interacted with weak mean-motion or secular resonances to produce this structure (in a 

similar way as in the Koronis and Eos families; see Bottke et al. 2001, Vokrouhlický et 

al. 2006), or (ii) the cluster of asteroids with a = 1.92 AU form a separate collisional 

family. Since there is no clear separate V-shape structure in the a–H projection (Figure 1) 

we a priori tend to prefer the first possibility. In order to get a glimpse whether the low-a 

end of the Hungaria family is indeed dynamically less stable and if there are dynamical 

pathways to disperse the inclination values below 1.92 AU, we constructed the following 

numerical experiment.  

We selected asteroids in the Hungaria family zone and semi-major axis values in the 

range of 1.925 AU to 1.945 AU. We numerically integrated their orbits using the SWIFT 

Figure 7  

Figure 8 
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RMVSY integrator (see, e.g., Brož, 2006). We applied a constant Yarkovsky force 

equivalent to a 0.1-0.2 km object (to speed up the computation) and let the population 

evolve for 30 My. Figures 7 and 8 summarize sample orbits that demonstrate the ability 

of the evolving orbits with initial semi-major axes of 1.925 < a < 1.94 AU to populate 

both higher- and lower-inclination zones and they migrated inward. We did not integrate 

outward since the primary goal of the exercise was to see how the high-i, low-a zone 

could be populated. Approximately 40% of the asteroids did not significantly change 

orbital inclination. About 40% (shown in Figure 7) showed a modest increase in 

inclination while the rest (about 20%, Figure 8) showed a significant decrease in orbital 

inclination. 

The dynamical reasons of these effects were not pinned down (seemingly, there is at 

least one secular resonance that affects the inclination; Figure 8). However, the fact that 

the onset of this dispersal occurs just at 1.92 AU heliocentric distance is indicative. There 

are 5-6 times more orbits lifting their inclination value than those sliding to lower-

inclination values, which is in agreement with the much more populated cluster in Figure 

5. In addition, we find that about one-third of the orbits did not significantly change in 

inclination while migrating through the 1.92 AU threshold. We believe that this can be 

reconciled by the fact that the small asteroids (0.5 < D < 2 km) that dominate this 

population should have undergone a number of YORP cycles in the estimated age of ~0.5 

Gy. As such, they would go through periods of random walking up-and-down over the 

dynamical structures below 1.92 AU and would likely diffuse to the higher inclination 

zone. Therefore, we conclude that the perturbed structure of the Hungaria family below 
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1.92 AU heliocentric distance can be reconciled with a long-term dynamical evolution 

and does not require an ad hoc hypothesis of a second collisional family.  

 

7. Conclusions 

A study of the Hungaria orbital space, located at the inner main belt and characterized 

by orbits with high inclinations and low eccentricities shows many characteristics 

common to the NEA population, e.g., both show a relatively flat distribution of spin rates 

but with an excess of slow rotators. The excess is likely due to YORP causing an asteroid 

to spin down to this state and the excessive amount of time required for YORP to reverse 

the trend and cause the asteroid to spin up again. The binary population is approximately 

15% in both populations. Since the Hungarias are not influenced by tidal encounters from 

the terrestrial planets, the mechanism for binary formation is now thought to be primarily 

YORP forces that cause an asteroid to spin up to where it sheds mass that subsequently 

becomes a satellite or, in an extreme case, a pair of asteroids that share nearly identical 

heliocentric orbits but are not gravitationally bound to one another. It is possible that 

some of the binaries within the Hungarias are the result of the family-forming event but, 

given that all binaries found to date have fast-rotating primaries, we believe that YORP 

spin up is the primary formation mechanism. 

More than 5,000 known asteroids occupy the Hungaria region with ~370 (14%) of 

them having been roughly classified as either type X/E (77%), S (17%), or C (6%). 

Claims of a large significant C-type or other low albedo population in the region are not 

supported by the available albedo data, which shows only five for fewer asteroids with 

confirmed low albedos in Hungaria space. Those classified as X-type may be any one of 
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three spectrally degenerate classes: E, M, or P. Also, the few type C objects found in 

Hungaria space using the Principal Component Analysis (PCA) method may yet prove to 

be type E; independent albedo data are required to remove the ambiguities. In the 

meantime, a flat spectrum is considered to be type E in Hungaria space since it is 

consistent with existing albedo data.  

The taxonomic data helps confirm a true family in Hungaria space. A plot of semi-

major axis (a) versus absolute magnitude (H) shows a distinctive “V” shape indicative of 

a family that has been influenced by Yarkovsky spreading where smaller asteroids have 

migrated inward or outward more than larger asteroids. Asteroids in prograde rotation 

migrate outward and those in retrograde rotation migrate inward. The dispersion width in 

semi-major axis of the collisional family, and the outward displacement of (434) 

Hungaria, known to be in prograde rotation, from the center of the “V” indicates an 

approximate age of 0.5 Gy for the Hungaria family.  

We used pseudo-proper elements to examine the Hungaria members and found strong 

evidence of a true family, as evidenced by the slope of the cumulative count versus 

absolute magnitude for those asteroids presumed to be of type E. The “background” 

asteroids outside the zone of the collisional family (Fig. 1) show a much shallower slope, 

indicative of them being “random” occupants of Hungaria space. Additional study of the 

orbital evolution for the Hungarias indicates that there has been relatively little mixing 

since the solar system assumed its current configuration and so we draw the conclusion 

that it is very likely that the Hungaria population is now essentially what it was at that 

time. 
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While a significant amount has been learned about the Hungarias, there is much work 

yet to be done. First, many more lightcurves are needed to obtain a better picture of the 

rotation rate distribution. Those lightcurves can be applied to shape and spin axis 

modeling. Given the “V” shape a-H diagram, we would expect to find that prograde 

rotation is dominant among the Hungarias with a < 1.940 AU and retrograde rotation 

dominant for those with a > 1.940 AU. The lightcurves can also be used to look for 

additional binaries within Hungaria space to confirm the percentage of binaries in 

comparison to the NEA population. Data on at least another 75-100 Hungarias is required 

to form a solid statistical sample. 

However, that number presumes data without observational biases. The current data 

set of lightcurves is biased towards brighter (larger and/or closer) members of the 

Hungarias. We are trying to coordinate with other observers who have access to larger 

telescopes in order to reduce the size-brightness bias. We also need to assure that long-

period objects are not bypassed because of time constraints. While backyard astronomers 

often have the luxury of time, those with access to larger telescopes often do not and so 

cannot do sufficient follow up on more difficult targets. We urge those with access to 

“mini- and micro-telescopes” (≤ 2 m) to contact the corresponding author in order to 

coordinate efforts to obtain lightcurve data as quickly and efficiently as possible while 

maintaining quality and bias control over the data.  

Additional taxonomic and/or albedo data are needed to confirm assumptions based on 

SDSS-to-SMASS spectroscopy. When surveys such as Pan-STARSS and LSST 

accumulate sufficient data, it may be possible to expand the number of classified 
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Hungarias considerably using either an approach similar to Nesvorný et al. or other 

methods and so do a more thorough analysis of taxonomic and dynamic characteristics.  

The Hungarias may represent one of the best “laboratories” for exploring the 

formation and evolution of the solar system. What we have presented here reflects just 

some of what has been learned so far. However, there are still many discoveries to be 

made about both the Hungarias themselves and what they can tell us about the solar 

system as a whole. 
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Figure Captions 

1. Hungaria-population asteroids projected onto the plane of absolute magnitude versus 

proper semi-major axis (~5,000 objects). The curved lines show our assumed 

Hungaria-family zone where the highest concentration of the objects is located; it also 

correlated with the concentration of objects in Fig. 5. (434) Hungaria itself (dark 

triangle) is displaced outward with respect to the symmetry axis of the zone delimited 

by the curves by about 0.0045 AU. Yet, with the estimated 10 m/s characteristic 

dispersal velocity, we would expect it that it would initially fall within the ± 0.001 

AU distance from the centre (vertical gray zone). We interpret this displacement as an 

accumulated drift due to Yarkovsky forces on (434) Hungaria. 

 

2. The 129 asteroids in the Asteroid Lightcurve Database (LCDB) that have statistically-

useful rotation rates plotted as count versus rotation frequency (d-1). An excess of 

slow rotators (f < 1 d-1) stands out from the rest of the population, which shows a 

relatively uniform distribution through ~ f = 10 d-1.  

 

3. Similar to Figure 1, this plot includes only those asteroids with a taxonomic 

classification based on Tholen, SMASS II, or Nesvorný et al. 367 asteroids are 

included, with 77% of them being of type X/E (dark circles), 17% being type S (gray 

triangles), and 6% of type C (dark squares). The vertical line represents the center of 

the collisionally-derived family, the largest member of which, (434) Hungaria (a ~ 

1.944, H = 11.46), is located never the vertex of the “V” but displaced slightly 

outward. The larger symbols (almost all H < 14) represent those asteroids for which 
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rotation rates have been determined and included in the Asteroid Lightcurve Database 

(LCDB). 

 

4. A plot of the number of objects with a given rotation frequency (d-1) based on the two 

broad spectral classes shows little differences and the same excess of slow rotators 

seen in Figure 2. Since there are only 42 asteroids included, the sample is too small to 

draw any reasonable conclusions.  

 

5. Pseudo-proper orbital elements for about 5,000 Hungaria type asteroids determined as 

mean values of the osculating elements over the integrated 10 My time interval. The 

members of the Hungaria family are best seen as a dense concentration of asteroids 

around the inclination value of ~ 20.5°. (434) Hungaria is shown as a large dark 

triangle at a ~ 1.944 AU. 

 

6. Cumulative magnitude distribution N(<H) for modeled background population in the 

Hungaria region (top) and the Hungaria family (bottom). We picked the interloper 

background objects using a Monte Carlo scheme using 20 different simulations for 

each case. See the text for details on how the background population count was 

determined. Approximating N(<H) using a power-law model N(<H) ≅ 10
γH

, the 

straight lines in both panels, we obtain approximate values of the γ parameter. For the 

Hungarias, we consistently obtain γ ≅ 0.62 in the range 14 < H < 17, independent of 

the interloper percentage. This is fairly a well-established value for many asteroid 

families (steeper than Dohnanyi slope). Since the background is a minor component 
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compared to the Hungaria family, the assumed interloper fraction affects the slope 

value, which we found to be 1-3° for H > 17. Our simulations lead to γ ≅ 0.21 for the 

background population. 

 

7. Evolutionary tracks of 114 Hungaria-family asteroids projected onto the planes of 

pseudo-proper orbital elements (dark lines; mean values computed in a 1 My running 

window). The black dots in the background are asteroids in the observed Hungaria 

family. The integrated objects were selected such that they initially started with semi-

major axis values of 1.925 < a < 1.945 AU in the Hungaria family region. We applied 

a constant Yarkovsky force corresponding equivalently to a 0.1−0.2 km object (to 

speed up the computation) and let the population evolve for 30 My. The selected 

orbits, with initial pseudo-proper inclination values of 20° − 21°, increased by about 

one degree, i.e., to 20.75° – 21.75°. 

 

8. The same as in Fig. 7 but now the 30 displayed orbits follow an evolution that drags 

their final pseudo-proper inclination values into the 18° – 20° range. We suspect that 

this change was produced by effects of as yet to be identified weak secular resonance. 
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