Large coherent asteroid 2001 OE84
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abstract

Photometric and spectral observations of Amor asteroid 2001 OE84 made from October to December 2001 revealed that it rotated with a synodic period of 29.1909 ( 0.0001 min, indicating that it is a body with non-zero global tensile strength.  Its spectrum reveals an S-type.  Its mean absolute magnitude is 18.31 ( 0.16. Assuming geometric albedo pV of 0.18 typical for S-type asteroids, its mean diameter is 0.7 km.  It is the single known asteroid with non-zero tensile strength in the size range D>0.2 km.  Its lightcurve is consistent with a principal-axis rotation that is expected with its estimated damping timescale of excited rotation on the order of 1 Myr which is shorter than its probable age. Its spectrum has an average slope and an average 1-micron absorption band for similarly sized NEAs, suggesting that the ability to retain regolith particles of sizes of order 1-micron and larger is not substantially affected by rotation at the rate found for 2001 OE84.

1. INTRODUCTION 

Most asteroids between 0.2 km and ~100 km in size are believed to be  gravitational aggregates of loosely consolidated material (see [1]  for recent review of the evidence).  The distribution of their rotation rates is cut at the characteristic rotation rate of 12 rot/day, corresponding to the rotation period of 2.1 h, which is the critical spin rate for strengthless aggregates with bulk density ~3 g/cm3 held together only by self-gravitation ([2], [3], [4]). Only very small asteroids, less than 0.2 km in size, were found to be mostly coherent bodies as their rotations are mostly faster than the critical spin rate (see [4] and references therein). No asteroid larger than ~0.2 km was known to rotate faster than the critical spin rate before October 2001 when we discovered that 2001 OE84, the Amor asteroid with mean diameter ~0.7 km, rotates so fast that it cannot be a strengthless aggregate and must be a coherent body held together by internal strength, the first known object of this kind among asteroids larger than 0.2 km.

2.  OBSERVATIONS AND ANALYSIS

The asteroid 2001 OE84 was observed within the regular Near-Earth Object Photometry Programme ([5] and references therein) at the Ondřejov Observatory on four nights of 2001 October 15.1, 16.0, November 15.8 and December 9.7. Spectrum for 2001 OE84 was obtained at Palomar on 2001 October 23.4 UT. The observational circumstances are summarized in Table 1.
Table 1. Observations

	UT

2001
	Dist

(AU)
	R

(AU)
	Phase

(deg)
	Int. Time

(sec)
	Cov.

(min)
	Num.

Of Pts
	r.m.s.

res.

(mag)

	Oct. 15.1
	0.234
	1.204
	25.3
	130
	214
	54
	0.020

	Oct. 16.0
	0.233
	1.203
	24.9
	130
	66
	28
	0.019

	Oct. 23.4
	0.226
	1.201
	22.1
	
	
	
	

	 Nov.15.8
	0.252
	1.227
	17.2
	120
	108
	38
	0.018

	Dec.  9.7
	0.344
	1.302
	19.9
	90
	67
	41
	0.036


The lightcurve observations have been analyzed using the Fourier series fitting technique described in [6].  The synodic rotation period was estimated to be 29.1909 ( 0.0001 min. The maximum possible synodic-sidereal difference was estimated from the apparent motion of the PAB to be (0.001 min. The composite lightcurves of 2001 October 15.1-16.0, November 15.8, and December 9.7 are plotted in Fig. 1.  The curves are the best fit Fourier series to the data with the maximum significant orders (7, 6, and 4, respectively). The 2001 October 15.1-16.0 data were absolutely calibrated (Cousins R) with error of 0.02 mag, the other two lightcurves are R observations on a relative scale. The observed total and 2nd harmonic amplitudes, respectively, were 0.60 and 0.43 mag on October 15.1-16.0, 0.55 and 0.37 mag on November 15.8, and 0.34 and 0.24 mag on December 9.7. While the decrease of the amplitudes from October 15.1-16.0 to November 15.8 could be due to the phase effect (note the decrease of phase angle in Table 1), the lower amplitude of the December 9.7 lightcurve indicates that the asteroid’s aspect was closer to pole-on on that date than in mid-October to mid-November 2001. The mid-October and mid-November amplitudes indicate that the asteroid's figure is at least moderately elongated with the equatorial axis ratio a/b (1.4. The r.m.s. residuals of the best-fit Fourier series are consistent with observational errors, that is consistent with a single-periodic, principal axis rotation that is expected with its estimated damping timescale of excited rotation on the order of 1 Myr which is shorter than its probable age (see [7]).
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Fig. 1. Composite Lightcurves

We have measured a spectrum of 2001 OE84 with the 5-m Hale telescope at Mt. Palomar, Fig. 2. It is an S-type with an average spectral slope and an average 1-micron absorption band for near-Earth objects having a similar absolute magnitude (derived below). It appears that the ability to retain regolith particles (at sizes of order 1-micron and larger, which are responsible for visible light reflection) is not substantially affected by rotation at the rate found for  2001 OE84.
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Fig. 2. Spectrum of 2001 OE84
From the calibrated data of 2001 October 15.1-16.0, we have derived the mean R(1,25 deg) = 18.89 ( 0.02. (See [5] for the definition of the mean R.) Assuming the phase parameter G = 0.23 ( 0.11 (the range for S-types, [8]), we have estimated the mean absolute R magnitude HR = 17.83 ( 0.16. From the spectral slope of 0.1028/100 nm derived from the spectrum, we obtained its color index V-R = 0.48. Thus, the estimated mean absolute V magnitude is H = 18.31 ( 0.16. Assuming the geometric albedo pV = 0.18 typical for S-types, we have estimated the mean diameter of the asteroid of  0.7 km.

3. CONCLUSIONS

The 0.7-km mean diameter superfast rotating asteroid 2001 OE84 is a unique object. It is the single known coherent asteroid  larger than 0.2 km, see Fig. 3.
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Fig. 3. Distribution of rotation rates of  987 asteroids

From the available data, we cannot tell how it originated. It  is possible that it is an unusually large coherent fragment of a larger parent asteroid, created during collisions.  Further studies could reveal how rare/abundant such large coherent asteroids are and what conditions must be fulfilled for them to be created and survive long enough to be observed as large superfast rotators.
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