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The near-Earth asteroids 1999 AP10, 2000 TO64,
2000 UJ1, 2000 XK44, 2001 MZ7, 2003 QO104,
2005 RQ6, 2005 WJ56 and 2009 UN3 were observed by
the authors between 2008 January and 2010 February at
Salvador (Bahia, Brazil), Mayhill (New Mexico, USA)
and Moorook (South Australia, Australia) to determine
their Johnson-Cousins BVRI colors and from those,
provide an estimate of the Tholen taxonomic
classification. From our colors, we found that
1999 AP10, 2000 TO64, 2000 UJ1, 2000 XK44 and
2003 QO104 are probably S-complex members. We
reanalysed our previous observations of 2005 WJ56 and
confirmed a classification as an X type. The latter results
agree with the classifications made by other research
groups. We propose that 2001 MZ7 is a G type from its
presented colors and G parameter. 2005 RQ6 and
2009 UN3 have colors more similar to Q-types.

The near-Earth asteroids 1999 AP10, 2000 TO64, 2000 UJ1, 2000
XK44, 2001 MZ7, 2003 QO104, 2005 RQ6, 2005 WJ56 and 2009
UNS3 were observed between 2008 January and 2010 February at
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Salvador (Bahia, Brazil), Mayhill (New Mexico, USA) and
Moorook (South Australia, Australia). The characteristics of the
telescopes used and observation sites are shown in Table 1. Our
goal was to estimate, if possible, the B-V, V-R and R-I colour
indexes, H and G parameters and from the asteroid’s colors doing
an estimative of the Tholen taxonomic classification.

All science images obtained in Salvador, Mayhill and Moorook
were corrected with bias, dark, and dome or sky flat-field frames.
Photometric calibration was done using 2MASS stars in the
asteroid’s field. The 2MASS J-K field star color index were
converted to the equivalent V magnitude and B-V, V-R and R-I
index of the Johnson-Cousins system using the transformation
equations from Warner (2007) and Gary (2008). The color
transformation coefficient between the instrumental and Johnson-
Cousins photometric system were calculated using definitions by
Gary (2006) in every observation session using no less than 10
stars in the asteroid’s field. Only stars with near-solar colors were
used to calculate the asteroid color index or obtain their apparent
magnitudes. To improve the SNR of the asteroids and comparison
stars, we summed images using the IRIS V. 5.52 program.

The taxonomic classification method used in this work is based in
the use of two-color diagrams involve the color indices of Tholen
classes and the object as used by Dandy et al (2003). Our color
index estimates and Tholen taxonomic classifications are
summarized in Table II. For an ambiguity in the classification, we
list first the type with better color compatibility with the mean
Tholen class. This color compatibility was determined using the
L1 norm, which was used due to its robustness.

1999 API10. 1999 AP10 was classified as an S-complex member
(L) in the SMASS II taxonomic system using visible long-slit
spectra (Hicks and Lawrence 2009). We observed this object in
Mayhill in 2009 September 27.23 UT (0=26.2"), obtained 16
images of 60s of exposure in B, V, R and I filters. We found B-
V=0.859+0.002, V-R=0.459+0.001 and R-I=0.395+0.002,
matching the S-type.

2000 TO64. 2000 TO64 was classified as S-complex member (Sq)
in the SMASS II taxonomic system using visible long-slit spectra
(Hicks and Lawrence 2009). We observed this object at Mayhill in
2009 November 07.11 UT (a=56.4%). We obtained 12 images of
60s of exposure in V, R and I filters. We found V-R=0.485+0.003
and R-1=0.379+0.03. Our colors match the S-type.

2000 UJ1. 2000 UJ1 was classified as S-complex member (S) in
the SMASS II taxonomic system using visible long-slit spectra
(Hicks and Lawrence 2009). We observed this object in Mayhill in
2009 November 06.12 UT (a=56.4), obtained 12 images of 60s of
exposure in V, R and I filters. We found V-R=0.474+0.002 and
R-1=0.38140.005. Our colors match the S-type.

2000 XK44. 2000 XK44 was classified as an S-complex member
(S) in the SMASS II taxonomic system using visible long-slit
spectra (Hicks and Lawrence 2009) and by BVRI colors (Hicks et
al. 2010). We observed this object at Mayhill in 2009 November
05.29 UT (0=15.7"). We obtained 16 images of 60s of exposure
in B, V , R and 1 filters. We found B-V=0.87+0.03,
V-R=0.481+0.006 and R-I= 0.27+0.01. Our colors matched an

RS-type (Fig.1).

2001 MZ7. 2000 MZ7 was classified as X-complex member in
the SMASS II taxonomic system using near-infrared spectra
(Lazzarin et al., 2005). We observed this object at Mayhill and
Moorook (G6) in 2010 January 12.33; 16.33; 21.64 and 24.62

Minor Planet Bulletin 37 (2010)

© Minor Planets Section of the ALPO ¢« Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/2010MPBu...37...95B

BI

rFZ010VPBUL ~.737- 7. 95

96

UT, obtained 64 images of 60s of exposure in B, V , R and |
filters. From our data, we obtained mean colors B-V=0.74+0.02,
V-R=0.37+0.02 and R-I= 0.45+0.02. Using A. Harris’ FAZ
routine within the Canopus program to determine asteroid’s H-G
system parameters (Bowell et al. 1989), based on our V apparent
magnitudes at various phase angles (8.9 to 20.4 degrees), we
found Hy = 15.0+0.1 using G=0.15. When both values are allowed
to “float”, the results are Hy = 14.93+£0.06 and G=0.1240.06
(fig.2). Both H estimates are consistent with a value of H =
14.8+0.8 reported in the JPL Small-Body Database Browser. Our
mean colors and G value (see Warner, Harris and Pravec., 2009)
don’t agree with a X-complex member classification for this
object. We propose a new classification as a Tholen’s C-complex
member (GC) and, with more color compatibility, a G type, and
we also recommend a search for hydration bands in the visible
(=0.7um) and NIR (=3pm). (See Rivkin et al. 2001.)

2003 QO104. 2003 QO104 was classified as S type by M. D.
Hicks (see Benner, 2009). This object has a synodic rotation
period of 114.4+0.1h and lightcurve amplitude of 1.60+0.04 mag
(Warner et al. 2009). We observed this object at Salvador in 2009
June 19.99 UT («=70.1%) and obtained 24 images of 40 and 60s of
exposure in B, V and R filters. We found B-V=0.88+0.02 and V-
R=0.4540.02. Our colors agree with a S or R Tholen type.

2005 RQ6. We observed this object at Mayhill in 2009 November
06.29 UT (0=12.8%), and obtained 12 images of 180s of exposure
in V, R and I filters. We found V-R=0.423+0.005 and
R-1=0.33+0.02. Our colors match consistently with a Q Tholen
type. Using our data, we found apparent magnitude
V.=15.534£0.02 at 07:07 UT. This value has excellent agreement
with the Minor Planet Center (MPC) ephemerides value with
<1% error. Using the H-G system and our V apparent magnitude,
we estimate a Hy value for 2005 RQ6. Assuming G=0.2+0.1
(Warner, Harris and Pravec 2009), this yields Hy=19.22+0.05.
This H estimate is consistent with a value of H = 18.9£0.5
reported in the JPL Small-Body Database Browser. As the mean
reduced lightcurve amplitude of an analysed NEA sample is 0.29
mag. (Binzel et al., 2001) and that our Hy isn’t a mean value over
a whole rotational cycle, we can conclude that our absolute
magnitude estimate supports the 2005 RQ6’s JPL Small-Body
Database’s H value.

2005 WJ56. 2005 W56 was classified as a X (Xk) type by M. D.
Hicks (Benner 2008; Somers et al. 2008) and after as E type by M.
D. Hicks and V. Reddy (see Benner et al. 2009) in the context of
X type complex (Clark et al., 2004). In our previous work (Betzler
et al., 2008), we classified this object as a P type based on its high
visible spectral slope and our estimate of H absolute magnitude. In
our data processing, we used b and r USNO A2 magnitudes to
obtain the Johnson-Cousins B-V, V-R and R-I field star and
asteroid colors. However, this b and r magnitude has a typical
error of 0.1 mag and with the use of conversion equations to
obtain the stars’s colors and magnitudes, high random and
systematic errors were propagated in our asteroid color indices.
Therefore we reanalyze our data obtained in Salvador on 2008
January 08.02 UT (a=26.1%. We found B-V=0.698+0.001,
V-R=0.428+0.001 and R-I=0.407+0.001. Our colors match with
the X-type.

2009 UN3. 2009 UN3 has a synodic rotation period of 4.1h and
0.4 mag. of lightcurve amplitude, reported by Polling et al. and
classified as a S type by Hicks, Barajas and Shitanishi (see
Benner., 2010). It was observed in Moorook (G9), in 2010
February 05.55 (0=73.5%), and 06.58 UT (a=68.3%). We obtained
12 images in B and V filters at February 05th and 16 images in

B,V, R and I filters in the second observation session. All images
were obtained with 15s of exposure due to the fast angular
movement of this object (>20”/min) in order to avoid excessive
trailing. In our first observational session, we obtained
V=14.47+0.03 and B-V=0.771£0.009. On 2010 Feb 06, we
obtained V=14.12+0.02, B-V=0.771+0.005, V-R=0.47+0.02 and
R-1=0.266+0.005. The object’s colors in the second observational
session suggest that the object may be a QR-type, slightly favoring
a Q type. Using the H-G system and V apparent magnitudes, we
found a mean Hy and diameter, respectively, equal to 18.6+0.1
and 570+40 m. In order to obtain these estimates, we used mean G
and albedo of intermediary taxonomic classes as defined by
Warner, Harris and Pravec, (2009). Our measured 2009 UN3
colors, absolute magnitude and diameter agree with Hicks et al
(2010b) estimates.
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. Classification
Object B-V V-R R-I (Tholen)
1999
AP10 0.859+0.002 | 0.459+0.001 | 0.395+0.002 S
2000 Not
TO64 Measured 0.485+0.003 | 0.379+0.03 S
2000 Not
Ul Measured 0.474+0.002 | 0.381+0.005 S
2000 0.87+0.03 0.481+0.006 0.27+0.01 R
XK44 ) ) ) ) ) )
2001 0.744+0.02 0.37+0.02 0.45+0.02 G
MZ7 ) ) ) ) ) )
2003 Not
Q0104 0.88+0.02 0.45+0.02 Measured SorR
2005 Not
RQ6 Measured 0.423+0.005 0.33+0.02 Q
2005
WIs6 0.698+0.001 | 0.428+0.001 | 0.407+0.001 X
20091 77140.005 | 0.47£0.02 | 0.26620.005 Q
UN3 ) ) ) ) ) )
Table II. Summary of this work’s NEA’s color indices and likely

taxonomic classifications.
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Figure 1. Plot of the B-V versus V-R of typical Tholen taxonomic types

colors and the colors obtained in this work (BT) and by Hicks et al.

(2010) (HC) for 2000 XK44. “S”, “A” and “C” are, respectively, the S, A

and C types mean colors, with typical uncertainties of +/- 0.03 mag.

Figure 2. Plot of the reduced magnitude of 2001 MZ7 versus the phase
angle. The solid black line corresponds to a curve with G=0.12+0.06
and the red line to G=0.2(0.15)+0.2. The reduced magnitudes have
~0.01 mag. of error.
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