PHOTOMETRY OF THE TRANS-NEPTUNIAN
OBJECTS (47171) TC,,, (50000) QUAOAR
AND (84922) VS,

V. lvanoval, G. Borisov?, I. Belskaya?®

1)Institute of Astronomy, Bulgarian Academy of Sciences, 1784 Sofia, 72, Tsarigradsko Chossee blvd. , Bulgaria
2)Astronomical Institute of Kharkiv University, Sumska str. 35, Kharkiv 61022, Ukraine
3)Observatoire de Besancon, 25000 Besancon, France

Abstract

Broadband CCD photometry of three Trans-Neptunian Objects (47171) 1999 TC36, (50000) Quaoar and (84922) 2003 VVS2 were carried out in 2004 with 2m RCC telescope
of the Bulgarian National Observatory — Rozhen. For the first object the period of rotation, lightcurve and amplitude were determined. For the second object we derived its
rotational period and amplitude. The period of 50000 Quaoar was derived on the base of a partial lightcurve coverage. Observations of (20000) Varuna were made also for studying
its oppositional effect. The results are described in the poster by Belskaya et al. presented at this symposium. The results of our observations are discussed and a comparison is made
with the available data for these objects.

1. Instrumentation ponent is 2.7+0.1 with the orbital period of 7640+460 hours Fig 2. Observations and lightcurve of 50000 Quaoar and refer-
. o . (Margot et al. 2004). Previous lightcurve observations ences stars obtained on June 11, 2004
The study of Kuiper belt population is of great interest (pejxinho et al. 2002; Ortiz et al. 2003a) revealed a small e, o

since they have undergone only slight changes from the time amp|itude less than 0.1 mag. In one of the observing run (Sep-
of their formation in the solar nebula. The study of their gmper 2001) a periodic signal was detected with a period of
nature and interrelations with classical small bodies is very g 21+0.02 hours (Ortiz et al. 2003a) while previous observa- b
important for a complete u_nderstanding qf the mecha_nisms tions in September 2000 (Peixinho et al. 2002) and in Au-
of the Solar System formation and evolution. A coordinated gust 2001 (Ortiz et al. 2003a) did not reveal any periodicity. b e
programme of photometric and polarimetric observations = \ye gbserved this object on October 8, 2004. During the PSS | " " X

of distant small bodies was started between Bulgaria and gpservations a binning 2x2 was used and resolution was
Ukraine, respectively Institute of Astronomy with National 0.726”/px. At the beginning of the observation the seeing
Astronomical Observatory — Rozhen, Bulgarian Academy \yas 3”-4” and an exposure time of 180 sec was used. During 2.3. Object (84922) 2003 VS,

of Sciences and Institute of Astronomy, Kharkiv Univer- the night the seeing was improved. Near the end of the night . )

sity. The goal of this informal collaboration is to enlarge e seeing has improved to 2 and the exposure time was The observations of TNO 84922 were made during 4.4
observational data on physical properties of objects from gecreased to 120 seconds. Object drift rate during the inte- hours on November 2004. The resolution was 0.363". The
different dynamical groups of small Solar system bodies, gration was less than 0.2 arcsec. Fig. 1 shows the observed Seeing during the observation was ranged from 1.4 arcsec to
namely distant asteroids, short-periodic comets, Cenraurs |ightcurve of 1999 TC36 on October 8, 2004 and measure- 2-3 arcsec. The exposure time was 300 sec and the drift rate
and Kuiper Belt objects and to support the progress in theo- ments of two reference stars. The shift of the magnitude at during the integration was 0.32 arcsec. Unfortunately, our
retical modeling of the Solar system formation and evolu- near 20 hours in UT clearly seen for the stars is connected OPservations did not reveal any confidence lightcurve fea-
tion. We would like to mention that this scientific coopera- with the change of exposure time. Both reference stars show Ures (see Fig. 3).

tion is without any additional funding, but we think the be- {he same magnitude behaviour with a random scatter which The derived amplitude is 0.593+-0.064m. These are the first
ginning is encouraging. The first results are presented at characterized an accuracy of our observations. In the same data for period determination of this object. The lightcurve is
this symposium intwo posters, this one and one by Belskaya tjme the changes in object’s magnitude are considerably larger double picked with one maximum higher than other and
etal. and exceed 0.7 mag. Taking into account that previous ob- minima deeper than the other. The differences between them
servations revealed very low lightcurve amplitude the large 8 0.085mag. and 0.174mag respectively. The period de-
amplitude detected by us can be probably explained as caused "ved by us is of 5.3117-+0.2000h.

The observations were made with the Carl Zeiss Jena 2m Py mutual occultations/eclipses events of the binary body.

Ritchey-Chretien-Coude (RCC) telescope of the Bulgarian The obtained lightcurve resembles long-period lightcurves Fig 3. Observations and lightcurve of (84922) VS32 and refer-

National Astronomical Observatory — Rozhen (A=1h38m52s, Of binary asteroids with a deep primary minimum and a flat oo e star obiained an/ovember'8; 2004

@=+41°43" and latitude of 1750m). A Photometrics CE200A- secondary one (e.g. Pravec et al. 20_00)._ Further observat_ions o =
SITe, backside illuminated CCD camera was used. The size Of 1999 TC36 are needed to confirm its complex rotation. T
of the chip is 1024x1024px and 1px=24um. The field of view I . ]
was 5°x5” with a resolution of 0.726”/pix in binning and ) ) g IR B
0.363"/px in the normal mode. The observations were made Fig 1. Observations and Ilghtcurve of (47171) TC36 and refer- 3 e . B
in the standard Johnson-Cron-Cousins R filter. The images o f?fisﬂitiﬁ:bmmed on October 8(‘”"2‘281
were bias-subtracted, for this purpose master biases were "~ — ] B o T
used (Howell, 2000). Then the images were flat-fielded by “F™" i, =54 tntn, |
using the median of a set of five images, taken at the twilight §%
sky. F
For the photometric reduction an aperture photometry was : F A .
carried outpusing CCDPHOT softwa?e (Buig 1998) I?gr all . . 1 Neptunian objects made with 2m telescope of the Bulgarian
. . ’ . b3 % 5 0 e e National Astronomical Observatory — Rozhen. These test ob-
gggcfl'_sl:?ebzgirt#orenvéas agsst.blttrgtlt\tI:; 3&2\:’? Sazagqegazf :23 ' servations have shown some interesting features, in particu-
ina .ring aroung thue ob\jI;ct v:ith radius froml 2\’; 1050 p)l: lar a possible detection of occultation/eclipse events in the
In Table 1 the aspect data during observations are pre- “ghé;igjeoif :L::af‘:’ryst-gypoe rggigtzelslﬁ -trocliqep ety
f\?r':teg'f :)tblggrl\l;:t?(s):satz Ofa?:rifl;xzﬂgrrsnzn(rj\iLtJuL:t\}hguer?i?r; 2.2. Object 50000 Quaoar serving method and to continue systematic observations of
4 » 8pD d ’ TNOs lightcurves.

of observations, heliocentric (r) and geocentric (A) distances  The trans-Neprunian object 50000 Quaoar belongs to the

2. Observations and data reduction

3. Conclusion

We present the first lightcurve observations of three trans-

and solar phase angle (o). classical disk population. It is one of the largest TNOs with Rer
estimated diameter of 1260 km from disk-resolved images S ETCes
Table 1. Date and observing circumstances taken at HST with albedo of 0.1 (Brown & Trujillo, 2004). .
object Date, UT start | APparent |Duration | oy | o Its lightcurve observations were carried out in 2003 by Ortiz 4A1It5en7r;iff77\l5\/ JiiBertoldiz i IMERTEN K IM-200:4 eA
! i mag (V) | (hours) | i " | etal. (2003b) and revealed a double-picked period of 17.6788 > ' 70 - - .
27171 (1999 TCx) | 8 Oct 2004 19.67 772[3L0747| 300980039 |y e lightcurve amplitude of 0.13+0.03 mag. The Brown, Michael E.; Trujillo, Chadwick A. 2004. AJ 127,
18:15 . . U e 2413-2417.
S0 Gt [ e 008 5 sirl s asani| oz ;Jigj:ct drift rate was less than 0.2 arcsec during the integra- Buie, M. W., 1998 July 21
21:05 ' . - http://www.lowell.edu/users/buie/idl/ccdphot.html
84922 (2003 VS,) 9 Nov 2004 19.55 4.422 | 36.4302 | 35.4808 0.45 An ampIItUde Of the ObSerVe.d part Of _Quaoar S Ilght- HO?NE” S B 2000 Handbook Of CCDpAStronom Cam_
17:58 curve is about 0.2 mag (Fig. 2) which is consistent with pre- bridae U . P ' Y.
vious observations (Ortiz et al. 2003b) within their observa- l\;II ge : ntw.l 280584 DPS "
2.1, Object (47171) 1999 TC,, tional scatter. However our observations seem to contradict &+ 90t €& ) meeting.

to a long rotation period. For the rotation period of 17.68 Ortiz, J. L; Gutie'rrez, P. J.; Casanova, V.; Sota, A. 2003a.

The trans-Neptunian object (47171) 1999 TC36 belongs hours the observed part of lightcurve covered only 20% of A&_ 40, 1149'11.55,'
k < X : : f . . Ortiz, J. L.; Gutie'rrez, P. J.; Sota, A.; Casanova, V.;
to the dynamical class Plutinos. Its diameter is about 609 km rotation cycle. Since both the lightcurve maximum were 0b- -t 4 2" "B % 00a "0 A'400 | 13116
(Altenhof et al. 2004). This TNO has been found to be a Served judging from the obtained amplitude it means that T : ; .

binary (Trujillo&Braun 2001) with a magnitude difference OUr observations covered a lot more than 20% of rotation PTG, (N5 [REICEVITGITENT, (8 (RS- SR,
between components of about 2 mag. The estimated ratio of Cycle and thus, the rotation period of Quaoar seems to be 2002 New Astronomy 7, 359-367.
p v g. L ' ' Pravec et al. 2000. Icarus 146, 190-203.

the primary component radius to that of the secondary com- Shorter. Trujillo, C. A.: Brown, M. E. 2002. IAUC 7787.



