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THE FIRST RESULTS OF THE PHOTOMETRIC OBSERVATIONS
OF SELECTED ASTEROIDS ON KT-50 TELESCOPE
OF MOBITEL COMPLEX OF Rl «<MAO»

The first results of asteroid photometric observations using the KT-50 telescope of Mobitel complex (Rl “MAQ”) in 2016
have been presented. Asteroids were selected based on the NEOWISE infrared survey, SDSS MOC-3 catalog of moving
objects, and MPC database. The selected asteroids have a relatively high albedo (pV > 0.2) and are located in the Outer
Main Belt(semi-major axis a >0.28 a.u.). The observations were made using a filter close to the Rc standard band of Cousins
system. Standard deviations of the instrumental differential magnitude measurements range within 0.01™ — 0.03™ for
10m—15.5™ reference stars. The light curve based on the results of the differential aperture photometry has been obtained
from long series of observations of (2144) Marietta asteroid.
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Photometric observations of asteroids contain
information about the asteroid physical character-
istics, such as rotation period, surface shape, che-
mical composition of the surface, etc. For the time
being, according to the Minor Planet Center (MPS),
robust and reliable light curves have been availab-
le for only a little bit more than 11 thousand out
of more than 720 thousand discovered asteroids.
Among them, only about 200 asteroids have full
light curves and photometric observations that en-
able obtaining the light variation dependence on
phase angle. For most of the observed ranges of
phase angles, the asteroid phase curves show a lin-
ear light variation within the range of phase angles
from 7—10° to 20—25° and a nonlinear increase in
light at angles less than 5—7° due to the so-called
opposition effect [1, 2]. The opposition effect can
characterize the physical properties and the chemi-
cal composition of the asteroid surface [2, 3].

Until recently, the research activities at the
Research Institute «Mykolaiv Astronomical Ob-
servatory» (RI «MAO») has been focused main-
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ly on observing and determining precise positions
of the Solar system bodies, including the astero-
ids. Specialized photometric observations and
their processing for studying the optical proper-
ties of asteroid surface and the physical charac-
teristics is a new direction of research.

In 2011, RI «MAO» designed and launched a
KT-50 telescope of Mobitel complex and started
regular astrometric observations of asteroids with-
in the framework of various programs (determina-
tion of mass of several large asteroids and the Yar-
kovsky effect for small asteroids, alert observations
of asteroids, including the NEA, etc.). The analysis
of astrometric processing has showed a high intrin-
sic accuracy (better than 0,1") of asteroid position
measurements by both coordinates for the objects
within 15—17 star magnitudes [4, 5]. The KT-50 te-
lescope is equipped with optical filter close to the
standard band R_ of Cousins system, which enables
photometric observations. Since 2015, trial photo-
metric observations of asteroid and photometric
standard stars have been carried out for elaborating
a method for specialized observational techniques
and study of instrument photometric system.
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INSTRUMENTATION AND EQUIPMENT

The Mobitel complex was designed at RI «MAO»
under supervision of Shulga, A.V. [6]. The KT-50
telescope (D=500 mm, F = 2975 mm) has a CCD-
camera Alta U9000 (3056x3056, 12x 12 pm?) ma-
nufactured by Apogee Instruments Inc, which enabl-
es to get images with a field of view of 42.4'x42.4'
and a scale of 0.832"/pix. The camera has a me-
chanical shutter that may be triggered by external
sync pulse. This system has made it possible to get
simultaneously with the object a quite large number
of reference stars for reliable reduction in modern
catalogs. The specific feature of observations is the
use of time delay integration (TDI) mode for all ob-
servations. The exposure was selected in such a way
as to achieve a signal-to-noise ratio (SNR) of, at
least, 25 based on the apparent magnitude present-
ed in HORIZONS ephemeris system (JPL, USA).
In 80% of cases, the duration of exposure was 120 s,
which gave a frame size of 3056 x980 pixels and a
field of view of 42.4'x13.5". A Trimble Resolution-T
GPS-receiver was used to peg to the time scale.

For the time being, the telescope has been equip-
ped with only one optical glass OC-14 (GOST
9411-91) filter. The filter provides a passband
close to that of R standard filter of the Cousins
system. The filter’s transmission curve [7], atmo-
spheric transmission, reflection on aluminum, and
sensitivity of CCD camera Alta U9000 taken from
the technical specifications are showed in Fig. 1.
The normalized transmission curves of resulting
instrumental band and R_ filter of Cousins system
standard passband [8] are presented in Fig. 2.

Table 1 compares the characteristics of the KT-
50 telescope instrumental system and the R_filter
of standard Cousins system [9].

METHOD AND SOFTWARE
FOR THE MEASUREMENTS

The obtained images were processed using GAIA
(Graphical Astronomy and Image Analysis Tool,
version 4.4.6) software developed within Starlink
project [10]. This software operates in Linux and
enables working with user’s scripts. The program
performs reduction of photometric measurements
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Fig. 1. Curve of reflection in aluminum (dot), atmospheric

transmission curve (dot and dash), Alta U9000 CCD matrix

sensitivity curve (dash and dash) and transmission curve of
selected optical filter OC-14 (solid line)
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Fig. 2. R standard Cousins filter transmission curve (solid
line) and resulting transmission of instrumental system
(dash and dash)

Table 1
Parameters of Instrumental
Photometric System of KT-50 Telescope
and R_Filter of Standard Cousins System

Instrumental R filter of standard
system Cousins system
A, gy I 707 641
AL, nm 224 158
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of object’s brightness taking into account expo-

sure, aperture, and gain. The images of objects and

reference stars were measured by the aperture pho-
tometry method.

The next scripts were developed to batch pro-
cessing of the following stages:

+ sequential measurement of brightness of the se-
lected object and average background around
the object with different apertures;

+ selection of aperture and background for get-
ting the highest SNR in order to reduce the er-
ror of instrumental magnitude calculations. The
algorithm for calculating background for each
object is relatively uninfluenced by other ob-
jects. The aperture adjustment makes it possi-
ble to adjust all measurements for a small bias
depending on the object brightness.

The initial identification of the stars in images
was done using Astrometrica software package
[11] in the UCAC-4 reference catalog [12]. This
catalog contains information about the 5-band
(B, V, g 1, and i) photometry from APASS (AAV-
SO Photometric All-Sky Survey) catalog for more
than 50 million stars. The identified stars across
all frames were recognized using the script, with
only the stars featured in each frame used as refer-
ence stars to determine the object brightness.

RESULTS AND ANALYSIS

The 2144 Marietta (1975 BC1) asteroid was
observed in 2016 for six nights. About 200 frames

with images of the object and reference stars were
obtained. Table 2 contains statistical data by se-
ries of the asteroid observations.

For each series of observations light curves in
the instrumental band were built both for the ref-
erence stars and for the object studied. The stars
with variable brightness that has not manifested
itself on other reference stars for given series of
observations were excluded. Fig. 3 shows light
curves for several reference stars for one of obser-
vation series.

Intrinsic accuracy of determination of magnitu-
de on reference stars ranges within (0.01—0.03)™
magnitudes for the stars having a magnitude with-
in (10—15.5)™. The obtained accuracy estimates
are quite high for the telescopes with a mirror
diameter of up to 1 m and testify to the fact that
further photometric observations using the Mo-
bitel telescope are promising.

Fig. 4 shows a cumulated light curve in the in-
strumental photometric system for the 2144 Ma-
rietta (1975 BC1) asteroid. The curve is built on
the two long series of observations. It covers the
whole period of asteroid revolution, which has en-
abled to estimate its value (5.45 hours). This esti-
mate is in good agreement with the value obtain-
ed in 2014 [13] (5.489 hours).

Data of series were obtained at phase angles
less than 0.5°, and visible increase in amplitude of
brightness variation on the second part could tes-
tify to influence of opposition effect.

Table 2
Statistics of 2144 Marietta (1975 BC1) Asteroid Observations by Series
Average asteroid coordinates in the series
Date Number of frames Duration of the series,
in the series hour RA, Dec,

degree, min, s degree, min, s
2016.07.27 14 0.39 2111 10.73 -15 41 32.66
2016.07.28 15 0.39 2110 24.33 -15 45 51.42
2016.07.30 10 0.25 2108 50.09 -15 54 34.06
2016.08.02 15 0.56 21 06 25.06 -16 07 52.23
2016.08.05 73 214 2103 57.47 -16 21 16.24
2016.08.06 68 1.97 2103 09.17 -16 25 38.18
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Fig. 3. Light curves in the instrumental band for selected reference stars in the frames
with the object studied; obtained based on measurements of one series of observations
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Fig. 4. Cumulative light curve within instrumental band of 2144 Marietta (1975 BC1)
asteroid obtained based on observations of August 4, 2016 (light triangles) and August 5,
2016 (dark dots)
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CONCLUSIONS

The first results of processing of photometric
observations made using the KT-50 telescope of
Mobitel complex at RI «MAO» have been present-
ed. In 2016, an array of observations of selected
asteroids from the Main Belt has been obtained.
The results of photometric reductions have show-
ed a high accuracy of brightness measurements
in the instrumental band ranging within (0.01—
0.03)™ for the reference stars having a magnitude
of (10—15.5)™ imaged on the same frame with the
object studied.

For the (2144) Marietta asteroid long series of
observations have been obtained and light curve
has been built based on the results of differential
aperture photometry, which makes it possible to
estimate the asteroid period of revolution that is
in good agreement with the estimates of other re-
searchers.

The results have showed that use of KT-50
telescope is promising for further photometric
observations of Solar system bodies.
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[IEPIII PE3YJIBIATU
OOTOMETPUYHUX CITOCTEPEXEHD
OBPAHUX ACTEPOI/IIB
HA TEJTECKOIII KT-50 KOMIIJIEKCY
MOBITEJI HAI «<MAO»

Y craTTi HaBezieHO TIep1ITi pe3yIBTaTH (hOTOMETPUIHUX CIIO-
cTepeskeHb acTepoijliB, BUKOHaHUX Ha Testeckori KT-50 kom-
mexcy Mo6iten (HAI «MAO») y 2016 p. Acrepoinu Gy
o6pani Ha 0cHOBI aHai3y iHdpauepsororo oy NEOWISE,
Katajory pyxomux o6’ekris SDSS MOC-3 i 6asu maHux
MPC. O6pani acTepoiin MaioTh BiTHOCHO BHCOKE aab0eI0
(pV > 0,2) i posramioBaHi y 30BHIillIHiIT YaCTHHI TOJOBHOTO
rosicy acTepoifiB (Besnka miBBich a > (,28). Crioctepesken-
HST TIPOBOMITNCS B (PLIBTP, GAM3BKOMY 10 CTAaHAAPTHOI CMY-
rm R, cucremu Kasinca. CTanmapTHi BiIXUIeHHs BUMipIO-
BaHH: IHCTPYMEHTAJIBHOI BEJTMYMHN 3HAXOASTHCS B Jiara-
soni (0,01—0,03)" nast onopuux sipox (10—15,5)". Jlnsa ac-
tepoizna (2144) Marietta, ais sskoro Oy OTpUMaHi TpUBasi
cepil crocTepeskeHb, HABOAUThCS KPUBA GJMCKY 3a Pe3yJib-
TatamMu [udepeHItiaTbHOI anepTypHoi (hOTOMETPii.

Knrouosi crosa: acrepoiny, criocrepexkents, GoToMeT-
pist, KpuBi 6/MCKY, (ha3oBi 3a71€KHOCTI OIMCKY.
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[TEPBBIE PE3YJIBTATBI ®OTOMETPUYECKUX
HABJIOJEHNY NU3BPAHHBIX ACTEPOU/IOB
HA TEJECKOIIE KT-50 KOMIIJIEKCA
MOBUTEJ HUN «HAO»

B crarbe npezicTaBieHbl IepBbIe Pe3yIBTaThl (POTOMETPH-
YeCKHUX HaBIIOIeHUTT aCTEPOUIOB, BBIOJHEHHBIX HA TEIECKO-
e KT-50 kommurekca Moburen (HUV «HAO») B 2016 roxy.
Actepousipl ObLIM BHIGPaHbI HA OCHOBE aHaIM3a HHMpPaKpac-
Horo o63opa NEOWISE, katajiora moaBUKHbIX 00BEKTOB
SDSS MOC-3 u 6a3b1 mantbix MPC. Boibpaniibie actepon-
JTBI IMETOT OTHOCHUTETBHO BBICOKOe anbbeno (pV > 0.2) u pac-
TI0JI0KEHBI BO BHENTHEH YacTH TJIABHOTO M0sICA aCTEPOUIOB
(6ospinag nosryocs a > 0,28). HabmoneHust IpOBOANINCH B
(uiibrpe, 6MBKOM K cTaHgapTHOM mosoce Re cucrembr Ka-
3uHca. CTaHIapTHBIE OTKJIOHEHHS U3MEPEHN NHCTPYMEeH-
TAJILHON 3B€3/IHON BesIMUMHBI HaxozsATes B anarasone (0,01—
0,03)™ myst omopubIx 38e3x (10—15,5)™. st acrepona (2144)
Marietta, st KOTOPOTO GBLIH TOJYYEHbI TPOOJKUTETBHBIE
cepru HaBJIOIEHWH, TIPUBOUTCS KPHBast GJIecKa 10 pesyJib-
taTaM g depeHImaTbHO arepTypHOl (POTOMETPH.

Kntouesvie crosa: aCTepou/ibl, Ha6]IIOHeHI/I5I, (bOTOMeT-
pusd, KpuBbie 6JI€CKa, (baBOBbIe 3aBUCHMOCTU OJIecKa.



