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ABSTRACT. The study of meteoroids and the phenomena
arising from their entry into the Earth's atmosphere is of
considerable scientific and practical interest to obtain data on
the origin and evolution of the solar system, to study the
physics of planetary atmospheres, and to solve the problem of
problem of asteroid-cometary-meteoroid hazard. Today the
most effective and informative are photometric and spectral
studies of meteor phenomena, which provide information on
the chemical composition and physical properties (density,
combustion temperature, etc.) of meteoroids that allow us to
classify these bodies by parental origin and mineralogical
structure. This paper presents the results of a study of the
photometric system of eight meteor telescopes of the same
type with a lens having a wide field of view (f = 50 mm, f/
1.2) and WAT-902H2 cameras. Telescopes equipped with
broadband Cokin filters P050 (cyan) and P003 in the blue and
red bands are installed in Mykolaiv and Odesa. An original
method is used to observe meteors - the method of
accumulation of shifted frames for TV cameras, which
provide an accumulated image of reference stars in the form
of points on a motionless telescope. In this work, simultaneous
observations of reference stars in two filters obtained on 2
different observation nights were used. Cross-identification of
the observational data with the Gaia DR2 catalog showed that
the standard error of the residual coordinate differences (Obs
— Gaia DR2) is about 7 "for both coordinates in both filters.
The bandwidths of our filters are closest to the photometric
system Gaia BP / RP, which was selected as a standard system
to which the obtained instrumental stellar magnitudes were
transformed. Transformation coefficients for converting
instrumental stellar magnitudes into Gaia BP/RP photometric
system were obtained by linear regression. Average standard
photometric solution errors were 0.2™9 and 0.3™ for red’ and
blue band, respectively. The possibility of determining the
color index based on the array of common stars from
observations in two bands is shown.

Keywords: Meteors, photometry, Gaia BP/RP photometric
system, color index.

AHOTALIS. BuB4ueHHS METEOpOimiB Ta SBHII, IIO
BHHUKAIOTh BHACIIIOK X BXO/DKEHHS B aTMocdepy 3emii,
Ma€ 3HAYHUN HAYKOBHHM Ta NPAKTHYHUI iHTEepec s
OTPUMAHHS JaHUX [P0 TIOXOKEHHS Ta EBOJIOIII0
CoHsyHOI cucTeMM, BHUBYEHHS (I3UKM  IUIAHETHUX
aTMocdep, a TAKOK 715l BUPILIEHHS TPOOJIEMH acTepoiHO-

MeTteopoigHoi Oesmexu. Haitbinpm edexkTuBHUME ¥
iH(pOPMATUBHIUMHY Ha CHOTOIHIIIHIN IeHb € (POTOMETPHUHI
Ta CHEKTPalbHI JOCHIIPKEHHS METCOPHUX SBHUII, SIKi
JI03BOJISIFOTH OTPUMATH iH(OpMarlito po XiMiuYHHUN CKIaf i
¢bi3uuHi BIACTUBOCTI (ILIBHICTH, TEMIIEPATYPY 3TOPSHHS
TOLIO) METEOPOIiB, a BIANOBIAHO 1 Kiacu(iKyBaTH L Tija
32 TOXO/DKEHHSM OaThKIBCBKHX TUI 1 MIHEPaJOTi4HOIO
cTpykryporo. Lls pobora mpexacrtaBisie pe3yibTaTH
JIOCITI IKCHHS (hOTOMETPHYHOI  CHCTEMH BOCBMU
METEOPHHX TEJIECKOIIB OHOTO TUITY 3 00'€KTUBOM, I1I0 M€
mmpoxke mose 30py (f= 50 mm, £/1,2) Ta kamepamu WAT-
902H2. Teneckonu, ocHaiieHi mupokocMyrosumu Cokin
¢ineTpamu  y uepBonomy(P003) Tta cunbomy (P050)
niama3oHaX, BCTaHOBIEHI y MmukomaeBi ta Opeci. s
CIIOCTEPeKEHb METEOPiB BUKOPHCTOBYETHCS OPUTIHAILHUN
METOJ — METOJ HaKONHWYeHHs KaJapiB 3i 3cyBoM s TB
Kamep, sKi 3a0e3le4yloTb OTPHUMAaHHS HAKOIMHYEHOTO
300pa)XeHHsI OIOPHUX 3IPOK Yy BHUIJBSIII TOYOK Ha
HepyxoMoMy Teieckomi. Y  nmaHid pobori  Oynwm
BUKOPHCTAHI OJTHOYACHI CHIOCTEPEKEHHs ONOPHUX 3iPOK B
IBOX (iMBTpax, OTpUMaHi B 2 pi3HI HOYI CHOCTEPEKEHB.
Buxonana kpoc-imeHTH(}IKaIisd OTPHUMaHUX MHaHHX 3
kartanorom Gaia DR2 noka3ana, 1110 cepeIHbOKBaIpaTHYHA
MOMUIIKA OCTaTOYHHX pi3HHUIL KoopauHaT (Obs — Gaia
DR2) cranoButs 0yin3bko 7" it 060X KOOpAWHAT B 000X
¢inprpax. CMyra TMpONyCKaHHS HAUX  (UIBTPIB
HalOubm Onu3bki 10 QoTomerpuuHoi cucremu Gaia
BP/RP, sika Oyna oOpaHa B SIKOCTI CTaHAAPTHOI CHCTEMH,
J0 sKoi OyJo ImepeBeleHO OTpUMaHi IHCTPYMEHTaJbHi
30psiHi  BennunHHU. KoedilieHTH mnepeTBOpeHHs Juis
HepeBeIeHHs] 1HCTPYMEHTAIbHUX 3HAueHb BEIHYMH Y
¢doromerpuuny cucremy Gaia BP/RP orpumani metomom
JHIAHOT  perpecii. CepenHi craHmapTHi MOXHOKH
¢doromerpuyHoro posp’si3Ky ckiamu 0.2 ™9 ta (.39
BIIMIOBITHO JUIA YEPBOHOTO Ta CHHBOTO JIiala30HIB.
[TokazaHO MOXIMBICTH BH3HAUEHHS ITOKAa3HUKA KOJIbOPY
Ha OCHOBi C(OPMOBAHOTO MacuBYy CIHUIBHHX 3ipOK 3i
CIIOCTEPEKEHD Y JIBOX CMyrax.

KurouoBi cioBa: Merteopu, dotomerpis, Gaia BP/RP
(doromeTpuyHa cucTema, KOJIbOPOBHI MMOKa3HUK.

1. Introduction

Photometric studies can be effective and informative
means to obtaining information about the chemical
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composition and physical properties of the target bodies.
But in order to use and compare the data obtained by
different scientists at different times, it is required to
measure magnitudes to a standard internationally agreed
system with good precision. The most studied and
widespread in this respect is the UBVRI Johnson - Cousins
system, in which a large amount of astronomical data has
been accumulated. Unfortunately, there are a number of
difficulties for the mass reproduction of this system,
associated both with the availability of filters and with a
limited number of standard stars for performing
photometric reductions. Gaia DR2 was released in April
2018 and contains a photometric catalogue of more than 1
billion sources over all celestial sphere. This release
contains color information in the form of integrated BP and
RP photometry in addition to the latest G-band photometry
(Riello et al., 2018). This is full-sky survey with the
unprecedented spatial resolution, high accuracy could use
for the purpose of photometric calibration for wide range
of astronomical tasks.

2. Instrumental system

Four pairs of meteor telescopes equipped with TV CCD
cameras WAT-902H2 and lens with focal length 50 mm
(f/1.2) are located at RI «MAO» (2 pairs), Vitovka (1 pair,
12 km baseline) and Kryzhanivka (1 pair, 100 km baseline).
First results obtained with these telescopes are described in
Kulichenko et al., 2019. Telescopes equipped with
broadband Cokin filters P0O50 (cyan) and PO003 (red)
hereinafter referred to as blue and red bands. Observations
are provided using track-and-stack technique for obtaining
frames with reference stars (Kulichenko et al., 2015).
Cameras work in the interlace mode (50 fps) and number
of accumulated frames is 500 (10 s).

3. Astrometric Reductions and Accuracy

Processing of obtained observations included next steps:

1) Frames filtering using software for processing of the
CCD images developed in RI “MAQO”;

2) Extracting stars and cross-match with catalog Tycho-2
for obtaining reduction coefficients using Astrometry.net
software (Lang et al., 2010). Brightness of extracted stars in
ADU with subtracted background also saved in result files;

3) Obtaining a summary csv-table for all detected stars with
measured celestial coordinates and streams from all processed
frames using a Python script developed at the Research
Institute "MAQ". The table also includes coordinates and
magnitudes from Tycho-2 catalogs for all stars.

In this study, further results and calculations were
obtained on the basis of arrays of simultaneous
observations of stars for two evenings (2018/11/08 and
2018/11/09) in P050 (BLUE) and P003 (RED) bands.

The obtained observational arrays were cross matching
with Gaia DR2 catalog to estimate positional accuracy. The
standard deviations of the residual coordinate differences
(Obs - Gaia DR?2) in right ascension and declination were
used as an estimate of the accuracy of the observations. Cross
match procedures was made by TOPCAT software (Taylor
M., 2005) with 30" match radius parameters. The results of
cross matching are shown in Table 1. (Obs — Gaia DR2)

differences and their standard deviations in right ascension
and declination are given in column 3, N — number of stars.
Differences in right ascension include cos DE.

As you can see from the table, there are no significant
systematic differences between obtained coordinates and
Gaia DR2 catalog. The accuracy is almost the same for both
coordinates in the blue and red ranges.

Table 1: Results of cross matching between observational
arrays and Gaia DR2 catalog

Data | Band (Obs — Gaia DR2) N
RA, arcsec | DE, arcsec
11/08 | Blue -0.7+6.8 -0.5+ 6.6 | 6490
11/08 | Red 0.5+£6.9 0.0+6.6 | 1925
11/09 | Blue -0.5+6.9 -0.5+6.7 | 1647
11/09 | Red -02+6.7 02+6.7 | 1530
RED
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Figure 1: Histogram distribution in BP and RP Gaia DR2
magnitudes.

The histogram of distribution in BP Gaia DR2
magnitude for observational array with blue filter and RP
Gaia DR2 magnitude for observational array with red filter
is presented in Fig. 1. The difference in penetration for the
two bands is associated with the higher sensitivity of WAT-
902H2 camera in the blue region.

4. Photometric reductions

The brightness measurements of stars in the CCD
images were carried out using built-in source extractor of
the Astrometry.net software. The counts from the stars with
the subtracted background were converted to the scale of
instrumental magnitudes according to the known ratio:

Mi = —2.51g(Flux)

The brightness correction for the relative change in the
air mass in the frame field of view was not made here. Since
the Cokin P0O50 (cyan) and P003 (red) filters have wide
bandwidths, Gaia DR2 BP/RP photometric system has been
selected as the standard system. The relationship between
magnitudes and color index in these systems can be
represented in the form (Hardy, 1967):



131

Odessa Astronomical Publications, vol. 33 (2020)
] 0.4
g ‘ 5
£ - :
2] £ 4
t 3 $ 0 b ST T N T . o i) A T
E : . ; :
g a 0.2 /,-‘ 1
5 S ’ G
% 2 _g- -0.4
% 5.5 6.0 6.5 7.0 75 8.0 8.5 9.0 9.5 100 105 110 115
g BP magnitude, mag
E 1
2 0.4
o
E 0 0.2
6 7 8 9 10 11 12 G o
BP magnitude from Gaia DR2 catalog, mag H
— 0.2
1 4 -0.4 . .
4.5 5.0 55 6.0 3.5 7.0 7.5 8.0 8.5
RP magnitude, mag
g0 3
E-.
2o o Figure 3: Residual differences between instrumental and
£ 2 %' standard magnitudes vs standard magnitude from Gaia
o
g g DR2 catalog.
o
m
7 1
4
61, 0
8 7 8 9 R 12 3
BP magnitude from Gaia DR2 catalog, mag %
E.
Figure 2: Relation between instrumental and standard 7‘;’
s

magnitudes for observations in blue range, up — before
transformation, down — after transformation.

Magti;aia = al X Magfys + a2 x (BP — RP)éaia + Mg,
(BP - RP)éaia =a3 x Clinstr + C(l;'

where MagL,;,, (BP — RP).,;, — catalog values of star
magnitude and color index, Magt,,sy, Cl,ser- Observational
values of star magnitudes and color indices, al, a2, a3 —
transformation coefficients, M, C{ - zero point constant.

The transformation coefficients were found by the least
squares method. The solution was carried out by the
method of fixed-point iteration using the 3-sigma criterion.
The calculated values of transformation star coefficients
and their errors are presented in Table 2.

Table 2: Transformation coefficients (star magnitude)

al a2 Mo SD N
B 0.980 +£0.004 0.504+0.004 15.84+0.03 | 0.25 | 7684
R 0.938+0.005 | -0.215+0.004 | 14.08+£0.04 | 0.21 | 3302

The Fig. 2 presents correlation between instrumental and
Gaia DR2 magnitudes before and after recalculation of the
instrumental magnitudes.

As could be seen from table 2 the accuracy of link
between the two systems is 0.25™9 in blue band and 0.21M29
in red band.

C
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Figure 4: Relation between instrumental and standard
(Gaia DR2) color indexes

Relation between residual differences between standard
and instrumental magnitudes is presented in Fig. 3. The
figure shows the absence of significant systematic
differences in magnitudes in the observational range. The
random error is determined by the errors of the least squares
method solution.

To calculate the color relation, the observational arrays
are cross-matched to find common stars in the blue and red
bands.The coefficients were found by the least squares
method, similar to the scheme for determining the
transformation coefficients for the star magnitudes. The
most widely used color characteristic of astronomical
objects is (B-V). The values (B-V) for our stars were
selected from APASS DR9 catalog (Henden et al., 2015).
Transformation coefficients between (B-V) color and
instrumental color index also has been calculated. The
calculated values of transformation color coefficients and
their errors are presented in Table 3.



132

Odessa Astronomical Publications, vol. 33 (2020)

Table 3: Transformation coefficients (color index)

a3 c SD N
BP — RP 0.88 £0.01 | -0.08 +£0.02 | 0.28 855
B-V 0.69+0.02 | 0.06 +0.04 | 0.32 265

The obtained data show the possibility to estimate of the
meteors color from the observations at the meteor
telescopes equipped filters in two bands.

5. Conclusion

The transformation coefficients to link the instrumental
values of magnitudes and color indexes of the meteor
complex telescopes to the Gaia BP/RP photometric system
were calculated.

The mean standard errors of the photometric solution are
0.25™8 and 0.21™9 for BP and RP ranges, respectively. The
possibility of color index determinations based on
reference stars observations with red and blue broadband
filters is shown.
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