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DEVELOPMENT OF JOINT PROJECT ON IMPROVEMENT OF LINKING
BETWEEN OPTICAL AND RADIO REFERENCE COORDINATE SYSTEMS
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Results of performance of the Joint Project between observatories from China, Turkey,
Russia and Ukraine on improvement of linking optical and radio reference systems are
discussed. The program of supervision up to 300 extragalactic radio sources (ERS) is
extended at the expense of increase of supervision in a southern hemisphere to -40°
declinations. The optical counterparts of 73 ERS in northern sky and 37 ERS on southern
are determined. As basic stars from catalogue AMCI1B, received in 2000 on Nikolaev AMK
was used, and a ladge part of stars from catalogue USNO-A2 was used. The analysis of
differences O-R (optical — radio) on supervision on various telescopes shows satisfactory
data on accuracy, about £40mas, *80mas. It is possible to explain some divergence by
unsufficient accuracy of positions of intermediate basic stars. The necessity of creation for
each field around ERS of the common catalogue of basic stars from the accessible catalogues
of suitable accuracy and density expresses. The tentative estimation of angles of connection
optical and radio of systems of coordinates on 60 ERS in a zone of declinations +75°, —40°
is executed: w =—4£30 W =—4£29,w, =—13 % 26 (s.e.) mas.

[TPO CTAH CIIJIbHOI'O IMPOEKTY I10 IMOJITTIIEHHIO 3B’3KY
MDX OIITUYHOIO I PAZIIO OTTOPHUMHU CUCTEMAMU KOOPIUHAT
Maiieyposa H., MMiniein I., lpoyrok 1O, llyrvea A., Tang Zhenghong, Wang
Shuhe, Jin Wenjing, Acaan 3., Xamumos H., 'ymepos P.

O6roBopiotoTbes pedyabTaTd BUKoHaHHS CrinbHoro [IpoekTy o6cepBartopint 3
Kurato, Typeuunnu, Pocii & YKpaiHu 1o noJsinieHHI0 3B’ 13Ky ONTHYHOI i pa/iio OMOPHUX
cucTeM KoopauHat. PosuupeHo nporpamy crnoctepexenb 10 300 nmosarajakTHUHHX
panioaxepes (ITP) 3a paxyHoK 36i/IblIeHHs] CIOCTepeKeHb Y MiBAeHHil miBcdepi 10 —
40° cxinenn. Busnaueno ontnuni nosoxkenust 73 [P y niBuiunomy ue6i i 37 TIP ua
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niBeHHOMY. K onopHi 3ipku BUuKoprcToByBaBcs Katasor AMCIB, orpumanuit y 2000p.
Ha MukosaiBcbkomy AMK, a pu Hepoctaui 3ipok AMK y miioragkax BAKOPHCTOBYBABCS
katanor USNO-A2. Aunaniz pasuuup O-P (ontuuni — pamio nosmoxenns [IP) sa
CIIOCTEPEXKEHHSIMM Ha Pi3HUX TeJIeCKONax MoKasye 3al0Bi/ibHi 3Hau€HH$ 110 TOUHOCT, ¥
mexax *40mas ;| *=80mas. Jlesky po36ixKHiCTh MOXKHA MOSICHUTH HENOCTATHBOIO
TOUHICTIO M0JI0KEeHb NPOMI2KHUX ONOPHHUX 3ipOK. BHc/0BMOETHCSH HEOOXiAHICTD
CTBOPEHHS 3BEJIEHOI0 CIIUCKY ONMOPHUX 3ipOK HJIsl KOXKHOI mJjolanky Haskoso [P 3
JTOCTYMHMX KaTaJsIoTiB MPUIATHOI TOUHOCTI i LiiibHOCTI. BUKOHAHO MonepenHIo OMLiHKY
KyTiB 3B’s13KY OMTHYHOI i panio cuctem KoopauHat 1o 60 ITP y 3oui cxunens +75° | -40°
tw =—4£30w, =-4£29,w, =-13 + 26 (s.e.) mas.

O COCTOAHMM COBMECTHOTI'O I[TPOEKTA I10 YJIYUYIIEHHIO
CB431 MEXY OIITUYECKOU Y PAIMO OITOPHMMHU
CUCTEMAMHU KOOPJJMHAT

Maiieyposa H., [Tunueun I'., [Tpourok FO., llyavea A., Tang Zhenghong, Wang
Shuhe, Jin Wenjing, Acaan 3., Xamumos H., F'ymepos P.

O6cyxnarTcs pe3ynbTaThl BolnosnHeHHs: CoBMecTHOro [IpoekTa o6cepBaTopuit U3
Kuras, Typuuu, Poccun 1 YKpauHs! 110 y/Iy4lleHHIO CBA3H ONITHYEeCKOH U PALH0 OMOPHBIX
cucTeM KoopauHat. Pacupena nporpamma HabsoneHnd 1o 300 BHerajsakTHYeCKUX
pamuouctounnkos (BP) 3a cuet yBesnuenus HaGTIl0AEHUE B 0KHOH mosrycdepe 1o —40°
cknoHeHu#. OnpeeseHsl onTHdecKue nojioxeHus: 73 BP B ceBeprom HeGe u 37 BP Ha
103KHOM. B KauecTBe omopHbIX 3Be3] ucnoJb3oBascs karanor AMCILB, nonydeHHbIH B
2000r. na Hukosnaesckom AMK, a npu HenocraTke 3Be3n AMK B nuiomankax
ucnosbzopancs karasor USNO-A2. Ananus pasHocteil O-P (ontuueckue — paauo
nosoxenus BP) mo HaGJHONEHHSM Ha Pas3JHYHBIX TeJeCKOMax MOKa3biBaeT
YAOBJETBOPUTE/bHbIE 3HAUEHHUS 110 TOYHOCTH, B Npefenax *40mas , *80mas.
HekoTopoe pacxoxkaeHre MOKHO OObsSICHUTb HEOCTATOUHOU TOUHOCTBIO MOJOMXKEHHH
MPOMEXKYTOYHBIX OTTOPHbIX 3Be3/1. BbicKa3biBaeTCsi HEOOXOAUMOCTb CO3aHH S /151 KaXKI0H
TJIOILAAKH BOKPYT BP CBOAHOro CrnHcKa OMOPHBIX 3BE31 M3 AOCTYMHBIX KaTaJoroB
MOXO/ASIIEN TOUHOCTH U IIJIOTHOCTH. BbIMoJ/IHeHa TpeiBapUTENbHAS OLleHKA YIJIOB CBSi-
34 ONTHUECKOH U paguo cucteM KoopauHat no 60 BP B 30He ckioHenu#t +75° , —40° :
w,=—4£30 w =-4£29,w, =—13 * 26 (s.e.) mas.

INTRODUCTION.

- Proposed link programme could provide an intermediate system of
reference stars in the Hipparcos Catalogue(HC) system made with AMT in
fields around selected extragalactic radio sources (ERS). Collaborated CCD
telescopes with available FOV and sensitivities should be guaranty a sufficient
amount of intermediate reference stars for the determination of precise
positions of faint ERS, as well as to cover a magnitude range between
intermediate stars and ERS optical counterparts. This collaboration
programme is elaborated on the level of joint research work in the field of
optical /radio linking between observatories from China, Turkey, Russia and
Ukraine /Tang et al.,2000; Pinigin et al., 2000/

. The primary task of proposed collaborated programme is an establishment
of optical / radio linking with accuracy better than 5 mas globally. It will be
appropriate for enhancing of current link accuracy. From the known equations
it can be shown that for some available accuracy of ERS optical position and
for enough number of ERS it is possible to have high accuracy of optical-radio
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linking /Pinigin et al., 2000/. It can be shown that rotation parameters
accuracy 5 mas will be reached by using of about 300 ERS with positional
accuracy not worse than 20 mas.

PROGRAM AND INSTRUMENTATION

The collaborated program includes about 300 ERS for declination zone from
+75° to —40° .

( Up ;today there are several collaborated CCD telescopes used in the program
Tabl.1):

*AMC - Axial meridian circle (180,2480) and Zone astrograph (160,2044)
of the Nikolaev astronomical observatory (NAO) equipped by the similar CCD
ISDO17AP (1040x1160, 16 x 16 mkm);

- AST-8 astrograph (700,2819) ) of the astronomical observatory of the
Kharkov university (Ukraine) with the CCD ST-6 (375 x 241, 23 x 27 mkm,
1.28 x 2.21 / pix);

- A3T-22 astrograph (1500,11600) of the Engelghardt astronomical
observatory of the Kazan university (Russia) installed in Turkey (TUG) for
joint using. Right now it is equipped by the CCD ST-8 (1530 x 1020, 9 x 9
mkm, 0.216 / pix);

1.56 meter astrograph (1560,15600) of the Shanghai Astronomical
Observatory (China) with the CCD SONI (1024 x 1024, 16x16 mkm, 0.225/
pix) and 1.0 meter reflector (1000,13000) with the CCD camera TI (1024 x

1024, 9x9 mkm, 0.238/pix, 6,5¢ 6,5¢) from Yunnan Observatory /
Maigurova et al., 2000; Tang et al.,2001 / (Tablel).

Table 1.
COLLABORATED TELESCOPES USED IN PROGRAMME
Telescope |Al C ZA AZO8 1.0mtelescop |AZO-22
i (Nikolaev (Nikolaev (Kharkov (Shanghai and | (Antalia
Ukraine), Ukraine), Ukraine), Y unnan, Turkey),
+47° +47° +50° China), +25° |[+36°
Type refractor refractor reflector reflector reflector
D,F (mm) 180 160 700 1000 1500
2480 2044 2819 13000 11600
CCD 1SD017P 1SD017P ST-6 Tl ST-8
1040x1160 1040x1160 375x 241 1024 6 1024 | 1530 6 1020
16 x 16 mkm |16 x 16 mkm | 23 x 27 mkm |9 x 9 mkm 9x 9 mkm
1. 233/ pix 1.26/ pix 1.2862.21/ pix | 0.238/pix 0.228/pix
23 626’ 28’ 631 8 610.5 6.5 x 6.5 4'x 3
Mode drift scan drift scan, stare stare stare
stare
Magnitude |10™, 16™ 12" 15" 5™, 17" 17", 19" 9™ 21"
Observation |24 ERS 20 ERS 65 ERS 100 ERS 150 ERS
program selected stars
around ERS
Dataused in | catalogue 38(N)+22(S) | 35(N)+15(S)
angles AMCI1B ERS ERS
processing
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3. REDUCTION AND RESULTS

3.1 AMC catalogue of reference stars:

The intermediate 4th version of AMC catalogue (AMC1B) was taken as
the reference catalogue and is available on WWW address: http://
www.mao.nikolaev.ua/arc/ameclb.zip. It contains about 15000 stars with
internal catalogue accuracy on both coordinates with epoch 1997.09:

ecosd= % 02.07-(secZ)** -(mag —7)%%;

e = = 02.09(secZ)*® (mag —7)°

This version AMCIB with good and stable internal accuracy was used as
reference catalogue by previous evalution of comparison between optical and
radio positions ERS. By the way for small fields of view (FOV) of CCD
telescopes one can consider influences of all distortions as negligible and
therefore it can adopt a linear model of reduction. However for more exact
reduction with using of this catalogue showed marked differences between
AMCIB and ICRF. It was shown about in detail in (Tang et all, 2001). By this
reason, it was decided to use another catalogue as reference for correction of
AMCIB.

3.2 Southern hemisphere observation in Yunnan observatory

The observations of 22 ERS in southern hemisphere and optical positions
relative to UCACI were carried out (Tang et al,2002). The internal accuracy of
comparison between optical and radio positions is of the order of 60mas and 45
mas in right ascension and declination, respectively. UCACI is on the ICRS
and results of comparison with those of other authors was made. In common
paper, determination of angles which shown satisfactory results for previous
evaluation of available observation of Joint Project was made.

3.3. Northern and Southern hemisphere observation on the AZT-
22 in Antalia

3.3.1 Southern hemisphere. The observations of 15 ERS in southern
hemisphere and optical positions relative to USNOA2 were carried out in
Antalia in accordance with Joint Project (Maigurova et al., 2000). The internal
accuracy of comparison between optical and radio positions is of the order of
2bmas and 24 mas in right ascension and declination, respectively.

3.3.2 Northern hemisphere. The observations of 35 ERS in northen
hemisphere and optical positions relative to USNOA2 were carried out in
Antalia. The internal accuracy of comparison between optical and radio positions
is of the order of 27 mas and 41 mas in right ascension and declination,
respectively. USNOA2 is not so exact catalogue as UCAC1 and its connection
on the ICRS not so obviously.

4. DETERMINATION OF PREVIOUS ANGLES BETWEEN
OPTICAL AND RADIO REFERENCE FRAMES

Using the real data of (O-R) data for observation with 1m telescope of
Yunnan observatory and AZT-22 we can show the dependence of accuracy
O-R on stellar magnitude (see Fig. 1 and Fig.2).
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Value of angles between optical and radio systems of coordinates in
accordance with the data of observations with A3T-22 in Turkey and 1-m
telescope in China were also calculated.

Special conditions: it was determined in two equations a free terms for
correction of differences between ICRF and USNO-A2. A values of these terms
consisted Da = *141mas and Dd = *158mas. Our data in comparison with
determinations of angles by other authors are given in Tabl. 2 (Stone, 1997;
Stone et al., 1996; Kovalevsky, 1995; Zacharias et al., 1999).

Table 2

Source W Wy W, N S1 S(oR)

(mas) (mas) (mas) (mas) | mas
Hamburg(Ma+)1990 | 30+20 53+20 23+20 28 |86
CAMC+Bord (1990) | 32+18 10+19 13+18 20 66 +66
Kiev(T-Ad+)1992 0+30 70+30 20+20 251 | 365
FASTT, (Stone)19%4 | 20417 28+16 11+13 9 122 42
Jongton, et al., 1994 | 43+19 31+19 —29+18 43
Kumkova, e d., 1995 | 38+18 22+16 1716 78 146
Zacharias, et d., 1999 | —-0.2+3.9 -5.4+3.9 —2.5+3.9 318 | 58 50
Joint Project,2001 | 4+30 —4+29 -13+26 60 | 178 |40-35
(Chinat+ AZT22)

Note — The column N gives the numbers of ERS used in the solutions; s is
the error of the unit weight; s . is formal error of (O-R) differences in both
coordinates and W, w,, w, are ‘the rotation angles with their formal standart
errors (all in mas).

[t is noted that our data in Tabl.2 are not so bad. We have possibility to
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receive better accuracy results with the help of refinement of the linkage
between UCAC1 (USNOA2, AMC1B) with ICRF and increasing of ERS number
made by collaborated telescopes.

CONCLUSION

Expected accuracy will be better by using the collaborated telescopes for
observation of ERS sufficient number and available positional accuracy of
catalogue of intermediate reference stars on the level of not worse than 50
mas.

Determination of 300 optical / radio ERS differences with position accuracy
of 20 mas permits to recive the rotation parameters with accuracy of 5 mas.
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