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Abstract. To link International and Gaia Celestial Reference Frame is necessary to 
observe and monitor set of sources visible in radio and optical wavelengths. From 2013 
until 2019, we observed 47 active galactic nuclei (AGNs) which are candidate sources for 
the link between the frames. Our observations, in optical V and R bands were performed 
using eight telescopes from Serbia, Spain, Bulgaria, and Austria. The brightness of the 
sources and control stars were determined by differential photometry using suitable 
comparison stars. The obtained light curves of sources are significant for the 
understanding of the physical processes inside them. We tested the brightness in V, and R 
bands, and V-R colour (of sources, and their comparison, and control stars) with two 
statistical tests (Abbe’s criterion, and F test), and some results are presented here. 
 
 

1. INTRODUCTION 
 

The third data release of Gaia mission - Gaia DR3 (Gaia Collaboration, 
Vallenari, A. et al. (2022)) is made public available, since 13 June 2022, and it is 
based on data collected between 25 July 2014, and 28 May 2017. The reference 
epoch for Gaia DR3 is 2016.0. The set of Gaia Early Data Release 3 is 
complemented with: object classifications for about 1.8 billion sources, 
astrophysical parameters for ~5.5 million objects, radial velocities for ~33 million 
stars, variability analysis, together with the epoch photometry for ~10.5 million 
sources, etc.  The Gaia celestial reference frame 3 is based on the observations of 
quasi-stellar objects (QSOs) at optical wavelength. It could be linked with the 
International Celestial Reference Frame 3 (Charlot et al. (2020)) using a set of 
QSOs visible in the optical and radio domains. In paper  Bourda et al. (2011) 47 
active galactic nuclei (AGNs) were suggested for that link. We observed those 
AGNs from 2013 to 2016, and tested their brightness (calculated using stars from 
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their vicinity). The results for the five most observed sources were published in 
paper Jovanović (2019). We analysed the britghness of 7 more sources, and in this 
paper we present the results of investigation of brightness variability of their 
comparison, and control stars. Three sources are  flat spectrum radio quasars - 
FSRQs (0049+003, 1212+467, and 1612+378), three are  BL Lacertae - BL Lac 
(0907+336, 1034+574, and 1242+574), and one (1429+249) has dual nature of 
FSRQ, and BL Lac. The sources redshifts z are: 0049+003 z=0.40, 0907+336  
z=0.35, 1034+574 z=1.10, 1212+467 z=0.72, 1242+574 z=1.00, 1429+249 
z=0.41, and 1612+378 z=1.53. Also, in this paper are given finding charts for all 
sources and comparison and control stars. 
 

2. OBSERVATIONS 
      

The observations were carried out with eight telescopes, two at Astronomical 
Station Vidojevica (ASV) of Astronomical Observatory of Belgrade, Serbia; Joan 
Oró telescope (TJO) at the Montsec Astronomical Observatory, Catalonia, Spain; 
three at Rozhen, NAO, Bulgaria, one in Belogradchik, Bulgaria; and one telescope 
at Leopold Figl at Vienna, Austria. The details about these telescopes, their mirror 
aperture, mounted CCD cameras and optical filters are presented in paper 
Jovanović et al. 2021. 

Two or more CCD images were obtained in V and R bands except when 
observations were done using TJO telescope, only one CCD image frame was 
taken in V and R bands. The image reduction was performed using advance image 
calibration in IRAF scripting language (ascl:9911.002)(Tody 1986, 1993). Bias, 
dark, and flat-field frames obtained for the same observing nights, are used for 
reduction, and for the bad pixel mapping (hot, and dead pixel map). L.A.Cosmic 
method by Pieter G. van Dokkum was used for the corrections for cosmic rays 
(van Dokkum, 2001). 

We determined the brightness of the sources and control stars using 
differential photometry with Maxim DL software, with two or more comparison 
stars. The comparison and control stars were selected from the Sloan Digital Sky 
Survey Data Release 14 (SDSS DR14) catalogue (Abolfathi et al. 2018). Using the 
equations given by Chonis & Gaskell (2008) the SDSS PSF ugriz (point spread 
function u, g, r, i, and z) magnitudes were transformed into V, and R magnitudes 
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Figure 1: The light curves of 1034+574 (circles connected with lines), its 
comparison (diamonds connected with lines), and control stars (squares connected 
with lines). 
 
The limits for g, r, and i magnitudes are 14.5 and 19.5 mag, for colour r-i are 0.08, 
and 0.5 mag, and for colour g-r are 0.2, and 1.4 magnitudes. We chose comparison 
and control stars from the vicinity of the sources, the magnitudes of which satisfy 
these criteria and the colour is similar to the colour of the source.  

In Table 1. are details of sources and their comparison ( marked with A and B) 
and control stars: coordinates, the VC and RC magnitudes of stars (obtained using 
mentioned equations), VO and RO (average magnitudes from our observations), 
with number of observations NVO (in V), and NRO (in R band). The input 
magnitudes for differential photometry (VC and RC magnitudes of stars) and 
calculated magnitudes VO and RO (from our observations) are within the error 
limits. The standard deviations of control stars have the same order of magnitudes 
as comparison ones. 

An example of light curve, 1034+574 in R band during observational period, 
is presented in Fig. 1 with light curves of its comparison (number 2, and 5) and 
control stars (3, 4, 6, and 7). The light curve of source is marked with circles 
connected with lines, of its comparison stars with diamonds connected with lines, 
and of its control stars with squares connected with lines. The blazar brightness is 
variable unlike the brightness of comparison and control stars. The light curve of 
the control star with number 6 shows variability, and this is probably because the 
star was on edge of field of view (star with number 7 was not on each of the ccd 
images that were taken). Brightness of the blazar changed by more than 1 
magnitude within this period. This blazar shows short-term variability, which is 
visible in TJO data. 

The fields of view of 7 sources with its comparison and control stars are 
presented in Fig. 2. The source is marked with number 1, and the stars with 
remaining numbers. All fields of view are about 16'x16' obtained using 60 cm 
telescope at ASV with Apogee Alta U 42 CCD camera. 
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Figure 2:  Fields of view of sources: 0049+003, 0907+336, 1034+574, 1212+467, 
1242+574, 1429+249, and 1612+378 
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Figure 2:  continued. 
 

We compared our data to the data from Gaia Data release 3 (Gaia DR3).  We 
calculated GC for the stars with equation given by Satoretti et al. (2022) using our 
data in V, and R bands 
 

 

and compare it with G magnitude given in Gaia DR3. 
 We presented in Fig 3. the data for the stars (comparison and control) of 12 

sources (7 presented here, and 5 in paper Jovanović et al. (2021). Coefficients of 
linear fit (intercept=0.082, and slope=0.9960) were estimated using the weighted 
least square method. The Pearson linear correlation coefficient is r=0.9991, and 
null hypothesis probability is very close to 0. With the slope and Pearson’s 
coefficient around 1, and calculated probability it is shown that there is a 
correlation between our calculated and G magnitudes from the DR3 catalogue. 
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Table 1:  Coordinates, V and R magnitudes of comparison and control stars in the 
fields of sources 

  
  

In Gaia DR3 catalogue two stars are marked with variability flag, C2 of 
1722+119  and the star with number 5 of object 1242+574. The C2 was marked as 
variable also in paper Doroshenko et al. (2014). With magnitude less than 13 mag 
it is the brightest star from our list. For star number 5 we did not find signs of 
variability, and the star is close to the fitting line (calculated value and given from 
catalogue are similar). For the stars which are distant from the fitting line, we have 
small number of observations. 
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Figure 3: The  linear fit of G magnitudes (Gaia DR3 vs calculated).   
 

3.  ANALYSIS METHODS AND RESULTS 
 

To investigate variability in the control stars, we performed two statistics: 
Abbé’s criterion and F-test. We consider that the stars are variable if the 
variability is detected by both tests. The tests require normal distribution of data, 
for that reason we applied 3-σ rule and Shapiro-Wilk test of normality (Razali et 
al. 2011). We discarded some of the data and concluded that the statistical 
methods can be applied. 

Abbé’s criterion is used for checking the absence of systematic changes in 
tested brightness. The statistic q is defined as the ratio of the Allan variance σAV, 
and unbiased sample variance σD, 

 
where     is the mean value of the magnitudes. The critical point qC is 
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where uα is quantile of normal distribution for the significance level α. If q is 
lower than critical qC, the elements of the sample cannot be accepted as random 
and independent. We calculate Abbé’s statistics qA, and qB for two data sets: 
differences of magnitudes of control stars, and comparison stars A, and B, for the 
significance level α=0.001. Also we implement the Abbe statistic to the sample of 
brightness of comparison stars. 

Also, we used F - test to determine brightness variability as in papers de Diego 
(2010), Jovanović (2019). The test statistic is 

The H0: Var X=Var Y is tested hypothesis, and H: Var X>Var Y  is alternative. We 
calculated three test statistics:  
 F1 - where X is sample of differences of magnitudes of control stars and 
comparison star A, and Y  sample of differences of magnitudes of control stars and 
comparison star B, 
 F2 - where X is sample of differences of magnitudes of control stars and 
comparison star A, and Y is sample of differences of magnitudes of comparison 
star A and B, 
 F3 - where X is sample of differences of magnitudes of control stars and 
comparison star B, and Y is sample of differences of magnitudes of comparison 
star A and B. The statistics F1 is F2 divided by F3 and should be ~1, we expect that 
the brightness should be variable in the same manner (for both comparison stars 
A, and B). The three F1,2,3 statistics are compared with the critical values Fc for he 
significance level 0.001, and number of freedom n-1, where n is the sample size. 
The hypothesis of non variability is discarded when F1, and F2 are greater than  Fc. 

The results of Abbé’s criterion and F – statistics for control stars of sources are 
presented in Table 2. Four comparison stars have Abe statistics lower than the 
critical:  star with number 3 of 1242+574 in V, and stars 3 of 0049+003, 3 
0907+336, 2 1612+ 378 in R band. The variations of brightness of these stars are 
small, the standard deviation are  0.012, 0.010, 0.009, and 0.018, respectively. 
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Table 2: Statistical results of stars variability 

 
4. CONCLUSIONS 

 
We monitor (for six years) flux changes of AGNs in V, and R bands. The 

accuracy of differential photometry will be improved by adding more non-variable 
stars in calculations. For that reason we tested comparison and control stars from 
the objects vicinity. The tests show that most of the comparison and control stars 
are useful for differential photometry and only one star with number 8 of source 
1242+574 is variable. We compare our data with data from Gaia DR3 catalogue, 
using equations to transform our V, and R magnitudes to G. We performed least 
square fit to the data and found good correlations between the data from Gaia DR3 
catalogue and our data. The two stars are flagged as variable in Gaia DR3 
catalogue. One of them (C2 - 1722+119) very bright star with brightness of about 
13 mag was also flagged as variable in paper Doroshenko et al. (2014). The 
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second one (5 – 1242+574) is located close to the fitting line and tests did not 
show its variability. The VO, and RO magnitudes of stars (observed) and 
magnitudes which were the initial values for the differential photometry VC, and 
RC are in good agreement (see Table 1). We will continue with observations and 
investigations of Intra Day, Short Term, and Long Term changes in brightness of 
stars and objects. 
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