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Abstract. This investigation aims to present the state of the stellar photometry derived
with the new CCD camera in the RC focus of the 2-m telescope. Both space and color
dependencies of the instrumental magnitudes, obtained with the old and new CCD cameras,
are demonstrated.
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Crobcrogaue Ha 3Be3gHaTa dporomerpus noaydaBana B RC dokyca
Ha 2M Teseckon Ha HAO Poxken

Xapasmam6u Mapkos

ToBa u3caeaBaHe UMa 32 TIEJT /13 IPEJICTABU CbCTOSHUETO HA 3Be3aHaTa (OTOMETPHS, IOy da-
Bana ¢ HoBata CCD kamepa B RC dokyca na 2-m tesieckon. ITokazanu ca aBere 3aBUCUMOCTH
Ha WHCTPYMEHTAJHHATE BEJMYAHU - TO3WIMOHHATA W IBETOBATA, MOJY9YeHH ChC CTapaTa u
nosara CCD xamepn.

Introduction

In 2006 the CCD camera Photometrics, 1024x1024 pixels, used for direct imag-
ing in the RC focus of the 2-m telescope of the Rozhen National Astronomical
Observatory (NAQO) was changed with a new one, VersArray, 1340x1300 pixels.
For the reason of reliable photometry in the future and the compatibility of the
results derived in different periods, we compared photometric results obtained
with both devices. The results presented here are based on stellar photometry.
For the calibration purposes, the practice of stellar photometry needs the de-
pendencies of the instrumental magnitudes from the inherent characteristics
of the system optic-filter-device to be established.

Our experience with the Photometrics CCD showed significant space, as
well as color dependence of the instrumental magnitudes. The space depen-
dence (the instrumental magnitudes become weaker towards the center of the
field) was already discussed in our previous investigation (Markov [2005]). The
reason of this bias feature is beyond the scope of the present study, but we
recommend the comprehensive works of Maniford [1995] and Maniford [1996]
on this subject to the reader.

In order to perform comparative investigation, appropriate observations of
standard fields were obtained with VersArray and newly derived dependencies
were drawn.

1 Observations and data acquisition

The observations used in this work were carried out in the RC focus of the 2-m
telescope of the Rozhen NAO in 1997 and 1998 with Photometrics and 2007
with VersArray. The observation sets were chosen to reflect the early condition
for both CCDs. The standard fields were chosen from the Stetson catalog of

standard fields (Stetson [2000]) *.

! http://www3.cadc-ceda.hia-iha.nre-cnre.ge.ca/community /STETSON /standards/
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Fig. 1. Space distribution of standard stars over the Photometrics field
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Fig. 2. Space distribution of standard stars over the VersArray field

Two fields with srandards are situated in the region of the globular clusters
M2 and M5 and third one is the standard area Rul49. The observations were
taken in B and V passbands corresponding to the Johnson photometric system.
Consecutive BV sets were taken with telescope coordinates offset between the
exposures. Three exposures were taken for every field. In common, there were
9B and 9V images for Photometrics and 3B and 3V for VersArray. The main
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goal of this strategy was to ensure more homogeneous distribution of stellar
images over the CCD frame using small number of standard fields.

Fig.1 and Fig.2 demonstrate the space distribution of standard stars over
the two CCD frames. The abscissa and ordinate axes present columns and
rows number of the CCD frame in pixels.

Preliminary frame reduction, PSF stellar photometry and data analyze
were performed in IRAF? environment supplemented by TABLES. The man-
ner of data arrangement was widely discussed in Markov [2005]. In that article
we used polar coordinate system centered on the optical axis of the telescope
to investigate the spatial dependence of the instrumental magnitudes. So, in
the present work as a first step we found important to check the CCD chip
mounting according to the optical axis of the telescope.
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Fig. 3. Space dependence of the instrumental magnitudes along CCD rows

This is demonstrated in the next two figures where the difference ’standard-
instrumental’ magnitude along rows (Fig.3) and respectively columns (Fig.4)
is drawn. The Photometrics’ results are shown in the left panels and Ver-
sArray’s in the right. We like to mention that the two devices have different
pixel size and different scale, namely 0.309 arcsec/px for Photometrics and
0.258 arcsec/px for VersArray. In order that the spatially dependencies de-
rived for the two cameras to be comparable we had to use angle instead pixel
dimensions of the CCD frame in our presentation. As well, in both figures

2 IRAF is distributed by the National Optical Astronomy Observatories, which are operated
by the Association of Universities for Research in Astronomy, Inc., under cooperative
agreement with the National Science Foundation.
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Fig. 4. Space dependence of the instrumental magnitudes along CCD columns

the abscissa presents the stellar image coordinates along rows and columns in
arcseconds. The zero point was chosen in the middle of the CCD frame. The
three panels in every figure show results concerning the first, the middle and
the last 100 rows or columns. In our opinion the two figures show that along
the columns the VersArray is slightly offset (20-25 arcsec) the optic axe just in
the opposite direction comparatively with the Photometrics mounting. Along
the rows the result is more or less puzzling and needs additional observations
for more definite conclusions. Nevertheless, an offset of about 10 arcseconds is
well detectable. These findings concerning the VersArray results, gave us the
reason to state that the center of symmetry of the spatial dependence of the
instrumental magnitudes is on [750,690] pixel. For the Photometrics we accept
this center to coincide well with the optical one.

Fig.5 shows the radial dependence of the instrumental magnitudes for Pho-
tometrics (upper panel) and VersArray (bottom panel). In this figure the dif-
ferences ’standard-instrumental’ magnitudes are drawn vs. the distance of the
stellar image (in arcseconds) from the optical axis, as it is discussed above.
We derived the respective linear regressions, as follows:

Am = 0.258 % /(X — 750)2 + (Y — 690)2 for VersArray and

Am = 0.309 % /(X — 512)2 + (Y — 512)2 for Photometrics.

Here X and Y are the stellar image centroid coordinates according to the
CCD frame, in pixels.
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Fig. 5. Radial dependence of the instrumental magnitudes

Fig.5 shows clearly that the radial dependence was not changed at the new
mounting. Therefore, we can conclude that the space dependence is connected
most probably with the optical assembly of the telescope and this result is
not surprising. We would like to draw attention also to the less steeper gra-
dient of the dependence in the central and peripheral regions of the frame.
This is especially well pronounced in the data taken with VersArray whose
quality is better. An conclusion could be drawn that the spatial dependence
rapidly drops (and even vanished) somewhere on 210-220 arcsec from the opti-
cal center. In the next observations we have to increase the number of standard
stars appeared in these regions in order to establish the intrinsic tendency of
the spatial dependence of the instrumental magnitudes. These regions are not
reachable with the Photometrics data because of the less dimensions of the
camera. In the Fig.5 (upper panel) this region is marked with a bold line. We
hope this finding to help us to establish the true nature of this optic feature.

Here we like to alert that in Markov [2005] a transformation coefficient
wrapped with the old CCD camera dimensions was proposed. If somebody
keeps to follow that manner of calibration an attention has to be paid and
the coefficient stated in Markov [2005] should be reestablished because of the
different spatial scale inherent for VersArray

An important relation used for calibration purposes is the color dependence
of the instrumental magnitudes. These dependences, for both cameras, are
demonstrated in Fig.6 and Fig.7 for B and V passbands respectively.

In both figures, the abscissa presents B — V' color index for standard stars,
the ordinate is the difference ’standard-instrumental’ magnitude. In our opin-
ion the color dependencies in both passbands are more prominent for the new
camera (VersArray). For this camera the color dependence in B for the red
stars is steeper. In the first order both dependencies could be approached with
a straight line.
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Fig. 6. Observed color dependence in B passband
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Fig. 7. Observed color dependence in V passband

Conclusions

The new VersArray CCD camera in the RC focus of the NAO 2-m telescope
does not provoke dramatic changes in the photometric conditions. Calibrating
stellar photometry taken with VersArray one has to account: a) Different color
dependencies in the B and V passbands; b) The spatial correction should be
prepared with care taking in account the smaller pixel size of the new camera.
More sophisticated transformations have to be applied to account the spatial
dependence of the instrumental magnitudes.
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The topology of the spatial dependence should be analyzed thoroughly in
order to clarify its nature.
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