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Abstract. This is the second of series of papers discussing the problem stated
by spatial dependence of stellar magnitudes. In this paper we offer a method
to reduce stellar magnitudes of this systematic error. It relays on involvingnew
terms in the equation reducing instrumental magnitudes into standard photo-
metric system. Following the results of our previous investigation these terms
are presented as a quadratic function of the stellar image centroid. It is found
that spatial reduction of instrumental magnitudes changes the net value of the
photometric zero-point and decreases the scatter in magnitudes.

PACS number: 95.75.De

1 Introduction

In our preceding investigation [1] (hereafter Paper I) significant spatial depen-
dent errors in stellar photometry based on direct observations with the NAO 2-m
telescope have been established. Graphical results of extensive investigations
based on four observing runs taken in the period 1998–2003 were presented also.
On this base, a conclusion was drawn that the magnitudes obtained ought to be
reduced in accordance with the position on the CCD chip of thecorresponding
stellar image. In the present paper we offer a suggestion howto overcome the
problem. For this purpose we involve new terms in the equations transmitting
instrumental magnitudes to the standard photometric system. Another aspect of
the observed systematic error is its instant form which is also widely discussed
in this paper. In Section 2 we present the general appearanceof the photometric
transformation and the mathematical form of the new proposed terms. The main
results concern the values of the corresponding coefficients and their significance
are shown in Section 3. Concluding remarks are given in Section 4.
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2 Transformation Equations — New Terms

Stellar photometry is performed in two major steps: derivation of the instrumen-
tal magnitudes and calibration procedure where these magnitudes are translated
into a standard photometric system. For calibration purpose the standard stars
instrumental magnitudes (derived in the same conditions astargets) are com-
pared with their catalog values and the so established relations are applied to the
targets magnitudes. One common form of the photometric translation is

m = M + F (m0, CI,X) (1)

It presents the common factors responsible for the instrumental and catalog val-
ues divergency. In the above equationm is the instrumental magnitude (the out-
put of stellar brightness assessment),M is the standard star catalog magnitude,
m0 is called ’photometric zero’ and shows how far the instrumental system of
magnitudes are from the standard one,CI is the standard star color index,X is
the air mass. Actually in the calibration procedure we use toinvestigate the dif-
ferencesm−M (hereafter residuals) which are a direct measure of the adequacy
of instrumental system of magnitudes. The coefficients of Eq. (2) are derived by
means of the least square method. This procedure should be performed for ev-
ery used passband. Note that the instrumental magnitudes are on the left. That
reflects the fact that standard magnitudes being free from observational errors
are more reliable for solving regression. To perform final transformation of in-
strumental magnitudes to the standard system the derived coefficients should be
inverted.

In Paper I, a certain non-linear spatial dependence of instrumental stellar mag-
nitudes is established. For more comprehensive view we reffer the reader to
Figures 2 and 3 in Paper I. Here in Figure 1 is presented an example. Residuals

Figure 1. Residuals as a function of the stellar image distance from the CCD frame
center in arcminutes. It is based on a single, relatively rich standard fieldNGC7790. It
was chosen as an example of the spatial dependence of instrumental stellar magnitudes
established in [1].
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derived in a single standard field (NGC7790) are drawn versusdistance (in ar-
cminutes) of stellar image referred to the center of the CCD frame. It is evident
that stars with similar brightness detected on different parts of the CCD chip own
different instrumental magnitudes. That difference rises(in absolute value) from
the center to the chip edges up to∼ 0.2 mag. To reduce instrumental magnitudes
properly we suggest new radial dependent term,f(r), to be added to the Eq. (2).
r =

√

(x/512.5 − 1)2 + (y/512.5 − 1)2 is normalized to unity distance of stel-
lar image to the center of the CCD frame. As discussed in PaperI to clarify the
true form of the investigated spatial dependence we use to concern another as-
pect of the dependence in question, namely residuals versusx (along columns)
or y (along rows) direction of the CCD frame. As an example we present Fig-
ure 2 which like Figure 1 is based on NGC7790 field. Inspectinga big amount
of graphical presentations for different fields and observing runs a conclusion
was made that observed spatial dependence is central symmetric with a center
of symmetry suited in the middle of the CCD frame. This is the most common
feature of the investigated spatial dependence and hence a simple quadratic form
of the “radial” dependence (Figure 1) was accepted:f(r) = cr ∗ r2. Neglect-
ing, at this stage, the color dependence and extinction actually we solved the
equation

m = M + m0 + cr ∗ r2 (2)

To find m0 andcr IRAF1 PHOTCAL package was used. In Table 1 the values
of the coefficients and their uncertainties for both used passbands are shown.
Column 1 marks the observing run. In column 2 the photometriczero-point is
presented but in 3 — the ‘radial’ coefficient.

Table 1. The values of the coefficients in Eq. (2) and their instrumental uncertainties for
the case of radial dependence in both passbands and different observing runs.

V passband B passband
RUN m0 cr m0 cr

July 1998 0.072±0.008 -0.127±0.011 0.051±0.007 -0.115±0.011

Nov. 1999 0.061±0.003 -0.128±0.005 0.052±0.007 -0.124±0.012

March 2002 0.058±0.006 -0.125±0.0102 0.064±0.006 -0.124±0.009

June 2003 0.040±0.005 -0.083±0.007 0.041±0.004 -0.100±0.006

For the completeness of the investigation in Table 2 are presented coefficients
derived for “positional” dependence (Figure 2) of instrumental magnitudes. In
this case the new term has the form

f(x, y) = cx ∗ x2
n + cy ∗ y2

n (3)

1Image Reduction and Analyze Facilities are distributed by the National Astronomy Observato-
ries, which are operated by the Association of Universitiesfor Research in Astronomy, Inc., under
the cooperative agreement with the National Science Foundation.
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Figure 2. Residuals as a function of the stellar image position (CCD columns inpixels)
for the standard field in NGC7790. This presentation is used to clarify the instant form of
the spatial errors. Here the non-linear form of the dependence in question is much better
pronounced than in Figure 1.

wherexn = (x/x0−1) andyn = (y/y0−1) are normalized in the range[−1, 1]
stellar image coordinates referred to the center of the observed curvature. As we
mention it was acceptedx0 = y0 = 512.5. Column 1 in Table 2 presents the
observing run, column 2 the photometric zero-point but columns 3 and 4 the
’positional’ coefficients. As one can expect the general form of Eq. (3) should
contain linear and mixed terms also. Our extensive investigations revealed val-
ues comparable with the errors of the corresponding coefficients and as well
such terms were neglected in the final presentation.

Table 2. The values ofm0 and the coefficients in Eq. (3) and their uncertainties for the
case of coordinate dependence in both passbands and different observing runs.

V passband
RUN m0 cx cy

July 1998 0.095±0.004 -0.158±0.014 -0.138±0.015

Nov. 1999 0.072±0.002 -0.145±0.004 -0.135±0.005

March 2002 0.042±0.007 -0.128±0.014 -0.044±0.014

June 2003 0.036±0.004 -0.104±0.010 -0.077±0.009

B passband
RUN m0 cx cy

July 1998 0.056±0.005 -0.154±0.022 -0.135±0.014

Nov. 1999 0.063±0.003 -0.129±0.006 -0.114±0.007

March 2002 0.054±0.006 -0.109±0.014 -0.116±0.015

June 2003 0.049±0.005 -0.102±0.014 -0.107±0.013
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3 Results. Summary

The view of the spatial dependence established in Paper I (this paper Figures 1
and 2) and its quantitative parameters (Tables 1 and 2) givesus the opportunity
to make some remarks. The spatial dependence of stellar magnitudes derived in
the RC focus of the 2-m telescope is with similar parameters in different runs.
Hence it is not influenced on investigated optical devices filter and astigmatism
corrector, and the direction on the chip. In our opinion, theobserved differences
in the established coefficients (Tables 1 and 2) in both passbands are within
instrumental errors and photometric accuracy.

Inspecting both tables it is evident the similar values of the radial (cr) and posi-
tional (cx andcy) coefficients for all observing runs. This results well reproduce
the observed similarity in the form of the spatial dependence demonstrated in all
presented here and Paper I figures. In the limits of the declared errors a com-
mon value of−0.12 ± 0.03 of these coefficients was accepted as an weighted
mean for all runs and passbands. The most deviant case, Run 4,in our opinion
is caused by bigger scatter in the points (see Paper I, Figures 2 and 3). Apart of
such temporal stability (five years period) of spatial dependence having in mind
that the optical system is reversed once per month from RC to Coúde and vice
versa it is possible in some isolated cases the center of symmetry and the curva-
ture to be changed. For this reason the spatial dependence have to be checked
for every observing run.

Our experience revealed conditions critical for reliable values of the coefficients
to be gained. These are high signal-to-noise (S/N) ratio under which stellar mag-
nitudes are derived and uniform distribution of the standard stellar images over
the CCD chip. Sparse standard fields should be taken multiple(for a given pass-
band) in the night moving slightly the telescope between consecutive exposures.

The similarity in the form of the observed spatial dependence in different pass-
bands has important practical meaning: unlike the magnitudes the instrumental
color index,ci = m(filter1)−m(filter2) remains unaffected by these system-
atic errors. This simplifies the calibration procedure. Namely, instead to solve
Eq. (2) for every passband one can solve it only once, e.g. forthe passband
which magnitudes are most reliable according to the S/N ratio. Other equations
will concern used color indices,U − B, B − V etc.

ci = c0 + f(CI) (4)

whereci andCI are the instrumental and standard stars color indices respec-
tively.

It was established that reducing instrumental magnitudes for spatial dependence
we gained better stellar photometry: the magnitude scatterdecreases with about
30–50 per cent settling the standard deviation in the residuals(m − M) bellow
0.03 mag. As a consequence of this, changes in photometric zero pointm0 with
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up to 0.8 mag could be seen in the presented tables. This is an important result
in our investigation as well as such refinement in the stellarmagnitudes could
not be neglected in the accurate photometry.

4 Concluding Remarks

As we suppose in Paper I the probable reason for the observed spatial depen-
dence of stellar magnitudes derived in the RC focus of the NAO2-m telescope
is the absence of the field flattener in the present CCD mounting. To solve this
problem in general this optical element have to be recoveredin the optical trail.
Concerning already obtained observations since the summer1997, in order to
minimize the photometric errors one should reduce derived instrumental magni-
tudes in accordance with the stellar image position on the CCD chip.
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