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Abstract. BVR CCD photometry of star-like and diffuse objects in two similar 
nearby irregular galaxies are presented. Both galaxies are now in post star burst 
stage. Using different forms of the method of the brightest stars their distance 
moduli are estimated to be 26.32 and 29.00 mag, respectively, corresponding to 
distances of 1.84 and 6.31 Mpc. We suggest the standard error of ::::J 0.4 mag or 
20 3 of the distance. 

PACS number: 97.10.Ri 

1. Introduction 

Good knowledge about the distances to the nearby galaxies is critical for solving 
important astronomical problems such as determining the structure and the velocity 
field in the Local Supercluster, selecting gravitational bounded groups of galaxies and 
estimating the mass of the dark matter. The cepheid method is considered the best for 
distance estimation. Its standard error in deriving the distance modulus µo = (m- M)o 
is < 0.2 mag or < 10 % of the distance D. This method has already been applied to 
observations of the Hubble Space Telescope (HST) in an ongoing project for specifying 
the distance to the galaxies in the Virgo cluster and determining the Hubble constant. 
However, the cepheid method requires a lot of observational time and there are not any 
photometry estimations of the distances to hundreds near galaxies. 

Although it is two-three times less accurate than the cepheid method, the method 
of the brightest stars (MBS) is the most appropriate for large applications to spiral and 
inegular galaxies which are more than 70 % of all galaxies. It is enough to obtain 
CCD images only in two spectral bands for implementing it. References of the modern 
studies and calibrations of the MBS, based on the recent CCD surveys of the nearby 
galaxies, are given in the previous work (1]. Since modern CCD detectors are mostly 
sensible in the R-band and the interstellar extinction is essentially less in R than in V 
and B-light, the CCD photometry in R-light should be better if equal other conditions 
are accepted. These are the reasons for which we prefer the R-band as a main one and 
give in [1] calibrations of the MBS in R-band. 
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Distances to more than 100 late type nearby galaxies are estimated in the last years 
applying the method of the brightest stars on observations mainly from the 6 m telescope 
in Northern Caucus (6MT) [2]. Thus the amount of such data is increased 4 - 5 times 
and this represents about half of all galaxies with radial velocities less than 400 km/ s 
and distances smaller than 5 Mpc. Going on to distances less than 15 Mpc there are 
more than 1000 spiral and irregular galaxies which are potentially resolved into stars 
using ground-based observations. This is quite possible with instruments like the 2 m 
telescope of the Rozhen NAO (2MT) when the seeing is under 1.511

• The investigation 
of these galaxies would also give a lot of information about the morphology, the 
brightest stars, the star aggregates and the star fonnation in them. 

Here we present photometry of two comparatively bright bar-like irregular galaxies. 
NGC 1569 is well studied, but there are no detailed data for NGC 2337. In [3] these 
are the galaxies PGC 15345 and PGC 20298, with integral B magnitudes 11.70 and 
13.05 mag, apparent sizes_3.7' x 1.7' and 2.0'x 1.7', corrected radial velocities 134 and 
568 km/s, galactic latitude 11 and 22 deg and foreground galactic extinctions As 1.47 
and 0.43 mag. 

The galaxy NGC 1569 has a peculiar morphology [4]. It is a member of the IC 342 
group [ 5, 6]. Bright superstar clusters are investigated in it with the help of the HST [7]. 
It seems that NGC 1569 has experienced two stages of active star fonnation - before 
~ 1.5 Gyr and ~ 1 My [8]. The first estimations of the distance modulus ofNGC 1569, 
using the brightest stars and HII regions are µ0 = 27.4-27.9 mag (D = 3.0-3.8 Mpc) 
[4, 7]. The modulus which is accepted now is µ0 = 26.7-27.0 mag (D = 2.2-2.5 Mpc) 
[4, 7, 8], but the C- M diagrams obtained with the help of the 6MT and the Nordic 
Optical Telescope (NOT) give µ0 = 26.33- 26.25 mag (D = 1.85-1.78 Mpc) [5, 6]. 

2. Observations and Reductions 

The observations ofNGC 1569 and NGC 2337 are made with the 2MT equipped with 
SBIG ST6 CCD camera on 25th and 26th November 1995 with a seeing 1.411 and 1.3 11 

and air mass 1.09 and 1.02 respectively. The sizes of the frames are almost 2.0' x 
1.5' and the scale is 0.3 11 / pix. The conversion factor of the camera is 7e-/ ADU and 
its maximum sensitivity (~ 70 3 ) is in the region of 670 nm. The camera is cooled 
down to -40 °C, the exposure times in B, V and R bands are 20, 20 and 10 min. The 
photometry system, realized with standard Schott filters, is preliminary investigated 
[9] , and the magnitude zero-points are determined (with a possible error < 0.1 mag) 
by the cluster NGC 7790 [10]. The standard preliminary reduction of the frames is 
made with the software of ST6. Further procedures (cleaning, rebining, smoothing 
and photometry) are made with the Rozhen image processing package APP [ 11, 12] 
which is an extension of the software PCVISTA [13]. The photometry of the standard 
stars is made using growth curve (GC) of the instrumental magnitudes. Selection and 
classification of the objects in the frames are made on the basis of magnitude, size, 
shape and sharpness. 

Stellar photometry is made simultaneously on two or three rebined frames in dif
ferent bands by the program UMAG (upper magnitudes). It is specially developed for 
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photometry in crowded fields of galaxies resolved into star-like and diffuse objects [14). 
A fast algorithm for constructing the growing curve of the image within the boundaries 
of a round aperture is implemented, based on histogram transforming. Each value of 
the obtained in such a way OC is an integral of the image within a round aperture 
inside the one we have set, and above the background, detennined on the periphery of 
this inner aperture. This kind of OC and the obtained through them magnitude may be 
called "upper", because when the aperture is increased the OC covers greater part of 
the amplitude of the star image. Since star images are similar by definition, their upper 
OCs are similar in shape, such as the ordinary OCs built above one and the same for 
all apertures background. Although the upper OC is not so steep and smooth as the 
ordinary one it has the advantage that it does not depend on the background and its 
error. 

The program UMAG determines the instrumental magnitudes by averaging the val
ues of the bright parts of the OCs and adding aperture corrections. The mean values 
of the aperture corrections are calculated by the program using isolated star images 
for which the instrumental magnitudes are preliminary determined and approximated 
to a magnitude detennined with aperture with endless radius. The aperture corrections 
should be inserted in the program as well as the coefficients of the color system. The 
program UMAO gives directly the standard magnitudes, the colors and the widths 
of the images. The program creates another file with the upper OCs of the images. 
The program UMAG has been used for the reduction of about 20 irregular galaxies, 
observed with the 6MT (15, 16, 17). A comparison of the photometry results for 5 
galaxies (15, 17) is made with the results obtained with program DAOPHOT [18]. It 
shows an agreement within a standard error ofO.l mag. The results from both programs 
differ primarily when star-like objects are slightly diffused. UMAO underestimates and 
DAOPHOT overestimates their brightness. That is why working with UMAG the im
ages of the bright diffuse objects (BDO) are reduced separately, using bigger aperture .. 
We prefer the photometry method realized in the program UMAO because it does 
not require detennining of the background of the objects and is a multidimensional 
generalization of the aperture photometry. 

3. Photometry Results 

The galaxies NOC 1569 and NOC 2337 are observed in VR and BR respectively and 
40 and 20 star-like objects are found in their images. We consider that this small 
number of resolved objects is enough for some conclusions about the star formation 
and the distance to the galaxies. There are such examples in the previous works (15, 
16, 17) as well as in [ 19, 20). The photometry of the selected objects in NGC 1569 and 
NOC 2337 is made with the program UMAO three times with apertures in the range of 
1.5-2.0 times of the full width at halfof maximum (FWHM) for the seeing. After that 
the averaged values and the widths, the magnitudes and the colors of the images and 
their standard errors, are determined. On the basis of this information several images 
are selected which we consider to be diffuse in the observing conditions we have. 
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Fig. 1. Location of the photometered objects in the galaxy NGC 1569 
Stars are presented with dots and the diffuse objects with circles. The map is 9011 x 12011 and the 
frame is marked in pixels; north is up, east - on the left 
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Fig. 2. Location of the photometered objects in the galaxy NGC 2337 
A bright foreground star is presented with an asterisk. The other symbols are as in Fig. 1 

The location of the measured objects in the galaxies NGC 1569 and NGC 2337 
are presented in Figs 1 and 2. The photometry is presented in Table 1 and Table 2 
where the diffuse objects are signed with "d". The BDO for which the photometry 
is made separately with two times bigger aperture are noted with capital letters. The 
individual internal errors of the magnitudes R and the colors V R or BR (except for 
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Table J. Photometry in NGC I 

No x y R 

1 21 200 19.7[ 
2 54 213 20.5( 
3 94 213 19.9[ 
4 114 193 19.51 
5 149 161 19.61 
6 177 154 18.61 
7 200 161 19.2~ 

8 212 163 19.5( 
9 218 159 18.5: 

10 227 159 18.3 
11 232 136 19.1 
12 238 165 19.8 
13 240 157 19.6 
14 242 96 19.0, 
15 244 186 19.51 
lG 263 155 20.5 
17 263 100 16.7 
18 276 135 19.0 
19 277 152 18.0 
20 289 125 18.2 
21 296 114 17.5 
22 302 173 19.2 

Table 2. Photometry in NGC 

No x y R 

1 84 75 18.2 
2 86 159 20.7 
.3 108 17 20.5 
4 121 172 19.51 
5 10 194 20.1 
6 131 152 19.8 
7 149 145 19.3 
8 158 21 19.7 
9 177 229 20.9 

10 184 129 18.2 
11 192 128 20.3 
12 193 137 19.3 
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BDO) are presented in Fig. 3. As can be expected the error increases systematically 
when the brightness of the objects decreases. About 1 mag above the magnitude limit 
(for R ~ 20. 5 mag) the internal error of our photometry is 0 .1-0 .2 mag. 

Table 1. Photometry in NGC 1569. The objects considered as diffuse are designed by "ct" 
.o 

• No x y R V-R No x y R V-R 
1 21 200 19.75 0.46 23 302 266 16.56 0,64 
2 54 213 20.56 0.68 24 315 125 18.58 0.59 
3 94 213 19.95 0.36 25 320 143 18.39 0.41 
4 114 193 19.57 -0.13 26 328 150 18.77 0.44 
5 149 161 19.64 0.17 27 341 118 17.68 0.35 d 
6 177 154 18.61 -0.06 d 28 351 125 18.66 0.33 
7 200 161 19.29 0.36 d 29 352 102 18.68 -0.07 d , 

8 212 163 19.50 0.47 30 358 32 19.17 0.41 
9 218 159 18.53 0.17 31 365 97 19.56 0.62 

300 400 
10 227 159 18.31 0.19 32 372 118 17.04 -0.17 d 
11 232 136 19.14 0.46 33 378 92 19.33 0.43 
12 238 165 19.83 1.03 34 383 119 17.89 0.02 d 

in the galaxy NGC 1569 
13 240 157 19.68 0.41 35 384 248 15.48 0.62 
14 242 96 19.05 0.60 36 388 91 18.35 0.36 d 

ircles. The map is 90" x 120" and the 15 244 186 19.54 0.47 37 498 50 19.83 0.47 
16 263 J.55 20.50 0.96 d 38 520 208 18.67 0.69 
17 263 100 16.70 0.55 39 527 82 19.59 0.59 
18 276 135 19.07 0.32 40 537 110 15.95 0.51 
19 277 152 18.01 0.38 A 219 125 14.30 0.35 d 
20 289 125 18.25 -0.07 d B 203 145 15.31 0.64 d 

21 296 114 17.57 0.56 c 238 112 16.25 0.52 d 

22 302 173 19.24 0.55 

Tab le 2. Photometry in NGC 2337. The objects considered as diffuse are designed by "d" 

No x y R V-R No x y R V-R 

1 84 75 18.28 0.57 13 231 86 20.80 -0.18 

2 86 159 20.71 0.28 14 237 124 18.59 0.98 

3 108 178 20.59 0.06 15 249 124 19.61 1.87 d 

* 4 121 172 19.53 1.47 d 16 253 99 20.67 0.36 

5 108 194 20.13 1.31 17 333 113 18.68 1.71 

6 131 152 19.83 1.06 A 232 76 17.82 -0.68 d 

7 149 145 19.35 1.00 d B 224 92 18.22 -0.42 d 

300 400 8 158 21 19.76 1.03 d c 138 138 18.70 -0.25 d 

9 177 229 20.90 -0.17 D 136 155 19.13 -0.14 d 

10 184 129 18.22 0.38 d E 131 168 18.96 0.46 d 

the galaxy NGC 2337 11 192 128 20.32 0.79 F 145 162 18.73 0.87 d 

he other symbols are as in Fig. I 12 193 137 19.31 1.15 

xies NGC 1569 and NGC 2337 
Table 3 gives the differences V' - V between the V magnitudes of the objects in NGC 

1569 in others and our works respectively. When comparing the aperture photometry 
resented in Table 1 and Table 2 results and the 6MT results [5] we exclude greatly differed objects #16, #20 which 
BDO for which the photometry may be variables or not correctly identified. For the rest 23 common objects from the 
e noted with capital letters. The body of the galaxy we obtain V' - V = -0.14±0.34. Here, as comparisons have been 
e colors V R or BR (except for made in other works [6, 12] the comparatively great dispersion of the differences is 
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Fig. 3. Distribution of the individual internal errors of the magnitudes R (dots) and the colors 
(V - R) or (B - R) (circles) of the measured objects in the galaxies versus R magnitudes 

Data for NGC 1569 are presented with bigger dots and circles 

Table 3. Comparing between the V magnitudes of NGC 1569, derived in the present work and 
the respective V' magnitudes, obtained by means of the 6MT [5], NOT [6] and HST [7] 

No 6MT V'-V No 6MT V'-V No NOT V'-V No HST V'-V 

7 10 0.34 22 50 -0.34 1 62 -0.24 18 55 0.67 
8 26 -0.28 26 47 -0.26 2 63 -0.25 19 c2 0.39 
9 25 -0.69 29 34 -0.77 3 70 -0.08 21 cl 0.00 

10 27 -0.30 30 15 -0.19 4 50 -0.07 24 c5 0.10 
11 24 0.13 31 18 0.09 5 35 -0.02 25 4 0.74 
13 28 0.33 32 44 -0.14 14 6 -0.04 26 10 0.11 
14 13 -0.44 37 38 0.06 17 8 -0.08 27 c4 0.44 
15 53 0.15 38 61 -0.09 28 18 -0.05 28 24 0.30 
16 29 -1.56 39 40 -0.10 37 14 -0.23 A A 0.33 
17 14 -0.13 A 32 0.43 38 68 -0.10 B B -0.17 
19 30 -0.12 B 31 -0.87 39 3 -0.14 c c3 0.28 
20 22 1.58 c 33 -0.16 
11 21 0.05 

probably due to the different scale of the images of the two telescopes and the different 
methods of photometry. In the DAOPHOT photometry of frames from NOT [6] many 
objects from the body of the galaxy are classified as diffuse and removed. That 
is why we may compare peripheral objects for which there should be no problems 
with the background. In this case, having 11 common objects we obtain a rather 
good agreement: V' - V = -0.10 ± 0.07. The zero-points of the data from the 
2 m, 6 m and NOT telescopes are practically the same. On the contrary with the 
case with NOT, a comparison of our photometry with the DAOPHOT photometry of 
HST images concerns only objects from the central part of the galaxy with the most 
complex morphology. Discussing 11 objects in common we have V' - V = 0.29±0.34 
and excluding the four objects with the biggest differences (##18, 21, 25, B) we get 
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V' - V = 0.28±0.13. We consider the reasons for the great dispersion to be the same as 
for the 6MT and 2MT. Similar disagreements between ground-based and HST images 
are known [21]. Having in mind the much bigger resolution of the HST images it is 
expected that magnitudes from ground-based observations in crowded fields should be 
brighter than from HST ones. However, in our case the difference is large. 
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Fig. 4. Color-magnitude diagram for the measured objects in NGC 1569 
Stars are marked with dots and diffuse objects with circles 
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Fig. 5. Color-magnitude diagram fo~ the measured objects in NGC 2337 
Stars are marked with dots and diffuse objects with circles 

Figures 4 and 5 present the color- magnitude diagrams of the galaxies NGC 1569 and 
NGC 2337. We find about 20 stars which may be members of the galaxy NGC 1569 and 
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several BDO observed already with HST [7] as superstar clusters. The comparatively 
rarely populated clump of the blue stars brighter than 20 mag, situated at V - R ~ 0.35 
instead of V - R ~ 0.0 is an indicator as in [5 - 8] for a great foreground and internal 
extinction(> 2 mag). The galaxy is observed near the Galactic plane and this explains 
the great foreground extinction. Several blue stars can be seen in the color-magnitude 
diagram of NGC 2337 and it seems less influenced by extinction as a whole. The 
brightest BDO are bluer and are located a little bit aside from the central part of the 
galaxy compared with the previous galaxy. The bright star-like object #10 in the center 
of NGC 2337 is also blue. The galaxies NGC 1569 and NGC 2337 are similar not only 
in morphology but also in the population of blue stars which is an indicator that the 
active star fonnation had stopped about 10 My ago [7, 8]. We detect only one very faint 
candidate for red supergiant in NGC 1569. Obviously the photometry of NGC 2337 
is not enough deep for revealing such objects . Appropriate bright candidates for red 
supergiants lack in [ 6] an_d [7] as well. 

4. Distance Estimations 

When estimating the distances to the galaxies we can use the integral magnitudes of 
the galaxies B(g)o and the mean magnitudes of their three brightest blue stars B(3B) 0 , 

V(3B)o or R(3B)o. Hereafter "0 " means that the galactic extinction is removed from 
the magnitude or color. We use data for AB from [3] and the relations Av= 0.76AB, 
AR = 0.61AB and E(V - R) = 0.15AB. Usually the brightest blue objects in the 
galaxies are young star clusters, compact associations or multiple stars seen as single 
ones. To avoid using these objects as distance indicators instead of stars we apply the 
magnitudes V(5) 0 and R(5) 0 for which the value of the smoothed luminosity function 
of the blue stars represents five stars in an interval of 0.5 mag. Using these symbols 
the calibrations of the method of the brightest blue stars in the system BVR, obtained 
by modem CCD data [1] are: 

µo = l.59B(3B) 0 - 0.61B(g) 0 + 3.83 

µ 0 = l.46R(3B) 0 - 0.46B(g) 0 + 4.99 

µo = l.85V(5)o - 0.87B(g)o + 1.08 

µ 0 = l.68R(5)o - 0.68B(g)o + 2.21. 

(1) 

(2) 

(3) 

(4) 

When estimating the distances to the galaxies we do not use the faintest and very blue 
stars in each galaxy because of the probable great photometry errors. For NGC 1569 
we use stars ##10, 9, 5 for which V(3B) = 19.00 mag and R(3B) = 18.80 mag. 
For NGC 2337 we use stars ##3, 16, 2 for which B(3B) = 20.89 mag and R(3B) = 
20.66 mag. In both cases we apply relation (1) adopting for NGC 1569 B(3B)o = 
V(3B) 0 . The distance modulus forNGC 1569 in V and R-lights is 26.12 and 26.42 mag 
respectively and for NGC 2337 in Band R-lights it is 29.08 and 28.96 mag respectively. 
The blue modulus obtained by the calibration in [16] is practically the same. We 
consider the results in R-light are more accurate that is why we give them twice the 
weight in the other bands and take the average of the two distance moduli. We obtain 
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for NGC 1569 a distance modulus 26.32 mag and for NGC 2337 - 29.00 mag which 
correspond to distances 1.84 and 6.31 Mpc. So we derive the galaxy NGC 2337 is 
~ 3.5 times more distant then NGC 1569. Using HST data [7] the brightest stars in the 
central part of NGC 1569 are ##2, 24, 32 with V(3B) = 19.00 mag. Using them and 
(1) we obtain a distance modulus 26.02 mag (D = 1.6), which is in a good agreement 
with the estimation from our observations. 

We can use the luminosity functions (LF) of the blue stars but only for NGC 1569 
because our photometry for NGC 2337 is not deep enough. As in the previous works 
[1] the stars are selected on the C-M diagrams using the criteria (B - V)o < 0.4, 
(V - R)o < 0.2, (B - R)o < 0.6 or (V - I)o < 0.4. LFs are built in 0.5 mag intervals 
with a 0.25 mag step with overlapping intervals. The data rows, obtained in such a 
way, are smoothed with a sliding average of every three points. The smoothing is made 
in the logarithmic scale, where the LF must be approximately straight line. For the 
data from 2MT we obtain R(5) = 19.35 mag and V(5) = 19.67 mag and for the data 
from 6MT [5] - V(5) = 19.46 mag. The corresponding estimations of the distance 
modulus using (3) and (4) are 26.22, 26.47 and 26.12 mag. These estimations (1.67 -
1.97 Mpc) are in a reasonable agreement with the previous ones in this work and in [5, 
6]. LF constructed with HST data [7], on the photometry only of the central part of the 
galaxy, and NOT data [6], from which stars from the body of the galaxy are removed, 
are essentially shifted to the fainter magnitudes and the relation (3) cannot be used. 

Estimating the difference between the distance moduli of the two galaxies we can use 
also the mean magnitudes of their BDO, supposing the average absolute magnitudes of 
the three brightest of them almost equal. In NGC 1569 these are the objects A, B and C 
with R(3C) = 15.25 mag and in NGC 2337 - A, Band 10 with R(3C) = 18.09 mag. 
Accounting for the foreground extinction the difference between the distance moduli 
is ~ 3.5 mag which corresponds to distance ratio ~ 5. This is an evidence that the 
distance to the galaxy NGC 2337 may by larger than the estimation in the present paper. 

5. Conclusions 

In this work we compare the C- M diagrams of two similar in morphology irregular 
galaxies. We consider them as representatives of galaxies in post star burs stage. 
Our results confirm the known distance to the galaxy NGC 1569 and we find that 
the distance to the galaxy NGC 2337 is ~ 3.5 times greater. We can conclude that 
observational data in the system BVR obtained with the 2MT and ST6 can be used for 
investigating nearby irregular galaxies resolved into stars up to distances of 10 Mpc. 
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