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Abstra
t. This report is devoted to the 30-year anniversary of the Rozhen NAO.In the

end of 1990 an observational program was started by the Max Plank Institute of Astronomy,

Heidelberg and the Institute of Astronomy of the Bulgarian A
ademy of S
ien
es. aiming to


he
k the la
k of galaxies in some regions of the 
osmi
 spa
e � so 
alled "VOIDS". The idea

was to use the 2-m teles
ope of the Rozhen NAO with its large �eld of 1 x 1 sqr.deg. The

program list 
ontains one 
omparison �eld � the well known 
luster of galaxies A 1376 with


oordinates (1950) R.: 11h 40m 54s and De
: +20deg 07' 00" and about a dozen of voids.

Using the exposure time 
a. 3 hours we rea
h a limiting magnitude 
a. B = 23 � i.e fainter

than the POSS limit. The se
ond step was detailed studies of the most interesting obje
ts

using the CCD frames. As a result more than 6000 new galaxies were found and measured

in the �elds 0049 + 00, 1042 + 00, 1306 + 34, +35, +36, 1600 + 18 (Her
ules) and 2320 +

1339.
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Èçñëåäâàíå íà ïðîñòðàíñòâåíè ïðàçíèíè â ÍÀÎ-�îæåí:

Ñúâìåñòåí áúëãàðñêî-ãåðìàíñêè ïðîåêò

�åîðãè Ïåòðîâ

Òîçè îò÷åò å ïîñâåòåí íà 30-ãîäèøíèÿ þáèëåþé íà ÍÀÎ - �îæåí. Â êðàÿ íà 1990 ãî-

äèíà çàïî÷íà íîâ èçñëåäîâàòåëñêè ïðîåêò íà Èíñòèòóòà ïî àñòðîíîìèÿ "Ìàêñ Ïëàíê",

Õàéäåëáåðãñ è Èíñòèòóòà ïî àñòðîíîìèÿ, ÁÀÍ. ñ öåë äà ñå ïðîâåðè íàëè÷èåòî èëè

ëèïñàòà íà ãàëàêòèêè â èçáðàíè îáëàñòè îò ïðîñòðàíñòâîòî, íàðå÷åíè "ïðàçíèíè". Çà

öåëòà áå èçïîëçâàí 2-ì òåëåñêîï íà ÍÀÎ ñ íåãîâîòî ãîëÿìî ïîëå - 1õ1 êâ. ãðàäóñà.

Ïðîãðàìàòà âêëþ÷âàøå åäíî ïîëå çà ñðàâíåíèå - äîáðå èçâåñòíèÿ êóï îò ãàëàêòèêè A

1376 ñ êîîðäèíàòè (1950) Re
.: 11h 40m 54s è De
: +20deg 07' 00" è îêîëî äóçèíà ïðàç-

íèíè. Ïðè åêñïîçèöèè îò ïîðÿäúêà íà 3 ÷àñà áå äîñòèãíàòà ãðàíè÷íà çâ. â-íà Â = 23,

ïî�ãîëÿìà îò òàçè íà Ïàëîìàðñêèÿ îáçîð. Ñëåäâàùà ñòúïêà áå äåòàéëíî èçó÷àâàíå íà

ïî-èíòåðåñíèòå îáåêòè ñúñ ÑÑÄ-êàìåðà. Â ðåçóëòàò íà ïðîãðàìàòà ñà èçìåðåíè ïîâå÷å

îò 6000 ãàëàêòèêè â ïîëåòàòà íà ïðàçíèíèòå 0049 + 00, 1042 + 00, 1306 + 34, +35, +36,

1600 + 18 (Õåðêóëåñ) è 2320 + 1339.

Introduction

The presence of voids in the distribution of galaxies has been discovered in
early redshift surveys of galaxies - see e.g. Chincarini & Rood (1980), Gregory
& Thompson (1982). Further studies show that the largest voids are those
delineated by rich clusters and superclusters of galaxies - Oort (1983), Rood
(1988). Since 1992 altogether 17 long exposure plates for 10 selected voids,
covering one square degree of celestial sphere each in B – color were taken
with the 2-m RCC telescope of NAO ”Rojhen”. In Table1 the summary of the
observational data for the selected voids is presented.

A brief description of the project is presented in Petrov (2006). All data
used here are accessible via the WEBpage http://www.astro.bas.bg/p̃etrov/
and soon – via BGVO portal.
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Table 1. Programm list and results of ’Searching for Galaxies in Voids’

Name h m s ◦ ′ ′′ N1 Plate N0. Ng Np
V1-1 00 00 00 +12 00 00 35
V1-2 00 00 00 +15 00 00 40
V1-3 00 00 00 +18 00 00 40
V2-1 00 30 00 +12 00 00 30
V2-2 00 30 00 +15 00 00 30
V2-3 00 30 00 +18 00 00 30
V3 00 33 00 +06 54 00 50
V4 00 41 00 +05 00 00 45 1862
V5-1 00 45 00 +04 00 00 45 1863, 1868 414
V5-2 00 45 00 +05 00 00 45 1864 563
V5-3 00 45 00 +06 00 00 45 1865
V6 00 49 00 +05 00 00 45 1867 1957 568
V7 02 00 00 +13 00 00 35 2043
V8 10 42 00 +00 00 00 50 1896, 7084CA 847
V9 13 00 00 +35 00 00 45 1817
V10-1 13 06 00 +34 00 00 45 1898, 7082CA 791
V10-2 13 06 00 +35 00 00 45 1899 829
V10-3 13 06 00 +36 00 00 45 1897 1126
V11 13 12 00 +35 00 00 50 1890 443
V12 16 00 00 +18 00 00 100 1830, 1831, 1818 2145 225
V13 23 20 00 +13 39 00 50 1861 279 90
V14-1 23 30 00 +12 00 00 45
V14-2 23 30 00 +15 00 00 45
V14-3 23 30 00 +18 00 00 45

Remarks:
Name - our conditional name according to Rec.
N1 - number of galaxies in 1 sqr. degree according Shane(1975).
Ng - number of galaxies of founded on our plates.
Np - number of galaxies founded on the POSS plates.
A. - Plates No. 7082 and 7084 - 2.2-m telescope, IIIaJ + GG 385.
B. - Plates No 1818, 1868 - 2-m telescope, 103aF + R - filter.
C. - All other plates - 2-m telescope, ZU21 + B - filter.

1. Detailed study of selected galaxies in Pisces-Cetus void

The galaxy we present here was chosen because of its interesting morphology
- it looks like two colliding galaxies or like two merging systems on the B CCD
frame. The basic data were taken using CCD frames and CCD spectra with
the 3.5 m telescope at Calar Alto.

In Fig.1 the result of detailed study of galaxy with coordinates 0058+1008
is presented. Figure 1-1 presents the dependence of the integrated magnitudes
in colors R (circles) and B (crosses) from the angular diameter of the galaxy.
In Fig.1-2 the dependencies of the surface brightness (mag/sq.arcsec), color
index (B-R), axial ratio B/A and position angle PA from the major axis are
summarized. In Fig.1-3a,b the lines of equal intensity in B and R colors re-
spectively are presented. Fitting ellipses are overlaid - for details see Kovachev
et al., (1995).
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2. Astrometry and photometry of galaxies in direction of
0049+05 void

Coordinates of 2257 galaxies, all that were detected on the plate No.1867,
were measured on an GLAREX machine in MPIA Heidelberg. ORWO plate
ZU–21 30x30 cm2 and Schott filter GG 385 were used to realize the standard
B–system.

Fig. 1. Detailed study of a galaxy from Pisces-Cetus void

SAO standard stars were used as astrometric standards. Ring aperture
photometry for all of them is performed. Visual magnitudes and apertures
(diameters) have been determined. For details from the aperture photometry
of galaxies - see Petrov et al. (2007b).

Figure 2 represents the results from aperture photometry of galaxies in
the direction of void 0049+05 (Petrov et al., 1997; Petrov et al., 2007b). The
MIDAS cluster analysis test for all galaxies has been used to study the X–
Y distribution (i.e. Alpha - Delta) of galaxies in the sample - Fig.2-1. The
distribution of the magnitudes and diameters of the galaxies are compared
with the LogNormal and Gauss one. The sample is full to the diameters ca. 4”
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- a linear part of the relation in Fig.2-2. On the Fig.2-3 distributions of large
diameters, axis-ratios and position angles of the galaxies are presented.

Fig. 2. Results from aperture photometry of galaxies in the direction of void 0049+05

Some results from the cluster analysis of the void are presented on the
Fig.3.

3. Astrometry and photometry of galaxies in direction of
1312+35 void

ORWO plate ZU 21 30x30 cm2 and Schott filter GG 385 were used to real-
ize the standard B–system. Coordinates and photometry of all 444 detected
galaxies are presented in Strigachev & Petrov (1994).

Distribution of the Diameters and Magnitudes of the galaxies are presented
on the Fig.4.
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Fig. 3. Results from cluster analysis of galaxies in the direction of void 0049+05

Figure 4a (upper panel) shows the distribution of the number of galaxies
according to the determined magnitude m(B). Figure 4b (lower panel) shows
the similar distribution of the major diameters of the galaxies.

Fig. 4. Results from aperture photometry of galaxies in the direction of void 1312+35
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4. Surface photometry and cluster analysis of galaxies in
direction of Hercules void

Based on photographic plates obtained with 2m RCC telescope at National
Astronomical Observatory Rozhen (Bulgaria) we inspected an area of ∼1
sq.degree in the direction of the Hercules void visually and with automatic
object detection software (Kniazev et al., 2003). Ca. 1850 faint galaxies in
the wide range of magnitudes 13m≤B≤21m and effective surface brightnesses
16≤ µeff(B) ≤24 mag arcsec−2 detected in a field of one square degree centered
at 1600+18 (1950) (Hercules void) were reselected in this manner amongst the
ca. 2150 galaxies visually selected.

Fig. 5. Results from automatic selection and reduction of galaxies in the direction of Hercules
void 1600+18

Their coordinates (2000), magnitudes m(B), diameters, position angles sur-
face brightness and some morphological parameters have been determined and
studied using cluster analysis technique. Nearest and Furthest neighbor, Cen-
troid, Median, Group, K means and Ward’s methods were tested and K means
method were used to determine the substructures in the distribution of faint
galaxies. The distance metric in all the cases is squared Euclidean distance.

The groups of Low surface brightness galaxies (Primeval galaxies ?) as the
ones with High Surface Brightness were detected in such manner in the direc-
tion of the void. Distribution of Concentration index (a parameter outlined
morphology of the object) give us some idea for separating of galaxies of spiral
and elliptical ones. For details see Petrov et. al.(2005, 2006, 2007a).
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The output data consist of a MIDAS table that contains all information
about the detected galaxies: accurate positions (X, Y, α(2000), δ(2000)), total
fluxes and integrated magnitudes with their uncertainties, effective radii (Reff ;
in arcsec), effective surface brightnesses (µeff ; in mag arcsec−2), radii of the
regions containing 50% and 90% of the integrated flux (R50, R90; in arcsec),
concentration indices C = R90/R50, position angle (PA), axial ratio (b/a).
exponential fits for the central surface brightnesses (µE,0; in mag arcsec−2) and
total magnitudes, integrated out to 25 mag arcsec−2 with their uncertainties.

Fig. 6. Upper left panel: Distribution of apparent magnitudes for all galaxies detected with
our programs. Upper right panel: Number counts of all galaxies detected with our programs
as a function of apparent magnitude. The errors bars on the galaxy counts are Poissonian.
The line shows the count-magnitude relation expected for a homogeneous galaxy distribution
in a universe with ”Euclidean” geometry: N(B) = AB · 100.6B . Lower left panel: Relation
between the effective surface brightnesses and integrated magnitude. Lower right panel:
Relation between the effective surface brightnesses and major diameter of galaxies.

The data for all 1851 galaxies in the field – coordinates, aperture and
surface photometry, position angles, diameters, axis ratio and concentration
are presented in Tabl.2 below - Fig.5 and are available on-line in the WEB–
page of the author http://www.astro.bas.bg/p̃etrov.
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Fig. 7. Cluster analysis of: Surface Brightness against Total magnitude, Diameters, Index
of Concentration, Axis Ratios and Position angle distributions for HSBG (right panels) and
LSBG (left panels)
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The number counts of galaxies as a function of magnitude is one of the clas-
sical cosmological tests. We did it for our data and the result is plotted on the
upper right panel of Fig.6. Galaxy number counts are shown in 0.5 mag bins.
The errors bars correspond to Poisson noise. The line in Figure shows a fit to
the galaxy counts-magnitude relation expected in a homogeneous universe as-
suming Euclidean geometry for three-dimensional space. The observed galaxy
counts are quite consistent with this line for 17m≤B≤20m and even fainter
up to B=20.5 mag. It means that we have complete data up to this magni-
tudes. With our data we found big excess of bright galaxies (B<17.0m).The
histogram of the magnitude distribution is shown on the upper left panel on
the same figure. The lower panel shows the relations between the effective
surface brightnesses and the integrated magnitude and the effective surface
brightnesses and major diameter of galaxies.

Fig. 8. Distribution of galaxies in the direction of the void 2320+39

Cluster analysis: Data Mining - this is the process of determination of
new or unknown objective laws or regularities in the raw data. A popular data
mining technique involves the construction of decision trees, based on decision
rules which define a partition of a dataset by splitting on key variables. Clus-
ter analysis is an exploratory data analysis tool for solving classification prob-
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lems. Multivariate statistics are briefly reviewed in an astronomical context
by Feigelson & Babu (2003) and are more thoroughly described by Murtagh
(2002).

As a result of cluster analysis of surface brightness, magnitudes, diameters,
concentration index, position angles and axis ratio of the galaxies, one can split
all the objects in two main groups - 463 High Surface Brightness Galaxies
(HSBG) - i.e. SBBeff ≥22.0 mag arcsec

−2 and 1388 Low Surface Brightness
Galaxies (LSBG) - i.e. SBB eff<22.0 mag arcsec−2.

On the Fig.7 results from the cluster analysis – the dependences of effective
surface brightness from Index of concentration is presented. While by K means
and Ward’s methods the groups of E/S0 galaxies is well outlined (C ∼5.5),
SB–Sd galaxies (C ∼ 2.3) even grouped well by K means clustering, are mixed
amongst different surface brightness.

5. Void 2320+1339

Only a part of this large void was investigated. Here we present the distribution
of galaxies measured in on 1x1 sqr.deg. field (see tab.1) - Fig.8 (Petrov et al.,
1994).

Conclusion

1. Astrometric and photometric parameters for ca. 6000 galaxies are deter-
mined

2. A big excess of bright galaxies (B<17.0m) co. to the galaxy counts-magnitude
relation expected in a homogeneous universe assuming Euclidean geometry
for three-dimensional space in Hercules void was found.

3. Cluster analysis method for morphological classification of galaxies and
HSB group , LSB group separation is presented.

4. A method for selecting of so-called giant LSB was tested and presented.
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