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ABSTRACT. A two-dimensional cluster analysis was executed on a homogeneous
sample of the Catalogue of low surface brightness (LSB) dwarf galaxR§
(Karachentseva, Sharina, 1988) covering the whole sky.

The total set of dwarfs at certain radii of clustering is divided into
clusters corresponding to real clusters and groups of galaxies.

Gas-rich (dSm, dIr, dIm) and gas-poor (dE, dSph) dwarfs cluster in i
wholly different manner, which confirms the known segregation in dwarf
galaxies distribution. The peculiarities of clustering have been noted for
every galaxy type.

The cluster analysis was carried out for the catalogue divided into sub-
samples on the basis of the different properties of the galaxies: mean sur-
face brightness, gradient of brightness, etc. Here differences in the clus-
tering properties are statistically significant, but are not as expressive
as for other types.

The cluster analysis was made separately for the dwarfs located in dense
regions (Virgo, Fornax) and a background (groups of galaxies of different
population). The surrounding density determines both the morphological
structure and the character of dwarfs clustering.

Having "cut off" the dense fluctuation we find that in the region witha
low density of galaxies the spheroidal, magellanic and irregular dwarfs

cluster in the same way.

BunosnueH OByMepHbi KsaacmepHHU aHanu3 o0dHopodHod Bhbopku  Kamasoei
Kap/UKOBHX 2a/lakmuk Huskol noBepxHocmHolU spkocmu (Kapayenuyepa, lapuHa,

1988), oxBamsBamezo Bce Hebo. I[Ipu onpedesieHHHX paduycax KJjacmepu3ayuu B
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COBOKynHocmb Kap/UKOB pacnadaemcss Ha KapAuku, COOMBEMCMBYyomue peasbHbM
CKONJIEHUSIM U 2pynnaM 2a/akmuk.

CKky4uBaHUe Kap/aukoB 6ozamsix zaszoM (dSm, dIm, dIr) u 6edwnx (dE, dSph)
npoucxodum COBepUWEeHHO pa3J/u4HeM obpas3oM, 4mo nodmeepxdaem U3BEeCmHYD
cezpecayuid B pacnpedeseHUU Kap/JUKOBHX e2afakmuk. OmMedeHo ocobeHHocmu
CcKy4uBaHUsl 345 Kaxdozo muna. [lpopedeH knacmepHuill aHanus Kamasoza, pasbumozo
Ha nodBHOGOPKU nNoO pa3/U4HHM npuU3HaKaM 2aJsakKmukK: CpEeJOHsSII NOBepXHOCMHas sIp-
Kocmb, éepadueHm spkocmu U Jdp. 3dechb pas/u4yuss B CKY4YUBAaHUU cmamucmuiecku
3Ha4YUMh, HO He CmoJb BhpasumesbHbl, Kak O/ pas3HbX MUNOB.

AHanu3 CKy4yuBaHUS npoBedeH makxe omdesbHO O/ Kap/AUKOB, pacnoO/OXeHHbX B
niaomunx (Virgo, Fornax) obaacmsgx U B paccesHHOM ¢oHe, cocmosiijeM U3 epynn
easakmuKk  pa3HoU  Haces/leHHocmu. [nomHocmb  OKpyseHUs  onpedessem  Kak
Mopgosozudeckulli cocmaB, makK U XxapakKmep CKy4UBaHUS Kap/IUKOB. "Cpezan"
nJaomHylo @$AyKmyayulo, M nosydaeM, 4mo B obsacmu C HU3KOU NJIOMHOCMbL 2a/akmuk
cgepoudanbHbie, Maze//1aHOBH U Uppezy/spHbe Kap/AUuKU CKy4UBaiomcss OJUHaKOBbM

obpa3oM.

I. INTRODUCTION

For the last few years LSB dwarfs have been generally recognized as testing
particles for checking the theories of galaxy formation and formation of the large-
scale structure. There are problems in this context which are being actively discus-
sed: does the space distribution of dwarfs repeat the distribution of normal galaxies
and what determines the observed characteristics - initial conditions of their
formation or the influence of their surroundings?

‘The measurements of redshifts at 21 cm for large samples of dwarfs and normal
galaxies allow us to compare their mutual distributions by different methods (see,
for example, Eder et al., 1989; Thuan et al., 1991, and references therein).
According to these authors there is no large difference between the clustering pro-
perties of dwarfs, LSB and bright galaxies.

A comparison of the optical and radio characteristics of over 300 gas-rich dwarfs
(spiral, magellanic, irregular) in clusters, groups and background was made by Kara-
chentseva (1990). It was shown that luminosities, linear diameters, colours, and HI-
line widths do not change on the average for a given type, depending on the surround-
ing density. An increase of the "mass-luminosity" ratio has been noted only for mage-
llanic dwarfs when passing from the more to less dense regions.

Our goal was to solve the question about the influence of the surroundings on the

morphology and peculiarities of distribution of LSB dwarfs applying the method of

cluster analysis to a sufficiently full and homogeneous sample of the Catalogue of
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LSB dwarf galaxies (Karachentseva and Sharina, 1988). The two-dimensional variant was
chosen so as to take into consideration all types of dwarfs, including the ellipti-
cals and spheroidals.

The general character of LSB dwarf distribution over the sky allows us to place
them in the volume of the Local Supercluster (Karachentseva, Sharina, 1988).

A short description of the method used is given in Sec.II. The results of the
cluster analysis which has been applied to the whole sample, to the Virgo and Fornax
clusters, and to the less dense region consisting of different population groups, are
presented in Sec.III. The discussion of results and conclusions are summarized in.

Sec. IV.

II. ORIGINAL MATERIAL AND TECHNIQUE OF ANALYSIS

Let us briefly describe the Catalogue. The objects in the Catalogue (covering the
whole sky) were chosen by low surface brightness, with a weak or lacking gradient of
brightness. Where it was possible the luminosities were determined, and the value M=
= =16 was chosen as the upper limit. The catalogue thus contains mainly LSB dwarfs
with the confusion effects of the far LSB normal galaxies kept to a minimum.

Morphologically the objects of the Catalogue were classified as elliptical
(dE), spheroidal (dSph), spiral (dSm), irregular magellanic (dIm) and irregular
without magellanic signs (dIr). Note also, such signs as the mean surface bright-
ness 1 (SB =~ 24.5 m/0"); 2 (24.6 - 25.5 m/0"); 3 (weaker than 25.6 m/0"), the pre-
sence of a weak (W) or absent (0) surface brightness gradient, description of signs
of a nucleous: star-like “nucleous" (N*), diffuse one (ND), nucleous is absent
(NO), and others are involved into the coded description of the object. A detailed
description is given in the work of Karachentseva and Sharina (1988). We emphasize
that the classification of dwarfs by different signs was used for all objects of the
Catalogue uniformly. It was not possible to determine all characteristics with con-
fidence for all dwarfs, so the overall numbers do not coincide with the total number
of objects of the‘Catalogue in the tables of data.

We have attempted to elucidate how the observed clustering in the distribution of
dwarfs over the sky reflects their morphological peculiarities. Among the different
mathematical models of solving this task we have chosen the method of clustering
galaxies according to the principle of geometrical search for the nearest neighbour,
when the nearest neighbours are declared to be such galaxies for which the distance d
does not exceed the pre-assigned radius of clustering r. As a consequence of this
process the set of galaxies is divided into the subsets of ones isolated from other
clusters with different intrinsic galaxy populations (Gregul et al., 1991).

The choice of the nearest neighbour strategy was due primarily to the importance

placed on the concept of contiguity for any pair of galaxies. One of the confirnm-
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ations of a successful choice for the clustering model can be seen in the fact that
the centers of the «clusters picked out by the model coincided with the centers of
groups of dwarfs in the places where they were really located. We note that a ty-
pical property of this kind of methods is the contrast between the extraordinary
nathematical simplicity of the algorithm and the complication of calculations.

In this task the calculation of distance on the sphere between every pair of ga-

laxies was made in angular units by the well-known formula:
cos d = sin b _sin b+ cos b, cos b _cos (1 - 1),
i j i j i J

where 1,b - the galactic coordinates, d - the angular distance between the galaxies.
The radius of clustering was varied within the optimal limits in the analysis of the
"subcatalogues" of galaxies sorted out by the morphological features. After this the
calculation of intrinsic population of all clusters was made for a given chosen r and
the corresponding summary histograms were plotted. The method of calculation of

different characteristics inside the cluster will be described in the next work.

III. RESULTS
I1I.1. The whole catalogue

Firstly all dwarfs of the Catalogue (except the Local group members) were consi-

dered without their division according to the types and other features.
For a broad variety of radii of clustering (0.5; 1; 2; 2.5; 3; 3.5; 4; 4.5; 6;

100) the corresponding distributions were constructed. The results are shown in

Fig.1.
i@e

Fig.1. Clustering of all LSB 9%
dwarfs of the Catalogue for a g | P
set of clustering radii. The gg:;%
abscissa is the logarithm of the mr ggﬁfg.s
number of dwarfs 1in a cluster _ ¢} ggﬁgg.s
(log N ), the ordinate 1is the = 8ir=4.5

i . 5B 9:r=6
. s 5 Faa i8:r=10
integral fraction of galaxies
entering clusters with a popula- 18
tion Ng < Ni, Fi(%). The upper 30 }
curve corresponds to the mini- 20 1
mum clustering radius. The clus- 18 ===
tering radii are expressed in '
angular degrees. The designati- adg“" "'"':61 — “'“}Ha ""'Eé3 — "”i64

ons in all the following figures
are the same as in Fig.1

Here the abscissa axis is the logarithm of the number of galaxies in the cluster,
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log Ni - (cluster population) and the ordinate - the integral function F (%) - the
i 1

fraction of galaxies 1in clusters with the N < Ny
g

Analysis of the distribution of

clusters over the sky shows that 160
they closely outline the known gro- B
ups and clusters. For all r a 88y
smooth rise from 1isolated galaxies 78y ,' DIR+DIM+DSH
/N, =548
to groups is seen and after the _ 68f P
. L 1:r=2 |
break corresponding to the Fornax S sal o g rsced
ot 4:r=3.5
cluster the sharp turn to the Virgo = 48} 2§£§g
cluster is observed. The fraction 38;;
of isolated dwarfs changes from zet 4’,”’
about 40% for r = 0.5 to 2% for L. e e ]
o q 18° 18t 18° 10
r = 10 . It 1is seen that for r
. o Log Ni
from 2 to 4.5 the clustering of
dwarfs is stable. These values have Fig.2. Clustering of dIr+dIm+dSm dwarfs
therefore been chosen to construct (the whele Catdlegue).
suitable graphs for two subsamp-
les of dwarfs: dIr+dIm+dSm (N =
540) and dSph + dE (N = 995),
Figs.2 and 3. Their comparison 1808 L S e B L S e e e R e
shows an impressive distinction in Jer
the character of clustering reflec- 8ar DE + DSPH
ting the well-known fact of morpho- oar
60 N,..= 995
logical segregation of dwarfs. Gas- ™
~58
rich dwarfs cluster more or less g}a
smoothly ‘from isolated to clus- A
ters, meanwhile elliptical and gﬁzg':
=3 .
spheroidal dwarfs are located main- o=t
ly in the Virgo and Fornax galaxy 8 R T SR
e 1 2
clusters. The fraction of isolated 18 1a i@ 16’
LogH;
dwarfs for a given r, and the whole
shape of curves differ signifi- Fig.3. Clustering of dE+dSph dwarfs
cant Iy (the whole Catalogue).
a) Types

The Catalogue has been divided into the subsamples according to the dwarfs types:
dSm (N=101), dE (N=539), dSph (N=400), dIr (N=244) and dIm (N=139). Classes dSph and
dE are likely to have small admixture of types dE, dIr and dSph, respectively, due

to the difficulties of morphological classification.
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' 3" and the graphs similar to Figs.1-3 have been constructed. It is seen from Figs.

For each type a clustering procedure has been carried out at r = 0.5; 1; 1.5; 2;

da-e that each dwarf type clusters in its own way; this is valid for all r.

The KOlmOgOFOV—SmiFnOV teSt 188 T T T T T TITY T T T T T TIIT 1,,7 TTTT
shows that the H-hypothesis is not 9ar N(DE}=539 é?” ]
1:r=8.5 7 ]
acceptable only for the dIm-dSm 8ar 2: S ad
and dIm-dIr pairs for the smallest 78 3: 1
o o " 68 4: b
r =05 and 1. In all remaining - 5:
cases the distribution functions hrSB |
418 ]
of dwarfs of different morphologi-
38 ]
cal types are statistically dif-
4.} ]
ferent at a 99 per cent confiden- —_— s
B8 - - L 1
ce leve ]' . BP‘":". 41_..:';1::::;:‘1.—1_1 111 1 1 111 111 1 1 111131
3
In a compact form the results 10° 18’ Log N; 18 18
of dwarfs clustering (the F. func- Fig.4a.
1

v/ T T T TTT

tion) by type and isolation deg-
ree depending on r are presented
in Table 1. Here the clusters are
" N(DSPH)=408

Er:B.S
=1.5

grouped according to their po-

pulation as " isolated" (Ni = 1),

r
o
e

b o

Uhh W
WhI b
'

"pairs" (Ni= 2), "groups" (Ni = 2
- 20) and "clusters" (Ni > 21).

The results are clear enough

and do not need detailed com-

ments. It can be seen that dSph,

dE and dSm, dIr, dIm dwarfs clus-

1 S N T N I W ]

16

ter in different ways. Even wit-

hout this known fact, however, it

T T T T T TTTT T T T T TTT

is possible to distinguish more

subtle features of the different

2}

8)=181 c)

types of dwarfs clustering. .5 €188x)

NN o
3]

WNERE
;

Spiral dwarfs are practically sin-

gle or form ‘"pairs". Irregular
dwarfs are mainly single, but P
also cluster into ‘'"pairs", "gro-

ups", and at r = 3° in more popu- 75t -

lated "clusters" also. Magellanic

?B L Ll 1 1 1111 1 L1 1111 1 1 11111

10° 18 10 18
stronger tendency to clustering Log N

with dSm and dIr: thus about 30% Fig. 4c.

dwarfs demonstrate a comparatively
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of magellanic dwarfs enter into

¢ 198 — T
rich "groups" for r=2 and 3 . N a
Spheroidal dwarfs at the smallest
r = 0.5 prefer to form "pairs" 28
and "groups" and beginning from
r=1° to 3° about 60% of them en- 3;"73
ter into rich "clusters". Ellip- e cal
tical dwarfs demonstrate the
strongest clustering (more than 56
50% for r = 0.5 and near 90% for 40 D BRIy L
r = 3°). Here the influence of the 18° 19t 182 18°
Virgo cluster causes the frac- Log N;
tion of elliptical dwarfs among Fig.4d.
the dwarf galaxies to be domina-
ting. T s
b) Surface brightness e)
N(DIR)=244
Consider the way the dwarfs of 1:r=8.5
different surface brightness clas- gi:ii_s
ses cluster. In the Catalogue they 681 ;Ziig
contain: (1) N = 139, (2) N=590, @
(3) N=792. These subsamples cor-
respond quite closely to luminosi- < a5 S— —
ty classes IV-V, V, and VI accor- 18 10 Log Ni 18 v
ding to van den Bergh (1966). Fig.4. Clustering of dwarfs of the Catalogue

divided into subsamples by types: a) dE, b)
dSph, c) dSm, d) dIm, e) dIr (the whole Cata-
logue).

For r the same as in the preceding case the clusters have been constructed and
corresponding cumulative functions are drawn (Figs. 5a-c). The Kolmogorov-Smirnov
test confirms the significant difference of all distributions taken in pairs for
each r.

The brightest dwarfs (1) cluster more rapidly in comparison with (2) and (3) and
they show a significantly greater part of singles for small r. This is attributable
to the fact that the surface number density of dwarfs of class (1) is less than
those of (2) and (3).

The lowest surface brightness dwarfs (3) cluster more smoothly than (2) and the
fraction of single galaxies of class (3) is greater than of (2) despite their greater
surface number density. Overall one can conclude that with higher mean surface
brightness a more rapid clustering of dwarfs takes place with increasing r. Without

detailing we give in Table 2 the data for clusters with N, = 1 and N > 21 for the
1 1
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three classes of surface brightness.

Table 1

Clustering of the dwarfs of different types depending on
the radius of clustering r (the whole sky)

o o] o o [e]
Type/r 0.5 1.0 1.5 2.0 3.0
N =1
1
dSm 100% 98.0 94.0 90.1 71.3
dIr 92.6 82.4  72.5 63.8 48.6
dIm 88.6 72.5 60.6 52.3 44.6
dSph/dSp1 50.0 33.2 28.0 23.75 19.75
dE/dSph 14.1 5.2 3.3 2.4 2.2
N =2
1
dSm 0 2.0 6.0 9.9 23.8
dIr 2.5 8.2 12.3 16.4 18.0
dIm 8.3 19.3 12.4 12.4 12.4
dSph/dSp] 13.0 7.0 7.0 7.5 7.5
dE/dSph 8.2 3.1 0.4 0.4 0
N =3 -20
dSm 0 0 0 0 4.9
dIr 4.9 9.4 15.2 20.5 22.9
dIm 3.1 18.2 9.4 7.3 3.5
dSph/dSp1 27.0 4.75 4.75 5.75 5.0
dE/dSph 24.3 11.2 11.0 3.6 3.9
N =21
1
dSm 0 0 0 0 0
dIr 0 0 0 0 10.3
dIm 0 0 17.6 28.0 29.5
dSph/dSpI 10.0 60.25  60.25 63.0 67.75
dE/dSph 53.4 80.5 89.0 93.6 93.9

»

| Table 2

Clustering of dwarfs of different classes of the surface
brightness depending on r (the whole sky)

(-] o o o] (o]
T 0’5 170 175 2°0 3°0
SB
N =1
1
1 61.9% 38.1  24.5 22.3 | 16.5
2 43.4 33.0 28.6 23.2 | 18.5
3 50. 1 38.9  34.0 29.5 | 21.8
N > 21
1
1 0 25.8  48.1 52. 3 80. 6
2 20.6 50.3  59.3 62.8 64.4
3 16. 1 44.5  51.1 52.9 55.7
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Fig.5. Clustering of dwarfs of
. the Catalogue divided into sub-

g 6B SB3)=7921 samples ?y the classes of sur-
. r=8.5 face brightness: a) brightest |
= 58 . ip=1 b) intermediate brightness, c¢) |
48 i r=1.5 . lowest (the whole Catalogue).
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28 r=3 1 .
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|
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Fig.6. Clustering of dwarfs =6 |
of the Catalogue divided in- N(GSBW)=651 |
to subsamples by sign of 3ip2%°°
3inzz° |
surface brightness gradient: Sinc5
a) gradient is absent, b)
gradient is weak (the whole 192 18°
Catalogue). Log N,
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c) Gradient of surface brightness

This feature was determined visually. The Catalogue’s objects have been divided
into two subclasses: dwarfs having a weak surface brightness gradient, GSBW
(N=651), and dwarfs without an appreciable one, GSBO (N=401). The cumulative func-
tions F (log Ni) are given in Figs. 6 a-b. Here for all r the differences are signi-
ficant at a confidence level p higher than 99%.

A general conclusion notes that although the surface number density of dwarfs W is
1.5 times higher than of dwarfs O, for minimum r = 0.5° the fractions of isolated
galaxies for these two subclasses are practically equal (52 and 55%, respectively).
But they have different slopes of clustering: for all r all cluster popul-

ation dwarfs without brightness gradient cluster more rapidly than dwarfs W.
d) Sign of "nucleus"

Dividing the Catalogue’s objects by this feature, the subsamples contain differen-
ces in the number of galaxies: the subsample with star-like nucleus N* (32), with
diffuse nucleus ND (110), with uncertain sign of nucleus N? (297), and without nuc-
leus NO (635). In several cases of (N*) we are not sure if it is a real star-like
nucleus or a star projected near the centre. It must be a subject of special
investigation. The small number of objects in the first two subsamples is caused
by the principle of selection of dwarfs in our catalogue, i.e. with the designation
of low and extremely low surface brightness dwarfs. It 1is <clear that scarce
dwarfs N* and ND are either mainly isolated or form poorly populated clusters. It is
more interesting to compare the dwarfs NO and N? More than half of NO dwarfs are
single and that fraction is equal to 20% even at 3° (similar to dSph, see Table 1).
Tﬂis feature distinguishes them from N? dwarfs, the latter clustering more rapidly
and constitutes a smaller fraction of single dwarfs at all r. Note also that at
r=0.5 it distihguishes from the rest.

Thus, this method of cluster analysis, applied to all Catalogue objects, shows \
the clearly defined dense regions of dwarf clustering (the Virgo and the Fornax clus-
ters) and loose background containing more or less populated groups. We obtain-
ed the more prominent clustering differences of all investigated characteristics with
morphological types of dwarfs. Having a sufficient collection of graphs on dwarfs
clustering by different features, it is possible to try and find some correlations
between them. From comparison we found a similarity of clustering for dSph with W, W
with NO, dSph with NO, and dSph with 3, i.e. from the whole set of characteristics
the class of spheroidal dwarf galaxies without nucleus, with low brightness gradient,
and luminosity class V-VI according to van den Bergh is distinguished from the rest.

This type of dwarfs seems the most homogeneous. The other types have no such
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distinct correlations with other features indicated in the Catalogue.

II1. 2. The Virgo cluster
a) Types
For the analysis of clustering following set of clustering radii:
r = 0.2, 0.3, 0.35, 0.5, 1, 2, 3o has been chosen. 493 dE from 593 dwarfs of the
Catalogue, 197 dSph from 400, 31 dIr from 244, 55 dIm from 139 have been entered into

the Virgo cluster. Spiral dwarfs in the Virgo cluster are practically absent.

The character of clustering of gas-rich and gas-poor dwarfs is

completely diffe-

rent, clearly apparent from the graphics presented in Figs. 7a-d.
188 TpT T 188 ST T T T T 7T
98 7 9@y v
80 al) 7 b)
e . i /' N(UDIR)=31 -
v | o T8 jizg:2cigen
~ 68 é i N 68 3:r=08.35
~ 3: b 4:r=0.5
o 58 a - S5:r=1
- e T k58 6:r=1.5
= 48 & _ - e r=2
3af .- ] 18- ]
28 ] 38 ) 4
18F | 28f .~ 4
a L 1 L1 1 111 18 1 1 1 bl 1t
18° 18 18°
188 T T T 17171 188 'l l/, T T
BB 9B /"
88 Sk aaf’- /‘,./// d) |
28 7 Ngungpg)ﬂs?. 28 74
r=H.
- . ] 68 /N(UDIM)=55
j e 2 1:r=8.2(1802)
~ 5@/ ‘p=@.5 Z 58 2ir=a.3 ]
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28 r=3 E 28 ”._ gsrzz
18f J 18 r=3 |
a'“. 1 L1111 a 1 1 1 Lt 1114 1
3 G L 1 1 L1 11
18 18 10" 10°
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Fig.7. Clustering of dwarfs of the Catalogue divided into subsamples by

types: a) dE, b) dSph, c) dIm, d) dIr (the Virgo cluster).

the fraction of iso-

the

as compared to the magellanic ones,

For the irregular galaxies,
lated dwarfs is two times larger at all r and especially starting from r = 1.50;

clusters are very small and the clustering process goes rapidly.

The spheroidal dwarfs in the Virgo are more diffused compared with dE and are col-

lected into less populated clusters.
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In a compact form the results are presented in Table 3.

b) Surface brightnesses

The distribution of the set of dwarfs over the classes of mean surface
brightness in the Virgo cluster is as follows: N(1)=111, N(2)=370, and N(3)=330.

The results are presented in Table 4 and in Figs.8 a-c.

Table 3
The clustering of dwarfs of different types depending on r

(the Virgo cluster)

r o o o . o o o ] ]
Type\\ 0.2 0.3 0.35 0.5 1.0 1.5 2.0 3.0
N =1
i
dIr 100% 100 93.5 87.1 54.8 | 48.4 | 35.4 |16.1
dIm 100 83.6 80.0 74.5 | 45.5 | 20.0 14.5| 7.3
dSph 77.3 ] 51.3 44.7 33.5 11.7 6.6 4.5 1.5
dE 51.2 | 31.2 25.1 11.5 3.3 1.8 0.6 0.6
N =2
i
dIr 0% 0 6.5 12.9 | 32.2 19.4 19.4 | 6.5
dIm 0 10.9 14.5 14.5 3.6 10.9 7.3 3.6
dSph 17.3 | 23.4 22.3 14.2 5.0 3.0 2.0 1.0
dE 22.6 16.0 11.5 8.6 1.6 0.4 0 0
N =3+20
dIr 0% 0 0 0 13.0 | 32.2 | 45.2 | 9.7
dIm 0 5.5 5.5 11.0 | 50.9 | 69.1 21.8| O
dSph 5.0 | 25.3 33.0 22.8 16.7 3.0 3.6} 2.5
dE 26.2 46.4 41.8 26.6 8.1 3.6 3.3 0
N = 21
i
dIr 0% 0 0 0 0 0 0 67.7
dIm 0 0 0 0 0 0 56.4| 89.1
dSph 0 0 0 17.3 | 66.6 | 87.4 | 89.9| 95.0
dE 0 6.4 21.6 53.3 1 87.0 | 94.2 ] 96.0} 99.4

The highest surface brightness dwarfs in Virgo (class 1) are more isolated as
compared with (2) and (3) (from the smallest r to r = 1°5), and their groupings
constitute an insignificant fraction.

Unlike class 1, over 50-60 % of dwarfs of classes 2 and 3 group into poor and me-
dium clusters at r = 0°3 - 0°5. At these r the clustering degree for the faintest
dwarfs is highest, as different from the data over the entire catalogue.

In other words, in a dense surrounding the minimum mutual distances are noted for

the weakest surface brightness dwarfs. For larger r the fraction of dwarfs of class 1
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grows in medium and rich clusters. The Kolmogorov-Smirnov test gives a significan
difference at a 0.99 confidence level between all the classes (1), (2), (3) at all
clustering radii exept (2) - (3) at r = 0°2.
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c) Gradient of surface brightness

Thg number of dwarfs without a visible gradient of surface brightness (GSBO) Ir
Virgo totals 214 and those with a weakly visible one (GSBW) total 302. The main re
sults of clustering are presented in Table 5 and Figs.9 a-e.

It is clear that for all r and for all population levels the GSBO dwarfs cluste
more strongly than GSBW. This difference is significant at a 0.99 confidence level b
the Kolmogorov-Smirnov test.

Comparison of these results with the data of Table 4 indicates that the characte

of clustering for dwarfs of class 1 and GSBW is similar.
d)The sign of nucleus

The number of dwarfs with a star-like nucleus (N*) in Virgo totals 15, and with
a diffuse nucleus (ND) totals 20 they are mainly singles or form clusters witl
Ni = 2-3. Compare clustering of the dwarfs without the nucleus sign (NO), (they total
291) and those with a nucleus being implied (N?) (they total 212). The results ar

presented in Table 6.
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Table 4
Clustering of dwarfs of different classes of surface
brightness depending on r (the Virgo cluster)
g V | 072 | 0’3o’ o’s | 1% 175 2°0 | 3%
N =1
i
SB1 89.2% 73.9|70.3 53.2 25.2 12.6 8.1 1.8
SB2 66.5 40.8| 30.3 18.1 7.0 2.7 1.4 1.1
SB3 69.1 40.6| 31.8 21.2 7.9 3.9 3.6 2.7
N =2
i
SB1 5.4% 16.2 | 12.6 18.0 9.0 0 3.6 1.8
SB2 21.6 18.4| 17.8 11.8 1.6 0.5 0.5 0
SB3 16.3 19.4] 15.2 9.7 3.6 3.0 1.8 0
Ni =3 + 20
SB1 5.4% 9.9 |17.1 28.8 17.1 27.9 23.4 0
SB2 11.9 40.8 | 40.1 37.5 18.2 3.6 4.1 1.1
SB3 14.6 40.0 | 53.0 43.8 19.1 Tsl 3.7 1.2
N =21
i
SB1 0 0] ) 0 48.7 59.5 [64.8 |96.4
SB2 0 0 11.8 32.6 73.2 93.2 94.0| 97.8
SB3 | 0 0 0 25.3 69.4 .| 85.9 90.9| 96.1
Table 5
Clustering of dwarfs without brightness gradient and
with weak gradient depending on r (the Virgo cluster)
r
o o o o [ o o (<]
\ 0.2 0.3 0.35 0.5 1.0 1.5 2 3
GSB
N =1
1
GSBO 80. 8% 52.3 | 44.9 33.2 !13.1 6.5 4.7 2.8
GSBW 94.4 92.4 | 91.0 75.2 28.8 16.0 9.9 4.6
N1 =2 + 20
GSBO 19.2% 46.7 | 55.1 66.8 f34.5 15.0 | 7.5 0
GSBW 5.6 7.0 9.0 24.8 :30.8 24.8 ]19.5 9.6
No=21 |
i i
! I
GSBO 0 % 0 0 0 f52.4 78.5 i 87.8 97.2
GSBW 0 0 0 0 i40.4 1 59.2 | 70.6 85.8
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Table 6

Clustering of dwarfs without nucleus and with implied

nucleus as dependent on r (the Virgo cluster)

€

r o [} ° o [ o o [}
0.2 0.3 0.35 0.5 1.0 1.5 2 3
Nucleus
N =1
i
NO 69.4% |44.7 |37.8 25.4 7.9 4.1 2.4 2.1
N? 74.1 |49.0 8.7 21.2 11.3 4.7 3:3 1.4
Ni = 2-20
NO 30.6% |55.3 2.2 63.8 20.5 10.7 5.9 2.4
N? 25.9 51.0 1.3 62.7 9.0 6.6 1.9 2.3
N = 21
i
NO 0% 0 0 10.8 71.6 85.2 91.7 95.5
N7? 0 0 0 16.1 79.7 88.7 94.8 96.3

It is seen that the character of clustering for NO and N? dwarfs is nearly simi-
lar. However the comparison by the Kolmogorov-Smirnov test gives a significant dif
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. ference in the clustering degree of these classes of dwarfs.

Dwarfs without the nucleus demonstrate at all r a tendency to clustering into
J small clusters. N? dwarfs are the most isolated at small r, and at large r their

f fraction in the most populated clusters is higher than for NO dwarfs.
III. 3. The Fornax cluster

The Fornax cluster differs from the Virgo in both the total number of dwarfs
(111), and distribution over the types: dSm, dIm are absent, N(dIr)=17, N(dE)=15,
N(dSph)=74. The results of recent works devoted to the search for dwarf galaxies in
Fornax (Caldwell and Bothun, 1987; Ferguson, 1989) have not been taken into account
in our analysis. We therefore consider these results as preliminary.

The clustering has been executed for r = 0.3, 0.5, 1.0, 1.5, 2.0 and 3?0 for dif-
ferent types, different classes of surface brightness, brightness gradient,
and sign of nucleus.

Note only some results. Elliptical and irregular dwarfs in Fornax are clustered
rapidly, and the fraction of single irregular dwarfs is larger than that of dE for
all r. Spheroidal dwarfs in Virgo demonstrate the larger fractioning in clustering
than in Fornax, which is likely to be caused by the presence of a few subsystems of
normal galaxies in Virgo. One can see the same when comparing Fornax dwarfs and Virgo
dwarfs of class 3 and class W. In other words the larger fractioning in clustering of
the faintest spheroidal dwarfs in Virgo reflects the presence of the subsystems of

bright galaxies as different from the more compact Fornax cluster.
ITI. 4. A galaxy background
a) Types

The set of dwarfs of the Catalogue avoiding the Virgo and Fornax clusters we
have called a background.

The procedure of clustering for the background has been executed at r = 0.5, 1,
1.5, 2, 2.5, 3, 4, 5 for the subsamples of types: N(dSm)=89, N(dIr)=187, N(dIm)=
136, N(dSph)=129, N(dE)=25. The results are presented in Figs. 10(a-e).

First of all note that the dwarfs in the background are either singles and
their fraction smoothly decreases from dSm to dSph for all r, or they enter
into thinly populated groups. Only 3.7% of irregular dwarfs are clustered into the
clusters with the Ni> 21 for r = 0.5 and 1°. The Kolmogorov-Smirnov test demonstrates
that a mutual run of clustering for dIr, dInm, dSph types of dwarfs at all r is

practically indiscernible.

113



we
Text Box


Only dE and dSm dwarfs demon

strate a significant difference
in clustering as compared with
the rest of the types. Here we
see a principal difference bet-
ween the clustering of dwarfs
in the dense Virgo region and
in the region with low density

of galaxies.
b) Surface brightness

In the background the number
of dwarfs of class 1 is N = 28,
N (2) = 209 and N (3) = 362.
The results of clustering
are presented in Figs.11(a-c).
Brighter galaxies are practi-
cally all singles. As compared
with the Virgo cluster the
dwarfs of class 2 demonstrate a
similar run of curves of clus-
tering, and an approximately
identical fraction of isolated
dwarfs at displacement of r
(5° in‘ the background corres-
ponds to 0°3 in Virgo). The
faintest dwarfs are practi-
cally isolated wup to r = 2?5,
and after that they are
clustered into clusters of a
small and medium population.
The difference between the cha-
racter of clustering of dwarfs
of 2 and 3 by the Kolmogorov-
Smirnov test is reliable only
for r = 2°5 , 4°,and 5 . These
values of r are of the same or-
der as the characteristic sizes
of nearby groups, i.e. one may

speak about a weak segregation
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of dwarfs according to the sur-
face brightness in groups of

galaxies.
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c) Gradient of the surface brightness

The number of GSBO dwarfs in the background is equal to 147, and N(GSBW) = 275.
Figs. 12 (a-b) demonstrate that from the least radii to r = 3° the fraction of sing-
les in both classes exceeds 50%. For larger r the GSBO dwarfs cluster steeper than

GSBW dwarfs. The difference is significant at a 99% confidence level.

d) Sign of nucleus

The number of dwarfs in the background with sign N¥* is equal to 15, N(ND) = 89,
N(N?)= 54 and N(NO) = 268. The data for ND, N? and NO are listed in Table 7. From the
data of Table 7 it is seen that the character of clustering is different for all

subsets of dwarfs. Dwarfs without the nucleus cluster most tightly. The weakest

clustering is seen for dwarfs with a diffuse nucleus.
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d) Sign of nucleus

The number of dwarfs in the background with sign N* is equal to 15, N(ND) = 89,
N(N?)= 54 and N(NO) = 268. The data for ND, N? and NO are listed in Table 7. From the
data of Table 7 it is seen that the character of clustering is different for all
subseté of dwarfs. Dwarfs without the nucleus cluster most tightly. The weakest

clustering is seen for dwarfs with a diffuse nucleus.

Table 7

Clustering of the dwarfs without nucleus and with implied and
diffuse nuclei depending on r (background)

r <] © [ o o [ o (]
\ 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0
Type
N =1
i
ND 97.8%| 95.5 91.0 88.8 83.1 76.4 73.0| 62.9
N? 92.6 81.5 77.8 72.2 68.5 66.7 59.2| 57.4
NO 90.7-| 79.1 66.8 63.0 53.7 47.4 33.9| 27.2
Ni > 1
ND 0 0 0 0 0 3.4 9.0| 14.6
N7? 0 0 0 13.0 13.0 22.2 29.7| 31.5
NO 4.8%| 10.5 17.5 24.3 29.1 35.4 47.5| 58.6
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IV. DISCUSSION OF RESULTS AND CONCLUSIONS

" Having considered numerous versions of the two-dimensional cluster analysis
applied to LSB dwarfs examined in the volume of the Local Supercluster, we
note the following results:

1. Considering dwarfs as "indiscernible particles" we have found that they are
clustered into two clusters: with a high population coinciding with the Virgo and
Fornax clusters, and in a number of clusters with a smaller population coinciding
with the known groups of galaxies.

2. Dividing the whole set of dwarfs according to their different features, we ob-
tain significant differences for the different types (dE, dSph, dIr, dIm, dSm) of
dwarfs. Other signs are not so pronounced and giVe a smoothed notion about the clus-
tering degree.

3. In the dense region of the Virgo cluster the dE and dSph dwarfs dominate
accounting for 3/4’s of the total number of dwarfs in the cluster. Spiral dwarf

galaxies are practically absent in the Virgo cluster. The character of clustering for
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all types is reliably different moreover. Elliptical and spheroidal dwarfs cluster
more strongly. The clustering of dwarfs is also evidence of the existence of seve-
ral galaxy subsystems in Virgo.

4. In the region with a low galaxy density an abundance of morphological types of
dwarfs is observed, differing from that of the Virgo region. Elliptical dwarfs are
extremely rare and together with dSph dwarfs make up only 1/4 of the total number of
LSB dwarfs of the "background". The character of clustering for dIm, dIr and dSph
dwarfs is the same.

5. It is known that there are no principal differences between spheroidal dwarfs
located in the Local group, group M 81, the Virgo cluster or background (Kara-
chentseva et al., 1987; Richter et al., 1988). One can say the same about the proper-
ties of gas-rich dwarfs located in Virgo, groups and background (Karachentsevs,
1990). However intrinsic differences between the dwarfs of different morphological
types are essential and defined mainly by the ratio of their stellar and gas com-
ponents . Thus the high density of the surrounding of dwarfs defines both their
"morphological abundance" and the character of clustering. Having excluded the
dense fluctuation (galaxy clusters) we see both gas-poor (dSph) and gas-rich

(dIm, dIr) dwarfs are mixed well enough and clustered indiscernibly.

6. At last we note that for an investigation of clustering of LSB dwarfs it is|
necessary to distinguish their "dominant" feature - the morphological type and |
"recessive" ones - the surface brightness, gradient of brightness and etc., and to

stipulate clearly in which region by density this investigation is under way.
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