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CLUSTERING OF LOW SURFACE BRIGHTNESS DWARF
GALAXIES. |. GENERAL PROPERTIES

V. E. KARACHENTSEVA, . B. YAviLOovA
Astronomical Observatory of Kiev University,

Observatornaya, 3, Kilev, 254053, Ukraine

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

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

Gas-rich (dSm, diIr, dIm) and gas-poor (dE, dSph) dwarfs cluster in a
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 (Virge, 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 with a
low density of galaxies the spheroidal, magellanic and irregular dwarfs

cluster in the same way.

Bunosnrens OpyMepHuil knaacmepnwili anHanus odHopodrold pwbopru  Kamancea
Kap/UKOBNX 2a/aKmUK Huzkol nopepxHocmHoll Apxocmit (Kapavenuyera, WMapuna,

1988), oxpamwpapmezo Bce Hebo. llpu onpedeneHHNX paduycax KAacmepusayuud BCd
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CUBGRYMNGCME  RAPAUR2O  pacradasdiod MR FAPAURY,  CQORRSPCRR FORNUE  pE2ALHEN
CRONASHIIAN L 2DYANad 2AdafkRiy.

CryyiUmapie gapmkos Dozamwx zasow {d5m, dIm, dIr) o HBedwwx (dE, dSph)
nPpoucCx ooLm Lo & PINeHNO FadAdYHEH E‘lﬁpﬂ Jd0OH, R ffatel T ﬂpﬁﬂ#ﬁm [[ARACHRYD
cEpeagly: L pAcnpRIGASHUY  KapAukoRwx  2afskmik.  Omeeyuenw  ocofcHROCOMU
CRYYUB &KUY OAA Kaxdaza mima. [poBedeH KABCMEPHED aHaaAua Kamandosd, pasbumoeso
wa nodexbopRd 00 pASAUMAWM [MPUSMAKAN  Fanarmuk: CpedHAT RGE epXHOCRNAT Bp-
Kook, 2paI08MHn TRREOCTNY IF gp, IJecs  pasaUNUR B CEYWUEAHOU CRARUCRUYEsRL
FHAYUNE, RO HE CINME BHPAdIUNEREHE, KaRK dnr PaINux mInes .,

Ananuna CEYYUFAHUR NpeRcdeN maEMe OmOeRbHC SAF RAPAUKGR, PRACTIDAONENHEX B
ruromanx {(Virgo, Forpax] ofigacidy U 0 padtedidos  dane, CoCmoRmeEN LI SRy
2 BTaKTHIK pazHod HaCERNEHHOCTU. flromHocms oK Py e i anpedaagen xar
Nopdoaozudeexull  coomaE, BaK U XApAKMEpP CEKYNURBRHUS xapouxos. “Cpésiar"
RAZHNYE SAYEMYAUUNKG, W& nasydaerds, wme 7 obaacmu € HUEZXOD NADRMOCERL ¥AJAKIMIX
CEAPOUOANEHNE, MAZSAAGHGEN N UPPSZYARDHNS RAPAURU  CEYHULGOACH QAUNAKORNN

oSpasoN.

. INTRODUCTION

For the last few years 1SH dwarfs have been generally recognized as testing
partleles for checking the theorles ol galaxy formation and formatlon of the large-
geale gtructure. There are preblems ln this context which are belng actively dlscus-
smd: doms the space distribution of dwarfs repeat the distrlbotion of normal galaxies
and what determines the obaerved characteristics - initial conditions of thelr
formation or the Influepnce of their surrcundings?

The measurements of redshifts at 21 om for large gamples of dwarfs and normal
galaxles allow ug to coppare thelr mutual digtributleons by diffecenl methods [zea,
for example, Eder ot al., 1989; Thuan et al., 1991, and references thereln).
According to Lhese authors there 15 no large difference betwesen the clustering pro-
pertles of dwarfs, [S5B and brlght galaxies.

A comparlsen of the optical amgd redie characteristics of over 300 gas-rich dwarfs
fapiral, magellanic, irregular) ino clusters, groups and background was made by Kara-
chentaava (1990}, It was shown bthal luminssllies, linear dlameters, celours, and HI-
line wldths do not change on the average for a given type, depending on the surrcund-
Ing density. An increase of Lhe "mass-luminoslby" ratle has been noted only for mage-
llanlc dwarfs when passing from the more to legs dense reglons.

Qur goal was to solve the guestion about the influence of the surrcundings on the
morphalogy and peculiaritles of distribution of LS5H dwarfs applying the method of
clugter gnaly=sis ko a sufficlently full and hamogensous sample of the Calalogue of
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ations of a successful choice for the clustering medel 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
mathematical 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 b1 sin bj + cos bi cos bj cos (l1 - lj).

where l,b - the galactlc coordinates, d - the angular distance between the galaxies.
The radlius of clustering was varied within the optimal 1limits in the analysis of the
"subcatalogues” of galaxies sorted cut 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 hlstograms were plotted. The method of calculation of

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

III. RESULTS
I1I1.1. 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 varliety of radil 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.

108 —r—rrrrrTeY
Fig.1l. Clustering of all LSB 98t
dwarfs of the Catalogue for a ol Lipe®. S
set of clustering radii. The Eiﬁié
abscissa is the logarithm of the " dir=g.S
number of dwarfs in a cluster ~ 68} g;:gg-S
{log N ), the ordinate is the < Airz4.5

! w5 [ 18iF:e
integral fraction of galaxies
entering clusters with a popula- 48
tion Nq < Ni, FIIZ). The upper 1}
curve corresponds to the mini- 28 |
mum clustering radius. The clus- 1Bé-f
tering radii are expressed In ™
angular degrees. The designati- Bm"“""" ' 181 - 1&3 - 183 - ““;la-l
ons in all the following figures
are the same as in Fig.1 Log N,

Here the abscissa axis is the leogarithm of the number of galaxies in the cluster,
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log Ni - (cluster population) and the ordinate - the integral function F1(%) - the

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

Analysis of the distribution of
clusters over the sky shows that
they closely cutline the known gro-
ups and clusters. For all r a
smooth rise from isolated galaxies
to groups is seen and after the
break corresponding to the Fornax
cluster the sharp turn te the Virgo
cluster 1s observed. The fraction
of iscolated dwarfs changes from
about 40% for r = 0.5 to 2% for
r = 10°. It is seen that for r
from 2° to 4.5 the clustering of
dwarfs is stable. These values have
therefore been chosen to construct
suitable graphs for two subsamp-
les of dwarfs: dIr+dIm+dSm (N =
540} and dSph + dE (N = 995),
Figs.2 and 3. Their comparison
shows an impressive distinetion in
the character of clustering reflec-
ting the well-known fact of morpho-
logical segregation of dwarfs. Gas-
rich dwarfs c¢luster more or less
smoothly from 1isolated to clus-
ters, meanwhile elliptical and
apheroidal dwarfs are located main-
ly in the Virgo and Fornax galaxy
clusters. The fraction of isoclated
dwarfs for a given r, and the whole
shape of curves differ signifi-

cantly.

a) Types

DIR+DIH+DSH
=540

2

2.3
3
3.5
4
[ 3

199 18t 182 18
Log Hi

Fig.2. Clustering of dIr+dIm+dSm dwarfs
(the whole Catalogue).

1908

DE + DSFH

N..=99%

Fig.3. Clustering of dE+dSph dwarfs
{the whole Cataloguel}.

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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of magellanic dwarfs enter into — T — TR ———rrr T
o 188( /f /r )
rich "groups" for r=2 and 3 . ~ ; O
99: - . ]
Spheroidal dwarfs at the smallest e N(DIM)=139
r = 0.5° prefer to form "pairs" a6 . 1:2-0.9 |
wr Z:in=1.5
and "groups" and beginning from ; 3ir=¢
o X
r=1° to 3° about 60% of them en- ~ 79 T
(5
ter into rich "clusters". Ellip- ' 60
tical dwarfs demonstrate the
strongest clustering (more than 58 .
50% for r = 0.5 and near 90% for g e
r = 3°). Here the influence of the 102 18* 18 183
Virge cluster causes the frac- Log N,
tion of elliptical dwarfs among Fig. 4d.
the dwarf galaxies to be domina-
ting. 160 ,aLf;LEi? T T
90 4 :
b) Surface brightness e)
8a .
s N(DIR)=244
Consider the way the dwarfs of "?Bt 1:r=8.5 |
X 4 Z:ir=1
different surface brightness clas- - 3:p=1.5
[ A
ses cluster. In the Catalogue they 68r ;:z;g .
contain: (1) N = 139, (2) N=590, a
{3) N=792. These subsamples cor-
respond quite closely to luminosi- 18 g My B E— ey
16 18 1A ia
ty classes IV-V, V, and VI accor- Log N;
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 (Fligs. 5a-c). The Kolmogorov-Smirnov
test confirms the significant difference of all distrlbutions 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) 1s 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 lncreasing r. Without

detailing we give in Table 2 the data for clusters with N1 = 1 and Ni; 21 for the
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three classes of surface brightness.

Table 1

Clustering of the dwarfs of different type=s depending on
the radius of clustering r (the whole sky)

o o o o -]
Type/T 0.5 1.0 1.5 2.0 3.0
Nia 1
dSm 100% 98.0 94.0 90.1 71.3 -
dIr 92.6 82.4 T2.5 63.8 48.6
dIm BB8.6 72.5 60.6 52.3 44.6
dSph/dSpl 50.0 33.2 28.0 23.75 19.75
dE/dSph 14.1 52 3.3 2.4 2.2
N1= 2
dsm 0 2.0 6.0 9.9 23.8
dir 2.3 8.2 12. 3 16. 4 18.0
dTm 8.3 19.3 12. 4 12.4 12.4
dSph/dSpl 13.0 7.0 7.0 7.5 7.5
dE/dSph 8.2 3.1 0.4 0.4 0
N1 =3 - 20
dSm 0 0 0 0 4.9
dIr 4.9 9.4 15.2 20.5 22.9
dlm 3.1 18. 2 9.4 7.3 13.5
dSph/dspl 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 o 0 0 10.3
dIm 0 0 17.6 28.0 29.5
dSph/dSpl 10.0 60. 25 60.25 63.0 67.75
dE/dSph R3.4 80.5 89.0 93.6 93.9
Table 2

Clustering of dwarfs of differeni classes of

brightness depending on r (the whole sky)

the surface

T 0’5 170 1’5 2°0 370

SB

N =1

i
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 =z 21
1 0 25.8  48.1 52.13 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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c)
ga Fig.5. Clustering of dwarfs of
79 ; . the Catalogue divided into sub-
S 60 N(SB3)=7921 samples by the classes of sur-
. 1:r=0.5 face brightness: a) brightest
= 5@ 2:p=1 7] b) intermediate brightness, ¢]
. 3:r=1.5 ] lowest (the whole Catalogue).
i 4:p=2
28 5:pr=3 7
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2] 1
18 14 L)
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Fig.6. Clustering of dwarfs
of the Catalogue divided in-
to subsamples by sign of
surface brightness gradient:
a) gradient is absent, b)
gradient Is weak (the whole
Catalogue),
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Log N,
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¢) 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 gradlent, GG5BW
(N=651), and dwarfs without an appreciable one, GSBO (N=401). The cumulative func-
tions F (log Nt) are given in Figs. 6 a-b. Here for all r the differences are signhi-
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 0, for minimum r = 0.5° the fractions of lisolated
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 hy this feature, the subsamples contaln differen—
ces in the number of galaxies: the subsample with star-1ike 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 speclal
investigation. The small number of objects 1in 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 1low surface brighthess dwarfs. It is clear that scarce
dwarfs N* and ND are elther 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 204 even at 3° (similar to dSph, see Table 1).
This feature distinguishes them from N? dwarfs, the latter clustering more rapidly
and constitutes a smaller fraction of single dwarfs at all r., Note alsa that at
r=o0.5 it distinguishes from the rest.

Thus, this method of cluster analysis, applied to all Catalogue objJects, shows l
the clearly defined dense regions of dwarf clustering (the Virge and the Fornax clus-
ters) and loose background contalning more or less populated groups. We cbtain-
ed the more prominent clustering differences of all Investigated characteristics wlth
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.

111. 2. The Virgo cluster
a) Types
For the analysls of clustering the following set of clustering radii:
r = 0.2, 0.3, 0.35, 0.5, 1, 2, 3° has been chosen. 493 dE from 593 dwarfs of the
Catalogue, 197 dSph from 400, 31 dlIr from 244, 55 dlm 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.
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Fig.7. Clustering of dwarfs of the Catalogue divided into subsamples by
types: a) dE, b) dSph, ¢} dIm, d) dIr (the Virgo cluster).

the fraction of lso-
1.5°; the

For the irregular galaxies, as compared to the magellanic ones,
lated dwarfs is two times larger at all r and especially starting from r =
clusters are very small and the clustering process goes rapidly,

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

lected into less populated clusters.
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grows in medium and rich clusters. The Keolmogorev-Smirnov test gives a significant

difference at a 0.99 confidence level between all the classes (1), (2), (3) at all

clustering radii exept (2) - (3) at r = 072,
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4:r-B.5 |  Fig.8. Clustering of dwarfs of the Cata-
______ 6:r=1.5 - logue divided into subsamples by
Eirfg ! classes of surface brightness: a) brigh-
i EETH CarES test, b) mean brightness, c) lowest (the
18t 18° 10" Virgo cluster).

Log "1

c¢) Gradient of surface brightness

The number of dwarfs without a visible gradient of surface brightness (GSB0O) in
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 cluster
more strongly than GSBW. This difference is significant at a 0.99 confidence level by

the Kolmogorov-Smirnov test.
Comparison of these results with the data of Table 4 indicates that the character

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 with
N1 = 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 are

presented in Table 6.
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Table 4

Clustering of dwarfs of different classes of surface

brightness depending on r (the Virge cluster)

- Nl o2 Fofs 1els ofs | 1% 1.5 2701 370
N =1
1 .
SB1 89.2% 3.9 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 1.41- 1.1
SE3 69.1 40.6| 31.8 21.2 7.9 3.9 3.6 2.7
N =2
1
SBE1 5.4% 16.2 | 12.6 18.0Q 9.0 0 3.6 1.8
SB2 21.6 18.4] 17.8 11.8 1.6 0.5 0.5 4]
SE3 16.3 19. 4| 15.2 9.7 3.6 3.0 1.8 0
N =3+ 20
1
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 4 53.0 43.8 19.1 7.2 3.7 1.2
N = 21
!
SB1 ) 0 0 0 48.7 |59.5 i64.8 (96.4
SB2 0 O 11.8 32.6 73.2 93.2 94.01 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 -] [-] -] -] -3 -] o [: ]
N\ 0.2 g.3 0.35 0.5 1.0 1.5 2 3
GSB
N =1
i
GSBO 80. 8% 52.31{ 44.9 33.2 13.1 6.5 4.7 2.8
GSBW 94.4 92.4191.0 73.2 28.8 16,0 9.9 4.6
Nl =2 + 20
GSBO 19. 2% 46.7 | 55.1 66.8 :34.3 15.0 7.5 0
GSBW 5.6 7.0 9.0 24.8 §30.8 24.8 19.5 9.6
= 21
‘ |
GEBO Q% 4] 0 0 I52.4 78.5 87.8 97.2
GSBW 0 0 ] 0 i40. 4 59.2 70.6 85.8
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Fig.9. Clustering of dwarfs of
the Catalogue divided into sub-
samples by sign of surface
brightness gradient: a) gra-
dient 1ls absent, b) gradlent
is weak (the Virgo cluster).
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Table &
Clustering of dwarfs without nucleus and with implied

nucleus as dependent on r (the Virgo cluster)

r 0’2 0’3 | 0735 | 0’5 1,0 175 | 2° 3°
Nucleus
N =
1
NO 69.4% |44.7 [37.8 25.4 | 7.9 a1 | 24| 21
N? 74.1 |49.0 | 8.7 21.2 [11.3 4.7 | 3.3 1.4
N, = 2-20
NO 30.6% |55.3 | 2.2 63.8 |20.5 {10.7 | 59| 2.4
N? 25.9 (51.0 | 1.3 2.7 | 9.0 6.6 | 1.9 | 2.3
N =21
NO 0% | o 0 10.8 [71.6 |85.2 |[91.7 | 95.5
N? 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 glves a significant dif-
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ference 1in the clustering degree of these c¢lasses of dwarfs.
Dwarfs without the nucleus demonstrate at all r a tendency to clustering into
small clusters. N? dwarfs are the most isclated at small r, and at large r their

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, 0.3, 1.0, 1.5, 2.0 and 3?0 for dif-
ferent types, different classes of surface brightness, brightness gradlent,
and slgn of nucleus.

Note only some results. Elliptical and irregular dwarfs in Fornax are clustered
rapidly, and the fraction of single irregular dwarfs 1s 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 sphercidal dwarfs in Virgo reflects the presence of the subsystems of

bright galaxies as different from the more compact Fornax cluster.
I1I. 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 N‘> 21 for r = 0.5 and 1°. The Kolmogorov-Smirnov test demonstrates

that a mutual run of clustering for dIr, dIm, dSph types of dwarfs at all r is

practically indiscernible.
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Only dE and dSm dwarfs demon

gtrate 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.1l(a-c).
Brighter galaxles 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
jdentical fraction of isolated
dwarfs at displacement of r
(5° in the background corres-
ponds to 0.3 in Virge). The
faintest dwarfs are practi-
cally isclated up to r = 2?5,
and after that they are
clustered 1into 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 rellable only
for r = 25 , 4°,and 5 . These
values of r are of the same or-
der as the characteristic sizes
of nhearby groups, 1l.e. one may

speak about a weak segregation
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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
different for all
cluster most tightly. The weakest

data of Table 7 it is seen that the character of clustering is

subsets of dwarfs. Dwarfs without the nucleus

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)

\F 0’5 1’0 | 15 | 2% | 2°%s 3% | 470 | 5.0
Type
N =1
i
ND 97.8%| 95.5 | 91.0 &8.8 | 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
>
i
ND 0 0 0 0 0 3.4 | 9.0| 14.6
N? 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| s8.6
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1V, DISCUSSION OF RESULTS AND CONCLUSIONS

Having considered numerous verslions 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 "indlscernible 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 colnciding
with the known groups of galaxies.

2. Dividing the whole set of dwarfs accerding to their different features, we ob-
taln 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

galaxles 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 1s 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 Virge 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 Iin Virgo, groups and background (Karachentseva,
1990). However intrinsic differences between the dwarfs of different morphological
types are essential and defined mainly by the ratlo 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 morpholeogical 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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