
This article was downloaded by:[Bochkarev, N.]
On: 11 December 2007
Access Details: [subscription number 746126554]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

Distribution of substructures in clusters of galaxies
J. Krywult a
a Institute of Physics, Pedagogical University, Kielce, Poland

Online Publication Date: 01 December 2003
To cite this Article: Krywult, J. (2003) 'Distribution of substructures in clusters of
galaxies', Astronomical & Astrophysical Transactions, 22:6, 851 - 854
To link to this article: DOI: 10.1080/10556790310001644873

URL: http://dx.doi.org/10.1080/10556790310001644873

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556790310001644873
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
11

:1
1 

11
 D

ec
em

be
r 2

00
7 

Astronomical and Astrophysical Transactions

Vol. 22, No. 6, December 2003, pp. 851–854

DISTRIBUTION OF SUBSTRUCTURES IN
CLUSTERS OF GALAXIES

J. KRYWULT*

Institute of Physics, Pedagogical University, ul. Swietokrzyska 15, 25-406 Kielce, Poland

(Received 3 February 2003)

Wavelet analysis has been applied to the positional data of galaxies in the 117 Abell clusters. The calculations used
allowed us to obtain coordinates of the centres substructures detected and to estimate the number of galaxies
belonging to them. This study has shown that substructures are present in 45 clusters. Moreover, the analysis of
the distribution of substructures within clusters shows that small substructures have a higher projected density
than large substructures do and, for each applied wavelet scale a, the number of substructures increases towards
the cluster centre.
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1 INTRODUCTION

The presence or absence of substructures in clusters of galaxies is very important for the

study of their evolution and formation. The frequency of substructures in clusters has

been used in the past to evaluate the density parameter O0 (Richstone et al., 1992;

Kauffmann and White, 1993). Moreover, the properties of galaxies in the clusters depend

on their environment. In clusters, morphology segregation is found among galaxies

both in substructures and outside them (Biviano et al., 2002). Based on the APM cluster

sample, similar results has been obtained by Plionis (2001). Moreover, he found that in the

analysed sample of data, dynamically young clusters are much more spatially clustered.

In the present study the analysis of the distribution of the statistically significant substruc-

tures within Abell clusters was performed.

2 OBSERVATIONAL DATA

Three sources of data have been analysed; all the photographic material came from 48 in

Schmidt telescopes. The catalogues of galaxies in Abell clusters were obtained from the DSS

using the FOCAS package (Jarvis and Tyson, 1981), from scans performed at the Rome

Observatory (Tevese et al., 1992, 1997; Flin et al., 1995, 2000) and from the COSMOS
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machine at the Royal Observatory in Edinburgh (Yentis et al., 1991). In the first two cases,

additional visual inspection of images well below the accepted magnitude was carried out.

Each galaxy within the cluster regions 3 Mpc� 3 Mpc and with the brightness limit m3,

m3þ 3, where m3 is the magnitude of the third brightest galaxy was considered as the cluster

member. It was accepted that H¼ 75 km s�1 Mpc�1 and q¼ 0.5.

FIGURE 1 (a), (b) The histograms of the substructure distances (upper panels) from the cluster to the centre. (c),
(d) The distributions of a projected density fraction of galaxies in the substructures with respect to the density of the
main cluster, that is corresponding to a¼ 1 Mpc for scales a¼ 125, 172, 250, 344, 500 and 703 kpc.

852 J. KRYWULT
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3 METHODS OF ANALYSIS

The existence of substructures in galaxy clusters has been checked using wavelet analysis

(Escalera et al., 1992). In this work, following Escalera and Mazure (1992), the two-

dimensional radial function called the Mexican hat has been applied:

g(r, a) ¼ 2 �
r2

a2

� �
exp �

r2

2a2

� �
, (1)

where r is the distance between the position of a galaxy and a point (x, y) where the

wavelet coefficient is calculated, and a is a scale length for the wavelet in order to form

the corresponding set of wavelet coefficients.

For the analysis presented here, the discrete wavelet was computed on a grid of 256� 256

pixels for seven scales increasing from a¼ 8 pixels to a¼ 64 pixels, namely 8, 11, 16, 22, 32,

45 and 64 pixels respectively. The corresponding distances are 125, 172, 250, 344, 500, 703

and 1000 kpc. In order to avoid any edge effects, areas larger than the cluster itself were

analysed. The significance of the substructuring detected have been modelled using Monte

Carlo simulations. For each cluster and each scale a, the wavelet analysis was carried out

on a set of 1000 structureless distributions of galaxies containing the same number of points

as in the true fields.

It was assumed that substructures are real if the probability that the detected substructure is

due to random fluctuation is less than 0.5%. Furthermore, for each scale a, only substructures

with more than four galaxy members in a circle of radius a are noted.

The result from wavelet analysis was applied to tests properties of detected substructures.

For each scale a, Figures 1(a) and (b) show the histograms of the substructure distances from

the cluster to the centre.

Moreover, the number density of galaxies in the detected substructures are computed.

Figures 1(c) and (d) show the projected density fraction of galaxies in the substructures

with respect to the density of the main structure, detected on the scale a¼ 64.

4 CONCLUSION

The method based on wavelet transform has been applied to detect substructures in the

projected distribution of galaxies in 117 Abell clusters. The significance of substructuring

detected has been calibrated using Monte Carlo modelling. This study shows that statistically

significant substructures are present in 45 of the 117 cases.

Furthermore, as a result of wavelet analysis, the locations of substructures and the number

of galaxies belonging to these substructures have been found. In the analysed sample of

galaxy clusters, the distribution of detected substructures within clusters is not uniform.

For each applied wavelet scale a, the number of substructures increases towards the cluster

centre. Moreover, this study has shown that the small substructures have a higher projected

number density of galaxies than large substructures do.
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