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ABSTRACT

The present study is focused on one of the key problems of galaxy evolution occurring
in the last giga-years: the origin of the morphology-density relation and the mutation of
spirals into S0s during their infall and arrival to the cluster environment. In particular,
we devoted this work to quantify the role played by tidal interactions in this process, as
they constitute one of the most important physical mechanisms affecting galaxies, either
by galaxy harassment or through pre-processing mechanisms. Our observational strategy is
mainly based on a series of near infared (NIR) images of the nearby Abell clusters: A1367,
A496, and A85. We used these frames as tracers of the old stellar distribution: since NIR does
not suffer from contaminating light from star-forming regions. We study the morphology
of selected samples of galaxies in the three clusters mentioned above, taking into account
that distortions shown in the old stellar disks are a good tracer of tidal interactions. In
this work we propose a new asymmetry index, αA3 , which is more sensitive to low surface
brightness features present in the galaxy outskirts. In addition, we developed a software
package to measure this asymmetry index in wide-field images containing several hundreds
of galaxies, processed in a semi-automatic way. By applying these tools to measure the
degree of asymmetry of selected samples of galaxies we are able to quantify the role played
by tidal interactions in galaxy evolution. Globally, we found that gravitational pre-processing
is particularly active in the clusters A85 and A1367, while individual objects in A496 seem
to be under strong galaxy harassment.



6



Contents

1 Introduction 9

1.1 Environmental mechanisms on galaxy evolution . . . . . . . . . . . . . . . . 12

1.2 The Abell clusters A1367, A496, A85 . . . . . . . . . . . . . . . . . . . . . . 16

1.3 Goals of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2 Environmental effects on A85 25

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.2 Observations and data reduction . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.3 Flux calibration and photometry . . . . . . . . . . . . . . . . . . . . . . . . 33

2.4 Measuring the asymmetry features . . . . . . . . . . . . . . . . . . . . . . . 38

2.5 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

2.6 Comments on selected fields . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

2.7 Summary and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

3 Galaxies infalling to A1367: quantifying tidal interactions 61

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

3.2 Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

3.3 Observational Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

3.5 Summary and concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . 77

4 Wide field NIR imaging of A 496 and A85 79

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

4.2 NIR observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

4.3 Photometry and redshift catalogs . . . . . . . . . . . . . . . . . . . . . . . . 85

4.4 The asymmetry tool galasym . . . . . . . . . . . . . . . . . . . . . . . . . . 92

4.5 Asymmetry results in Abell 496 . . . . . . . . . . . . . . . . . . . . . . . . . 95

4.6 Asymmetry results in A85 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

4.7 Discussion and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

7



8 CONTENTS

5 Summary and Conclusions 117
5.1 NIR imaging of selected fields of A85 and the αA3 index . . . . . . . . . . . 117
5.2 Probing pre-processing within in-falling groups of A1367 . . . . . . . . . . . 118
5.3 Quantifying tidal mechanisms in A496 and A85 . . . . . . . . . . . . . . . . 118

A Tables for A 496 131
A.1 Optical data of the observed galaxies in A496 . . . . . . . . . . . . . . . . . 131
A.2 The NIR magnitudes of observed galaxies in A496. . . . . . . . . . . . . . . 136
A.3 Asymmetry index for tidally disrupted galaxies in A496. . . . . . . . . . . . 141

B Tables for A 85 143
B.1 Optical data of the observed galaxies in A85 . . . . . . . . . . . . . . . . . . 143
B.2 The NIR magnitudes of observed galaxies in A85. . . . . . . . . . . . . . . . 148
B.3 Asymmetry index for tidally disrupted galaxies in A85 . . . . . . . . . . . . 153


