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ABSTRACT

Context. The construction of catalogues of galaxies and the posterior study of galaxy properties in relation to their environment, have
been hampered by the scarce redshift information. The new 3-dimensional (3D) surveys permits to distinguish small, faint, physically
bound satellites from a background projected galaxy population, giving a more comprehensive 3D picture of the surroundings.

Aims. We aim to provide representative samples of isolated galaxies, isolated pairs, and isolated triplets for testing galaxy evolution
and secular processes in low density regions of the local Universe, as well as to characterise their local and large-scale environments.
Methods. We use spectroscopic data from the tenth data release of the Sloan Digital Sky Survey (SDSS-DR10) to automatically
and homogeneously compile catalogues of 3,702 isolated galaxies, 1,240 isolated pairs, and 315 isolated triplets in the local Universe
(z < 0.080). To quantify the effects of their local and large-scale environments, we compute the projected density and the tidal strength
for the brightest galaxy in each sample.

Results. We find evidence of isolated pairs and isolated triplets physically bound at projected separation up to d < 450kpc with
radial velocity difference Av < 160kms™!, where the effect of the companion typically accounts for more than 98% of the total tidal
strength affecting the central galaxy. For galaxies in the catalogues, we provide their positions, redshifts, and degrees of relation with
their physical and large-scale environments. The catalogues are publicly available to the scientific community.

Conclusions. For isolated galaxies, isolated pairs, and isolated triplets there is no difference in their degree of interaction with the
large-scale structure (up to 5 Mpc), which may suggest that they have a common origin in their formation and evolution. We find that
most of them belong to the outer parts of filaments, walls, and clusters, and generally differ from the void population of galaxies.

Key words. galaxies: general — galaxies: formation — galaxies: evolution

1. Introduction

It has long been known that galaxies are not distributed uni-
formly through space (Abell 1958; Postman & Geller 1984;
Einasto & Einasto 1987). Recent galaxy redshift surveys like the
Sloan Digital Sky Survey (SDSS; York et al. 2000; Eisenstein
et al. 2011), which map in 3-dimensions (3D) the large-scale
structures (LSS) of the Universe, have confirmed that galaxies
are distributed in a hierarchical structure of filaments and walls,
surrounding large voids (Choi et al. 2007; Hoyle et al. 2012; Pan
et al. 2012). More than half of the galaxies (54%) in the local
Universe (z < 0.1) appear concentrated in virialised groups
and clusters (Courtois et al. 2013). Another 20% of galaxies are
located in collapsing regions around groups and clusters (Tully
1987; Crook et al. 2007; Makarov & Karachentsev 2011). The

* Tables 1, 2, 3, 5, and 6 are only available in electronic form at
the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsweb.u-strasbg. fr/cgi-bin/qcat?]/A+A/.

remaining populations of galaxies (26%) are referred as “field”
galaxies. A small fraction of these galaxies can be found in loose
pairs and compact groups (Xu & Sulentic 1991; Karachentseva
etal. 2011).

The fraction of isolated galaxies (galaxies which have not
been appreciably affected by their closest neighbours during a
past crossing time 7. = 3 Gyr, Verdes-Montenegro et al. 2005)
is still uncertain. Small lists of isolated galaxies began to ap-
pear after it became clear that interactions produced significant
radio and optical effects on galaxies (Sulentic 1976; Larson &
Tinsley 1978). The first major compilation of isolated galax-
ies, the Catalogue of Isolated Galaxies (CIG, Karachentseva
1973), involved about 1000 objects visually selected from the
First Palomar Observatory Sky Survey. Studies of this sample,
carried out by the AMIGA (Analysis of the interstellar Medium
of Isolated GAlaxies') project, represented the first statistically
significant investigations while others focussed more on detailed

! http://amiga.iaa.es
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studies of smaller samples (Morgan et al. 1998; Mdrquez &
Moles 1999; Varela et al. 2004).

With the advent of new digital data, the estimation of the
fraction of isolated galaxies is being a topic of growing inter-
est (Allam et al. 2005; Elyiv et al. 2009; Karachentsev et al.
2010; Karachentseva et al. 2010a,b,c). Isolated galaxies repre-
sent the nurture-free zero point for characterising secular pro-
cesses (Verley et al. 2007b,a). The observed properties of iso-
lated galaxies are likely determined mainly by their initial for-
mation conditions and secular evolutionary processes (Arakelian
& Magtesian 1981; Einasto & Einasto 1987; Solomon & Sage
1988; Coziol et al. 2011; Sabater et al. 2012; Fernandez Lorenzo
et al. 2014).

Separating the effects of interactions driven evolution in the
observed galaxy properties is not trivial. Galaxies suffer in-
trinsic and secular evolution processes, but they are also ex-
posed to the influences of their local and large-scale environ-
ments. There is a strong correlation of galaxy properties with
the environment, e.g.: the morphology-density relation (Dressler
1980); optical and ultraviolet luminosities, and atomic gas mass
function (Blanton & Moustakas 2009; Dariush et al. 2011); the
morphology-mass relation (Calvi et al. 2011); the infrared lu-
minosity and stellar-mass function (Balogh et al. 2001); galaxy
colours (Griitzbauch et al. 2011, and references therein); the rate
of accretion events (Ellison et al. 2010; Adams et al. 2012);
and nuclear activity (Kauffmann et al. 2004; Choi et al. 2009;
Sabater et al. 2013). Additional studies are necessary to sepa-
rate the effect of one-on-one interactions from the influence of
the LSS. Therefore, the study of field systems, like galaxy pairs
and galaxy triplets, is also helpful for the understanding of the
galaxy evolution on intermediate scales between isolated galax-
ies and denser environments (i.e., groups and clusters).

The new 3D surveys are required to disentangle small, faint,
linked satellites from a background projected galaxy population,
which leads to a more comprehensive 3D picture of the sur-
roundings. The construction of 2-dimensional (2D) photomet-
ric only catalogues of galaxies presents a large uncertainty in-
troduced by projection effects. For instance, in a previous work
(Argudo-Ferndndez et al. 2014), we describe the 3D environ-
ment for a sample of 386 galaxies in the CIG using the Ninth
Data Release of the SDSS (DR9; Ahn et al. 2012). We find that
almost all GIG galaxies (97%) are distributed following the LSS
of the local Universe with a large heterogeneity in their degrees
of connection with it, from galaxies in interaction with physi-
cal satellites (15%) to galaxies with no neighbours within 3 Mpc
(less than 3%). For this reason, we aim to compile and charac-
terise samples of isolated galaxies, isolated pairs, and isolated
triplets in the local Universe without being biased by projected
neighbours, applying the lessons we have learned in previous
works. These catalogues will represent valuable samples for fu-
ture studies of the dependence of different galaxy properties on
both the local and large-scale environments.

This study is organised as follows: in Sect. 2 the data and
the isolation criteria used to compile the different samples are
presented. The methods to identify the physically bound pairs
and triplets are described in Sect. 3. In Sect. 4 we introduce the
parameters used to quantify the environment of the galaxies in
the catalogues. We present our results in Sect. 5 and the asso-
ciated discussion in Sect. 6. Finally a summary and the main
conclusions of the study are presented in Sect. 7. Throughout
the study, a cosmology with Qa9 = 0.7, Quo = 0.3, and
Hy = 70kms~! Mpc~! is assumed.

2. Data and definition of the isolation

The data is based on the Tenth Data Release of the SDSS
(DR10; Ahn et al. 2013). We define a primary sample com-
posed of galaxies from the main spectroscopic sample (Strauss
et al. 2002) with r-band (the deepest SDSS images) model mag-
nitudes in the range 11 < m, < 15.7 (sufficient to develop a
homogeneous isolation definition within at least 2 magnitudes
fainter than the primary, since the redshift completeness of the
SDSS is Mypetrosian < 17.77 mag), and over a redshift range
0.005 < z < 0.080. We discard galaxies with redshift lower than
0.005 in order to avoid nearby sources for which isolation cannot
be well estimated (Verley et al. 2007b), and larger errors from
photometry for very extended galaxies. Galaxies with a redshift
above 0.080 are also discarded to facilitate future studies based
on visual morphological classifications.

After compiling a first sample of primary galaxies using
these conditions, we proceed to clean the sample following a
pipeline similar to the one developed in Argudo-Fernandez et al.
(2014): (a) we select all galaxies within at least 1 Mpc radius
completely sampled by the SDSS-DR10 photometric footprint,
(b) we perform a star-galaxy separation in order to reject stars
misclassified as galaxies in the automated SDSS pipelines, and
(c) we apply an automated cleaning process to discard multiple
identifications of the same galaxy.

In order to characterise the environment of primary galaxies,
we use the CasJobs? tool to search for neighbours (hereafter the
neighbour sample) within 1 Mpc around each candidate isolated
galaxy in the primary sample, and with redshift between 0.001
and 0.100 (in either the SDSS main galaxy spectroscopic sample
or the Baryon Oscillation Spectroscopic Survey; BOSS, Dawson
et al. 2013). Star-galaxy separation and cleaning for multiple
identifications as in Argudo-Ferndndez et al. (2014) were also
performed to avoid duplication in the neighbour sample.

The SDSS spectroscopic main galaxy sample is supposed to
be complete in the range 14.5 < m, < 17.7 (Strauss et al.
2002). We minimise effects of redshift incompleteness by se-
lecting primary galaxy fields where the percentage of extended
neighbours within 1 Mpc with measured spectroscopic redshift
is higher than 80%. On this basis we discard 24% of the fields.

The final primary galaxy sample is composed of 33,081
galaxies surrounded by 1,607,947 neighbours. These compiled
samples are used to extract catalogues of isolated galaxies, iso-
lated pairs, and isolated triplets. We search for galaxies in the
primary sample with, respectively, zero, one, and two compan-
ions in the neighbour sample and within radial velocity differ-
ences =500 < Av < 500kms™' (and within 1 Mpc) from
the primary galaxy. Our isolation criterion is therefore based on
selection in a velocity difference—projected distance space.

We remove multiple identifications for the same pair and/or
triplet candidates by choosing unique systems where the bright-
est galaxy is in the primary sample. This brightest galaxy must
have one or two neighbours according to the isolation criteria, if
the system is a candidate for isolated pair or isolated triplet, re-
spectively. Using these criteria, we find a total of 3,867 isolated
galaxy, 4,002 isolated pair, and 3,052 isolated triplet candidates.

Not all galaxies in the magnitude range 14.5 < m, < 17.7
are in the SDSS spectroscopic sample. Due to fibre collisions
(two fibres of the SDSS spectrograph cannot be placed closer
than 55”, Strauss et al. 2002) close galaxy pairs/mergers cannot
always be independently identified as distinct targets. To amend
this, we therefore visually revise the SDSS three-colour images

2 http://skyservice.pha. jhu.edu/CasJobs/
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of each candidate in the previous samples. We also use the en-
vironmental search of the NASA/IPAC Extragalactic Database
(NED?) to search for the redshift of possible companions with-
out spectroscopic information in the SDSS. On this basis we re-
move 201 isolated galaxy candidates, 155 isolated pair candi-
dates, and 94 isolated triplet candidates.

Out of the 201 isolated galaxy candidates removed, 53 are
candidate mergers. Out of the 155 pair candidates removed, we
identify 35 as candidate isolated galaxy since the ’neighbour”
is actually part of the same primary galaxy (i.e., an Hy region,
or a source missed by our cleaning pipeline in very extended
primaries). Similarly, out of the 94 triplet candidates removed,
one is identified as an isolated galaxy (the two other components
of the “triplet” are found to be Hy regions), and 29 are identified
as pairs. The numbers of isolated system candidates are 3,702
isolated galaxies, 3,876 isolated pairs, and 2,958 isolated triplets.

3. Physical definition

Isolated galaxies are assumed, by definition, to have escaped se-
rious influences from their nearest neighbours during a cross-
ing time 7., =~ 3 Gyr (Verdes-Montenegro et al. 2005). Assuming
a typical "field” velocity dispersion on the order of 190 kms™!
(Tonry et al. 2000) a crossing time of about .. ~ 5 Gyr is im-
plied to cross the selected field radius of 1 Mpc. Isolation degree
as defined in this study is more conservative than the previous
definition connected with the CIG sample. The adopted cata-
logue of isolated galaxies is composed of 3,702 entries consider
to have been isolated a majority of their lifetimes.

The 2D distribution of Av and distance d (from the
brightest galaxy, hereafter A galaxy) for isolated pair and
triplet candidates, shows an over-density, approximately at
-200 < Av < 200kms™!andd < 500kpc (see the up-
per panel of Fig. 1). This means that neighbour galaxies within
these limits are likely physically connected to their correspond-
ing A galaxy. Conversely, neighbour galaxies showing higher A v
and d would likely be related to the underlying large-scale dis-
tribution of galaxies.

As the previous work of Argudo-Ferndndez et al. (2014), the
distribution of line-of-sight velocity differences with respect to
the A galaxy, in this case for isolated pairs and isolated triplets
candidates, shows a Gaussian distribution. We follow a simi-
lar procedure to identify the physically bound companions by
analysing the location of the neighbours within the distribution
with respect to the A galaxy. The middle panel of Fig. | shows an
estimation of the standard deviation o of the Av = |vg —vy]| dis-
tribution, where v4 and vy are the line-of-sight velocities of the A
galaxy and neighbour N, respectively. The best Gaussian distri-
bution fit gives a value of o = 80 kms™!. The neighbour galaxies
within Av < 20 (95.4% of the physically linked companions)
show a tendency to be located within the first 450 kpc from the
A galaxy (see the lower panel of Fig. 1). Inside this area, another
over-density region can be detected from 0 to 250 kpc (shaded
inner region in lower panel of Fig. 1). We consider that the non-
zero excess of similar redshift galaxies at larger distances is due
to galaxies of their associated LSS.

In order to select physically bound isolated systems we con-
sider isolated pairs where the faintest galaxy, hereafter B, has
Av < 160kms™! (207) and d < 450 kpc (shaded outer region in
lower panel of Fig. 1). In the case of isolated triplets, we require
that the two fainter galaxies, hereafter B and C galaxies, should
both satisfy Av < 160kms~! and d < 450 kpc.

3 http://ned.ipac.caltech.edu/
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Fig. 1. Selection of physical pairs and triplets. (upper panel): 2D
distribution of the line-of-sight velocity difference and projected
distance for isolated pair and isolated triplet candidates with re-
spect to the brightest A galaxy. Colours correspond to the galaxy
counts according to the colour-bar. (middle panel): Absolute val-
ues of the line-of-sight velocity difference Av = |va — vy| (black
histogram), and the corresponding Gaussian distribution fits for
o between 70 and 100kms~! (grey curves) with the best fit
(blue curve) within the first 250kms™' (red dashed line). The
corresponding 20 is shaded. (lower panel): Probability Density
Function (PDF) for neighbour galaxies within 20~ over PDF for
the background flat population selected in the interval 300 <
Av < 500kms~!, as a function of the distance to the A galaxy.
Red dashed and blue dash-dotted lines correspond to the median
and mean values in the different distance intervals, respectively.
The inner regions up to 250 kpc and 450 kpc are shaded.
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4. Quantification of the environment

We use two parameters to quantify the effects of one-to-one in-
teractions and the large-scale environment on galaxy properties
(Verley et al. 2007a; Sabater et al. 2013; Argudo-Fernandez et al.
2013, 2014): the tidal strength parameter Q (Eq. 1) and the pro-
jected density 7, (Eq. 2).

4.1. Tidal strength

The tidal strength parameter Q is an estimation of the total grav-
itational interaction strength that the neighbours produce on the
central galaxy with respect to its internal binding forces. The
tidal strength on a primary galaxy P created by all the neigh-
bours i in the field is

A 3
Qslog(z%(%)) , M

i

where M is the stellar mass of the galaxy and d; is the projected
physical distance of the i neighbour to the primary galaxy.
Stellar masses were calculated by fitting the spectral energy dis-
tribution, on the five SDSS bands, using the routine kcorrect
(Blanton & Roweis 2007). The parameter Dp = 2ary is the es-
timated diameter of the primary galaxy, where rgy, the Petrosian
radius containing 90 % of the total flux of the galaxy in the r-
band, is scaled by a factor @ = 1.43 to recover the D,s (Argudo-
Fernandez et al. 2013). The greater the value of Q, the less iso-
lated from external influence the primary galaxy. The value of Q
is flagged as "NULL” when there is no neighbour to estimate it.

4.2. Projected density

To characterise the LSS around the primary galaxies in the cat-
alogues, we also define the projected number density parameter
as

(k=1 (3k-1)
MkLss = IOg(—Vol(dk)) = log[ ind ) , )

where dj is the projected physical distance to the k™ nearest
neighbour, with k equal to 5, or less if there were not enough
neighbours in the field. The farther the k' nearest neighbour, the
smaller the projected number density 7, 1ss. The value of r;1ss
is flagged as "NULL” when there are one or zero neighbours.
For isolated pairs and isolated triplets, the components of the
system are excluded for the estimation of the projected density,
we therefore consider these systems as a whole when studying
their relation to the LSS.

5. Results
5.1. The catalogues

We compile catalogues of isolated galaxies, hereafter SIG*, iso-
lated pairs, hereafter SIP?, and isolated triplets, hereafter SIT®
in the local Universe. We identify 3,702 isolated galaxies (see
Table 1) in the primary catalogue (see Sect. 2) with no neigh-
bours within Av < 500kms~" andd < 1Mpc. The SIG sam-
ple represents about 11% of the total number of galaxies in the
local Universe (z < 0.080) considered in the study.
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Fig. 2. Redshift distribution for isolated galaxies (red solid his-
togram), isolated pairs (green dashed histogram), and isolated
triplets (blue dash-dotted histogram).

For the final pair and triplet catalogues we follow a simi-
lar criteria to Argudo-Fernandez et al. (2014) and consider that
the over-density of similar redshift galaxies found in the lower
panel of Fig. 1 is due to the nature of the physically bound sys-
tems. Therefore the bound isolated systems are selected when
Av < 160kms™' (20) andd < 450kpc.

These selection criteria lead to 1,240 isolated pairs (see
Table 2) and 315 isolated triplets (see Table 3). The SIP and SIT
samples represent about 7% and 3% of the galaxies in the local
Universe considered in the study, respectively. Note that galaxies
in pairs and triplets represent almost half of the galaxies consid-
ered as field in the local Universe (26%).

Figures B.1, B.2, and B.3 show some SDSS images of galax-
ies in the catalogue of isolated galaxies, isolated pairs, and iso-
lated triplets, respectively.

The distribution of the redshifts for isolated galaxies, isolated
pairs, and isolated triplets (see Fig. 2) shows that there is no pre-
ferred location (there is not a trend with redshift for the three
samples), which suggests that there is no obvious concentration
associated with major components of large-scale structure. To
better visualise this result we have developed the interactive vi-
sualisation tools described in Appendix A.

5.2. Comparison with previous existing catalogues

There are other existent catalogues of isolated galaxies, iso-
lated pairs, and isolated triplets available in the literature.
Unfortunately, a direct comparison of the properties of the galax-
ies with these becomes highly complicated, due to the different
nature of the samples (selection criteria, database, wavelength,
etc.). The homogeneity in the selection criteria of the SIG, SIP,
and SIT catalogues permits an easier comparison and interpre-
tation of the results. Nevertheless, as a first step, we need to un-
derstand the similarities and differences of our catalogues with
respect to the 2D and 3D catalogues in the literature. For this
comparison, we use publicly available catalogues based on vi-
sual 2D isolation criteria and catalogues based on SDSS 3D in-
formation for consistency with our work.

Pioneering works on the identification of isolated galaxy
systems in 2D, before the era of large data-sets from redshift
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Table 1. SDSS-based catalogue of 3,702 isolated galaxies (SIG) in 3D and relation with their large-scale environment.

(D 2) (3) 4) o © @) (3 9)
SIG RA DEC z kiss  fiss dnn Merss  Ouss
(deg) (deg) (Mpc)

1 148.87999  -0.46724  0.03221 36 1 1.50 -0.77 -5.78
2 148.18303  -0.05831  0.04565 20 1 2.39 -1.55 -5.42
3 149.61346  0.38248 0.05648 3 1 3.32 -1.98 -6.15
4 147.45673 1.09258 0.03480 23 1 2.57 -1.49 -5.18
5 147.32950  0.02890  0.04809 12 1 1.85 -1.89 -5.70
6 188.06413  65.76231 0.04677 11 1 1.77 -1.04 -5.50
7 190.39415 65.71832 0.03857 1 1 2.72 NULL -7.18
8 126.44534  49.57347 0.02376 12 1 1.24 -0.78 -4.71
9 132.28497 53.78013  0.02453 19 1 1.25 -0.83 -5.36
10 258.53766  58.81841 0.02978 75 1 1.08 -0.75 -4.09

Notes. The full table is available in electronic form at CDS. The columns correspond to: (1) isolated galaxy identification; (2) J2000.0 Right
Ascension in degrees; (3) J2000.0 Declination in degrees; (4) redshift of the galaxy; (5) kLss, number of LSS associations; (6) fiss, footprint flag:
”1” if the galaxy has a 5 Mpc field radius in the SDSS footprint, ”’0” if not; (7) dxn, distance to the first nearest neighbour from 1 Mpc to 5 Mpc;
(8) 1 Lss, projected density estimation of the LSS; (9) QO ss, tidal strength estimation of the LSS.

galaxy surveys, were performed by Karachentseva (1973) for
a catalogue of isolated galaxies (hereafter CIG), Karachentsev
(1972) for a catalogue of isolated pairs (hereafter KPG), and
Karachentseva et al. (1979) for a catalogue of isolated triplets
(hereafter KTG). It is worthwhile to mention that the CIG, KPG,
and KTG were compiled using a 2D visual isolation criterion
based on comparison of galaxy apparent diameters with the fore-
ground and background galaxies.

Recently, other catalogues of isolated galaxies, isolated
pairs, and isolated triplets have been compiled in 3D using digi-
tal data, and are publicly available (Geller et al. 2006; Makarov
& Karachentsev 2009; Karachentseva et al. 2010a; Freedman
Woods et al. 2010). For consistency, we select samples based
on SDSS spectroscopy to compare with our catalogues of iso-
lated galaxies, isolated pairs, and isolated triplets. We select
the UNAM-KIAS catalogue of isolated galaxies (Herndndez-
Toledo et al. 2010) based on SDSS-DRS data, where the au-
thors applied a CIG-like isolation criterion with the addition
of a third condition about velocity difference between central
galaxy and neighbours. To compare with our catalogue of iso-
lated pairs, we choose the sample of pairs (with projected sepa-
rations d < 5 —20 h~! kpc) compiled by Patton & Atfield (2008)
to study the luminosity dependence on pair distance and based
on data from SDSS-DRS. We use the catalogue of triplets com-
piled by O’Mill et al. (2012), based on SDSS-DR?7 spectroscopic
data, to compare with our catalogue of isolated triplets.

We base our comparison on the galaxies in common with the
primary sample (sample of candidates before applying the isola-
tion criteria), i.e., how many galaxies satisfy the same selection
criteria in magnitude and redshift ranges, field coverage, and red-
shift completeness, as explained in Sect. 2. Then we check how
many of the primary galaxies are found to be the A galaxy in the
SIG, SIP, and SIT catalogues. The results of the comparisons are
listed in Table 4. The CIG is originally composed of 1050 galax-
ies, and we find 275 CIG galaxies in the primary sample. Out of
them we find 79 in our catalogue of isolated galaxies. In compar-
ison with the KPG, composed of 603 galaxy pairs, we find 170
in our primary sample, and only three of them are in our isolated
pairs. In the case of galaxy triplets, the KTG is composed of 84
triplets, out of which we find 20 in the primary sample, and only
one KTG in our 3D isolated triplets. Similarly, in comparison
with the catalogues based on SDSS data, there are 449 isolated

Table 2. SDSS-based catalogue of 1,240 isolated pairs (SIP) in

3D.
(D (@) 3) “4) ©)
SIP  index RA DEC z
(deg) (deg)

1 1 146.29984  -0.12000  0.03070
1 2 146.35577  -0.14337  0.03074
2 1 14897949  -0.19028  0.02095
2 2 149.09021 -0.25143  0.02140
3 1 130.45488 50.78642  0.05439
3 2 130.41447 50.78843  0.05434
4 1 152.77184 1.22408  0.03315
4 2 152.77502 1.22543 0.03308
5 1 150.46953 3.01132  0.04409
5 2 150.42798

3.00499  0.04407

Notes. The full table is available in electronic form at CDS. The
columns correspond to: (1) isolated pair identification; (2) index of the
galaxy in the pair: 1" for the A galaxy, 2" for the B galaxy; (3) J2000.0
Right Ascension in degrees; (4) J2000.0 Declination in degrees; (5) red-
shift of the galaxy.

galaxies, three isolated pairs, and one isolated triplet in common
(we discuss these results in Sect. 6.2).

5.3. Relation to the large-scale structures

In order to understand the effects of the large scale environment
on galaxy properties, we characterise the LSS around each pri-
mary galaxy up to 5 Mpc. We consider part of the LSS the neigh-
bour galaxies within Av < 500kms~! from 1 to 5 Mpc.

Not all the galaxies in the catalogues have a 5 Mpc field ra-
dius completely covered by the SDSS footprint. To identify these
galaxies, we add the column f; ss with value 1" if the galaxy has
a 5 Mpc field radius within the SDSS footprint, and ”0” if not, in
Tables 1, 5, and 6.

There are 3,535 isolated galaxies, 1,182 isolated pairs, and
301 isolated triplets within the SDSS footprint at 5 Mpc, which
corresponds to 95.5% of the galaxies in each sample. Out of
them, we find 31 isolated galaxies, 9 isolated pairs, and O iso-
lated triplet with no neighbours within Av < 500kms~! up to
5Mpc. We check that these galaxies are not mainly located in
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Table 3. SDSS-based catalogue of 315 isolated triplets (SIT) in

3D.
) 2 3) 4) (5)
SIT  index RA DEC z
(deg) (deg)

1 1 17131543 -2.07612 0.06287
1 2 171.40068  -2.06681  0.06300
1 3 171.26364  -2.09105  0.06297
2 1 208.67705 65.24431  0.03578
2 2 209.01042  65.29638  0.03615
2 3 208.66452  65.27580  0.03565
3 1 211.20346  4.98106  0.04649
3 2 211.19240  4.97013  0.04695
3 3 211.28189  4.96810  0.04647

Notes. The full table is available in electronic form at CDS. The
columns correspond to: (1) isolated triplet identification; (2) index of
the galaxy in the triplet: ”1” for the A galaxy, ”2” for the B galaxy,
and 7’3" for the C galaxy; (3) J2000.0 Right Ascension in degrees; (4)
J2000.0 Declination in degrees; (5) redshift of the galaxy.

Table 4. Comparison samples.

Sample Initial Primary Final Percentage
CIG (isolated) 1050 275 79 29%
KPG (pairs) 603 170 3 2%
KTG (triplets) 84 20 1 5%
UNAM-KIAS (isolated) 1520 1031 449 43.5%
Patton+08 (pairs) 473 41 3 7%
O’Mill+12 (triplets) 1092 20 1 5%

Table 5. Isolated pairs: relation with their local and large-scale
environments.

@o» e 6 “ &) (6) (OEENC)

SIP  kiss  fiss dnn Merss  Ouss  Opair %
(Mpc)
1 11 1 1.57 -1.03 -534 -228 1.00
2 42 0 1.67 -1.20  -5.53 -3.50 0.99
3 9 1 1.32 -1.79 480 -1.25 1.00
4 17 1 2.13 -1.39  -5.29 1.52 1.00
5 23 1 1.38 -1.34  -5.13 -2.08 1.00
6 43 1 1.55 096 -392 -254 0.96
7 34 1 1.34 -0.63 -525 -3.66 0.97
8 4 1 1.71 -1.98 -540 -2.85 1.00
9 36 1 1.21 -1.47 -423 -1.61 1.00
10 29 1 1.15 -0.71  -437 -2.14 0.99

Notes. The full table is available in electronic form at CDS. The
columns correspond to: (1) isolated pair identification; (2) ki ss, num-
ber of LSS associations; (3) fiss, footprint flag: 1" if the A galaxy has
a 5 Mpc field radius in the SDSS footprint, 0" if not; (4) dnn, distance
from the A galaxy to the first nearest neighbour of the LSS (from 1 Mpc
to 5 Mpc); (5) miLss, projected density estimation of the LSS; (6) Orss,
tidal strength estimation of the LSS; (7) Qpqir, tidal strength estimation

on the A galaxy exerted by the B galaxy; (8) g{‘”:'l , relation between Qpair
and the total tidal strengths on the A galaxy Qy, from O to 1 if the iso-

lated system amounts from 0% to 100% to the total tidal strength.

Table 6. Isolated triplets: relation with their local and large-scale
environments.

Notes. The line separates samples that use the SDSS (lower part) from
samples that do not (upper part). The columns correspond to: (1) name
of the catalogue; (2) number of galaxy systems in the original cata-
logue; (3) number of (central) galaxies in common with our primary
sample (sample of candidates before applying the isolation criteria); (4)
number of (central) galaxies found in the SIG, SIP, or SIT catalogues;
(5) percentage with respect to the galaxies in common to the fourth col-
umn.

voids (we discuss this further in Sect. 6.3) also using the visual-
isation tools described in Appendix A.

The tidal strength generated by the galaxies in the LSS is de-
fined as Qyss. The results of the quantification of the large scale
environment for isolated, pair, and triplet galaxies are shown in
Fig. 3.

For isolated pairs and isolated triplets, the tidal strength pro-
duced by galaxies of the same system, in comparison to the tidal
strength exerted by galaxies in the LSS, leads to an evaluation
of the effects of the isolated systems with respect to the large
scale environment. Hence, we define Qpair and Qyipler for pairs
and triplets respectively, taking into account only the galaxies
belonging to the same isolated system (the B galaxy for pairs,
and the B and C galaxies in the case of triplets). We also define
QOiotal Which accounts for the total amount of tidal strength ex-
erted by both the neighbour galaxies within the pair and triplet
and by the galaxies from the large scale environment. Therefore,

the ratios % and % take values from O to 1 if the galaxies

of the isolated system amount from 0% to 100% to the total tidal
strengths. These ratios for isolated pairs and isolated triplets are
tabulated in col. 8 in Table 5 and Table 6, respectively.

» @ 6 4 &) 6) O] (3)

SIT  kiss  fiss  dnn Meess Ouss Qtiplet %
(Mpc)
1 9 1 2.53 -1.82  -5.87 -2.50 1.00
2 9 1 1.01 -143  -495 -1.49 1.00
3 10 1 1.50 -1.65 -5.68 -1.26 1.00
4 4 1 2.67 221 574 234 1.00
5 13 1 1.95 -1.21  -5.55 -3.78 0.98
6 15 1 1.51 -0.93 -5.81 -0.92 1.00
7 9 1 1.44 -1.56  -5.12 -1.86 1.00
8 12 1 1.36 -0.96 -522 -291 1.00
9 36 0 1.10 -0.78 -5.13 -2.12 1.00
10 12 1 1.50 -1.14  -4.62 -0.27 1.00

Notes. The full table is available in electronic form at CDS. The
columns correspond to: (1) isolated triplet identification; (2) ki ss, num-
ber of LSS associations; (3) fiss, footprint flag: 1" if the A galaxy has
a 5 Mpc field radius in the SDSS footprint, ”0” if not; (4) dnn, distance
from the A galaxy to the first nearest neighbour of the LSS (from 1 Mpc
to 5 Mpc); (5) miLss, projected density estimation of the LSS; (6) Oiss,
tidal strength estimation of the LSS; (7) Qipie:» tidal strength estimation
on the A exerted by the B and C galaxies; (8) %, relation between

Ouipler and the total tidal strengths on the A galaxy Qjoa, from O to 1 if
the isolated system amounts from 0% to 100% to the total tidal strength.

6. Discussion
6.1. The catalogues

To study the intrinsic processes that affect galaxy evolution, it is
crucial to have a reference sample of galaxies where the effects
of their local and large-scale environments are minimised and
quantified.
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Fig. 3. LSS isolation parameters for the SIG, SIP, and SIT catalogues. (upper left panel): Distribution of the tidal strength Q; ss for
isolated galaxies (red solid histogram), isolated pairs (green dashed histogram), and isolated triplets (blue dash-dotted histogram).
(upper right panel): Distribution of the projected density 77, Lss in the same colour scheme. (lower left panel): Projected density
nkLss versus tidal strength Oy ss diagram. Red circles, green squares, and blue triangles represent isolated galaxies, isolated pairs,
and isolated triplets, respectively. (lower right panel): Projected density 7, 1.ss versus tidal strength Qo diagram. Red circles, green
squares, and blue triangles represent isolated galaxies, isolated pairs, and isolated triplets, respectively.

As shown in Sect. 5.1, the catalogues of isolated galaxies,
isolated pairs, and isolated triplets have been homogeneously
selected using an automated method. The SIG catalogue is
composed of 3,702 galaxies with no neighbours within Av <
500kms~! in a field radius of 1 Mpc. In the case of the SIP and
SIT catalogues, we identify 1,240 isolated pairs and 315 isolated
triplets, with no neighbours within Av < 500kms~! in a field
radius of 1 Mpc. These uniformly selected catalogues offer the
opportunity to test model predictions for galaxy evolution.

The velocity difference of pairs and triplets shown in Fig. 1
follows a Gaussian distribution, meaning that most of the pairs
and triplets are relaxed systems. Indeed, if the pairs and triplets

were mostly fly-by encounters, there would be no preferred val-
ues for the velocity differences between the central galaxies and
their companions. A flat distribution would be observed, as it is
the case for Av > 300kms~'. Hence, the Gaussian distribution
shows that most of the pair and triplets systems are already viri-
alised, and suggests that they did not form by chance unless the
captures occurred at a primordial epoch. These pair and triplet
samples should then shed light on the effects of secular evolu-
tion of galaxies in interaction with respect to isolated galaxies or
galaxies just temporarily affected by some fly-by companions. It
is left for simulations to decide if the most isolated systems to-
day are likely to have spent all or most of their lives in isolation.
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For each galaxy in the catalogues, we provide its position,
redshift, and quantification of the environment (see Table 1 for
isolated galaxies, Tables 2 and 5 for isolated pairs, and Tables 3
and 6 for isolated triplets).

In the upper panel in Fig. 4, we show the mass ratio for galax-
ies in the isolated pairs and isolated triplets catalogues. In iso-
lated pairs, the mass of the B galaxy is typically 1/10 of the mass
of the A galaxy. This means that isolated pairs usually show a
hierarchical structure, therefore it is less probable to find a pair
with two similar mass galaxies. For the triplets, the mass ratio of
the A and C galaxies is much smaller (= 1/100) in comparison
to the A and B galaxy. This result is also visible in some of the
examples in Fig. B.3, the C galaxy is usually very much smaller
than the A and B galaxies, presenting also a hierarchical struc-
ture. Note that for isolated pairs and isolated triplets we consider
the central (A) galaxy as the brightest, which is not directly trans-
lated to be the most massive galaxy, so we find a small fraction
of mass ratios higher than one in the upper panel of Fig. 4.

Our results are compatible with Marmol-Queralté et al.
(2012, 2013), and more recently Ruiz et al. (2014), who char-
acterised the population of satellites around massive ellipticals
(M, > 2 x 10'"' M). They found that on the average, there
is ~ 1 satellite around each central galaxy, down to a mass ratio
1/100. In particular, only about 23% of the satellites have mass
ratios around 1/10, versus ~ 50% for mass ratios 1/100, and even
> 60-70% down to 1/400. Even if we are restricted to lower mass
central galaxies (8 < log(M,) < 11.5), we find that the number
of physically bound pairs and triplets increases from a mass ratio
1/10 to mass ratio down to 1/100.

6.2. Comparison with previous existing catalogues

As described in Sect. 5.2, we select the CIG and the UNAM-
KIAS to compare with the SIG catalogue, the KPG and the sam-
ple of close pairs compiled by Patton & Atfield (2008) to com-
pare with the SIP catalogue, and the KTG and the catalogue of
triplets compiled by O’Mill et al. (2012) to compare with the SIT
catalogue.

The results of the comparison with the CIG, KPG, and KTG
are shown in the first three rows of Table 4. The small overlap be-
tween the initial number of galaxies in the comparison samples,
and the number of galaxies in the primary sample, is mainly due
to the different sky coverage of the spectroscopic SDSS and the
POSS (Palomar Observatory Sky Survey). As shown in Table 4,
about 29% of the CIG galaxies are in common with our cata-
logue of isolated galaxies, and only about 2% of the KPG galax-
ies and 5% of KTG triplets are found in our catalogues of iso-
lated pairs and isolated triplets, respectively. These results are
in agreement with Argudo-Fernandez et al. (2013), who found
that about 25% of the CIG galaxies (105 of the 411 CIG galax-
ies considered in their study) have no known neighbours with
[Av] < 500kms~! within 1 Mpc in the SDSS-DRY. The vi-
sual isolation criterion based on apparent magnitude differences
(due to the small fraction of galaxies with known redshifts at
this time) to compile the CIG (and similarly to compile the KPG
and KTG) misses close, small neighbours with similar redshift.
Moreover, it introduces false pairs and triplets with a very high
velocity difference between their members due to projection ef-
fects.

The three last rows of Table 4 show the result of the com-
parison with the catalogues based on SDSS spectroscopy. To
help the interpretation of the results, we look for neighbours with
Av < 500kms~! within 1 Mpc around each galaxy in the com-
parison samples. Figure 5 shows the normalised distribution of
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Fig.4. (upper panel): Distribution of the mass ratio between
the A galaxy and the B galaxy in isolated pairs (green filled
histogram), between the A galaxy and the B galaxy for iso-
lated triplets (blue unfilled histogram), and between the A galaxy
and the C galaxy for isolated triplets (blue hatched histogram).
(lower panel): Distribution of the ratios % (green dashed his-
togram) and % (blue dash-dotted histogram) for isolated pairs

and isolated triplets, respectively.

distance for the similar-redshift neighbours with respect to the
central galaxy.

We find 43.5% of the UNAM-KIAS galaxies in common
with our isolated galaxies. This average overlap is mainly due to
the different isolation criteria. The isolation criterion followed by
Hernandez-Toledo et al. (2010) is a mixed criterion between the
CIG and a pure 3D definition. The distribution of the distance for
neighbours with Av < 500 km s~! within 1 Mpc around galaxies
in the comparison samples is shown in Fig. 5. As shown in the
upper panel of the figure, there are close neighbours with similar
redshift (black dashed histogram) missed by the UNAM-KIAS
isolation criterion (similarly for CIG galaxies represented by the
black dash-dotted histogram) and, by definition, zero neighbour
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for our isolated galaxies (red solid line). In this sense, the SIG
represents the first public catalogue of isolated galaxies based on
a pure 3D isolation definition.

Regarding pairs and triplets, there is a very small overlap be-
tween the number of galaxies in our primary samples and the
initial number of galaxies in the samples compiled by Patton
& Atfield (2008) because 90% of their central galaxies have
m, > 15.7, and by O’Mill et al. (2012) since 97% of their cen-
tral galaxies have z > 0.08. The middle and lower panels of
Fig. 5 show that the close pairs and triplets found in the com-
parison samples are less isolated than our isolated pairs and iso-
lated triplets (the systems have neighbour galaxies, at least up
to 1 Mpc, that may influence their evolution). In fact only 7% of
the isolated pairs and 5% of the isolated triplets are in common.
Note that an isolation criteria is not used in these samples, hence,
our isolated pairs and isolated triplets are not so close as theirs
but are very well isolated systems.

To date, there are not public catalogues that allow a direct
separation between the effects of one-on-one interactions and
the effects of the large-scale environment when studying galaxy
properties. Galaxies in our catalogues have been homogeneously
selected under the same isolation criterion, thereby the SIG cat-
alogue is complemented by the SIP and SIT catalogues for test-
ing galaxy evolution and secular processes. Our catalogues of
isolated galaxies, isolated pairs, and isolated triplets represent
suitable samples of isolated systems to study the link of galaxy
properties with their environment for bright galaxies in the local
Universe.

6.3. Relation with the large-scale structure

As introduced in Sect. 4, we use the projected density 17z 1.ss and
tidal strength Q;ss to quantify the large scale environment for
isolated galaxies, isolated pairs, and isolated triplets.

The upper panels in Fig. 3 show that there is no difference
in their relation with the LSS between the three samples. The
mean values of the tidal strength for isolated galaxies, isolated
pairs, and isolated triplets are —5.09 + 0.03, —5.05 + 0.04, and
—4.95 + 0.09, respectively (uncertainties are given by the 95%
confidence interval of the median). Even if the mean value of the
projected density for isolated galaxies (—1.38 + 0.02) is slightly
smaller than for isolated pairs and isolated triplets (—1.28 + 0.03
and —1.24 + 0.07, respectively), the boxplots of Fig. 6 show that
there is no significant difference between the three populations.
This means that the isolated galaxies are as isolated, with respect
to the large scale environment, as the isolated pairs and triplets.
This suggests that these systems have a common origin in their
formation and evolution.

When taking into account only the physical associations of
the galaxies in pairs (B) and triplets (B, C), which define the tidal
strengths QOpair and Qyipler, respectively, we see that their effects
largely dominate (about 99.9%) the tidal strengths generated by
the LSS (see also lower panel in Fig. 4). The tidal strengths Qpai
and Qyiple; are two orders of magnitude higher than the Oy s (see
the lower right panel in Fig. 3). Therefore, the effects of the LSS
are negligible in contrast to the effect of one-on-one interactions.

We find a very small number of galaxies with no neighbours
within Av < 500kms~! up to 5 Mpc. One can expect that these
galaxies would be located in voids. The smallest identifiable
voids in the local Universe have radii ~ 7h~! Mpc (Tikhonov
& Karachentsev 2006), with voids usually having characteristic
radii of 10-40h~' Mpc (Sutter et al. 2012). Nevertheless, Fig. 7
and Fig. 8 (see also Appendix A for details) show that in general,
most of the isolated galaxies, isolated pairs, and isolated triplets,
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Fig.5. Normalised distribution of the distance (in Mpc) for
neighbours with Av < 500kms~! within 1 Mpc around galax-
ies in the comparison samples. (upper panel): The red solid his-
togram representing neighbours around our isolated galaxies is
zero by definition. The black dashed and black dash-dotted his-
tograms correspond to the distributions for neighbours around
galaxies in the UNAM-KIAS and the CIG, respectively. (mid-
dle panel): Distributions for neighbours around galaxies in the
KPG (black dash-dotted histogram) and the catalogue of Patton
& Atfield (2008) (black dashed histogram). The green solid his-
togram corresponds to the distribution of the distance for the B
galaxies in our isolated pairs. (lower panel): Distributions for
neighbours around galaxies in the KTG (black dash-dotted his-
togram) and the catalogue of O’Mill et al. (2012) (black dashed
histogram). The blue solid histogram corresponds to the distri-
bution of the distance for the B and C galaxies in our isolated
triplets.

belong to the outer parts of filaments, walls, and clusters, and
generally differ from the void population of galaxies.

To further explore this difference with void galaxies, we
compare with the public catalogue of voids compiled by Pan
et al. (2012), based on SDSS spectroscopy. We find that 33%
of our isolated galaxies are located in voids. This result is ex-
pected since the relation of the radius where isolation is defined
(1 Mpc) with respect to the typical size of regular clusters (from
1 to 10 Mpc) is much smaller than the relation with the typical
radius of voids in the Universe (24 Mpc). Additionally, we found
that only 14% of void galaxies, within the same limited volume
as our primary sample, are in isolation according to our crite-
ria. This result reinforces the argument of the different nature
between void and isolated galaxies.

7. Summary and conclusions

We present the SIG, SIP, and SIT catalogues of isolated galaxies,
isolated pairs, and isolated triplets in the local Universe (z < 0.08
and m, < 15.7mag). They were automatically and uniformly
selected using the SDSS-DR10. These systems show no known
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Fig. 6. Comparison of LSS isolation parameters for isolated
galaxies, isolated pairs, and isolated triplets. The main body
of the boxplot shows the interquartile range (IQR) of the me-
dian (represented by the red vertical line) and its 95% confi-
dence intervals, meanwhile dashed lines correspond to 1.5XIQR
and the outliers are represented by black pluses. (upper panel):
Boxplot representation of the distribution of the tidal strength
Q1 ss for isolated galaxies (lower boxplot), isolated pairs (mid-
dle boxplot), and isolated triplets (upper boxplot). (lower panel):
Boxplot representation of the distribution of the projected den-
sity mrrss for isolated galaxies, isolated pairs, and isolated
triplets following the same scheme.

neighbours within Av < 500kms~! and radius R = 1 Mpc. All
the systems in the three final catalogues were visually inspected.
The catalogues, with galaxy positions, redshifts, and degrees of
relation with their physical and LSS environments, are publicly
available to the scientific community. In addition, we provide
interactive tools to visualise the relation of the galaxies in the
samples with the LSS or any other catalogue.

The relations of the isolated galaxies, isolated pairs, and iso-
lated triplets with the LSS of the local Universe are characterised
using the projected density 77; Lss and the tidal strength Qy ss pro-
duced by the neighbours within Av < 500kms~! up to 5 Mpc.

Our main conclusions are the following:

1. The SIG catalogue of isolated galaxies is composed of 3,702
galaxies with no neighbours within Av < 500kms™' in a
field radius of 1Mpc. The sample represents about 11% of
the total number of galaxies in the local Universe considered
in the study.
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2. When analysing the distribution in velocity difference Av
and projected distance d space for isolated pairs and isolated
triplet candidates, we find evidence for physically bound
galaxies at distances d < 450kpc within Av < 160kms™!.

3. The SIP catalogue of isolated pairs is constituted by 1,240
pairs, selected using the requirement that the faintest galaxy
should be within Av < 160kms~' and lie at a distance
d < 450kpc with respect to the brightest one. The sample
of isolated pairs represents about 7% of the total number of
galaxies in the local Universe considered in the study.

4. Similarly, the SIT catalogue of isolated triplets consists
of 315 triplets, selected under the condition that the two
faintest galaxies satisfy Av < 160kms™! and lie within
d < 450kpc from the brightest galaxy. The sample of
isolated triplets represents about 3% of the total number of
galaxies in the local Universe considered in the study.

5. To reach a more homogeneous characterisation of the envi-
ronment around the isolated samples, we analyse their large-
scale environment up to 5Mpc. We find 31 very isolated
galaxies, 9 isolated pairs, and zero isolated triplet without
any neighbour within Av < 500kms~' and up to 5 Mpc.
For the remaining primary galaxies in the three samples, we
define the projected density 77, 1.ss and the tidal strength Oy ss
to quantify their isolation degree with respect to their large-
scale environment.

6. The physical companions in pairs and triplets are the domi-
nant factor in the tidal strengths Qpqir and Qyipler €xerted on
the primary galaxies despite their hierarchical structure. This
local tidal strength due to the physical companions is two or-
ders of magnitude higher than the tidal strength due to the
LSS.

7. There is no difference in the degree of interaction with the
LSS for isolated singles, pairs, and triplets, which may sug-
gest that they have a common origin (i.e. formation and evo-
Iution). We find that most belong to the outer parts of fila-
ments, walls, and clusters, and generally differ from the void
population of galaxies.

In comparison with the existing literature, the SIG, SIP, and
SIT catalogues of isolated galaxies, isolated pairs, and isolated
triplets represent particularly useful samples for studies of both
one-on-one and large-scale effects on galaxy properties.
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Appendix A: Data visualisation tools

We observe that most of the isolated galaxies, isolated pairs, and
isolated triplets belong to the outer parts of filaments, walls, and
clusters, and generally differ from the void population of galax-
ies. To visualise this, we have developed interactive visualisation
tools based on open source code. The visualisation tools allow
one to compare the 3D positions of a sample (or samples) of iso-
lated systems with respect to the locations of the LSS galaxies in
their local and/or large scale environments. The code is available
athttps://github.com/margudo/LSSGALPY.

The basic functionality of these interactive tools is the use
of different projections in the 3D space (right ascension, decli-
nation, and redshift) to study the relation of the galaxies with
the LSS. In particular, we use a Mollweide projection (the code
also works with tens of other types of projections) in combina-
tion with a wedge diagram, and viceversa. Therefore, we can
visualise the locations of the galaxies in our study for different
values of redshifts and redshift ranges (by moving the blue bars
displayed under the sky map in Fig. A.1). Similarly, for differ-
ent values of the declinations and declination ranges (blue bars
bellow wedge diagram in Fig. A.2), one can visualise how the
isolated galaxies, isolated pairs, and isolated triplets are related
to the galaxies in the LSS.

These tools have been tested using up to 30 million objects
and still work perfectly and smoothly on any standard laptop.
The whole code is 100% based on free software (MIT License),
making an extensive use of the Python language. We have de-
veloped the code under a Linux platform, but it may be straight-
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forwardly ported to any other operating system (Windows, Mac,
FreeBSD, etc.).
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Fig.7. (upper panel): Equidistant cylindrical projection of the LSS for galaxies in the Northern Galactic Cap in the redshift range
0.030 < z < 0.035 (North is up, East is to the left). Red circles, green squares, and blue triangles represent isolated galaxies, isolated
pairs, and isolated triplets, respectively. (lower panel): Pie chart projection of the LSS for the same galaxies within —2 and 2 degrees

in declination. The over-plotted red disks represent isolated galaxies within the same declination range.
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Fig. 8. Distribution of isolated pairs and isolated triplets in the LSS. Same as the lower panel in Fig. 7 but for isolated pairs (green
squares in the upper panel) and isolated triplets (blue triangles in the lower panel).
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Appendix B: Images

We show some images for galaxies in the SIG, SIP, and SIT cat-
alogues.
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Fig. B.1. SDSS three-colour images (field of view of 6!7, North is up, East is to the left) of nine isolated galaxies in the SDSS-DR10
footprint. From upper left to lower right: SIG 2053, 1947, 950, 1144, 2719, 931, 2459, 3061, and 3289.
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Fig. B.2. SDSS three-colour images (field of view of 3’4, North is up, East is to the left) of nine isolated pairs in the SDSS-DR10
footprint. The images are centred on the A galaxy. The B galaxy is labelled. From upper left to lower right: SIP 476, 13, 273, 153,
1079, 1123, 515, 1161, and 327.
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Fig. B.3. SDSS three-colour images (North is up, East is to the left) of nine isolated triplets in the SDSS-DR10 footprint. The images
are centred on the A galaxy. The B and C galaxies are labelled. From upper left to lower right: SIT 75, 12, 270, 52, and 222 with a
field of view of 67, SIT 242 and 191 with a field of view of 13!5, and SIT 216 and 33 with a field of view of 27’.
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