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ABSTRACT

Context. The AMIGA project aims to build a well defined and statistigaignificant reference sample of isolated galaxies in orde
to estimate the environmentdfects on the formation and evolution of galaxies.

Aims. The goal of this paper is to provide a measure of the environmwiethe isolated galaxies in the AMIGA sample, quantifying
the influence of the candidate neighbours identified in oavipus work and their potentialfects on the evolution of the primary
galaxies. Here we provide a quantification of the isolatiegrde of the galaxies in this sample.

Methods. Our starting sample is the Catalogue of Isolated GalaxiéS) (Ve used two parameters to estimate the influence exerted
by the neighbour galaxies on the CIG galaxy: the local nurdeesity of neighbour galaxies and the tidal strengtaating the CIG
galaxy. We show that both parameters together provide ai@mapsive picture of the environment. For comparison gipasameters
have also been derived for galaxies in denser environmantsas triplets, groups and clusters.

Results. The CIG galaxies show a continuous spectrum of isolatiorguamtified by the two parameters, from very isolated to
interacting. The fraction of CIG galaxies whose propertissexpected to be influenced by the environment is howewe(169 out

of 950 galaxies). The isolated parameters derived for thepeosion samples gave higher values than for the CIG anduvelfdear
differences for the average values of the 4 samples consideosthgthe sensitivity of these parameters.

Conclusions. The environment of the galaxies in the CIG has been charseterusing two complementary parameters quantifying
the isolation degree, the local number density of the naighlgalaxies and the tidal forceffecting the isolated galaxies. A final
catalogue of galaxies has been produced and the most baliteese galaxies are consequently appropriate to seryeeisrence
sample for the AMIGA project.

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

1. Introduction The AMIGA project Analysis of the interstellaiM edium
o ) ) of IsolatedGAlaxieg]) aims to build and parametrise a statis-

Although it is now generally recognised that the environtmeficaly significant control sample of the most isolated gida
experienced by the galaxies during their whole lifetimeypla i the |ocal Universe. Our goal is to quantify the propertiés
a role as important as the initial conditions of their formal  giferent phases of the interstellar media of this sample. In an
there are still many open questions. In order to define whatdgjier paper (Leon & Verdes-Montenegro 2003), we systemat
the amplitude and dispersion of a given galaxy propertydat ¢4y revised all the positions of the galaxies in the Cajamof
be ascribed to “nature”, a well characterised referencepbaaf  |spjated Galaxies (CIG, Karachentseva 1973) in order toigeo
isolated galaxies is needed. new values suitable for accurate telescope pointings asero
correlations with on-line databases. The whole CIG was- opti

* Full Tables 1, [2 and 0436 are available in eleceally characterised in Verdes-Montenegro etial. (2005)eneh
tronic form at the CDS via anonymous ftp towe produced an optical luminosity function for all the galax
cdsarc.u-strasbg.fr (130.79.128.5) or via jes. The physical distribution of the CIG galaxies with resp
http://cdsweb.u-strasbg. fr/cgi-bin/qcat?]/A+A/vvv/ppp
and fromhttp://www.iaa.es/AMIGA.html| 1 http://www.iaa.es/AMIGA.html
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to the local large scale structure was also investigatedAs mentary parameters, that will produce a well characternsed
pected we see little correspondence between the positibongue of their environment.

the nearby cluster cores and the CIG galaxies, but some cor- The article is organised as follows: in Sddt. 2 we define the
respondence with the more complex local large-scale streictparameters that we will use to measure the isolation degree;
components has been found (Haynes & Giovenelli 1983). Thre Sect.[B these parameters are calculated for denser sample
CIG redshift distribution re-enforces the evidence forradilal (triplets, groups and clusters of galaxies) for comparisdre
structure: peaks near 1500 and 6000 kindrrespond respec- results are presented in Sédt. 4, and discussed in[$ecti&din
tively to galaxies in the local supercluster and those inentis- ing the complementarity between the isolation parametbes,
tant large-scale components (particularly Perseus-§isthese relationship with the Karachentseva’s criterion, and fintie

two peaks in the redshift distribution are superimposed oncamparison with similarly calculated isolation paramstéor
more homogeneous distribution involving about 50% of th@ Clgalaxies in denser environments. We also present our fitel ca
(Verdes-Montenegro et al. 2005). Hence, the CIG 2D distriblogue of isolated galaxies. Sectibh 6 summarises our wodk an
tion is reasonably homogeneous as we would expect for a disesents the conclusions of our study.

tribution sampling, predominantly, the preriferies ofgerscale
structures (Balkowski & Chamaraux 1981). In 3D, the distrib L . .
tion is dfected by the local and Pisces-Perseus supercluster¥1rs:gu"’mt'f'Cat'()n of the isolation

particular, while the CIG likely contains many of the most-is We have used two complementary parameters in order to quan-
lated galaxies in the local Universe, it is not biased forgals tify the degree of isolation of the CIG galaxies: the locather

in voids because we are usually looking through the frorgsfd density of neighbour galaxies and the tidal strength theseh

the bubble of galaxies sourrounding the void. Thus voidxje& |atter produce on the candidate isolated galaxy. Both param
often fail the isolation requirement. Additionally, the rpbolo-  ters were calculated for all the 950 CIG galaxies considered

gies of the CIG galaxies were revised and type-specific abtiaMIGA IV (when excluding the 100 nearby galaxies with<
luminosity functions derived in Sulentic et &l. (2006). Mahd 1500 km s1).

far-infrared basic properties have been also derived G

using data from the IRAS survey (Lisenfeld et al. 2007). _
] ) ) } 2.1. Local number density
Studies of radio continuum, atomic and molecular gas

(Espada et al. 2005; Espéda 2006), CO anckhission proper- The local number density of the neighbour galaxies is catedl

ties [Verley 2005) are in progress as well as a study of thél sm@y focusing on the vicinity of the isolated galaxy candidate
AGN population found in the sample. In these works we havghere the principal perturbers should lie. An estimatiorhef
identified several cases of CIG galaxies wHere KaracheditseJocal number densityy, is found by considering the distance to
isolation criterion was failed. This motivated us to penfoa _thekt_h nearest neighbour. An unbiased estimator can be obtained
careful reevaluation of the degree of isolation of the Cl@iol if neither the central galaxy nor thé" neighbour are counted
was presented ih Verley etlal. (2007) (hereafter, AMIGA [V)S€e. Casertano & Hut 1985; Mateus & Scdré 2004). For this pa
There we revised the environment of all the 950 CIG galaxié@Meter, to minimise the contamination by background gefax
with radial velocities larger than 1500 kmisin a minimum ©Only the neighbours with similar size (0.25 to 4 times therdia
physical radius of 0.5 Mpc. We made use of POSS-I digitiséier of each CIG galaxy, as defined by Karachentseva 1973) are
plates on which we SExtracted (Bertin & Arndlts 1996) all thigken into account. To probe a local region around the centra
objects brighter thaivlg ~ 17.5 around the primary CIG galax- 9alaxy, we considek equal to 5, or less if there are not enough
ies. We used a version of the LMORPHO software (Odewatgighbours in the field:

1995; Odewahn et &l. 1996, 2002) adapted to our specific needs k-1
to separate stars from galaxies in order to produce the fimgloc Iog(—)
catalogues of perturber galaxy candidates. Two visualkshec V()
were undertaken: the first one consisted in revising thestypgitn V(ry) = 4nr3/3, wherery (in ’) is the projected distance to
(galaxy, star, unknown) of all the extracted objects, by M2y 1t naarest neighbour

ofa Gra_phi_cal User Interface displaying the types of th@.dbj The farther thek™" neérest neighbour, the smaller the local
on the digitised POSS-I plates. The second visual checliado number densityy. Hence this paramete’r provides a good de-

all the objects classified as galaxy for which the betterltegm o . : o .
and dynamic range of the POSS-I1 allowed us to separate C(%ﬁrlptlon of the environmentin the vicinity of the primarglgxy

pact galaxies from stars. The final catalogue produceddeslu sizte\gvg?ttl’?ee Sésr?fr\l/)aer;;age of nottaking into account the riass
about 54 000 neighbour galaxies containing the right asoens X

declination. area. maanitude. diameter and proiected stoa This parameter could not be calculated for the full sample,
’ » mag ’ proj B0A  qince two neighbours is the necessary minimum and fortyeof th

to the associated CIG galaxy. For each galaxy, the areaés gi P ; o ;
by the SExtractor software (converted to arceand the mag- \ellc galaxies in our sample did not fulfil this requirement.

nitude by the parameter MAGSO. The velocities are heliocen-
tric and we assumel = 75 kms?! Mpc™. 2.2. Tidal strength

Redshifts could be compiled for 30% of the sam- Inorderto provide an estimation of the degree of isolatiirtg

ple (16126 objects) from fferent catalogues in the bibli- also into account the masses of the neighbours, we caldufse
ography and we were able to identify some galaxies failirtgdal strength fecting the primary CIG galaxies. To estimate the
Karachentseva’'s criterion with our new data. The preselficetotal tidal strength fiecting each CIG galaxy (with a diameter
candidate neighbours, in afflirent number and with flerent D, and a mas$,), we used a formalism developed by Dahari
sizes and magnitudes in the environments of CIG galaxiadsle (1984) to estimate the tidal strengtfiiexcting an extended object
us to go a step further. We provide a quantification of theelegr(AR is the extension of the object). The tidal strength per unit
of isolation of CIG galaxies according tofférent and comple- mass produced by a neighbour is proportionaVI,-que’, where
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M; is the mass of the neighbour, af}, is its distance from

the centre of the primary. However, no information on eithfer 2

or on the absolut&®, is available in most cases. We approxi

matedR;, by the projected separatio8;,, at the distance of the 1 +
CIG galaxy. The dependence M on size,M; « D, is not +
well known, and we adopted = 1.5 (Rubin et al. 1982; Dahari

1984). Accordingly, the estimat®;, is defined as the ratio be- 0- ot

tween the tidal force and binding force. For one neighbdner, t

estimation of the interaction strength, reads: ;é -1 *
Fo_MxAR MixD, < R
tidal = F§3 = 53
P ip
-3
Mp
Fhind = D2 4

p

1 0 1 2

Qp = Fiigal _ ( M; )( Dp )3 N (/DpD))’? L, —

= —1=r 2 -
Foind  \Mp/\Sip Sisp Qxor
g.1. Comparions of the tidal strength within a radius of

; - i
The logarithm of the sum of the tidal strength created by A(E'.S Mpc, Qqs, to the tidal strength in the whole available field,
Q

the neighbours in the fieldQ = log(3}; Qip), is a dimensionless
estimation of the gravitational interaction strength. Tneater
the value, the less isolated from external influence thexgala
and vice-versa. A value of 0 indicates that the internalderc
have the same amplitude as the sum of the tidal forffesting taken into account. This is due to the fact that adding neginei
the primary galaxy. bour galaxies farther away than 0.5 Mpc has very little intpac

In spite of the lack of redshift information for the projedte the tidal strengthféecting the CIG galaxy if this latter is notin a
neighbour galaxies (only 30% with redshift, see AMIGA IV)yvery low density environment. On the contrary, if the ClGayai
Q is expected to give a reasonable estimate of the tidal inter@ad almost no neighbours within 0.5 Mpc, the addition of new
tion strength in a statistical sense: if the candidate righis a neighbours outside this limit will enhance the estimatibthe
background object the true distance would have been urtderetidal strength, but with a smallfect due to the large separation
mated, but also the true size and mass, hence lffgbte partly between the neighbours and the central CIG galaxy.
cancel out. Only in the case of a foreground obj@és overes-
timated, but this fect is very marginal (see AMIGAV, Fig. 8,
where the foreground objects are statistically represdoyehe 3. Comparison samples
very small amount of neighbours having a negative magnitude . ) )
difference with respect to the CIG galaxies). In order to compare the |so_lat|on degree of the CIG galaxies

The tidal strength@) has been calculated for all neighbour¥/ith galaxies in denser environments, we have selectee thre
in the whole available fields searched (see AMIGA V). In ors@mples for comparison: triplets from the Karachentsesets
der to remove objects with the highest probabilities to bhekba 2/0gue (KTG| Karachentseva etjal. 1979), compact groups fro
ground and foreground neighbours, we also calculated dia ti the Hickson catalogue (HCG, Hickson 1982) and Abell clisster
strength Qkar) taking into account only the similar size neigh{ACO, Abelll1958; Abell et al. 1989). The KTG and HCG cat-
bours (factor 4 in size, as defined by Karacheniseva). For f@gues complement the CIG since they were visually compile
888 CIG galaxies with known redshifts, we also derived an €4SiNg @lso an isolation criterion. For these samples, tedane
timation of the tidal strengthQs) produced by the neighbourtrOdUC'ng any bias in the comparison, we followed the same re
galaxies lying within a physical radius of 0.5 Mpc from thag- duction method described in detail in AMIGAIV (stgalaxy
sociated CIG galaxy. This latter parameter was also cakemilaSeParation on the POSS images and visually inspection of the
taking into account only the similar size neighbours lyirignn classification) and we calculated some of the isolationmpara
0.5 Mpc Qoskar)- ters @, _Q and Qx4 ) as reviously obtained for the CIG, for fair

For the 62 CIG galaxies without known redshift, the tidgfOmparisons.
strength estimations were only calculated as produced &y th
neighbours in a square field of 55 55 centred in each CIG 3 ; karachentseva Triplets of Galaxies
galaxy @Q andQxar)-

In order to evaluate the systematic errors that could be [Karachentseva et al. (1979) listed 84 northern isolatedxyal
troduced by only considering this area, we have compared thiplets compiled in a manner similar to the one used to com-
tidal strength obtained for the galaxies with redshift gdesng pile the CIG. The apparent magnitudes are brighter than=
a 0.5 Mpc radius and a 5% 55 field. The result is shown in 15.7 and the catalogue was built up on the basis of a com-
Fig.[ for the case where only similar size neighbours arertakplete examination of Palomar Sky Survey prints (POSS-I).
into account (the resultis similar when all neighbours amestd- |Karachentseva et al. (1979) showed that triple systemgitutas
ered). The fect is marginal: CIG galaxies ffaring the highest 0.8% of northern galaxies brighter than 15.7 mag, 64% of the
tidal strength Qxar > —2) remain the same, and for the remaintriplets are “completely isolated”, and 24% of the triple¢m-
ing galaxies Qxa < —2), only a small trend is found: the valuebers are elliptical and lenticular galaxies, while 76% auieads
is slightly lower when only the neighbours within 0.5 Mpc arand irregulars.
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Table 1. Studied subsample of Karachentseva Triplets dhble 4. Isolation parameters calculated for the galaxies in the

1.588

-2.933

-2.933

-2.962

Galaxie$. CIG'.
KTG RA (°) Dec () Major axis  Velocity (1) 2) 3) (4) (5) (6) )
number (JZOOO) (JZOOO) /)( ( km gl) CIG Nk k Q Kar Qo_5 QO.S,Kar
2 14.412716 43.800764 14 5539 1 1814 5 -1.704 -2.787 -1.733 -20911
4 19.018667 46.730500 0.8 5602 2 0971 5 -3.565 -3.565 -3.936 -3.936
6 20.627667 39.199278 0.6 8084 3 1.018 5 -3.214 -3.214 -98.000 -98.000
7 21.090833 32.224167 1.0 5214 4 0987 4 -2.050 -3.736 -2.059 -3.797
10 48.980138 37.154116 0.6 6168 5 5 -2.962

The full table is available in electronic form at CDS or from'The full table is available in electronic form at CDS or from
http://www.iaa.es/AMIGA.html. http://www.iaa.es/AMIGA.html|

Table 2. Studied subsample of Hickson Compact Grdups
P P P Table[3 summarises the main properties of the selectecectust

(left) along with information on the primary galaxies (rijylon

HCG RA( Dec Major axis  Velocit . . . .
number (Jzégo) (32850) : ) (km glgl which the isolation parameters have been applied (cenal ¢
1 6579708  75.775194 175 10037 galaxy, or brightest central galaxy, BCG).
8 12.392292 23.578250 0.9 16077
10 21.590750 34.703028 3.0 5189
15 31.971167 2.167611 1.1 6967 4. Results

17 33.52135 13.31104 0.36 18228

The values of the isolation parameters are listed in Tablbidhw
: : : : : contains the following columns for each of the 950 CIG gadaxi
"The full table is available in electronic form at CDS or from
http://www.iaa.es/AMIGA.html.

— Column 1: CIG number (from Karachentseva’s original cat-
alogue);
— Column 2: 7, local number density of similar size neigh-

In order to restrict our search for neighbour galaxies in tc):olurs (aépilirary urgits);f ilar s ahb cen i
55 x 55 fields (see AMIGA IV), we selected all triplets with the — ~0UMN 3 K, TUT er of similar size neighbours taken Into
three galaxies having ¥ 4687 km s'. We applied the isolation accountt.o calculatg; S .
parameters on the "A” galaxy (primary galaxy which will play ~ Column 4:Q, tidal strength estimation in the whole available
the role of the CIG galaxy). This way, 41 triplets were saect ~ Sduare field;

(see Tabl€ll). The coordinates (J2000), major axis andsieces — Co]umn o Q.Kaf’ tidal strength estimation.of similar size
velocity of galaxy “A” are given. neighbours in the whole available square field;

— Column 6: Qg s, tidal strength estimation within 0.5 Mpc;
— Column 7: Qoskar, tidal strength estimation of similar size

3.2. Hickson Compact Groups neighbours within 0.5 Mpc.

The Hickson Compact Group catalogue (HCG, Hickson 1982) |n the second and third columng, andk are flagged with a

is composed of 100 groups (largely quartets). Our selegtion value of “-99.000” when there are not, at least, two similaes
cess was the same as for the KTG, and we kept only the tigighbours. The parameteis equal to 5 for 835 CIG galaxies,
physical groups following the work by Sulentic (1997). Taifiit equal to 4 for 24 galaxies, to 3 for 20 galaxies and to 2 for 31
55 x 55 fields, the recession veI_ocmes had to be again greatgflaxies. It is flagged with the value of “-99.000" for fortglgx-
than 4687 kms'. A total of 34 Hickson Compact Groups re-ies. The parameters involving the redshift of the CIG galaxi
mained. The coordinates (J2000), major axis and velociy gQ,s and Quskar in Cols. 6 and 7, respectively) are arbitrarily
those of the galaxy on which the isolation parameters are &fjual to “-98.000” in TablEl4 for the 62 galaxies with unknown
plied, and are listed in Tableé 2. redshifts (because there was no possibility to derive tlysiphl
radius of 0.5 Mpc).

The values of the isolation parameteng &long withk, Q
andQar) for the denser samples are listed in Tabldd 5, and 7,
Only in the northern hemisphere, the Abell Clusters of Galax for the KTG, HCG and ACO samples, respectively.
cataloguel (Abell 1958; Abell et &l. 1989) lists more than@70 In Figs.[2£4, the histograms of the isolation parameters are
clusters classified in six richness classes (with only oostet plotted, for the four samples. As expected the vast majofity
composing the richest class). We selected all clustersavitii- CIG galaxies are lying in less dense environments compared t
able recession velocities between 4687 and 15000 knTéie the KTG, HCG and ACO samples. Only a small fraction of the
ACO is a deeper sample than the CIG, KTG and HCG sampl€3G galaxies are lying in an environment that cdfeet their
the higher cut (15000 knT$) is used in order to sample a vol-evolution as much as for galaxies in the comparsion sample.
ume of space roughly equivalent to the one spanned by the CIG The trend of the mean values from one sample to another
(see Fig. 1 in AMIGAIV) and avoid possible biases. Amonghows that the isolation parameters are sensitive enoutiteto
the clusters fulfilling these conditions, we selected thellS- addition of one neighbour in the vicinity of the primary gaja
ters having a known diameter less thar.5khis last condition the triplets and compact groups (mainly four galaxies) stwa
ensures that we consider all the other galaxies of the claste show values well separated for both the local number density
neighbour galaxies interacting with the central primarlagg  and the tidal strength estimations (see Table 8).

3.3. Abell clusters
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Table 3. ACO clusters (left) and primary galaxies selected (right).

ACO RA (h?) Dec(’) \Velocity Richness Diameteff RA(°) Dec () Velocity Major axis Hubble
number  (J2000) (J2000) (km'3 class 0 (J2000) (J2000) (knT3) @] type

160 01129 +1531 13410 0 40 18.248726  15.491506 13137 0.78 cD
260 01519 +3310 10440 1 50 28.024008  33.190811 0.72

671 08285 +3025 14820 0 50 127.132118 30.432072 15087
957 1014.0 -0055 13200 1 50 || 153.409729 -0.925455 13293 15 +Bec
999 10234 +1251 9540 0 50 155.849396 12.835186 9764 1.2 BCG
1100 10489 +2214 13650 0 40 162.190262 22.217989 13990 0.45 BCG
1177 1109.5 +2142 9480 0 50 167.435104 21.759527 9589 1.8 BCG
1213 1116.5 +2916 14040 1 50 169.095093 29.252588 13581 1.0 SBO
2040 1512.8 +07 26 13680 1 32 228.197601  7.435083 13683 1.0 BCG
2152 16 05.4 +1627 11220 1 50 241.371292 16.435858 13211 1.3 E
2506 2256.6 +1320 9930 1 20 344.288147 13.188705 6860 0.5
2572 23184 +1844 11850 0 50 349.626160 18.689167 11263 0.9 cD
2593 23245 +1438 12990 0 50 351.084259 14.646864 12489 1.3 cD
2657 23449 +0909 12420 1 46 356.239227  9.193000 12063 0.8 cD
2666 2350.9 +2709 7950 0 50 357.744812  27.147602 8191 1.6 cD

Table 5. Isolation parameters calculated for the galaxies in tli@ble 7. Isolation parameters calculated for the galaxies in the

KTG'. ACO sample.
1) @ ©G @ () 1 2 3 4 5
KTG  m« k Q Qkar A(C%) (nk) (k) EQ) Q(Ka)r
2 3080 5 1658 1658 160 3.797 5 -1.014 -1.157
4 1842 5 -0960 -1.007 260 3.044 5 -1.706 -1.706
6 1513 5 -2428 -2.428 671 3953 5 -0.710 -0.757
7 2271 5 -1862 -2.051 957 3763 5 0.410 -0.663
10 1342 5 -1.864 -1.864 999 4.018 5 -0.174 -0.193
: : : : 1100 2.837 5 -1.056 -1.058
. : . . . 1177 2.588 5 0.541 -0.503
"The full table is available in electronic form at CDS or from 1213 4415 5 -0.224 -0.225
http://www.iaa.es/AMIGA.html. 2040 3.338 5 -0.027 -0.031
2152 3718 5 0.349 0.340
Table 6. Isolation parameters calculated for the galaxies in thezzggg %g%i g 12% iééé
HCG'. 2503 3739 5 0.167 -0.996
2657 3438 5 0.174 0.168
o @ 6 @ ®) 2666 4.020 5 0.001 -0.161
HCG K Q Qkar
1 2504 5 0.853  0.850
8 3175 5 0555 0.553 Table 8. Means and standard deviations of the isolation param-
10 2569 5 -0.096 -0.099 eters for the CIG and comparison samples.
15 3.184 5 -1.242  -1.249
: : meanfy) 1.378 1863 2.722 3.430
"The full table is available in electronic form at CDS or from f;gg';])@ %57%% 2222% %)%)02% %632%
http://www.iaa.es/AMIGA.html| stdQ) 0.1760 0.-866 O.l726 O.l710

meanQxa) -3.142 -1.251 -0.034 -0.644
stdQkar) 0.689 0.884 0.738 0.621

For the tidal strengths, a value of2 is a key value
(Athanassoula 1934): it represents an external influencaiath . .
ing to 1% of the internal forces. Likewise it corresponds to & DISCUSSION
threshold separating the galaxieBeated by their environment 5 3 complementarity between the isolation parameters
from galaxies evolving without external perturbationssigally
it separates the interactions which wilfect a galaxy or not. The two isolation parameters give consistent results, asisin
Comparing the tidal forces created by all the neighbo@s (Fig.[3 (local number density vs. tidal strength). When axala
Fig.[3) with the ones created only by the similar size neiglshows low values for both the local number density and tha tid
bours Qkar, Fig.[4), we can see that the influence of the smadtrength estimation, this galaxy is very isolated from aost s
neighbours is not negligible. In some cases, the influentleeof of external influence. On the contrary, when the two values ar
small neighbours can increase the tidal strength and theevahigh, the evolution of the galaxy can be perturbed by the-envi
can reach the threshold eR: hence, the small neighbours veryonment and this kind of galaxy is not suitable to represeat t
near the isolated galaxies can highly influence their eimiut  normal features of isolated galaxies.
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Fig. 3. Distribution of the tidal strengthQ) estimation including Fig. 5. Local number density vs. tidal strengfQds «ar) €stima-
all neighbours, for the four samples of galaxies. tions for similar size neighbours within 0.5 Mpc from the CIG

galaxy. Galaxies failing are depicted by pluses and gataixie
agreement with the Karachentseva's criterion are displayith

The two isolation parameters are also complementary Baccles.
tween each other. For instance, a neighbour very close t&a Cl
galaxy would be counted as one object by the local number den-
sity estimation but will drastically increase the valuetod tidal ilar size to CIG 918, but none violates the Karachentsewi's ¢
strength #&ecting the CIG galaxy (see for instance the points terion. On the contrary, CIG 1030 possesses high valueseof th
the right part in Fig.5). On the other hand, if the tidal sg#mis  two isolation parametersy{ = 3.013 andQ = -1.741), 131
low but the local number density high, we can conclude that theighbour galaxies are identified in the field, among which 4
environment consists of relatively small neighbours, enétn a are violating the_Karachentseva’s criterion. Last, withetar
high number near the primary galaxy. This latter case exxsudtively low local number densityr = 0.976) and a high tidal
for example, major interactions. The use of the combination strength estimationd = —0.813), CIG 532 represents an inter-
these various parameters allows us to have a clear pictuhe of mediate case. Thirty neighbour galaxies were identifiechen t
environment around the candidate isolated galaxies. field, one of them very near (at a projected distance ¢&f) 36

To illustrate the complementarity between the isolation p&1G 532 and violating the Karachentseva’s criterion. Thespr
rameters, we can focus on three representative cases. @G @dce of one single similar size neighbour at such a smatimiist
has very low values of both the local number densijy € to the CIG galaxy explains the high value of the tidal strangt
—0.169) and tidal strength estimatio® (= —-4.432). Only 6 estimation while the local number density, averaged oversth
neighbours are identified in the surrounding field, all hasera nearest neighbours, remains quite low.
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5.2. Karachentseva’s criterion as a function of the isolation

parameters 5
]
In Fig.[3,[Karachentseva's criterion (following the studyne in * . LI
AMIGAV) is displayed as a function of the local number den 47 eo “m W o
sity versus the tidal strength estimation: galaxies fgikime de- ACO =g " m
picted by pluses and galaxies in agreement with Karachesisse 3 oe " . e o
criterion are displayed with circles. The two subsamplesas| HCG “w e -
separated by the isolation parameters: as expected, theiegl Bt L fpn m
that are failing the_Karachentseva'’s criterion represepbpu- & 2 FRY. ;‘: s
lation more strongly interacting with their environmenatthe atal 4, g
rest of the sample. 1 Rl =
ry
As seen in AMIGA IV, the Karachentseva’s original criterior

is very restrictive and the galaxies failing it but havingestima- o T Ll
tion of tidal strength minor than -2 are galaxies only maadjin
affected by their environment (Athanassadula 1984) and siti su WG Ao HeG

ble to represent isolated galaxies. -1 : ‘ ' ‘ ‘ ‘
a 5 4 3 -2 -1 o0 1 2

QKaT

5.3. Comparison with the denser environment samples Fig. 6. Comparison between the local number density and tidal

strength Qkar) parameters for the CIG and the comparison sam-

We applied Karachentséva’s criterion to the primary galsin  Ples- The CIG galaxies are represented by grey pluses. The KT

the denser environment samples and all the primary galaxie€'® depicted by green triangles, the HCG by magenta squares
triplets, groups and clusters, as expected, fail it. and the ACO by red dots. The mean values of each sample

are shown by horizontal and vertical lines, following thensa
Figure[® shows the comparison between the local numhgiour code.
density and the tidal strength estimation for the CIG and the
other catalogues sampling denser environments. The fgsttre
is that the mean tidal strength estimation increases gléanin  5.4. Comparison to visually identified interacting CIG
CIG to KTG and HCG samples. Hence it is sensible enough galaxies

to distinguish between environments dominated by 1, 3 anq 4 : . . .
) . . . niSulentic et al.|(2006), when visually inspecting the niaip
galaxies. Along the ordinate, reflecting the local numbeisitg gy of the CIG galaxies, a significant number of CIG galaxies

estimation, there is some overlap between these three eampq : :
This reflects the fact that the KTG and the HCG are samplggre flagged for the presence of nearby neighbours or signs of

) - . : istortion likely due to interaction. Sulentic et al. (2006t 32
constructed a!so with th? help of isolation reqU|rem_er_1t$eyt CIG galaxies as members of interacting systems and alsa note
are isolated triplets and isolated groups. But, by definjtta/o

- . 161 galaxies where interaction is suspected based upoarmad
of the triplet galaxies and at least three of the group geakaxi Y ; ; ; -
are very close to the primary galaxy. This is why tHereigh- for asymmetrieflistortions that might be of tidal origin.

. ; We checked the local number density and the tidal strength
bour is, on average, closer to the triplet or the group tharth stimation for these two populations. They are over-pioite

e e o om0 1 (il strength computed inlucing all the neigoou
laxies) and]8 (tidal strength calculated including ohly$im-

effects just cited. The CIG, KTG and HCG samples are alsoﬁarg‘

a logical order along the ordinate, but less separated a o size neighbours). In Fig. 7, we see that the majorityief t
the gbcissa. The tidgal strength and the local npumber mty galaxies having high tidal strength estimation were alsgoftal

timations are complementary parameters and it is impottantby Sulentic et al. (2006). If we consider only the influencéhef

use both in order to have an accurate picture of the remartti S|mlll_3r S';itnfi'?hhg(;g;(F'ghﬁ;(}gi‘g Ifelsess'zr?laGr?ar{l sis (with a
galaxies surrounding a primary galaxy. quanty thi W gressi ySIS (Wi

20 rejection limit), fitting a bisector to the local number diyps
The ACO clusters represent physically veryteiient enti- and tidal strength estimatioQys. The convergence is reached
ties from the CIG, KTG or HCG catalogues as they can invohadter 26 iterations: Fid.]9 shows the bisector, tiel@nits and
several thousands of galaxies. The ACO subsample condiddte CIG galaxies rejected. In this figure, the black pluses en
in our study is biased towards the poorest clusters. Theusb clclosed within the & limits represent the CIG galaxies having the
ters selected are not representative of the mean chasdictedf environment the most representative of the CIG sample ewhil
the ACO sample for various reasons: they are among the rieatke black points depict galaxies in the CIG having peculii-e
ones and belong to the two poorest richness classes. For taomments with respect to the bulk of the galaxies compogiag t
nical reasons, they also had to possess a known diameter miat. For each galaxy, we then calculated the orthogonad it
than 55. The average value of the tidal strengtlifeted by the to the fitted bisector.
primary ACO galaxies are in between the KTG and HCG ones. Optical asymmetries are often observed in galaxies: about
One may expect that result as the HCGs are the densest 3086 of field galaxies exhibit significant lopsidedness, remas-
centrations of galaxies in the Universe. On the other haed tharily due to a close, current interaction (Zaritsky &|RDXOYY;
ACO sample shows the highest local number density estimatiin some cases, the perturbative companion could have merged
as expected, because all the 5 nearest neighbours are thighinwith the primary galaxy or could have receded too far away for
core of the clusters and there is nfeet due to an isolation re- the interaction to be still evident. Richter & Sancisi (19&und
quirement (contrarily to the CIG, KTG and HCG samples). that the percentage of (fields and supercluster fields) geax
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QU.5 Qﬂ & Kar

Fig. 7. The tidal strength@qs) is calculated including all the Fig. 8. The tidal strength@oskar) is calculated including only
neighbours within 0.5 Mpc. The CIG galaxies, which were nahe similar size neighbours within 0.5 Mpc. The CIG galaxies
flagged as interacting galaxies, are represented by gresagl which were not flagged as interacting galaxies, are repteden
The red triangles indicate a morphologically distortedtesys by green pluses. The red triangles indicate a morpholdgical
andor almost certain interacting system while the blue circlefistorted system ayidr almost certain interacting system while
indicate evidence for interactitasymmetry witfwithout cer- the blue circles indicate evidence for interactasymmetry
tain detection of a neighbour (Sulentic et al. 2006). with/without certain detection of a neighbour (Sulentic et al.
2006).

showing asymmetries in the distribution of neutral hydmogan
even reach at least 50% (the non-circular motions can be «
served in the HI maps or in the global profiles). Reciprogall
some galaxies show no visual disturbance but display kir
matic evidence for interactions, such as counter-rotatinigs:
see for instance NGC 3593 (Bertola etlal. 1996) or NGC 41.
(Jore et al. 1996). Hence, the remaining of the study only cc
cern the 32 galaxies for which the presence of a nearby nei
bour was clearly identified.

In Fig.[10, we show the fraction of galaxies that were flagge
as interacting galaxies as a function of the orthogonahdis to
the bisector fit: it clearly appears that the farther a gakaasn
the most common environment in the CIG, the higher its prob
bility to show features driven by interactions.

The same study was done taking only into account the sil
ilar size neighbours to estimate the tidal stren@s kar. The
best fit was reached by the regression analysis (witlr eefec-
tion limit) after 13 iterations, see Fig.111. The fractiongaflax-
ies that were optically flagged as interacting galaxies asa-f
tion of the orthogonal distance to the fitted bisector is sthow
Fig.[I2. The fraction of the interacting galaxies shows #mae Fig. 9. Local number density vs. tidal strengt@Q(s). The final
trend than the study done witys, but it obviously lacks to bisector fit is shown by the plain red line. The dotted reddine
tackle some of the optically flagged galaxies (for a distaice represent the final @ dispersion: the CIG galaxies within these
the fitted bisector higher tha¥il.7). This diference between the limits are depicted by pluses, the CIG rejected during the su
two studies shows the importance to take into account thd sn€ssive iterations are shown by points.
neighbours which can produce major perturbations on the CIG
galaxies.

fecting a galaxy amounted to at least 1% of the internal bind-
ing forces [(Athanassoula 1984; Varela et al. 2004). For dhe |
cal number density, this translates to a value of 2.4. Thigeva
The main aim of this study was to produce a catalogue of isis- given by the final fitted bisector correlation, calculated
lated galaxies and to have, for each, one clear picture efits  cluding all the neighbours (even the small, not considened b
ronment. Starting from the CIG, we will remove all the gaésxi [Karachentseva but for which Sulentic et al. (2006) detectad
whose evolution could have beefiexted by their environment. jor, obvious role in the evolution of the galaxies). This tval-

We saw that perturbations could arise when the tidal forées aes characterise best the limits for selecting a sampletafted

5.5. A revised catalogue of isolated AMIGA galaxies
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Fig. 10.The fraction of interacting galaxies is shown as a fund~ig. 12. The fraction of interacting galaxies is shown as a func-

tion of the distance to the fitted bisector (calculated v@}y).

tion of the distance to the fitted bisector (calculated omly i

As the environment of the galaxies gets denser and densge (lacluding the similar size neighbours within 0.5 Mpc of eacisCl

values for the distance, departure from the normal envientm
of the CIG galaxies), the galaxies have a higher probalditye
disturbed due to interactions with their environment.

2 -1 0 1
Qﬂﬁ Kar

Fig. 11. Local number density vs. tidal strengt®qsxar). The

2

final bisector fit is shown by the plain red line. The dotted red

lines represent the final 2 dispersion: the CIG galaxies within
these limits are depicted by pluses, the CIG rejected duhiag
successive iterations are shown by points.

galaxy).

still a numerous enough sample allowing statistical sigaifce,
even for subsamples of galaxies (e.g.: sorted by morpheddgi
The 791 galaxies show a continuous gradient of interactitim w
their environment but all have their evolution dominatedHsir
intrinsic properties. Further AMIGA studies will considinis
sample as a reference and study the properties of the ISM of
these galaxies in various wavelengths. The comparisontivith
properties of galaxies lying in denser environments or ierac-

tion, will permit to quantify the fects added by the environment
on the intrinsic evolution of galaxies.

6. Summary and conclusions

All the work performed in previous papers as well as in the cur
rent work allows us to reach our original goal: to refine th&Cl
in order to provide the best possible sample of the mosttsola
galaxies, and have a quantification of the degree of isalaifo
each galaxy. We have performed the following refinements:

1. Using the~54 000 neighbour galaxies listed in AMIGAV,
we calculated continuous parameters of isolation for 950
galaxies in the CIG. We used the local number density and
the tidal force estimation to precisely describe the emviro
ment of each of the 950 CIG galaxies.

These two isolation parameters are complementarity bnd a
low us to have a clear picture of the environment of each CIG
galaxy considered.

We compared the level of isolation of the galaxies in th@ ClI
with galaxies in denser environments: 41 triplets, 34 gsoup

2.

3.

galaxies, using the complementarity between the local rumb
density and the tidal strength estimation. One hundredtiwen
five CIG galaxies areffected by tidal forces that could perturb
their evolution Q > —2), sixteen galaxies are lying in relatively
high number density environmeng(> 2.4) and eighteen galax- 4.
ies cumulate the two conditions. Consequently, a total & 15
CIG galaxies are lying in environments that coultieat their
evolution and are not suited to be included in a sample of is®-
lated galaxies. We remove these galaxies and the remaifihg 7
galaxies define the AMIGA sample of isolated galaxies. This i

and 15 clusters were selected for the comparison. The two
isolation parameters are very well suited to discriminhée t
isolated galaxies from galaxies more in interaction witith
environments.

The galaxies flagged in AMIGAIV as failing the
Karachentseva's original criterion also belong to the most
interacting galaxies defined by the two isolation paranseter
The CIG galaxies flagged by Sulentic et al. (2006) as opti-
cally distorted galaxies also show the highest values of the
tidal strength estimation. The presence of small neighbour
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near the primary galaxy has a notabl&eet in the visual
identification of distorted galaxies. Their contributioastto

be taken into account in order to be sure to select galaxies
isolated not only from similar size neighbours (as done by
Karachentsevia 1973) but also from dwarfs.

6. We give a final catalogue of 791 isolated galaxies, showing
continuous isolation degrees, but with their evolutionmhai
driven by intrinsic properties and not by the external influ-
ence of their environment. These galaxies represent the bas
AMIGA sample of isolated galaxies that will be considered
as a reference for the further AMIGA studies, mapping the
ISM in various wavelengths.
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