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ABSTRACT

We analyse a sample of 71 triplets of luminous galaxies ddrifrom the work of
O’Mill et al.l (2012). We compare the properties of tripletedaheir members with those of
control samples of compact groups, the ten brightest mesrdfeich clusters, and galaxies
in pairs.

The triplets are restricted to have members with spectpisa@dshifts in the range
0.01 < z < 0.14 and absolute r-band luminosities brighter thiahh = —20.5. For these
member galaxies, we analyse the stellar mass contentahenation rates, th®,,(4000)
parameter andM/, — M,) colour index. Since galaxies in triplets may finally mergeai
single system, we analyse different global properties es¢rsystems. We calculate the prob-
ability that the properties of galaxies in triplets are sgly correlated. We also study total
star formation activity and global colours, and define thiglét compactness as a measure
of the percentage of the system total area that is filled byigive of member galaxies. We
concentrate in the comparison of our results with those ofgact groups to assess how the
triplets are a natural extension of these compact systems.

Our analysis suggest that triplet galaxy members behaviasiynto compact group
members and galaxies in rich clusters. We also find thatsist®mprising three blue, star-
forming, young stellar population galaxies (blue trip)etse most probably real systems and
not a chance configuration of interloping galaxies. The sholds for triplets composed by
three red, non star-forming galaxies, showing the colimiadf galaxy properties in these
systems. From the analysis of the triplet as a whole, we colecthat, at a given total stel-
lar mass content, triplets show a total star formation #@gtand global colours similar to
compact groups. However, blue triplets show a high totalfstanation activity with a lower
stellar mass content. From an analysis of the compactneampéer of the systems we find
that light is even more concentrated in triplets than in cactgroups.

We propose that triplets composed by three luminous galasteould not be consid-
ered as an analogous of galaxy pairs with a third extra merbberather they are a natural
extension of compact groups.

Key words: galaxies: general - galaxies: interactions

1 INTRODUCTION morphology depends on local galaxy density: late type dedax
prefer low density environments, while dense environméens

to be populated by early type galaxies. There is also a strong
correlation between galaxy star formation rates (SFRs) emd
vironment: galaxies in high density environments presedea
crease in SFRs compared to field galaxies (Gomez et al. 2003;

Itis well known that several properties of galaxies depemérmvi-
ronment. Pioneering work by Dressler (1980) shows thatxgala
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Balogh et al. 2004; Baldry et @al. 2004; Mateus & Sadré 2004
effect of local environment on galaxy colours has been sty
O’'Mill, Padilla & Lambas (2008). This authors find that at= 0

faint galaxies show a clear increase in the fraction of rdd>ga
as the local density increases. On the other hand, brighkigsl,
present a constant red galaxy fraction.

analyse de triplet as a system. We use bootstrap technigoeder
to assess the probability that the configurations of gagaxi¢riple
systems are correlated or, on the contrary, can be expléined
random sampling. We also investigate how the total stelssmf
the system affect the properties of galaxies in triplets amalyse
global properties as total star formation rate and globs) ¢ M..)

There are several known processes that influence galaxy prop colour index of the system as a whole. We also analyse the com-

erties. The hot intra-cluster gas is the main responsibiestfip-
ping the gas of galaxies in the core of clusters. Mechanismh s
as ram-pressure stripping_(Gunn & Gott 1972) and the strangu
lation or starvation scenarios (Larson, Tinsley & CaldviEdIB0)
lead to a decrease in the star formation rate of cluster galax
Tidal interactions of galaxy pairs and mergers affect the-mo
phology of galaxies and can convert spiral galaxies intiptéhl

pactness of the triplets by defining a parameter S that is sunea
of the percentage of the system total area that is filled biigheof
member galaxies. In this section we also compare the pieparft
triple systems with the global properties of compact gro&pzally
in Section 6 we discuss our main results.

Throughout this paper we adopt a cosmological model char-
acterised by the parametes, = 0.25, Qa = 0.75 and Hy =

and SOs|(Toomre & Toomie 1972). These processes can also trig 70 h km s~ Mpc™*.

ger star formation, depending on the gas reservoir of thaxgsd
(Yee & Ellingson 1995 Kennicutt 1998). In the extremely slen
environments of compact groups, galaxies are separatgcgrd
few galaxy radii from each other and with a low relative véties,
an ideal scenario for interactions and mergers (Mamon|1992)

2 SAMPLES

In this work we analyse several samples of galaxy systenigeder

Several studies have analysed the properties of galaxies infrom the Data Release 7 of Sloan Digital Sky Survey (SDSS-DR7

different systems, such as pairs, compact groups, groufls wi

Abazaijian et gl. 2009). SDSS (York et lal. 2000) has mapped: mor

four or more members, and clusters. Nevertheless, there arethanone-quarter of the entire sky, performing photometd/spec-

few works addressing the properties of galaxies in tripls- sy
tems| Hernandez-Toledo et al. (2011) perforB&tRIsurface pho-
tometry of a sample of 54 galaxies selected from the Cata-
logue of Isolated Triplets of Galaxies in the Nothern Heréese
(Karachentseva etlal. 1979) and investigate the propeofie3t
galaxies in 13 triplets. These authors found that thesesysare
spiral dominated and a fraction of 56% of the triplets préseor-
phological signatures associated with interactions. Eisy found

a fraction of 35% of bars, that can rise up to 66% in the lapety
spirals, and a fraction of 20% of rings, hosted prefereltied
late-type components. Based on these results the authggestu
that triple systems are essentially different from Hick&€ompact
Groups and more representative of the field. However, thdtges
of this work are based mainly in observations of a low number o
systems. For this reason, these authors also highlighetbeance

of building a complete sample of local isolated triplet ofayées,
that allows a significant statistical analysis.

O'Mill et al. (2012) (hereafter Paper I) constructed a sampl
of isolated triplets of galaxies brighter thafi. = —20.5 and com-
plete up toz = 0.4 from the Data Release 7 of Sloan Digital Sky
Survey (Abazajian et al. 2009). The aim of this paper is td-ana
yse the properties of a sample of spectroscopic galaxidgeder
from this triplet catalogue and compare them with the prioger
of galaxies in different systems such as pairs, compactpgrand
clusters. The proximity and low relative velocities of gglanem-
bers in triplets present an ideal scenario for galaxy itévas and
mergers, placing these systems in a state of ongoing cell&us
these reason in this paper we will also investigate the ptigseof
the system as a whole.

This paper is organized as follows. In Section 2 we describe
the triplet and galaxy system samples used in this work.isnsic-
tion we also build control samples in order to avoid biasethan
comparison of properties of galaxies in different systeimsec-
tion 3 we analyse the specific star formation reié’R®/M..), the
strength of thet000 A break, D,, (4000), which is an spectral in-
dicator of the stellar population mean age, and}, (— M) colour
index of galaxies in the different systems under analysis stidy
all these properties as a function of the stellar mass comemder
to avoid biases due to differences in this parameter. lnisedt we

troscopy for galaxies, quasars and stars. SDSS-DRY7 is veatbe
major data release, corresponding to the completion of tine s
vey SDSS-II. It comprised1663 sqg. deg. of imaging data, with
an increment o~ 2000 sq. deg., over the previous data release,
mostly in regions of low Galactic latitude. SDSS-DR7 pr@sd
imaging data for 357 million distinct objects in five bandgyiz,

as well as spectroscopy over w steradians in the North Galactic
cap and250 square degrees in the South Galactic cap. The aver-
age wavelengths corresponding to the five broad band85are
4686, 6165, 7481, and’931 A (Fukugita et all 1996; Hogg etlal.
2001;| Smith et &l. 2002). For details regarding the SDSS t@mme
see Gunn et al! (1998); for astrometric calibrations|seeeRial.
(2003). The survey has spectroscopy over 9380 sq. deg.ptte s
troscopy is now complete over a large contiguous area of trehN
ern Galactic Cap, closing the gap that was present in pre\data
releases.

2.1 Galaxy triplets sample

In Paper | we analysed spectroscopic and photometric data ex
tracted from SDSS-DR7 in order to build a catalogue of isalat
triplets of galaxies. The spectroscopic data were deriveih the
Main Galaxy Sample (MGS; Strauss et al. (2002)). k-coroesti
for this sample were calculated bandshiftectte- 0.1, using the
softwarek- cor rect _v4. 2 of |Blanton & Roweis 1(2007). The
photometric data were derived from the photometric catadampn-
structed by O’'Mill et al. (201, which contains photometric red-
shift and k-correction for the photometric data of the SCI¥S?.
For both data sets, k-corrected absolute magnitudes wierdaizd
from Petrosian apparent magnitudes converted to the ARyst
The final catalogue comprises 1092 isolated triplets of gesa
with absolute r-band magnitude brighter thafy = —20.5 in the
redshift range.01 < z < 0.4. A full description of the algorithm
developed to build this catalogue can be found in Paper I.

One of the aims of this paper is to analyse different proper-
ties of galaxies in triplets by including information extted from

L http://iwww.starlight.ufsc.br/index.php?section=1
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their spectra. For this reason we have considered onlyetaps-
tems composed by three spectroscopic galaxies that are iclos
projected separation, < 200 A~ ' kpc and with a radial veloc-
ity difference AVipee < 700km s~'. Due to completeness in the
spectroscopy, we have restricted our analysis to the riédahge
0.01 < 2spec < 0.14.

In order to select isolated systems, we implement two of the
isolation criteria described in Paper 1:

(i) Nos =3
(i) N <4

Here, Nos and N; are the number of galaxies brighter than
M, —20.5 within 0.5 h~*Mpc and 1 A~ *Mpc, respectively,
from the triplet centre considering the same restrictionsAd”
used to identify triplet members.

In the same way that Paper |, we calculated the distance of
each triplet to the closest neighbour group/cluster, using two
catalogues! Zapata et al. (2009), updated to the SDSS-DR?7, f
z < 0.1, and for the redshift rangé.1 < z < 0.14, the GM-
BCG catalogue of clusters (Hao etial. 2010) that includeggsho
metric redshift information. For each triplet system caiatie we
computed the projected distance to the closest neighbogtecl
considering a radial velocity restrictiahl” < 1000km s~* when
spectroscopic information is available, and” < 7000km s~ *
when photometric redshifts are involved.

We acknowledge that the systems obtained by these condi-

tions are consistent with a minimum distance to a rich cluste
dec > 3 h™'Mpc, similar to the restrictiorc > 5 h~Mpc given
in Paper I.

Under these considerations, the final sample of galaxyetspl
contain 71 isolated systems with 213 spectroscopic galaxie
brighter thanM,, = —20.5 in the redshift rang€.01 < z < 0.14.

2.2 Comparison samples

The aim of this work is to analyse the spectroscopic proge i
galaxies in triplets and compare them with the propertiegatdix-
ies belonging to different galaxy systems. Here we considen-
ples of galaxies in compact groups, clusters and galaxg.pair

2.2.1 Compact Groups

McConnachie et al! (2009) identified compact groups of gafax
using the photometric data of the SDSS-DR®6, through thedmpl
mentation of the ‘Hickson criteria’:

() N(Am=3)>4
(i) O~ > 30c;
(iii) e < 26.0 magarcsec?,

Here N (A m = 3) is the number of galaxies in the magnitude in-
terval[ry, r1 +3], wherer, is ther-band magnitude of the brightest
galaxy in the groupu. is the effective surface brightness of the sys-
tem calculated by distributing the flux of the member galsxieer
0c, wheref is the angular diameter of the smallest circle encom-
passing the geometric centres of the galaxies in the graoplly

O is defined as the angular diameter of the largest conceritric ¢
cle that contains no other (external) galaxies within th&gnitude
range or brighter.

McConnachie et al. (2009) build two catalogues: Catalogue A
comprising galaxies in compact groups with petrogidsand mag-
nitude in the rangd4.5 < r < 18.0 and Catalogue B includ-
ing galaxies in the broader magnitude range5 < r < 21.0.

(© 0000 RAS, MNRASDOO,[TH12

Due to independent visual inspection by the authors of débga
members in Catalogue A, the contamination due to gross photo
metric errors is negligible. This sample includes compaoups
that haveAv < 1000km s~—! whereAv is a measure of the maxi-
mum line-of-sight velocity difference between group menstfer
groups with more than two members with spectroscopic rédshi
information. Catalogue B includes many more groups tham-Cat
logue A but has the disadvantage of a larger contaminatientalu
poor photometric classification.

We will use Catalogue A as a comparison sample for this
work. Nevertheless, this catalogue was constructed frasitkth
release of the SDSS, therefore we have added to this catlogu
spectroscopic redshift information from SDSS-DR7, and hatv
follows we will use systems in Catalogue A that have all their
galaxies with spectroscopic measurements.

We have cross-correlated our triplet sample with this cahpa
group catalogue in order to exclude common systems. We found
5 coincidences of our triplets with the compact groups sampl
From these common systems, four consist on three tripleixg
plus one galaxy witlAv > 1000km s~ *. The remained common-
system is comprised by the three triplet galaxies and onaxgal
fainter thanM,, = —20.5. We have therefore removed these 5 com-
pact groups from the original sample.

2.2.2 Ten first ranked cluster galaxies

This sample was derived from the catalogue of galaxy grotips o
Zapata et al. (2009) updated to the SDSS-DR7. These authers i
plement a friends-of-friends algorithm with varying linkj lengths
D12 = DoR and Vi2 = VR, in the direction perpendicu-
lar and parallel to the line-of-sight, respectively, whebg
0.24 h~'Mpc andV, = 450km s~*. The spatial scaling? takes
into account the variation in the space density of galaxes i
flux-limited sample. From this catalogue, we selected a $amp
of clusters of galaxies considering systems with virial sess
Myir > 10"*h"' M, and more than 10 galaxy members. The
galaxies belonging to these systems were rankedband lumi-
nosity. Then we compiled a sample selecting the Ten Firsk&an
Cluster Galaxies (L0FRCGSs) of each system, excluding th&t mo
luminous galaxy, since these galaxies usually have vetindiae
properties.

2.2.3 Pairs

The sample of galaxy pairs analysed in this work was obtaliyed
Lambas et al.[(2012). These authors construct a galaxy ptr ¢
logue selecting galaxies in the SDSS-DR7, with relativgquted
separationg, < 25 h~! kpc and relative radial velocities differ-
enceAV < 350 kms™'. Previous studies of the team found that
these limits are adequate to define galaxy pairs with enllastee
formation activity (Lambas et &l. 2003; Alonso eflal. 2006)this
work we have excluded from these sample, galaxy pairs teates
in groups, according to_Alonso et/al. (2012). These authoed-a
ysed in detail the properties of galaxy interactions in higmsity
environments, identifying pairs that reside in groups bgssr
correlating the total galaxy pair catalogue of Lambas e(24112)
with the group catalogue constructed by Zapata let al. (2008,
dated to the SDSS-DR7.

In order to compare the properties of galaxies in differgst s
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Table 1.Name and number of galaxies in the triplet and control sasaple 0.3
. T T T T T T T T T T T T
name number of galaxies L 4
triplets 213
cgs 230
pairs 472
10FRCGs 2089

tems, we cross-correlate all the galaxy samples describedea
with the derived galaxy properties from the MPA-JHU emissio
line analysis for the SDSS-DR7 From this catalogue we ex-
tract several galaxy properties: as a spectral indicatdhefstel-
lar population mean age, we will use the strength of 4be0 A 0 0.05 0.1 0.15
break, D,,(4000), defined as the ratio of the average flux den-

sities in the narrow continuum bands 3850-39&0and 4000- VA

4100A (Balogh et al[ 1999). We also use the star formation rate 03
(SFR) and specific star formation rateésKHR/M.) according to )
Brinchmann et &l (2004) and total stellar masses X calculated
from photometryl(Kauffmann et al. 2003).

normalized distribution

_ B triplets

0.2 10FRCGs—

2.3 Control Samples

When comparing properties of galaxies that belong to differ
samples itis important to consider differences in the gatagshift
distribution. For this reason, we construct control sampiging a
Monte-Carlo algorithm to randomly select galaxies thatahed
the galaxy triplet redshift distribution, for the diffeteaystems
samples analysed in this work. The distributiondf. of triplet
galaxies is truncated by definition &, = —20.5
). In order to avoid biases due to less luminous galawies —-20 —-21 -22 =23 —-24
restrict our analysis to galaxies brighter thiafh = —20.5.

We performed a Kolmogorov-Smirnov (KS) test between the M
resdhift distribution of the control samples and the reftishistri-
bution of triplet galaxies. From this test we obtaimp avalue that
represents the probability that a value of the KS statistit lve
equal or more extreme than the observed value, if the nulbtiyp
esis holds. In all cases we obtaingd 0.05 for the null hypothesis
that the samples were drawn from the same distribution.eTd@bl
summarizes the name and number of objects in the triplekgala
sample and in the control samples analysed in this work.

Figure[1 shows the distribution of redshift, absolute reban
magnitude {4,) and logM.. /M, for the sample of triplet galaxies
and for thecgs, pairs and 10FRCGs control samples. From this fig-
ure it can be appreciated that all the samples present aasirai-
shift distribution. The restrictiod/,, > —20.5 is reflected on the
log M. /Mg distribution. Although all the samples cover a sim-
ilar log M. /Mg range, compared to triplet galaxies, galaxies in
pair presents a shift toward the less massive tail of theilligion 0
and 10FRCGs show an increment in the relative number of mas- 9.5 10 105 11 115 12
sive galaxies with respect to the triplet sample. Neveesel the
distribution of logM.. /M for galaxies incgs, is almost equal to log M*/Mo
the distribution of triplet galaxies. In order to avoid Basdue to
differences inM. we restrict our analysis to the range covered by
the sample of galaxies in triplets(° Mo < M. < 10*1°Mp).

0.1

normalized distribution

0.4

0.3

0.2

0.1

normalized distribution
IIII|IIII|IIII|IIII|I

Figure 1. Distribution of redshiftz (top panel), absolute-band magnitude,
M- (middle panel) and log/. /M (bottom panel) for the galaxy samples
analysed in this section (key in the figure).

(A color version of this figure is available in the online joaf)

2 Avaible at http://www.mpa-garching.mpg.de/SDSS/DR7/
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3 ANALYSIS OF THE PROPERTIES OF GALAXIES IN
TRIPLETS

E—IO E_ I+ triplets _E
The aim of this section is to compare the properties of imfdigl . pairs
galaxies in triplets with galaxies in compact groups, paitd clus-  =10.5 | —a— 10FRCGs E
ters. These galaxies reside in environments with diversal land 5_11 E E
global densities; therefore, their main properties canfteeid by f
different processes related to environment and evolution. wil.5 & E
Galaxies in clusters usually present early morphologigas, §°-12 E 3
low star formation rates and red colours compared with gedar o F ’ ’ E
other systems. The preferred scenario for their formatwokes C ]
a set of mechanisms that remove the gas from spiral galaxies i«a 18 F .
the cluster environment, such &m-pressure strippingf disk 8 N ]
gas (Gunn & Goltt 1972) anstrangulationor starvationscenarios & 18 [ -
(Larson. Tinsley & Caldwell 1980). o, b 3
Galaxy pair interactions play an important role in the estab C ]
lishment of galaxy properties. Different observationad émeoret- 12 ' ' -
ical analysis have shown that interactions in close pairadég 1 ]
ies provide powerful mechanisms to trigger star formatiotiva - -
ity (Yee & Ellingson 1995; Kennicutt 1998), and the efficigraf g- 08 - ]
the starbursts depend on the particular internal charatitsr of [ i 1
the galaxies and of their gas reservoir (Toomre & Todmre [19722 L i
Barnes & Hernquist 1992, 1996; Mihos & Hernquist_1996). Ina 0.6 [~ ]
recent work|_Lambas etlal. (2012) found that, at a given it - :
lar mass, pairs with galaxies of similar luminosity are gfigantly 1;) : 105 11 ' 1; 5

more efficient (a factorr 2) in forming new stars, with respect
to both minor pairs (formed by two galaxies with a large reéat
luminosity ratio) or a control sample of non-interactindagdes,
showing that the characteristics of the interactions aedakio of
luminosity of galaxy pair members are important parametesst-
ting galaxy properties.

Compact group galaxies are predominately ‘red and dead’
(Brasseur et al. 2009). These galaxies reside in high losasity
environments, but the velocity dispersion of compact gsoigp
lower than those of clusters (Hickson etial. 1992). This isdaal
scenario for investigating galaxy interactions that cdecafproper-
ties such as galaxy morphology and SFR. More than 50 per €ent o
compact group galaxies are early-type (Hickson, Kindl & kiac
1988;| Palumbo et al. 1995). Using high angular resolutiosecb
vations obtained with the VLA, Verdes-Montenegro et al.QP20
found that compact groups as a whole are HI deficient andnhat i
dividual galaxies show a larger degree of deficiency thagtbeps
globally (24% of the expected HI). In most cases this could be
a consequence of efficient gas stripping from individuabgis
going into the group environment. Although interactionsaszn
galaxies can enhance star formation, galaxies in compactpgr
present SFRs similar to those in a control sample of isojatet
strongly interacting galaxies, matched Jrband total galaxy lu-
minosity (Tzanavaris et &l. 2010). In agreement with theseilts,
Brasseur et all (2009) found, using simulations, that mostpact
group galaxies are red and gas-deficient, with a low spedfiR.S

In order to investigate whether the galaxies in tripletenes
ble the galaxies in compact groups, or if these galaxiesiare s
lar to galaxies in other systems, we compute mean valuesgof lo
SFR/M.,, Dy,(4000) index and M, — M,.) colour, for the triplets,
and for thecgs, pairs and 10FRCGs control samples as a function
of stellar mass (Figui€ 2).

In general, galaxies in the sample of pairs present mean val-
ues that correspond to star forming, blue galaxies with gatal-
lar populations. In contrast, galaxies in triplets presebéehaviour
similar tocgs and 10FRCGs: lowe$ 'R /M., redder colours and
present higher values of ttig,, (4000) index.

(© 0000 RAS, MNRASDOO,[TH12

log M./M,

Figure 2. Mean values of logs F'R/ M. (top), D, (4000) index (middle)
and (Mg — M) colour (bottom), as a function of log/.. /M bins, for
the galaxy samples analysed in this section (key in the fjg&meor bars
were calculated using bootstrapping techniques.

(A color version of this figure is available in the online joat)

In the lower stellar mass intervals in Figlile 2 it can be agipre
ated that galaxies step towards highdr R /M., lower D,, (4000)
index and bluer colours. In the first stellar mass bin the nvahres
of the properties of galaxies in different systems are simior the
three higher., bins in Figurd R there is almost no difference be-
tween the mean values of the properties of galaxies in thersgs
under analysis.

The distributions of logSFR/M., D, (4000) and (M, —
M) colour for the galaxies in the samples analysed in different
M. bins are shown in Figulg 3 (lo§ FR/M.. (top), Dy, (4000)
index (middle) and M, — M.-) colour (bottom). We notice that the
distribution of galaxies in the firgt/, bin is unimodal correspond-
ing to high star formation (lo¢ FR/M, >-10.5), blue colours
((My — M,) <0.75) and populations with louD,, (4000) index
(D~ (4000) <1.6). For the two following stellar mass bins galaxies
present a bimodal distribution with a considerable frattd low
star-forming, old stellar population, red galaxies. Intgatar, for
the secondV/, interval, the distribution of galaxies in triplets has
a slight tendency to resemble the distribution of galaxiepdirs,
while the distribution of galaxies iags is more similar to those of
galaxies the in 10FRCGs sample.

When considering galaxies with stellar masses above log
M. /M=10.9, there are almost no differences between the distri-
butions of the samples analysed, corresponding to a doirogA
ulation of galaxies with low SFR, high,, (4000) and red colours.
This is in agreement with the results|of Kauffmann etlal. 00
who suggest that at stellar masses abdwe 10'° M, there is an
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log M./M, log M./M, log M./M, log M./M, log M./M,
g 10 - 10.3 10.3 - 10.6 10.6 - 10.9 109 -11.2 112 - 115
Pt _| I LI I LI __l LI LI __l I LI I LI __l I LI I LI __l I LI I LI i
5 - 1 triplets | 1 1 i
206 [ I 0T I I ]
s I T — 10FRCG T T T ]
T 04 - — pairs i + —+k -
o R I I I ] ]
S C I I I ] ]
N '_ 1 . T 4 ]
E 02 [ T T ] ] ]
‘6 i T T ] | . I‘l- H Dl' I I 1 ]
S 0

-12 -10 -12 -10 -12 -10 -12 -10 -12 -10
log SFR/M, [1/yr]

0.6

0.4

0.2

normalized distribution

0
1 15 2 1 15 2 1 15 2 1 15 2 1 15 2
D, (4000)
0_8 IIIIIIIIIIII_IIIIIIIIIIII_IIIIIIIIIIII_IIIIIIIIIIII IIIIIIIIIIII_
0.6

0.4

0.2

L1 1l |

0 05 1

normalized distribution

0 05 1 0 05 1 0 05 1 0
(M,-M,)

Figure 3. Distribution of log SFR/M., (top), D»(4000) index (middle) and My — M) colour (bottom) in logM. /M bins, for the galaxy samples
analysed in this section (key in the figure). The mean valfigiseadistributions in each stellar mass bin are represeataf the mean values of Figulré 2.
(A color version of this figure is available in the online joaf)
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increment in the fraction of old stellar population, bulges| low
star forming galaxies.

Table 2. Combination name, actual number of triples satisfying ezh-
bination and the probability of these combinations computed using boot-

From the analysis of Figurg$ 2 dnd 3 we conclude that galaxies strap resampling techniques.

in triplets show star formation rates, colours and steltgrypations
that behave similarly to galaxies in compact groups andtetss
In contrast, pair galaxy members present systematicadlyeristar
formation activity indicators.

4 ANALYSIS OF THE TRIPLET SYSTEMS
4.1 Resampling

Brasseur et al. (2009) suggests that the majority of gatarieom-
pact groups that are blue, gas rich and/or have high SFRaare i
terlopers. The results obtained in the previous sectiogestghat
there is a population of blue, active star forming galaxieajnly
comprised by low stellar mass objects in all the system sasnpl
analysed in this work.

In Paper | we used a mock catalogue to analyse the complete-

ness and contamination of the algorithm developed for thatid
fication of triplet of galaxies, and found a high level of cdetp-
ness & 80%) and low contamination~ 5%). Nevertheless, in or-
der to assess the probability that blue galaxies in theetrgample
could be contaminated by interloping galaxies, we havergited
to determine whether the configurations of galaxies in timepsa
of triple systems are correlated or, on the contrary, canxpkaimed
by random configurations.

For this purpose we consider blue and red triplet members
(Mg — M) < 0.75 and (M, — M,) > 0.75, respectively), star-
forming and non star-forming galaxies (IS R/M. > —10.75
and logSFR/M. < —10.75), and galaxies dominated by young
and old stellar populationdX,, (4000) < 1.6 andD,,(4000) > 1.6
respectively).

Next, we compute the number of systems that satisfy indepen-

dently the following combinations of galaxy properties:

* (1a) : 3 blue galaxies

* (1b) : 3 star-forming galaxies

* (1c) : 3 young stellar population galaxies
* (2a) : 3 red galaxies

* (2b) : 3 non star-forming galaxies

* (2¢) : 3 old stellar population galaxies

We found 6 triples with combination (1a), hereafter blue
triplets. These blue triplets also satisfy combinatiors énd (1c).
There are 36 triplets with combination (2a), hereafter rauets.

Out of these red systems, 32 belong to combination (2b) and 29
(20).

In order to assess the probability that the actual number of
triplets satisfying a given combination of member progsrtould
be obtained from a random sampling, we use a bootstrap tpahni
Thus, we generate 1000 random triplet catalogues by a ranglom
assignment of the galaxies from the total sample, and fdr e=ad-
isation we calculate the number of random triplets thasgathe
different combinations described above. This procedumvalto
obtain the expected number of systems that would have tloese ¢
binations by chance, and therefore assess the correldtiviplet
member properties.

Figure[4 shows the distribution of the number of systems that
satisfy the combinations of galaxy properties describenatirom
the random triplet sample . If the combination of galaxy eries
of the real triplet sample were at random, the most probalieer

(© 0000 RAS, MNRASD0O,[TH12

Combination ~ Number of triplets ~ Probability
(1a) 6 0.1%
(1b) 6 1.1%
(1c) 6 1.4%
(2a) 36 2.7%
(2b) 32 2.3%
(2c) 29 2%

of systems verifying the combinations (1a) is 1 and for (1) @.c)
is 2. For the combination (2a) the mean of the distributidc®0isind
for (2b) and (2c), 23.

We calculate the probability that the number of tripletsssat
fying each combination can be derived by a random sampling as
p = Nrec/Nt, WhereN,... is the number of times that the actual
value is obtained iV, = 1000 trials.

We find that the probability of random occurrence of 6 sys-
tems satisfying combinations (1a) is 0.1%; for the combdamatlb)
1.1%, and for (1c) 1.4%. The probability of random occureent
36 systems satisfying combination (2a) is 2.7%, that of 32esyis
for combination (2b) is 2.3% and for 29 systems with combamat
(2c) is 2%. In tabl€l2 we summarize these numbers.

The results obtained from this analysis indicate that baik b
triplets and red triplets have such a combination of gakatiat
can not be explained by a random reassignment of the galdries
particular, we conclude that systems comprising blue fetaming,
young stellar population galaxies, have a high probabilftipeing
real systems and not a mere configuration of interlopingxigda
In support of this result, Hernandez-Toledo etlal. (2051 that
galaxy triplets are spiral rich systems populated mostliabsrtype
spirals with an excess ef 0.6 mag in the global blue luminosity
in comparison to field galaxies.

4.2 Total stellar mass of the triplets and its influence on
member properties

In the previous section we found that the galaxy configunatiof
triplets can not be explained by a random sampling of theetrip
galaxies. In particular there are six blue triplets that@maprised
by blue, young stellar population and star forming galaxieshis
section we investigate the dependence of triplet membensepr
ties on the total stellar mass of the system consideringragia
blue and red triplets and by comparison to the results from-co
pact groups. This joint analysis of our results and thosedarpact
groups is based on their similar stellar mass range, a fattities
not hold for pairs nor clusters.

For the samples of triplets and compact groups described in
Section 2.1 and 2.2.1, we calculate the redshift of eactesysts
the mean redshift of their member galaxies. We restrict nalysis
to the redshift range of triplets and perform a KS test to dushift
distributions of triplets and compact groups. The valuenivigd
for p is greater than 0.05 so we can not reject the null hypothesis
that the redshift of triplets and compact groups are draam fihe
same distribution. The samples of triplets and compactpggoased
in this section comprises 71 and 163 systems, respectinelyva
show in Figuréb the distributions of redshift and log Tatal /M
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Figure 4. Distribution of the number of systems that verify combioas (1a) (left upper panel), (1b) (left middle panel), (1ejt(bottom panel), (2a) (right
upper panel), (2b)(right middle panel) and (2c) (right bttpanel), for 1000 triplet random samples. Vertical daskedines correspond to the actual values
for the real triplet sample.

for these samples. It can be appreciated that compact ghawesa early-type galaxies hav€ > 2.6 while later type galaxies have
higher stellar mass content than triplets. This is somewkected typically C' < 2.6 (Strateva et al. 2001)

since triplets consist of three bright galaxies while cootggoups It can be appreciated, as expected, that the compact groups
are composed by more than four members. In our study, we havetend to have a tail towards larger total stellar masses. fiteless,
considered the total stellar mass range spanned by thettsigin- triplets and compact groups members present a similar bmrav

ple (10.6<log Total M. /M <11.8) and analyse the properties of From this figure, we can also observe that blue triplets spord
galaxies as a function the total stellar mass content ofytsiesn. to low total stellar mass systems. Galaxies in these tephéto

The contours shown in Figutd 6 represent the properties of show a higher star formation activity and lower values ofc¢be-
compact groups members and the points correspond to galaxie centration index(, corresponding to disk objects. On the other
in triplets. We have considered separately blue triplégdhidblue hand, galaxies in red triplets prefer higher total stell@smsys-
filled triangles), and red triplets (red filled squares), aslvas tems and tend to be ellipticals with a low star formation efficy.
triplets that do not fulfil these categories (blue dots). TipE mid-
dle and bottom panel of this figure correspond to§tieR /M., the
(M, — M,) colour index and the concentration indeX], respec- 4.3 Global properties of Triplets
tively, as a function of the total stellar mass content. Thearame-

The dynamic of galaxy systems suggests that interacti@nsan-
ter is a suitable indicator of galaxy morphological type bdality: 4 garaxy sy 99

mon in compact systems such as triplets and compact groups
(Hernandez-Toledo et al. 2011). Diaferio et al. (1994)fqrened
dissipationless N-body simulations finding that compactfigu-
rations are continually replaced by new systems becaudgnwit

3 C = rgo/rs0, Wherergo andrgg are the radii containing 90% and 50% & single rich collapsing group, compact groups of galaxamf

of the Petrosian galaxy light continuously. From the observational point of view, \#iisen et al.

(© 0000 RAS, MNRASDOO,[TH12
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that the redshift of triplets and compact groups were draemfthe same
distribution.

(A color version of this figure is available in the online joaf)

@) combined near-infrared imaging and optical spsctpy
with archival Hubble Space Telescope imaging and Spitzagim
ing and spectroscopy, revealing that the luminous IR galayG)
IRAS 19115-2124 is actually a triple system where the LIR@-ph
nomenon is dominated by the smallest of the components.

Since galaxies in triplets and compact groups may finally end
in a single system, in this section we analyse differentalpioop-
erties of triplets of galaxies by considering the system a$ale.

We will also perform the same analysis on compact groupsdaror
to compare the results obtained for these systems. Foruhimge
we used the samples of triplets and compact groups defindain t
previous section.

With the aim to complement the previous analysis, we also ex-
plore the dependence of the total star formation rate aatidotour
as a function of the total stellar mass of the systems.To nnedke
level of compactness of the systems, we have defined a gégometr
criteria in order to guarantee that the systems under apadye
not limited by the selection criterion commonly used in deti@-

(© 0000 RAS, MNRASD0O,[TH12
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(A color version of this figure is available in the online joal)
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ing the system compactness. Radii of compact groups areedefin
by the Hickson criteria as the smallest circle that cont#tiesgeo-
metric centres of compact group members. In order to defit®an
mogeneous compactness criterion for triplets and compacipg
we calculate the triplets minimum enclosing circle using tiode
of|Hearn & Vijay (1982). Then we define the compactngsss:

Zi\rzl 7".30

2
Tmax

S =

wherery is the radius enclosing0% of the Petrosian flux of
the galaxy in the r-band,,,... is the minimum enclosing circle that
contains the geometric centres of the galaxies in the syatefrN
is the total number of members of the system. By definitiois, th
guantity is a measure of the percentage of the system t&althat
is filled by the light of member galaxies.

on the contrary, can be explained by a random sampling, wergen
ate 1000 random triplet catalogues by a random reassigrohthg
galaxies from the real sample. From this analysis we coeclhdt
systems comprising three blue, star-forming, young stpbigula-
tion galaxies (blue triplets) are most probably real systemd not

a chance configuration of interloping galaxies. The samdshfalr
triplets composed by three red, non star-forming galaxiesving
the correlation of galaxy properties in these systems.

Since triplets and compact group members may finally merge
into a single system we have computed global parametersoto pr
vide a fair comparison of these systems as a whole. We have ana
ysed different properties, such as total star formatiogsrand total
global colours, finding that, in general, triplets and cootggioups
exhibit a similar behaviour. Nevertheless we find that biysdts,
located in the less massive tail of the total stellar massillis
tion, show an efficient total star formation activity withspect to

Left panels in FigurEl7 show the properties of the systems as acompact groups which present low efficiency in forming nesr st

whole, as a function of the total stellar mass content. Hgagathe
contours represent the compact groups, and the pointsspormd
to the triplets. Right panels in this figure show the disttiitnu of
the total SFR, globa{M, — M) colour, and compactness for
both samples.

As it was observed for individual galaxies, it can be seeh tha
the blue triplets have a high total star formation activitddend
to be less massive systems. Red triplets are more massiwetobj
and show a lower total star formation rate. From this figuiEit
also be appreciated that there is a correlation betweemthlestar
formation rate and total stellar mass for the triplets, e/lsibmpact
groups present an approximately constant trend. This isatefil
in the total SFR distribution (right upper panel): triplet clearly
bimodal, while the compact groups distribution is more cstesit
with a single population.

Regarding total colour, there is a positive correlatiorhwatal
stellar mass in both samples. As expected by its definititue b
triplets are located in the blue, low mass tail of the distiitn.

In the left bottom panel of Figufd 7, we show the S parameter
as a function of the total stellar mass. As can be apprecitited
compactness S of triplets increases toward high totabstelhsses,
and blue triplets tend to have less compact configurationsth®
other hand, compact groups show a nearly constant trendld®es
as seen in the right bottom panel, it can be appreciated lieat t
light in triplet systems is even more concentrated than mpgarct
groups.

5 RESULTS AND DISCUSSIONS

We have studied 71 galaxy triplets in the redshift radgé < z <
0.14 with galaxy members brighter thawl,, < —20.5. Our study
also includes a comparative analysis of galaxies in congracips,
the ten brightest members of rich clusters, and pair gadaiiée
also analyse the stellar mass content, the star formattes, rtne
spectralD,, (4000) index and the 4, — M..) colour index of mem-
ber galaxies.

Galaxies in triplets show star formation rates, coloursstati
lar populations comparable to those of galaxies in compaxis
and clusters. This contrasts with pair galaxy members, lwhave
systematically higher star formation activity indicatof$us, we
conclude that triplets cannot be considered as an exterfion
galaxy pairs with a third extra member.

With the aim of determining whether the configurations of
galaxies in the sample of triple systems are strongly catel or,

generations, in the same total stellar mass range. In cnhath,
high stellar mass red triplets and compact groups in the stetiar
mass region, show low total star formation activity.

In order to provide a compactness parameter of the trigiats t
can be suitably compared to the other systems, we have defined
parameter S as the sum of the areas comprisif¥§ &0the light of
galaxies divided into the system minimal enclosing circeaaThis
guantity is a measure of the percentage of the system tealthat
is filled by the light of member galaxies. The distributiontbfs
compactness parameter shows, surprisingly, that lightee enore
concentrated in triplets than in compact groups.

The results obtained in this work suggest that triplets com-
posed by three luminous galaxies, have member with praserti
more similar to compact group members than to galaxies irspai
and that the behaviour of triplets as a whole is similar to pach
groups. Based on the results presented in this work, we dingae
triplets are a natural extension of compact groups to systeitin
lower number of galaxies.
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(A color version of this figure is available in the online joal)
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