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ABSTRACT

We present a new catalogue of galaxy triplets derived fraerBloan Digital Sky Survey
Data Release 7. The identification of systems was perforroadidering galaxies brighter
thanM,. = —20.5 and imposing constraints over the projected distancemlraelocity dif-
ferences of neighbouring galaxies and isolation. To imerine identification of triplets we
employed a data pixelization scheme, which allows to hataige amounts of data as in
the SDSS photometric survey. Using spectroscopic and preita data in the redshift range
0.01 < z < 0.40 we obtains901 triplet candidates. We have used a mock catalogue to analyse
the completeness and contamination of our methods. Thégefiow a high level of com-
pleteness+ 80%) and low contamination~ 5%). By using photometric and spectroscopic
data we have also addressed the effects of fiber collisiotiseirspectroscopic sample. We
have defined an isolation criterion considering the distawicthe triplet brightest galaxy to
closest neighbour cluster, to describe a global environpaenwell as the galaxies within a
fixed aperture, around the triplet brightest galaxy, to rmeathe local environment. The final
catalogue comprisel§)92 isolated triplets of galaxies in the redshift rargel < z < 0.40.
Our results show that photometric redshifts provide vegfuisnformation, allowing to com-
plete the sample of nearby systems whose detection is edfdst fiber collisions, as well
as extending the detection of triplets to large distancégre/spectroscopic redshifts are not
available.
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1 INTRODUCTION less| Hernandez-Toledo et al. (2011) have recently aedlgsam-
ple of galaxy triplets derived from the catalogue of isaletéplets
of|Karachentseva (1973) finding signatures of physicataut#ons
(tidal bridges, excess of barred galaxies), that implias thost of
these objects are indeed real physical structures.

In a hierarchical scenario, the interactions affects garaoper-
ties of the galaxies such as star formation rate, nucleasitgcnd
morphology I((Alonso et al. 2004, 2006)

Although galaxy pairs | (Lambas etal. 2003; Alonso ét al.
2004, |2006) and groups with four or more members Pioneering works on the identification of triplets of
(Merchan & Zandivarez 2005) have been the subject of sev- galaxies were performed by Karachentseva etlal. (1979) and
eral papers in the literature, there are far few works orleigp  Karachentsev et al. (1988). These authors present a lidtibéth-
of galaxies, a link between pairs and groups and a potentiall ern isolated galaxy triplets with members with component ap
interesting laboratory to investigate several procesecit®d to parent magnitudes brighter than 15.7, selected by visisgleicr
galaxy evolution. tion of Palomar Sky Survey prints. They found that abou%24

Traditionally, galaxy groups selection have excludedldtip of the members are elliptical and lenticular galaxies, &/hig%
of galaxies because these systems were not consideredafidleon ~ are spirals and irregulars. Numerous studies have been imade

physical structures, i.e., dynamically isolated systeNeverthe- the follow up of this catalogue. Karachentsev & Karacharse
(1981) measured radial velocities for the isolated trgpéatd found

that 5% of the systems are spurioug\l;; > 500km s~ t),
* E-mail: aomill@oac.uncor.edu 31% consist of a pair of galaxies with nearly equal radial ve-
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locities (AV;; < 500km s~ ') and a projected third component
and 64% are considered physical tripleta¥;; < 500km s™1).
Velocity dispersion, diameters, integrated luminosityial mass,
and the virial mass to luminosity ratio were estimated for
the physical triplets (Karachentseva & Karachenisev (19983).
The spatial configuration, dynamics and dark matter convént
these systems was studied by several authors (Karachetakyv
1990; Chernin & Mikkolg 1991; Anosova etlal. 1992; Zheng et al
1993; | Aceves| 2000). For the Southern sky (< —3°)
Karachentseva & Karachentsev (2000) selected 76 isolaijge t
systems of galaxies using the ESO/SERC and POSS-I sky survey
with the same criteria defined fort the Northern systems.

Trofimov & Chernin (1995) compiled a list of 108 triplets
of galaxies selected from two group catalogues, those of
Geller & Huchra 1(1983) (Northern sky) and Maia et al. (1989)
(Southern sky). 38 of these systems are considered isol&tedu-
thors call these systems “wide triplets” in contrast to thenpact
triplets (with smaller mean projected harmonic separatiind-
ied by|Karachentseva etlal. (1979). The main assumed differe
between wide and compact systems, regardless their ditferie
size, is that galaxies in compact triplets are supposed e e
teracted many times and are probably in equilibrium wittia t
system. In contrast, wide triplets would be dynamically ygand
probably far from virialization.

A high-order 3D Voronoi tessellation method was employed
by |Elyiv et al. (2009) for identifying single galaxies, paiand
triplets on a volume-limited sample of galaxies from thesBI®ig-
ital Sky Survey Data Release 5. Nevertheless, a cataloguiplet
of galaxies has not been compiled for more recent SDSS esleas

In this work we present a catalogue of triplets of bright gala
ies (M, < —20.5) selected from a volume limited sample extracted
from SDSS-DR7 in the redshift ran@ge01 < z < 0.4. We used
data with both spectroscopic redshift measurements artompied-
ric redshifts from O’Mill et al. |(201/1).

This paper is organized as follows. In Section 2 we describe
the galaxy samples used in this work. Section 3 describealgjoe
rithm developed for the detection of triplet of galaxies didates.
The implementation of this algorithm at low redshifts is cézed
in Section 4. In this section we also perform a completeness a
contamination test to our algorithm and analyse the incetepkess
effect due to fiber collisions. Section 5 describes the esioenof
our results to higher redshifts. In Section 6 we describéstblation
criteria employed to define the final sample of triplet of géda.
Finally, Section 7 summarized the results obtained in thigkw

Throughout this paper we adopt a cosmological model char-
acterised by the parametes, = 0.25, Qx = 0.75 and Hy =
70km s~! Mpc™*.

2 SPECTROSCOPIC AND PHOTOMETRIC GALAXY
SAMPLES

The samples of galaxies used in this work were drawn from
the Data Release 7 of Sloan Digital Sky Survey (SDSS-DR?7,
Abazajian et gl. 2009). SDSES (York et lal. 2000) has mapped: mor
than one-quarter of the entire sky, performing photometd/spec-
troscopy for galaxies, quasars and stars. SDSS-DRY7 is teatte
major data release, corresponding to the completion of tine s
vey SDSS-II. It comprised$1.663 sq. deg. of imaging data, with
an increment of~ 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 = 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, andg931 A (Fukugita et all 1996; Hogg et al.
2001; Smith et al. 2002). For details regarding the SDSS t@mme
see Gunn et al!l (1998); for astrometric calibrations|see®ial.
(2003). The survey has spectroscopy over 9380 sq. deg.ptwe 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.

In this work we employed spectroscopic and photometric
data extracted from SDSS-DR7. The spectroscopic data veere d
rived from the Main Galaxy Sample (MGS; Strauss et al. (2p02)
obtained from thefits files at the SDSS home p&ek-
corrections for this sample were calculated using the softw
k- correct v4. 2 of Blanton & Roweis|(2007). The photomet-
ric data were derived from the photometric catalogue cantdd
by|O’'Mill et al. (2011_E. These authors compute photometric red-
shift and k-correction for the photometric data of the SCIHS?.
The rms of the photometric redshift is,n0: ~ 0.0227 and k-
corrections were obtained through joint parametrisatioredshift
and reference frame (at = 0.1) (g — r) colour. For both data
sets, k-corrected absolute magnitudes were calculated Ret-
rosian apparent magnitudes converted to the AB system.

In order to use these spectroscopic and photometric dasa, it
necessary to analyse the completeness and reliabilityesbtham-
ples. To explore this issue we have calculated the spatiabeu
density of galaxies brighter thak/, = —20.5 for both spectro-
scopic and photometric data, taking into account the appanag-
nitude limitr = 17.77 andr = 21.5, respectively. In FigurEl1 it
can be appreciated that the spatial number density of gdtaxy
both, spectroscopic and photometric samples, shows adtat trp
toz ~ 0.14 andz ~ 0.4 respectively. The spatial number density
of galaxies for the photometric data shown in Figure 1 cpoads
to a random sample witk- 0.001% of the complete photometric
sample.

Taking into account these considerations we derived four
galaxy data sets from SDSS-DR7:

The first sample, hereafter S1, comprises galaxies brighter
thanr = 17.77 with spectroscopic redshift in the rang@edl <
zspec < 0.14. This sample was employed for the detection of triple
systems of galaxies candidates at low redshift.

In order to analyse the effect of photometric errors over the
radial velocity differencef\V for the photometric data, we have
selected a sample that comprises galaxies brightenthan 7.77
with spectroscopic measurements in the redshift rangg <
Zspec < 0.12 for which we have obtained photometric redshifts.
We will refer to this sample hereafter as the S2 sample.

We have also extracted a sample of galaxies brighterithan
17.77, that comprises galaxies with spectroscopic measurerirents
the redshift rang®.09 < zspec < 0.11 and galaxies with photo-
metric redshifts in the rang®09 — ophot < Zphot < 0.11 4+ ophot
(hereafter S3). This sample was employed in the analysisrof ¢
pleteness due to fiber collision, described in Section 4.

Finally, for the detection of triplets of galaxies candismaat
intermediate redshift we employed a sample derived fronpkize
tometric catalogue of O'Mill et all (2011). We have selecieshm-
ple that comprises galaxies brighter thaa= 21.5, in the redshift

L http://lwww.sdss.org/dr7/products/spectra/getspetira
2 Available af http://casjobs.starlight.ufsc.br/casjobs
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Figure 1. Spatial number density of galaxies brighter thaf)y = —20.5. Left: Spectroscopic data with apparent magnitede: 17.77. Right: Random
sample of~ 0.001% of the photometric sample with apparent magnitude: 21.5. Error bars represenito uncertainties calculated by bootstrap. The
vertical line shows the limits chosen for the detection eftttiple candidate systems.

range0.09 < zpnor < 0.5. We will refer to this sample as S4
hereafter.

Table 1 summarises the main characteristics of the difteren
samples used in this work.

3 BUILDING THE CATALOGUE

In this section we present the algorithm adopted to ideigffiaxy
triplet candidates from the spectroscopic and photometieme
limited samples of SDSS-DR7. The algorithm searches fpletis
by selecting galaxies within a given projected distangg éand
radial velocity differenceAV’) of another galaxy.

Lambas et al.[ (2003) identified pairs of galaxies usipg=
100 A= kpc and AV 350km s~'. [Merchan & Zandivarez
(2005) identified galaxy groups in the SDSS third data releas
with a mean redshift of 0.1 and a median velocity dispersibn o
230km s~ !. These authors employed a fiends-of-friends algorithm
with a transverse linking length corresponding to an ovesig of
80 and a line-of-sight linking length aAV = 200km s™*. For
the detection of triple galaxy systems, we have considdnedet
restrictions in the selection ef, and AV constrains.

3.1 Data Pixelization

For the purpose of a suitable selection of the systems, dsawel
to efficiently reduce the computing time, we have used a jziael
tion of SDSS data. Indeed, data pixelization is an impottaitin
managing large amounts of information such as that corddime
the SDSS photometric catalogue.

In order to perform a pixelization of SDSS data, we have em-
ployed routines of the Hierarchical Equal Area Pixelizatiso-
Latitude software (HEALPIX, Gorski et &l. 2005). HEALPIXas
developed for data processing and analysis of the obsemgatf

the cosmic microwave background (CMB). This pixelization-p
cedure consists in an equal area isolatitud partition ofsgiteere,
which results into a versatile structure for data analyEie reso-
lution base comprises 12 pixels formed by three rings arabad
poles and the equator. For higher resolutions, each pixaibsli-
vided into four equal-area pixels of smaller size. The gesotu-
tion is set by theN,;q4. parameter, which defines the number of
divisions along the side of a pixel, required to achieve tlgi-h
resolution partition desired. All pixel centres are egstait in az-
imuth for each ring and are placed on rings of constant eitu
All rings located in the equatorial zone are divided in thenea
number of pixels,Ne; = 4Ngqe. The rings located in the polar
cap region contain a varying number of pixels that incregserie
pixel within each quadrant, with increasing distance fromoles.
The resulting map contain¥,,, = 12N2,, pixels of equal area
A= 71-/‘Z\].s?z'de'

HEALPIX has a library of computational algorithms and vi-
sualisation software that allows fast scientific applimasi on dis-
cretized maps created from large amounts of data as is th&SDS
survey.

We have employed HEALPIX routines to find the index of
all pixels within a radial angular distance from a definedteen
The routines used werang2piz, which generates a linking list
for galaxies in each pixeling2vec, that converts angular to Carte-
sian coordinates, and, finallyyuery_disc, that identifies the central
galaxy pixel and the adjacent pixels inside the search sagite-
viously defined. The resolutionV;;4.) was set to 512 at redshift
smaller than 0.14 (S1, S2 and S3 samples) and 2048 at redshift
greater than 0.14 (S4 sample). The choice of different gahfe
N.d4e is due to the density difference between the lower and inter-
mediate redshift samples.

For each selected center we define a search radius that covers

approximately600 h~* kpc at the smallest redshift of each sam-
ple, ensuring the search in every pixel adjacent to the cefbe
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Table 1.Description of the samples used in this work.

sample name  Description number of objects

S1 MGS spectroscopic data. 684939
Used for the identification of triplets of galaxies candégaat low redshift@.01 < zspec < 0.14)

S2 MGS with photometric redshifo(07 < zspec < 0.12). 248210
Used in section 4.3

S3 MGS and photometric data. 80851 and 860021
Used in the fiber collision analysis

S4 Photometric catalogue with redshifts and k-correctiomfO’Mill et al. (2011) 66390174

Used for the identification of triplets of galaxies candétaat intermediate redshift.09 < zpno < 0.5)
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Figure 2. Distribution of AV;.,,,s for triplet candidates identified in the spectroscopic sangi. Red (continuous) line;, < 100 A1 kpc and AV <
500km s~ 1. Blue (dashed) line: systems with < 200 h~! kpc andAV < 700km s~ 1.

adopted search radii wer@.88 deg for S1, S2 and S3 samples and
0.068 deg for the S4 sample.

3.2 The algorithm

In this section we describe the successive steps of theitdigor
developed for the identification of triplet of galaxies calades.

Step 1: The algorithm begins with a selection of central
galaxy candidates. The pixel of each candidate is identifibén
a search for galaxies belonging to adjacent pixels, endlastin
the search radius, is performed. In the first run, any galsbopn-
sidered a central galaxy candidate.

Step 2: To identify triplet systems, we have considered as
neighbours all those galaxies that satisfy the constramisro-

jected distance and radial velocity difference,rig.< rpma. and
AV < AVpaz.

Step 3: We consider a triplet candidate when there are only
three galaxies within the constraints in Step 2.

Step 4: Then, we assign the brightest galaxy to the center of
each system. This generate two types of multiple identi6ioat

e The center is assigned to more than one system indepen-
dently identified. This is because the brightest galaxy isighbour
galaxy in more than one system.

e A system will be identified more than once if different cen-
tres satisfy the neighbourhood condition, ie haye< rpmaq- and
AV < AVimaz.

In order to avoid double identifications, repeated centresewe-
moved from the sample and close galaxy pair centres werédsons
ered as a single system by taking the brightest galaxy asteaten



galaxy. This procedure generates a new sample of centiatigal
With these centres as input sample, the algorithm returSsep 1.

Step 5: It may happen that the new central galaxies may be
located at a distance greater than,... or have a radial velocity
difference greater thaiV,,.... with respect to one of the selected
neighbours. To retrieve these systems, we consider a sasebid
constraints, relaxing restrictions over velocity diffiece and pro-
jected distance, and then returning to Step 2.

4 |IMPLEMENTATION OF THE ALGORITHM AT LOW

REDSHIFT (0.01 < zspee < 0.14)

The aim of this work is the identification of triplets of lunans
galaxies, defined as systems close in projected distanceadiad
velocities. Building of a catalogue of triplets with spescopic
measurements is less subject to contamination than usio@ph
metric redshifts given the small uncertainties. So, inggle, us-
ing spectroscopic data results into a more reliable ideatifin of
these objects.

4.1 Spectroscopic data

In order to identify triplets of galaxies candidates in tHesample,
we have run the algorithm considering the following resiwits
for the selection of neighbouring galaxies: < 100 A~ ! kpc and
AV < 500km s™*.

Following the steps described in the previous section, we ha
assigned the center to the brightest galaxy of the systeiter Af
this recentering, we have considered a second group ofredmst
rp < 200 b~ " kpc andAV < 700km s, in order to retrieve the
systems lost by the procedure.

Therefore, a total o273 triple system candidates were ob-
tained from the S1 sampld,64 of them with the constraints
rp < 100 A kpc and AV < 500km s™! and 109 with 7, <
200 A~ ! kpc andAV < 700km s~ .

Figure[2 shows the distribution aAV,.,,s, where AV,
is the root mean square radial velocity difference for the- sy
tems. Red lines correspond to the triplet candidates aidaivhit
rp < 100 h™'kpc and AV < 500km s~' and in blue lines
we present the systems obtained with < 200 A~ kpc and
AV < 700km s~!. Both distributions present a similar behaviour.

4.2 Completeness and contamination tests

In order to test the algorithms, we performed a completenads
contamination test employing a SDSS mock catalogue derived
from the semi-analytic models of Croton et al. (2006), aiedi
from the Millennium Simulation|(Springel etlal. 2005) outpu
The spatial resolution of this simulation is suitable foe imple-
mentation of our algorithm. The luminosity function of thens-
analytic model is consistent with observations of galaxdetow
redshift. The mock catalogue comprise 514914 galaxieshtaig
thanr = 17.77, wherer correspond to the — band magnitude
of the SDSS. This mock catalogue contains: right ascensliec,
lination, apparent magnitude in— band, halo mass, redshift and
peculiar velocity.

For the completeness and contamination test we have em-
ployed a volume limited mock catalogue considering gakxie
brighter thanM,. = —20.5 in the redshift rang@.01 < z < 0.14.

The completeness is definedEsc. / Ntot, whereN,... is the
number of triplet candidates identified with our algorithimattare

Galaxy triplets in SDSS-DR7. 5

matched to the systems found in real space (recoveredtsjipad
N:ot is the number of systems selected with real distances (real
triplets)ﬁ within the same halo. We find that the completeness
achieved by our algorithm is 80%.

The contamination is defined @&, / Nqe:, whereNg.: is the
number of triplet candidates identified with and AV. N, is
number of systems detected whose member galaxies do not be-
long to the same halo (spurious triplets). The contamingto our
triplet sample is very smalk 5%.

Figure3 shows the redshift distribution for the real, remed
and spurious triplet of galaxies, as well as the dependehteeo
completeness and contamination rates with redshift.

4.3 Analysis of photometric data in the spectroscopic
redshift range

The major source of contamination in the detection of thetgho
metric systems is due to the erroripnot, Since the uncertainties
in photometric redshifts affects the choicei’. To evaluate this
point, we employed the S2 sample. We have run the algoritim fo
different values ofAV, corresponding tdo ot * ¢, 1.50phot * C
and2oph0t * ¢, Whereo ¢ is the mean photometric redshift error
(opnot ~ 0.0227, as previously mentioned in Section 2) ands
the speed of light. We have then examined the distributiothef
values of the-ms spectroscopic velocity differences. v, consid-
ering the spectroscopic redshifts of the triplet candisaéenbers
identified photometrically.

For the S2 sample we identified 80 triplet candidates that
satisfy the constraints described en section 4.1. Usingoptnet-
ric data we recover 71 of these systems consideting,.. and
1.50pn0t fOr AV. For 20,10 We recovered all the spectroscopic
triplets.

In figure[4 we show the Ay distribution of triplet candidates
identified in S2 sample. In different lines and colours wevwsho
the systems identified withio,no: in red, 1.50,40: iIN Magenta,
and2o,n0: in blue line. From the figure it can be appreciated that
we have a large level of contamination when usingo ... and
20phot. Therefore, we conclude that the,x.: interval provides a
suitable compromise between high completeness and lovament
ination.

4.4 Incompleteness due to fiber collisions

The SDSS spectrograph uses fibers manually connected &s plat
in the telescope’s focal plane. These fibers are mappedghrau
mosaic algorithm (Blanton et al. 2003) that optimises theeoba-
tion of large-scale structures. Two fibers can not be platesec
than 55” (Strauss et al. 2002), so for two objects with theesam
priority (such as two MGS galaxies) and whose centres areclo
than 55", the algorithm selects at random the galaxy which wi
be observed spectroscopically. There are regions wherglabes
overlap (abouB0% of the mosaic regions), in which both objects
may be observed.

Due to fiber collision the spectroscopic sample is affected b
incompleteness. The magnitude limit of spectroscopic atbjés
r = 17.77, but not all galaxies brighter than this limit were ob-
served. This issue becomes more important when analysimg co
pact objects.

3 rp =1 x cos(0) x df x d®, wherer,  and® are the spherical coor-
dinates with origin in the triplets center.
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Figure 5. Spatial number density of galaxies as a function redshiftfe MGS (red dots) and for a random sample with01% of the photometric sample
from|O’Mill et al! (2011) (blue dots) both withh < 17.77. The error bars represeht uncertainties calculated using bootstrap. For both sarpkgalaxy
density forzspec < 0.14 is nearly flat. The small and large regions correspond tchitdstervals employed in the analysis of fiber collisior8(Sample).

Zehavi et al.[(2002) found that approximately; of the tar-
get objects are not assigned to a fiber due to the 55" restric-
tion.|Alonso et al. [(2006) have identified pairs of galaxieshe
MGS of SDSS second data release and analysed galaxy pairs los
due to fiber collision. These authors found that approxiipate
5% of the pairs were not recovered due to this effect. Recently
Costa-Duarte et &l.| (2011) found that 40% of galaxies with
r < 17.77 have spectroscopic measurements.

In figure[B we show the spatial galaxy density as a function
of redshift for the MGS (red dots) and for a random sample with
0.001% of the photometric data from O’Mill et all (2011) (blue
dots) both withr < 17.77. It can be appreciated a nearly flat galaxy
density forzspec < 0.14. In order to evaluate the reliability of the
identification procedure adopted in this work, we used theZ3-
ple considering spectroscopic and photometric tripleteated in
the redshift rang8.09 < zspec < 0.11 (figure[® small region) and
0.09—0phot < Zphot < 0.11+0p0t (figureld large region) respec-
tively. For a discussion about the uncertainties in the qinetric
redshift see subsection 4.3.

Using S3 sample we have obtainetltriplet candidates with
spectroscopic measurements. Abeut90% of the systems had
been recovered using photometric data. Neverthelesg &éne89
triplets with 1 or 2 members without spectroscopic inforiorat
due to fiber collision. Figurgl 8 shows two examples of photoime
triplet candidates where one or two galaxies do not havetspec
scopic redshift determination.

5 IMPLEMENTATION OF THE ALGORITHM AT

INTERMEDIATE REDSHIFT ( 0.14 < zphot < 0.4)

From the discussion in Sections 4.3 and 4.4 we can see that pho
tometric redshifts are suitable to identify triplet of bwiggalax-
ies candidates. The right panel of figlite 1 show the galaxgitien
distribution as a function of redshift for the photometri¢ Sam-
ple. It can be noticed the flat behaviour of the galaxy dengityo
Zphot < 0.4.

The uncertainty of the photometric redshifts became laager
low redshift (O’Mill et alll2011). Taking into account thessues
we assume a rangel4 < zpnot < 0.4 of reliability for the deter-
mination of photometric triplet candidates.

We run the algorithm for S4 sample considering the restric-
tions in AV according to the discussion of section 4.3.

Following the steps described in section 3.2, a totahG#8
triplet system candidates were obtained in the rafige <
Zphot < 0.4, 3771 of them with the constraints, < 100 »~* kpc
andAV < 6810km s~! (Lophot * c) and1857 with the second set
of constraing-, < 200 h~* kpc andAV < 9310km s~ * (corre-
sponding to~ 1.370pnh0t * C).

Figure[T shows the distribution of the values &V/.,,s for
the systems identified in the S4 sample, with the high&f and
rp constraints (red line), as well as this distribution for teyss
identified relaxing these constraints (blue dashed ling)mFthis
figure it can be appreciated that both distributions showralasi
behaviour.

6 ISOLATION CRITERIA

We have taken into account these considerations and we haveln the previous sections we have identified galaxy tripletsdé-

included these objects as triplet of galaxies candidatésiated-
shift.

dates, regardless the relative spatial isolation of thgseess. In
order to build a catalogue of physical triplet systems, héses-
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Figure 6. Examples of triplet candidates with photometric measurgmebtained from S3 sample. Galaxies with redshift deteation are marked with a
box, and galaxies members are indicate with crosses.

0.06

I —— AV<6810 km s-! B

L _—_.AV<9310 km s™! i

0.04

0.02

0 2000 4000 6000 8000
AV___ [km s°!]

rms

Figure 7. Distribution of AV, s for the systems identified in S4 sample. Red ling:< 100 h~! kpc andAV < 6810km s~!. Blue dashed line systems
with 7, < 200 A~ ! kpc andAV < 9310km s~ 1.

sary to define isolation critera that ensures that the dycsoi galaxies. Nevertheless, from a dynamical point of viewrelwuld
these systems is not dominated by larger virialized strastwhere be other neighbour galaxies with lower luminosity that etffethe
these systems could be immersed. properties of the system.

Physical triplets are a special case of a small group witkethr
members. We have selected triplet candidates comprismipbus Hereafter, we consider two proxies for galaxy environment:
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Figure 8. Distribution of the distance to the closest neighbour elusbr spectroscopic triplet candidates. Left panel: Diséato Zapata et al. (2009) for
systems withD.01 < zspec < 0.1. Right panel: Distance to GMBCG clusters for systems in #rge with0.1 < zspec < 0.14. Solid black line show the
distribution of all the systems in that redshift range, ieygdashed line the distribution of the triplet candidatethw 05 = 3 and N1 < 4 estimated using
galaxies brighter thad/,, = —20.5 and in solid grey line the systems wiffi05 = 3 and N1 < 4 estimated using galaxies brighter thafy = —19.5.
Vertical black dashed line show thle = 5 h—'Mpc limit selected as part of the isolation criteria.

Figure 9. Examples of triplets with spectroscopic and photometriasneements in the redshift ran@®1 < zpno¢ < 0.4. Galaxies with spectroscopy are
marked with a box and triplet galaxies members with a circle.
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one associated to the local environment, and another detate
larger scales.

In order to describe global environment, we compute the
distance to the closest neighbour cluster of galaxies. Ghan-
tity is related to the mass of the region where the galaxydessi
(Gonzalez & Padilla 2009). Nevertheless, even if a tripéetdidate
system is distant from high density regions, it could sglidart of a
larger group of galaxies. To avoid such systems we have greglo
a fixed aperture method to describe the local galaxy density.

Therefore, we have selected isolated triplets that satitffie
following criteria:

(i) Nos =3
(i) N1 <4
i) de>5h"Mpc
(iii) p

Nos and N; are the number of galaxies brighter thaf), =
—20.5 within 0.5 A~ 'Mpc and 1 h~*Mpc respectively, with the
same restrictions oAV used to identify triplet members, arlz
is the distance to the closest neighbour cluster .

These criteria were chosen from an analysis of the triplet ca
didates at low redshift9)(01 < z < 0.14) where we analysed the
behaviour ofNys and NV, for galaxies brighter than/, = —20.5
andM, = —19.5, in order to calibrate these two quantities for the
selection of an isolation criterion to be applied at highesishifts
where only bright galaxies are included. In order to workiwat
complete sample of galaxies with a fainter limiting abselotag-
nitude than that given by the spectroscopic survey, we hawe c
sidered galaxies brighter thaWl, = —19.5 up t0 zspec = 0.14,
using both spectroscopic as well as photometric data. Alaogly,
we estimate théVps and N, parameter taking into account the pho-
tometric redshift errors.

In order to analyse the global environment we used the pro-
jected distance to the closest neighbour cluster in twoeiusat-
alogues: we used a group/cluster sample extracted fromahe ¢
alogue constructed hy Zapata et al. (2009) updated to theSSDS
DR7 for 0.01 < zspec < 0.1 (de = d:apata). FOr systems
with 0.1 < zgpec < 0.14 we have used the Gaussian Mixture
Brightest Cluster Galaxy (GMBCG) catalogue (Hao et al. 3011
(de = derBCG).

Zapata et al.| (2009) employed a friends-of-friends albanit
with varying projected linking length, with oo = 0.239 h~'Mpc
and fixed radial linking lengtlAV = 450km s~*. The sam-
ple comprises 15140 groups and extends out to z = 0.12. Fol-
lowing |[Padilla et al. (2010), we select groups with virial ssas
M, > 10" 1™ M and define a group/cluster sample. The GM-
BCG catalogue of clusters (Hao etlal. 2011) comprises 55434 ¢
ters identified using the red sequence plus Brightest GlGad&xy
features, in the redshift rangel < z < 0.55. The cluster abun-
dance of GMBCG clusters is similar to_Zapata etlal. (2009} pro
vided a mass restrictioM, ;- > 10*h~" M is applied to this
sample.

Therefore, for each triplet system candidate we compute the
projected distance to the closest neighbour cluster ceraigl a
radial velocity cutAV < 1000km s~ ' when spectroscopic in-
formation is available and\V < 7000km s~* for systems with
photometric redshifts.

Figure[8 shows the distribution of the distance to the ckoses
neighbour cluster (left Zapata etlal. 2009 and right Hao &Gl 1),
for the spectroscopic triplet candidates. In black soli lihe dis-
tribution for systems in the redshift ran@e1 < zspec < 0.1 (left
panel) and).1 < zspec < 0.14 (right panel). In these figures, grey
dashed lines represent the distribution of triplet cartesiéhat sat-

isfies Nos = 3 and N1 < 4, estimated using galaxies brighter
than M, = —20.5. The distribution for systems witiVps; = 3
andN; < 4, estimated with galaxied/, < —19.5 is represented
in grey solid line. In both panels of this figure it can be appre
ated that the limitde = 5 h~*Mpc (vertical black dashed line)
encloses most of the systems withs = 3 andNV; < 4 (galaxies
M, < —19.5 as well as galaxies with/,, < —20.5).

We have considered this limit in order to select a safe isola-
tion criterion, for triplet candidates at higher redshiftid < z <
0.4), where, by completeness, the selection of isolated tepiéth
Nos = 3 andN; < 4 can be estimated only by using galaxies
brighter thanM,. = —20.5.

Taking a distance grater tham~'Mpc, we are ensuring that
our triplets do not belong to any system of groups or clusters
On the other hand, by restricting the number of galaxiesiwith
0.5 h™*Mpc and1 h~*Mpc leave us with a system composed by
only three luminous galaxies.

By imposing the isolation criterion to the sample of tripbét
galaxies candidates we obtaif92 triplets in our final catalogue,
95 triplets in the redshift rang@.01 < zgpec < 0.14 and997 in
the ranged.14 < zphot < 0.4. Figurel® shows three examples of
the systems at low and intermediate redshifts. From theseefig
it can be appreciated the high degree of isolation of theesyst
In a forthcoming paper (paper Il, Duplancic et. al in preftiarg,
we will analyse different spectro-photometric propertiéshese
isolated triplet of galaxies systems.

In the Appendix we summarise some properties of 20 triplets
from the final catalogue derived in this work. Columns 1 anig&tr
ascension and declination (J2000) galaxy positions indenienal
format; column 3 redshift of the central galaxy, and columu#h-
ber of triplet galaxy members with spectroscopic measunésne
The full catalog is available electronically.

7 RESULTS AND DISCUSSION

In this work we have developed algorithms for the identifmat
of galaxy triplet candidates in the Sloan Digital Sky Surista
Release Seven.

Taking into account the completeness of the spectroscopic
data in the rang®.01 < zspec < 0.14 down to absolute magni-
tude M, = —20.5, we identified273 triplet candidates using only
the spectroscopic data.

We have considered the incompleteness of these spectioscop
triplets due to fiber collision by using photometric as wallspec-
troscopic data. We find th&0% of the spectroscopic systems can
be recovered using the photometric data and, additiorggliypew
triplet candidates with 1 or 2 members without spectroscogor-
mation were included into this sample.

In order to explore the completeness and contaminationrof ou
procedure, we have employed a mock catalogue with similar vo
ume than the spectroscopic S1 sample. We find a high levehof co
pleteness{ 80%) and low contamination~ 5%) which gives
confidence to the methods adopted and the results obtained.

Using photometric information we have extended the sample
of triplet candidates in the spectroscopic redshift rangeousig-
nificantly larger depths0(14 < zphot < 0.4). Within this larger
redshift range we identified628 triple system candidates.

In order to build a catalogue of triplets of galaxies whicHifu
the main features of physical systems, we defined an isolatie
terion based on both, the distance to the closest neighlbostec
and a fixed aperture local density estimate. This criterimsuees



that the dynamics of the systems is not dominated by largid-vi
ized structures and also avoids triplets contaminatedigitelose
neighbour galaxies.

By imposing the isolation criterion to the sample of tripbét
galaxies candidates we obtaif92 triplets in our final catalogue,
95 triplets in the redshift rang@.01 < zgpec < 0.14 and997 in
the ranged.14 < zphot < 0.4. The results can be appreciated by
inspection of Figur€_10, which shows the spatial number idens
of isolated triplets as a function of redshift, for the lowdsaift
sample. Red dots corresponds to the spectroscopic tripidtblue
dots to the spatial number density with the new tripletsuded
after the fiber collisions analysis (see section 4.4). Fiumfigure
it can be seen that photometric redshift information is wisef
order to complete the sample of triplets at low redshift.

Figure[11 shows the spatial number density of isolatedetspl
as a function of redshift for the intermediate redshift semnBy
comparison to figurg_10 it can be appreciated that the spatiat
ber density of both, the intermediate and the low redshiftpimet-
ric triplet samples, smoothly match at~ 0.14. The observed flat
behavior of the number density up tgn.t ~ 0.4 shows that our
methods are adequate to identify triplets reliably withoyortant
systematic effects.

Our results show that photometric redshifts provide velr us
ful information, allowing to asses fiber collision incomeess
and extend the detection of triplets to large distances evbpec-
troscopic redshifts are not available.

The final catalogue comprisé92 triplets of galaxies in the
redshift range).01 < z < 0.4. This sample is suitable for statisti-
cal analysis, which will be performed in a forthcoming paerd
may serve as targets for follow up observations.
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APPENDIX A: CATALOGUE SUMMARISE

We present a short table (tabld Al) with some properties of 20
triplets from the final catalogue derived in this work.
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Table Al. Examples of triplets of galaxies. Column 1 and 2: right asizen
and declination galaxy position. Column 3: redshift of tleatcal galaxy.
Column 4: number of triplet galaxy members with spectrogcopeasure-
ments.

a (J2000) 6 (J2000) redshift ~ # members withspec
07 29 02.43 39 23 45.76 0.378 0
07 29 07.89 45 17 25.93  0.240 1
09 53 27.44 49 00 30.45 0.347 0
10 07 50.36 00 31 54.62  0.093 1
10 23 22.62 08 52 01.11 0.105 3
10 47 19.52 31 39 38.56  0.069 3
12 14 31.24 08 22 25.71 0.074 3
12 34 29.58 32 53 37.44 0.108 3
12 36 15.72 05 40 13.24 0.095 2
13 36 32.90 25 13 05.15 0.146 0
13 37 24.89 41 11 10.15 0.389 0
14 01 43.37 21 37 21.52 0.332 0
14 04 05.64 08 10 09.85 0.262 0
14 04 20.47 08 38 54.09 0.302 0
14 07 10.10 64 50 40.58 0.269 0
14 43 28.41 13 11 43.88 0.133 3
15 16 45.33 07 10 33.34 0.104 1
15 18 18.93 05 18 17.95 0.103 1
15 26 45.25 18 44 32.07 0.088 3
16 18 00.75 25 23 35.13 0.036 3
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