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ABSTRACT

Context. The environments where galaxies reside affects their evolutionary histories. Galaxy triplets (systems composed of three
physically bound galaxies) are one of simplest groups of galaxies, and are therefore excellent laboratories to study evolutionary
mechanisms where effects of the environment are minimal.
Aims. We present a statistical study of the dynamical properties of isolated galaxy triplets as a function of their local and large-scale
environments. To explore the connection of the dynamical evolution on the systems with the evolution of the galaxies composing the
triplets, we consider observational properties such as morphology and star formation rate (SFR).
Methods. We used the SDSS-based catalogue of Isolated Triplets (SIT), which contains 315 triplets. We classified each triplet ac-
cording to galaxy morphologies and defined a parameter Qtrip to quantify the total local tidal strengths in the systems. To quantify the
dynamical stage of the system we used the parameters of harmonic radius RH, velocity dispersion σvr , crossing time H0tc, and virial
mass Mvir.
Results. Triplets composed of three early-type galaxies present the smallest RH, indicating that they are in general more compact than
triplets with one or more late-type galaxies. Among triplets with low values of RH and H0tc, SIT triplets with Qtrip < −2 are relaxed
systems that are more dynamically evolved, while triplets with Qtrip > −2 show compact configurations due to interactions within the
system, such as ongoing mergers.
Conclusions. We found that there is no dominant galaxy in triplets in terms of properties of stellar populations such as global colour
and SFR. Moreover, the global SFR in isolated triplets composed of two or more early-type galaxies increases with the stellar mass
ratio of the galaxies with respect to the central galaxy, therefore the system is globally ‘rejuvenated’.
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1. Introduction
The distribution of galaxies in the universe is not homogeneous,
it has been found that galaxies tend to group in structures com-
posed of N galaxies where the most common are clusters with
hundreds of galaxies (Ramella et al. 1994; Balogh et al. 1999;
Lietzen et al. 2012). The simplest groups are galaxy triplets
(Karachentseva et al. 1979; Karachentseva & Karachentseva
2000; Elyiv et al. 2009; Makarov & Karachentsev 2009), systems
composed of three physically bound galaxies (N = 3). Originally,
galaxy triplets were thought to be systems composed of a galaxy
pair with a remote galaxy; however, recent studies have found that
the majority of galaxy triplets show evidence of a long dynami-
cal evolution where the system is embedded in a common dark
matter halo and the member galaxies present similar properties
(Chernin et al. 2000; Hernández-Toledo et al. 2011; Duplancic
et al. 2013; Feng et al. 2016; Emel’yanov et al. 2016).

? Full Table 1 is only available at the CDS via anonymous
ftp to cdsarc.cds.unistra.fr (130.79.128.5) or via https://
cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/670/A63

Recent analyses suggest that galaxy triplets composed of
three luminous galaxies should not be considered as analo-
gous to galaxy pairs with a third extra member, but rather
as a natural extension of compact groups (Duplancic et al.
2015; Costa-Duarte et al. 2016). A compact group (CG) is
a dense isolated galaxy system, composed of at least four
galaxies, separated by a projected distance of the order of
their size (50–100 kpc), and mean velocity dispersion about
230 km s−1 (Hickson 1982; Prandoni et al. 1994; McConnachie

et al. 2009; Zheng & Shen 2020). As in CGs, the high com-
pactness in galaxy triplets might promote strong interactions
between the galaxy members, making galaxy triplets ideal labo-
ratories for studying the environmental effects on galaxy evolu-
tion (Duplancic et al. 2018, 2021).

The are a few catalogues of galaxy triplets in the bibli-
ography, the most studied of which were those compiled by
Karachentseva et al. (1979), who studied K-triplets; Trofimov &
Chernin (1995), who studied wide triplets (hereafter W-triplets);
and O’Mill et al. (2012), who studied O-triplets. Also impor-
tant is the SDSS catalogue of Isolated Triplets (the SIT cata-
logue) compiled by Argudo-Fernández et al. (2015). Using the
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K-triplets, W-triplets, and O-triplets, Duplancic et al. (2013)
found that galaxies in triplets have similar properties (star for-
mation rate, colours, and stellar population) to galaxies in com-
pact groups. In particular, Duplancic et al. (2015) suggest that
the formation of elliptical galaxies through mergers in galaxy
triplets could be favoured by the configuration and dynamics of
long-term evolved systems. In general, galaxy triplets with sim-
ilar photometric properties reside and evolve in a common dark
matter halo. In addition, Tawfeek et al. (2019) found that the
dynamics of isolated triplets is slightly different to that in K-
triplets. Therefore, it is still not well understood how the dynam-
ics of these systems affects the evolution of the galaxies since it
might be influenced by the large-scale environment.

Galaxy triplets can be found both within larger structures, as
large groups and clusters, and in the field. Mendel et al. (2011)
found that about half of CGs are embedded substructures of
rich groups or clusters, while the other half are isolated struc-
tures or associated with comparably poor groups. Therefore, in
order to better understand the evolution of the galaxies in triplets,
it would be appropriate to consider isolated triplets (i.e., sys-
tems without close neighbours that might appreciably exert any
influence during a past crossing time tcc ≈ 3 Gyr) to minimise
the possible effects of neighbour galaxies in their large-scale
environment. In this context, Argudo-Fernández et al. (2015)
claimed that there is no difference in the degree of interactions
with the large-scale environment for isolated galaxies, isolated
pairs, and the galaxies found in the SIT, which suggests that
they may have a common origin in their formation and evolu-
tion. Therefore, any difference in their observed properties is
due to the influence of their local environment and the dynamics
of the systems.

In this work we perform a statistical study of the dynami-
cal properties of isolated galaxy triplets in the SIT as a func-
tion of their local environment. To explore the connection of
the dynamical evolution of the systems with the evolution of the
galaxies composing the triplets, we consider observational prop-
erties such as morphology and star formation rate (SFR). This
work is organised as follows. In Sect. 2 we describe the SIT and
how we classify the systems according to morphology and SFR.
We also present the parameters we use to quantify the dynamical
stage of the triplets, and to quantify both the local and large-scale
structure (LSS) environment, as well as a new defined parameter
to quantify the total local tidal strength of the triplet system. In
Sect. 3 we present our results in terms of environments, dynam-
ics, and their interconnections with galaxy properties; in Sect. 4
we present the corresponding discussion. Finally, we present a
summary of the work and our conclusions in Sect. 5. Through-
out the study a cosmology with ΩΛ0 = 0.7, Ωm0 = 0.3, and
H0 = 70 km s−1 Mpc−1 is assumed.

2. Data and methodology

2.1. The SIT

As introduced in the previous section, for our study we used the
SIT sample of isolated galaxy triplets (Argudo-Fernández et al.
2015). The sample is based on photometric and spectroscopic
data from the Tenth public Data Release of the Sloan Digital
Sky Survey (SDSS-DR10; Ahn et al. 2014), for galaxies with r-
band model magnitudes within 14.5 ≤ mr ≤ 17.7 and redshift
0.005 ≤ z ≤ 0.080 (see lower panel of Fig. 1).

The galaxies in the SIT are classified from the brightest to the
faintest, denoted A, B, and C, respectively. Under this definition,
the A galaxy is expected to be the most massive galaxy in the

Fig. 1. Properties of the galaxies in the SIT. Upper panel: distribution
of stellar masses of the A (M?,A), B (M?,B), and C galaxies (M?,C), in
different colours and line styles (see legend) with respect to the total
stellar mass of the isolated triplet (M?,trip = M?,A + M?,B + M?,C ; in
grey). The vertical black dashed line indicates the mean value of the
M?,trip = 10.79 log(M�). Lower panel: redshift distribution of the SIT.

triplet (as shown in the upper panel of Fig. 1). SIT triplets usually
show a hierarchical structure, as shown in Fig. 1, where the mass
of the B galaxy is typically one-tenth of the mass of the A galaxy,
and the mass ratio of the A to C galaxies is about 1/100.

The triplets in the SIT are selected under a restricted isola-
tion criterion, where the system has no neighbours up to a pro-
jected physical distance of 1 Mpc within a line-of-sight veloc-
ity difference ∆ v ≤ 500 km s−1. The B and C galaxies satisfy
∆ v ≤ 160 km s−1 within a projected distance d ≤ 450 kpc from
the A galaxy. The SIT on Argudo-Fernández et al. (2015) is com-
posed of 315 isolated triplets, corresponding to 3% of the local
Universe (z ≤ 0.080 Argudo-Fernández et al. 2015).

2.2. Morphology

Since the SIT is based on SDSS data, we use the morphol-
ogy classification from Domínguez Sánchez et al. (2018), which
provides deep learning-based morphological classification for
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∼670 000 galaxies from the SDSS DR7 (Abazajian et al. 2009).
The deep learning models used in Domínguez Sánchez et al.
(2018) were trained and tested using visual morphological clas-
sification from the Galaxy Zoo project,1 in particular from
the Galaxy Zoo 2 (GZ2, Willett et al. 2013) catalogue and
the morphological classification by Nair & Abraham (2010).
Domínguez Sánchez et al. (2018) provides a T type classifica-
tion that ranges from −3 to 10, where T type≤ 0 corresponds to
early-type galaxies (i.e., elliptical and lenticular galaxies), and
positive values to late-type galaxies, with T type = 10 for irregu-
lar galaxies.

We find that all galaxies in the SIT have morphology clas-
sifications in Domínguez Sánchez et al. (2018). For the purpose
of this work, we only consider if the galaxies are classified as
late-type (including irregulars) or early-type (considering ellip-
ticals and lenticulars). We find 359 galaxies classified as early-
type (38%), and 586 as late-type (62%). We therefore classified
triplets in the SIT in four categories according to the morphology
of the galaxies as follows:

– TL: triplets with three late-type galaxies, 65 triplets (20.6%
of triplets in the SIT);

– TE: triplets with three early-type galaxies, 28 triplets (8.9%
of triplets in the SIT);

– TCL: triplets with the central galaxy a late-type, 70 triplets
(22.2% of triplets in the SIT).

– TCE: triplets with the central galaxy an early-type, 148
triplets (47.0% of triplets in the SIT).

The TCL and TCE categories are based on the morphology
of the A galaxy when the three galaxies do not have the same
morphology. An example of SIT triplets classified in each mor-
phology category is shown in Fig. 2.

2.3. Star formation rate

For the purpose of this work, we use the GALEX-SDSS-WISE
Legacy Catalog (GSWLC, Salim et al. 2016), which contains
the physical properties, such as the star formation rate (SFR),
of ∼700 000 galaxies with SDSS redshift below 0.30 (0.01 <
z < 0.30) and magnitude mr < 18 mag. The GSWLC con-
tains galaxies within the Galaxy Evolution Explorer (GALEX)
satellite All Sky Survey (Martin et al. 2005) footprint, regard-
less of a detection, altogether covering 90% of the SDSS
footprint. However, there are three versions of the catalogue
(GSWLC-A, M, D), depending on the depth of the ultraviolet
(UV) photometry.

Salim et al. (2016) used multiwavelength observations from
the UV to the infrared (IR) to construct the spectral energy
distribution (SED) and derive the physical properties (SFRs,
stellar masses, and dust attenuation) with the CIGALE code
(Burgarella et al. 2005; Noll et al. 2009; Boquien et al. 2019),
using state-of-the-art UV–optical SED fitting techniques. In par-
ticular, we used the second version of the catalogue, GSWLC-2
(Salim et al. 2018), where the mid-infrared flux from 22 micron
observations (or 12 micron if 22 micron is not detected) with the
Wide-field Infrared Survey Explorer (WISE, Wright et al. 2010)
are used in the SED fitting jointly with UV–optical photome-
try to derive more accurate SFRs. We used the medium-deep
catalogue, GSWLC-M2, which covers 49% of SDSS dataset.
The numbers of SIT triplets with SFR information for the three
galaxies in each morphological category are 38 TL triplets
(58.5% of SIT triplets classified as TL); 13 TE triplets (46.4%

1 www.galaxyzoo.org

of SIT triplets classified as TE); 33 TCL triplets (47.1% of SIT
triplets classified as TCL); and 58 TCE triplets (39.2% of SIT
triplets classified as TCE).

2.4. Quantification of the environment

Argudo-Fernández et al. (2015) quantified the LSS environment
and the level of interaction between the galaxies in the system,
based on two complementary parameters: the projected number
density (ηk,LSS), and tidal strength (Q) local and on LSS.

Projected number density is the density of neighbouring
galaxies around the A galaxy defined by the distance to the fifth
nearest neighbour (Verley et al. 2007)

ηk,LSS = log
(

k − 1
V(dk)

)
, (1)

with V(dk) = 4
3πd3

k , where dk is the projected distance to the kth
nearest neighbour, with k 6 5 depending on the neighbours in
the field out to a projected distance of 5 Mpc.

Tidal strength QA is an estimation of the sum of all the gravi-
tational tidal force with respect to the central galaxy (Verley et al.
2007; Sabater et al. 2013; Argudo-Fernández et al. 2015)

QA ∝ log

∑
i

M?i

M?A

(
DA

di

)3 , (2)

where M?A and DA are the stellar mass and the diameter of the A
galaxy, respectively, M?i is the stellar mass of the ith neighbour
galaxy, and di is its projected distance to the A galaxy.

2.5. Dynamical parameters

We used the following parameters to quantify the dynamic con-
figuration of the triplets in the SIT, as defined in Hickson (1982)
and Hickson et al. (1992), which provide an estimation of the
evolution stage on the systems.

Harmonic radius (RH) is the parameter that represents a mea-
surement of the effective radius of a galaxy group or cluster

RH =

(
1
N

∑
R−1

i j

)−1

, (3)

where Ri j are the projected galaxy-galaxy separations (in Mpc).
Velocity dispersion (σ2

vr
) corresponds to the dispersion of the

radial velocities of the galaxies in the triplet

σ2
vr

=
1

N − 1

∑
(vr − 〈vr〉)2 , (4)

with vr ∝ cz.
Crossing time (H0tc) is a measure of the time that takes a

single galaxy to go across the system. We expressed the crossing
time with respect to other dynamical parameters such as har-
monic radius and the velocity dispersion. This expression is nor-
malised by cosmological terms:

H0tc =
H0 πRH
√

3σvr

. (5)

Virial mass (Mvir) is the mass estimation of a gravitationally
bound system of triplets; it is related to the radius of the sys-
tem and the velocity dispersion, and a factor to account for the
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Fig. 2. SDSS-DR17 three-colour images of four selected SIT systems (SIT 86, SIT 222, SIT 217, and SIT 17 from upper left to lower right). This
is an example of the morphological category classification: a) the system is composed of three spiral galaxies (TL, upper left panel); b) the system
is composed of three elliptical galaxies (TE, upper right panel); c) the A galaxy is a spiral galaxy (TCL, lower left panel); and d) the A galaxy is
an elliptical galaxy (TCE, lower right panel). North is up and east is left. The image scale is 0.215′′ pixel−1, and the centre of the image represents
the A galaxy.

number of galaxies in the system. This estimator represents an
approximation of the halo mass and baryonic mass:

Mvir =
3πN RH σ

2
vr

(N − 1) G
. (6)

The results of the quantification of the dynamical parameters for
the SIT is presented in Sect. 3.2.

3. Results

3.1. Environment of galaxy triplets

The tidal strength parameter Q (Eq. (2)) provided by Argudo-
Fernández et al. (2015) estimates the total tidal strengths exerted
on the A galaxy in the SIT triplets. To quantify the tidal strength
due to the LSS environment, QA,LSS considers all neighbour
galaxies within ∆ v ≤ 500 km s−1 and up to a projected distance
of 5 Mpc (without considering the companion galaxies in the
triplet). Figure 3 shows the diagram ηk,LSS vs. QA,LSS, similar to
the lower right panel of Fig. 3 in Argudo-Fernández et al. (2015),
but for SIT triplets only, colour-coded according to the morpho-
logical classification of the triplet. We note that these parameters
do not take into account the influence of the B and C galaxies;
therefore, they quantify the large-scale environment of the sys-
tem. SIT triplets with lower values of both parameters are more
isolated from the LSS environment. In general, we do not find a
relation with the morphology of the triplets. However, as shown
in the distribution of the QLSS in Fig. 3, TCE triplets for a fixed
ηk present lower average QLSS values and larger scatter than the
other categories.

On the other hand, QA,trip is the local tidal strength consid-
ering the influence of the B and C galaxies on the A galaxy.
Using this definition, Argudo-Fernández et al. (2015) were able
to compare the tidal parameters on central galaxy among isolated

Fig. 3. Quantification of the LSS environment for the SIT. The morpho-
logical category for each triplet is depicted with different colours and
symbols. Blue pentagons correspond to triplets where the three galaxies
are spirals (TL), green crosses to triplets where the A galaxy is spiral
(TCL), orange stars to triplets where the A galaxy is elliptical (TCE);
and red triangles to triplets where the three galaxies on are ellipticals
(TE), as indicated in the legend. The distribution and their mean val-
ues of the parameters QA,LSS and ηk,LSS for each morphological category
is shown in the upper and right panel, respectively, following the same
colour-coding.

galaxies, isolated pairs, and isolated triplets; however it does not
necessarily account for the total local tidal strengths in the triplet
(i.e., considering the tidal strengths on each galaxy of the triplet).
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Table 1. Dynamical parameters, tidal strength, and morphology for SIT triplets.

(1) (2) (3) (4) (5) (6) (7) (8) (9)
SIT RA Dec Qtrip RH σvr H0tc log(Mvir) Category

(deg) (deg) (kpc) (km s−1) (log(M�))

1 171.3154 −2.0761 −2.93 374.92 20.88 0.92 11.25 TCE
2 208.6770 65.2443 −2.09 184.60 77.38 0.12 12.08 TCE
3 211.2034 4.9810 −1.79 98.58 81.46 0.06 11.86 TL
4 251.4674 44.4374 −2.77 342.22 55.90 0.32 12.07 TCL
5 133.5354 0.4985 −2.75 203.72 24.65 0.43 11.13 TCL
6 207.8236 0.3849 −1.08 54.13 34.49 0.08 10.85 TCE
7 218.9557 62.4211 −2.70 395.53 75.03 0.27 12.39 TL
8 197.6862 0.0320 −3.24 373.01 40.84 0.47 11.83 TL
9 320.8764 −7.7459 −2.29 46.50 60.43 0.04 11.27 TCE
10 22.2240 14.7207 −1.27 124.35 102.74 0.06 12.16 TCL
. . . . . . . . . . . . . . . . . . . . . . . . . . .

Notes. The full table is available at the CDS. The columns correspond to: (1) isolated triplet identification; (2) J2000.0 right ascension in degrees;
(3) J2000.0 declination in degrees; (4) Qtrip, tidal strength estimation of the triplet due to member galaxies; (5) RH, harmonic radius in kpc; (6)
σvr , velocity dispersion in km s−1; (7) H0tc, crossing time; (8) log(Mvir), virial mass in log(M�); and (9) morphology classification of the isolated
triplet (0: TL; 1: TCL; 2: TCE; 3: TE).

In this regard, we defined a new parameter, Qtrip, which consid-
ers the total local tidal strengths as the mean of the local tidal
strengths of each galaxy in the triplets:

Qtrip =
QA,trip + QB,trip + QC,trip

3
. (7)

Here QB,trip is the local tidal strength considering the influence
of the A and C galaxies on the B galaxy, and QC,trip consider-
ing the influence of A and B galaxies on the C galaxy. The val-
ues of the estimation of the Qtrip parameter for each SIT triplet
can be found in Table 1. The comparison of the new defined
Qtrip parameter with respect to the classic QA,trip is shown in
Fig. 4. We note that there is no need to define a new QA,LSS since
the closest LSS associations are located at projected distances
d ≥ 1 Mpc from the triplets, and therefore an average QLSS
would provide the same values at a significant level.

3.2. Dynamics of galaxy triplets

We estimated the dynamical parameters of harmonic radius (RH),
velocity dispersion (σvr ), crossing time (H0tc), and virial mass
(Mvir) for the SIT, as defined in Sect. 2.5. The values of the
parameters for each SIT triplet can be found in Table 1.

The violin-box plots in Fig. 5 provide a global view of
the quantification of the dynamical parameters as a function
of the morphology of the SIT isolated triplets. In addition, the
median values of the parameters for each morphological cate-
gory, as defined in Sect. 2.2, are shown in Table 2. For com-
parison, the median value of the dynamical parameters for the
SIT are RH = 157.59 kpc, σvr = 53.90 km s−1, H0tc = 0.38,
and log(Mvir) = 12.13 M�, within an interquartile range RH =
131.60 kpc, σvr = 36.12 km s−1, H0tc = 0.43, and log(Mvir) =
0.73 M�.

We found that TE triplets have the smallest RH value
(153.22 kpc), as expected according to Hickson (1982), which
indicates that isolated triplets composed of three elliptical galax-
ies are in general more compact than triplets with one or more
spiral galaxies. We also found that TL and TCL triplets in gen-
eral present lower values of the velocity dispersion than TCE and
TE triplets. We discuss our results in more detail in Sect. 4.2.

3.3. Dynamics and environment as a function of galaxy
morphology

The dynamical parameters provide a quantification of the evo-
lutionary stage of the triplets, based on the configuration of
the systems in terms of relative apparent positions and veloci-
ties between the member galaxies. Moreover, the environmental
parameters quantify the local and LSS environments of the sys-
tems. We can therefore explore if there is any relation between
the configuration of the SIT triplets and their environments.
Since the evolutionary processes of the galaxies in the system
leave an imprint in the morphology of its members, we also
explore these relations as a function of the morphology of the
triplets, based on the four categories defined in Sect. 2.2. We did
not find any relation between the dynamical parameters (RH, σvr ,
H0tc, and Mvir) and the environment parameters project number
density (ηk,LSS), tidal strength of LSS (QLSS), or even distance to
nearest neighbour dnn. We also did not find a correlation between
σvr and Mvir with the Qtrip (or QA,trip). To avoid distraction we do
not show the corresponding scatter plots.

However, we did observe a trend for RH and H0tc with
respect to the local tidal strength Qtrip, as well as with the QA,trip
parameter. We show this relation in the two panels of Fig. 6. In
general, RH decreases with increasing values of the local tidal
strength; however, systems with the lowest RH spawn a wide
range of tidal strength values. This relation is even more present
when considering the H0tc versus the tidal strength, where larger
values of the H0tc are only present in systems with weaker tidal
strength. We also found a relation with the morphology of the
triplet. We discuss these results in Sect. 4.3.

3.4. SFR and mass as a function of galaxy morphology

Another method for exploring the evolution of galaxies is
through their SFR. To complement the information we can
obtain for the SIT systems regarding their dynamical configu-
ration, we used the SFR–stellar mass (M?) diagram, which pro-
vides information of the evolutionary stage of a system in terms
of its global star formation.

As mentioned in Sect. 2.3, we have SFR information for a
subsample of SIT triples, based on the GSWLC-M2 catalogue
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Fig. 4. Comparison of the new total local tidal strength parameter Qtrip
with respect to the classic QA,trip parameter in Argudo-Fernández et al.
(2015) for SIT isolated triplets. Upper panel: distribution of the Qtrip
parameter (filled grey histogram) in comparison to the distribution of
the QA,trip parameter (blue line histogram). Lower panel: scatter plot
of the Qtrip parameter with respect to the QA,trip parameter (blue circles).
The orange dashed line represents the y = x relation, the blue line repre-
sents the data linear regression, and the shaded light blue area indicates
its corresponding error.

(38 TL triplets, 13 TE triplets, 33 TCL triplets, and 58 TCE
triplets). For those triplets we followed the work of Duplancic
et al. (2013) to compute the global SFR–M? diagram for galaxy
triplets in the SDSS. We therefore compute the mean stellar mass
content (defined as M?,trip = (M?,A + M?,B + M?,C) × 3−1) and
the mean star formation activity (defined as SFRtrip = (SFRA +

SFRB + SFRC) × 3−1). The global SFR–M? diagram for SIT
triplets is shown in Fig. 7. For comparison, the SFR–M? dia-
gram for SIT galaxies with respect to galaxies in the GSWLC-
M2 catalogue is shown in Fig. 8. We found a stratified relation

depending on the morphology of the triplets, where TL triplets
show the highest global SFR at a given stellar mass, as expected,
followed by TCL and TCE triplets, respectively, with TE triples
showing the lowest values of the global SFR at a given stellar
mass. We discuss these results further in Sect. 4.4.

4. Discussion

4.1. Environment of galaxy triplets

The introduction of the new parameter Qtrip provides more com-
plete information of the tidal strengths within the system. It con-
siders not only the local tidal strengths exerted on the A galaxy
(QA,trip), as defined in Argudo-Fernández et al. (2015), but also
the local tidal strengths exerted on the B (QB,trip) and the C
(QC,trip) galaxies, as defined in Eq. (7). This definition allows us
to interpret any correlation of the dynamical parameters of the
triplets with the local environment.

According to Fig. 4, in general, there is a good agreement
with the classic QA,trip parameter (correlation coefficient: 0.71).
However, at higher tidal strengths the QA,trip values are higher
than the Qtrip (as shown in the lower panel of Fig. 4). This
difference is mainly due to closer projected distances of the B
and/or C galaxies to the A galaxy, which affect more strongly
the increase in value of the QA,trip parameter than higher stellar
mass ratio, as defined in Eq. (2). This effect is smoothed when
considering Qtrip. In addition, the distribution of Qtrip is narrower
(σQtrip = 0.83) than QA,trip (σQA,trip = 1.10), reducing the number
of outliers (as shown in the upper panel of Fig. 4).

We observed that there is no dependence of the Qtrip on the
morphology of the triplet; however, we note that triplets with
higher Qtrip present signs of interaction that can be detected in
the optical images from a visual inspection. Relaxed triplets,
without strong interactions between their member galaxies,
present lower values of Qtrip, with higher values when stronger
and visible interactions are happening in the system, as can be
seen for instance in SIT 190 (see the right lower panel of Fig. 9).
This relation is not very clear when using QA,trip alone. We there-
fore conclude, even if QA,trip provides a valuable general quan-
tification of the local environment of the triplets, that the Qtrip
parameter, considering the total local tidal strengths for each
galaxy in the system, allows a more appropriate exploration of
the effects environment on physical properties of the systems.

In general, we also do not find a relation on the LSS environ-
ment with the morphology of the galaxies in the triplets. How-
ever, as shown in the distribution of the QLSS in Fig. 3, TCE
triplets present lower values of this parameter while presenting
comparable values of the ηk,LSS. This might indicate that TCE
triplets are surrounded by low mass neighbour galaxies in their
LSS environment.

4.2. Dynamics of galaxy triplets

We investigated whether there is any connection between the
morphology of the galaxies in isolated galaxy triplets and the
dynamical evolution of the systems. According to Hickson
(1982), compact groups mainly composed of elliptical galaxies
are more compact, with lower values of harmonic radius (RH)
than in compact groups with more diverse morphologies, and
have lower values of crossing time (H0tc). Our results are in
agreement with Hickson (1982) in the sense that TE triplets have
the smallest RH values, indicating that isolated triplets composed
of three elliptical galaxies are in general more compact than
triplets with one or more spiral galaxies. TE triplets correspond
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Fig. 5. Box plots of the dynamical parameters for the SIT, from upper left to lower right: harmonic radius (RH), velocity dispersion (σvr ), crossing
time (H0tc), and virial mass (Mvir). According to the dynamical parameters, the light blue shape represents the density diagram (violin plot), which
shows for each dynamical parameter the form of the data distribution. The inner box on the violin plot is a representation of interquartile range of
the median (red horizontal line) and its 95% of confidence intervals. We also show the mean values (blue horizontal line) and the outliers points
of the distributions as black open circles, which represent the atypical points of the samples.

to about 9% of the sample. For comparison, Tawfeek et al.
(2019) found that only 3% of the isolated triplets can be consid-
ered compact systems; however, they do not distinguish between
galaxy morphologies, and their criterion for selecting compact
system is much more restrictive. For the H0tc parameter, the
median value for TE triplets is not very different to the values
for the other morphological categories; however, the interquar-
tile range points towards lower values of H0tc, as shown in the
lower left panel of Fig. 5.

We found that isolated triplets with a central elliptical galaxy
(TCE triplets), which are predominant in the SIT (47.0%), show
higher median values of RH, σvr , and Mvir than any other mor-
phological category (see Table 2). This might be due to the fact
that elliptical central galaxies are usually more massive than cen-
tral spirals, and therefore physically bound satellite galaxies can
be found at larger projected distances or higher velocity disper-
sions, as expected by their escape velocity (Argudo-Fernández
et al. 2014). Neighbour galaxies with higher velocity may evade
the gravitational attraction of the A galaxy and not be captured
within the system. We note that we do not observe this trend
in TE triplets because galaxies inside these systems might have

Table 2. Median values (Table A) and uncertainties (given by the
interquartile range, Table B) of the dynamical parameters of the SIT,
for each morphological type.

Category (1) (2) (3) (4)
RH σv H0tc log(Mvir)

(kpc) (km s−1) (log M�)

Table A
TL 177.34 54.44 0.21 11.60
TCL 164.05 50.15 0.23 11.48
TCE 188.03 56.97 0.23 11.63
TE 153.22 69.27 0.18 11.68
Table B
TL 127.13 34.81 0.17 0.66
TCL 124.10 31.12 0.22 0.63
TCE 152.99 35.61 0.16 0.74
TE 130.68 30.95 0.10 0.75

Notes. The columns correspond to: (1) harmonic radius, in kpc; (2)
velocity dispersion, in km s−1; (3) crossing time; and (4) virial mass,
in log (M�).
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Fig. 6. Dependence of the dynamical parameters H0tc and RH with
respect to the local environment. The morphology for each triplet is rep-
resented as in Fig. 3. Upper panel: adimensional crossing time dynamic
parameter H0tc with respect to the total local tidal strength Qtrip. Lower
panel: harmonic radius RH dynamic parameter, in kpc, with respect to
the total local tidal strength Qtrip.

been evolving cooperatively for a longer time, supported by the
previous findings. Our results suggest that triplets composed of
three early-type galaxies might be already relaxed systems with
dynamical properties slightly different than in triplets presenting
late-type galaxies.

Considering the previous findings for TCE triplets with
respect to their LSS environment, we propose the scenario where
TCE isolated triplets are primarily formed when an early-type
galaxy is located in an environment mainly composed of low
mass neighbour galaxies. These neighbours might be physically
bound with the early-type galaxy when they are captured by its
gravitational potential.

4.3. Dynamics and environment as a function of galaxy
morphology

In general, we did not find any dependence of the dynamical
parameters on the LSS environment, in agreement with Tawfeek

Fig. 7. Global SFR–M? diagram for SIT triplets. The points correspond
to galaxy triplets, where the morphology for each system is represented
as in Fig. 3. Star formation rate (SFR) units are in solar masses per year
(M� yr−1) and stellar mass (M?) in solar masses (M�). Five galaxies
with very low SFRs are not shown.

et al. (2019). We also did not find any clear relation between
the local environment and the velocity dispersion or the virial
mass of the triplet. This result is interesting since by definition
Qtrip strongly depends on the stellar mass. However, we found a
dependence of Qtrip on RH, and by consequence on H0tc (see the
upper and lower panels in Fig. 6). Isolated triplets with higher
values of RH and H0tc usually have Qtrip < −2; therefore, the
tidal strength by the triplet members is not strong. This indi-
cates that less compact and younger triplets (i.e., evolved over a
shorter time) present a low level of local interaction between its
members, independently of the morphology of the galaxies.

On the other hand, the triplets with higher Qtrip show lower
values of RH and H0tc; however, we note that not all triplets
with low RH and H0tc have a high Qtrip. This result suggests
that there are several possible configurations for isolated triplets
among those with lowest RH and H0tc (i.e., the most compact and
evolved triplets) according to Hickson et al. (1992), who clas-
sified compact groups in strongly interacting systems and less
interacting systems.

We found that TE triplets generally present low values of
RH and H0tc, which indicates that they are compact and long
time evolved systems, in agreement with Hickson et al. (1992).
However, we also found a wider range of morphologies among
the systems with low values of RH and H0tc. Some TL, TCL,
and TCE triplets also present low values of RH and H0tc for all
values of Qtrip as shown in Fig. 6. In addition, as mentioned in
Sect. 4.1, galaxies in isolated triplets with higher Qtrip values
present signs of interaction, such as mergers or tidal tails, that
are appreciable in their optical SDSS images. Hence these are
not relaxed systems, even when presenting low H0tc values.

We therefore propose using the Qtrip parameter to provide an
empirical limit value to help us to identify systems with ongoing
interactions between their member galaxies. To do so, we per-
formed a visual inspection of the 315 SIT triplets and classified
the systems in three categories according to the observed level of
interaction of their member galaxies. We classify them as ‘low
interaction’ when, without being significantly close to its com-
panion galaxy, there are visible interactions in the galaxy, such
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Fig. 8. SFR–M? diagram for SIT galaxies. Symbol colour and style
indicate the morphology of the triplet where the galaxy corresponds,
as in Fig. 3. The black contours correspond to galaxies in the
GSWLC-M2 catalogue (Salim et al. 2018). Star formation rate (SFR)
units are in solar masses per year (M� yr−1) and stellar mass (M?) in
solar masses (M�). Five points with very low SFRs are not shown.

as tidal bridges and deformations, which could be due to past
interactions in the system, or when there are close pairs with
minimal interaction (41 isolated triplets); as ‘mid interaction’
in the presence of tidal tails and ongoing mergers (19 isolated
triplets); and as ‘strong interaction’ when the galaxies are close
to the last merging stage of core fusion (9 isolated triplets). We
refer to these systems as low, mid, and strong, respectively, in
Fig. 10. As shown in this figure, for values of Qtrip > −2 and
H0tc < 1 we start to observe interactions in some of the sys-
tems, mainly low and mid interactions, while SIT triplets with
Qtrip > −0.45 present ongoing mergers (mid interactions) or
strong interactions.

We found that, in general, interactions in galaxy triplets
occur between two member galaxies, primarily between the A
galaxy and another galaxy. An example of an isolated triplet in
each category is presented in Fig. 9. There is only one isolated
triplet where the three galaxies are interacting, SIT 45. In a sep-
arate work, we consider two scenarios for the present configura-
tion of the triplet, one where the A galaxy in this triplet is a tidal
galaxy formed from a previous interaction between the B and C
galaxies, and another where the A galaxy arrives to the system
after the interaction (Grajales-Medina et al. 2023).

We propose using the Qtrip parameter to classify the dynam-
ical state of isolated triplets with low values of RH (i.e., the most
compact) and H0tc since not all these triplets would be long time
evolved or relaxed systems. SIT triplets with Qtrip < −2 are
relaxed systems, more dynamically evolved, while triplets with
Qtrip > −2 show compact configurations due to interactions hap-
pening in the systems, such as ongoing mergers. This empirical
value is in agreement with numerical simulations. According to
previous works, the evolution of a galaxy may be affected by
external influence when the corresponding tidal force amounts
to 1% of the internal binding force (Athanassoula 1984; Byrd
& Howard 1992). This theoretical value corresponds to a tidal
strength of Q = −2, which allows us to separate the interactions
that might affect the evolution of isolated galaxies (Verley et al.
2007; Argudo-Fernández et al. 2013). We note that this empirical
value is limited to the magnitude limit of SDSS optical images,

where the 95% completeness limits for each band are (u, g, r,
i, z) = (22.15, 22.2, 22.2, 21.3, 20.5), respectively (York et al.
2000; Gunn et al. 2006).

4.4. SFR and mass as a function of galaxy morphology

The SFR–M? diagram for SIT galaxies in Fig. 8 shows that
most of the galaxies are star-forming galaxies located along
the main sequence. A small number are quiescent galaxies
(low SFR–M?), most of them early-type (since they belong to
TE triplets), and galaxies in the green valley below the main
sequence. In general, most of the late-type galaxies belonging
to TL triplets are star-forming galaxies, but we also find four
galaxies in the green valley. Similarly, about a dozen early-type
galaxies in TE triplets are located in the green valley and the
main sequence. This result is expected since Paspaliaris et al.
(2023) found that 47% of early-type galaxies in their sample
present ongoing star formation, with SFRs comparable to star-
forming late-type galaxies. They also found that, in general, star-
forming galaxies are mainly found in low-density environments;
therefore, it is expected to find star-forming early-type galaxies
in isolated triplets.

As mentioned in Sect. 3.4, we followed the work devel-
oped by Duplancic et al. (2013) to derive the global SFR–M?

diagram for SIT triplets presented in Fig. 7. The upper panel
of Fig. 6 in Duplancic et al. (2013) shows a stratified relation
where blue triplets show the highest global SFR at a given stel-
lar mass, while red triplets show the lowest values of the global
SFR at a given stellar mass. We confirmed that this stratifica-
tion also exists when considering the morphology of the triplets.
TL triplets show the highest global SFR at a given stellar mass,
followed by TCL and TCE triplets, respectively, with TE triples
showing the lowest values. We checked that this stratification
disappears when considering only the SFR and M? for the A
galaxy in the triplet. This might indicate that the physical prop-
erties of galaxy triplets, such as colour or SFR, do not depend
on the properties of the central galaxy, but on the global prop-
erties considering the three galaxies in the system. Therefore,
there would be no dominant galaxy in triplets in terms of proper-
ties of stellar populations such as colour and SFR. In this sense,
it would be interesting to investigate if similar results are found
when considering other properties, for instance nuclear activity.

Since the C and B galaxies are usually less massive than the
A galaxy (Argudo-Fernández et al. 2015), we further explored
the observed stratification relation of global SFR with morphol-
ogy of the triplet in terms of the stellar mass ratio of the B and C
galaxies with respect to the A galaxy. As shown in Fig. 11, this
stratification is still present. Moreover, we find that the global
SFR in TE triplets increases with mass ratio. To better under-
stand this trend, new more refined morphological subcategories
were defined for TCL and TCE triplets, taking into account the
number of galaxies with a certain morphology. If TCL and TCE
triplets have two late-type galaxies and one early-type galaxy, an
‘l’ was added to the name; if the triplets contain two early-type
galaxies and one early-type galaxy, an ‘e’ was added, resulting
in the following categories:

– TL: Triplets with three late-type galaxies (38 triplets);
– TCLe: Triplets with the central galaxy as late-type, while

their companions are a late-type and early-type galaxies (5
triplets);

– TCLl: Triplets with the central galaxy as late-type, while
their companions are both late-type galaxies (28 triplets);

– TCEe: Triplets with the central galaxy as early-type, while
their companions are a late-type and early-type galaxies (20
triplets);
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Fig. 9. SDSS-DR17 three-colour images of three selected SIT triplets as an example of systems with interacting galaxies (image scale
0.215′′ pixel−1), and one selected triplet as an example of a relaxed galaxy triplet (image scale 1.067′′ pixel−1). Upper left panel: SIT 133 (TCE
triplet). Upper right panel: SIT 263 (TCE triplet). Lower left panel: SIT 45 (TL triplet). Lower right panel: SIT 190 (TE triplet), a relaxed isolated
triplet with Qtrip = −2.72 and H0tc = 0.16. Since the scale is larger to cover the full triplet, a line has been added for an easier identification of the
B and C galaxies and to avoid confusion with background and foreground galaxies.

Fig. 10. Crossing time vs tidal strength, zoomed in on the area from
Qtrip > −3 for better visualisation. Symbol style indicates the morphol-
ogy of the triplet where the galaxy corresponds, as in Fig. 3. Grey dots
represent the full sample of triplets, while blue dots represent galax-
ies showing signs of interaction, green dots represent galaxies showing
slight signs of interaction, and red dots represent galaxies with strong
signs of interaction. The blue shaded area represents systems that may
have a level of interaction of all types from −2 < Qtrip < −0.45,
while the green area represents mergers or ongoing merger types from
Qtrip > −0.45. Three example cases are indicated (black squares): SIT
263, SIT 45, SIT 133.

– TCEl: Triplets with the central galaxy as early-type, while
their companions are both late-type galaxies (38 triplets);

– TE: Triplets with three early-type galaxies (13 triplets).

We found that this trend is also observed in TCEe triplets.
The more similar the stellar mass of the B and C galaxy with
respect to the stellar mass of the A galaxy, the higher the global
SFR in TE and TCEe isolated triplets. For the rest of the mor-
phological categories we do not observe any relation.

Thomas et al. (2010) suggests that elliptical galaxies in low
density environments may be rejuvenated by eventually accret-
ing cold gas. This rejuvenation phase might be mainly due to
galaxy mergers and interactions, with a subsequent transition
into a secular evolution phase (Kormendy & Kennicutt 2004).
A number of the star-forming early-type galaxies in Paspaliaris
et al. (2023) show signs of interactions.

Our results suggest that when isolated triplets are composed
of two or more early-type galaxies, the global SFR of the system
increases with the stellar mass ratio of the galaxies with respect
to the central A galaxy, and therefore the system is globally
‘rejuvenated’. This might be triggered by the gas supply being
accreted from the companion galaxy.

5. Summary and conclusions

We present a statistical study of the dynamical properties of iso-
lated galaxy triplets as a function of their environment, exploring
the connections of the dynamical evolution of the systems with
respect to the evolution of the galaxies composing the triplets.
We therefore consider observational properties such as morphol-
ogy and star formation rate (SFR).

We used the SDSS-based catalogue of Isolated Triplets (SIT,
Argudo-Fernández et al. 2015) which contains 315 isolated
galaxy triplets. We classified each triplet according to galaxy
morphologies using the classification performed by Domínguez
Sánchez et al. (2018). SIT triplets were classified as TL when the
three galaxies are late-type; TCL when only the central galaxy in
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Fig. 11. Global SFR for SIT triplet vs. stellar mass ratio. Upper panel:
global SFR vs. mass ratio of the B galaxy with respect to the A galaxy
(M?,B/M?,A). Lower panel: global SFR vs. mass ratio of the C galaxy
with respect to the A galaxy (M?,C /M?,A). The morphological cate-
gories represented in the legend are as follows: blue diamonds corre-
spond to triplets with three late-type galaxies (TL), green unfilled stars
to triplets with two late-type galaxies (with the central late-type galaxy)
and one early-type (TCLl), green stars to triplets with the central late-
type galaxy and two early-type galaxies (TCLe), unfilled orange crosses
to triplets with two late-type galaxies and the central early-type (TCEl),
orange diamonds to triplets with two early-type galaxies (with the cen-
tral early-type galaxy) and one late-type (TCEe), and red triangles to
triplets with three elliptical galaxies (TE).

triplets is a late-type galaxy; TCE when only the central galaxy is
an early-type galaxy; and TE when the three galaxies composing
the triplet are early-type galaxies.

To quantify the local and LSS environments we used the
QA parameter defined in Argudo-Fernández et al. (2015), as
explained in Sect. 2.4, and we defined a new Qtrip, which quanti-
fies the total local tidal strength in the triplets, as presented in
Sect. 3.1. To consider the dynamical stage of the system we
used the parameters harmonic radius (RH), velocity dispersion
(σvr ), crossing time (H0tc), and virial mass (Mvir), as explained
in Sect. 2.5.

In general, we did not find any dependence of the dynam-
ical parameters on the LSS environment. We also did not find
any clear relation between the local environment and the veloc-
ity dispersion or the virial mass of the triplet. However, we found
a dependence of Qtrip on RH, and by consequence on H0tc. For
a complete analysis, we investigated if star formation in the sys-
tem is affected by its morphology, environment, and dynamical
stage. We found a stratified relation depending of the morphol-
ogy of the triplets, where TL triplets show the highest global
SFR at a given stellar mass, followed by TCL and TCE triplets,
with TE triples showing the lowest values of the global SFR at a
given stellar mass.

We draw the following main conclusions:
1. The local tidal strength environment parameter on cen-

tral galaxy QA,trip provides a valuable general quantifica-
tion of the local environment of the triplets; however, the
Qtrip parameter considering the total local tidal strengths
for each galaxy in the system allows a more appropriate
exploration of the effects environment on physical properties
of the systems.

2. In general, we do not find a relation in the local and in
the LSS environment with respect to the morphology of the
triplets. However, we find that TCE triplets might be mainly
surrounded by low mass neighbour galaxies in their LSS
environment.

3. We find that TCE triplets show higher median values of
RH, σvr , and Mvir than any other morphological category.
This might be due to the fact that elliptical central galaxies
are usually more massive than central spirals, and therefore
physically bound satellite galaxies can be found at larger pro-
jected distances or higher velocity dispersion, as expected by
their escape velocity.

4. TE triplets are in general more compact than triplets with one
or more late-type galaxies. Their dynamical parameters also
indicate that these are relaxed systems, where their galaxies
might have been evolving cooperatively for a long time.

5. The LSS environment does not have an influence in the
dynamical configuration of the isolated triplets. However,
there is a dependence on the local environment. Less com-
pact and younger triplets (i.e., less long time evolved) present
a low level of interaction between its members, indepen-
dently of the morphology of the galaxies.

6. We can use the Qtrip parameter to classify the dynamical
state of isolated triplets with low values of RH and H0tc. SIT
triplets with Qtrip < −2 are relaxed systems, more dynami-
cally evolved, while triplets with Qtrip > −2 show compact
configurations due to interactions happening in the systems,
such as ongoing mergers.

7. There is a stratification in the global SFR of the triplets,
which disappears when considering only the properties of
the central galaxy. Therefore, there is no dominant galaxy in
triplets in terms of properties of stellar populations such as
colour and SFR.

8. We find that the global SFR in isolated triplets composed
of two or more early-type galaxies increases with the stel-
lar mass ratio of the galaxies with respect to the central A
galaxy, and therefore the system is globally ‘rejuvenated’.

Considering our findings for TCE triplets with respect to their
LSS environment and dynamical parameters, we propose the
scenario where TCE isolated triplets are primarily formed when
an early-type galaxy is located in an environment mainly com-
posed of low mass neighbour galaxies. These neighbours might
be physically bound with the early-type galaxy if they are cap-
tured by its gravitational potential. This would be the main
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formation mechanism in isolated triplets, since TCE triplets are
the predominant morphology in the SIT (47%), with a percent-
age even larger than expected if galaxies are distributed ran-
domly in terms of their morphology (38% early-type and 62%
late-type).
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