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ABSTRACT

Context. Cosmic voids, vast, underdense regions of the Universe, serve as unique laboratories for studying galaxy evolution in isola-
tion. Within these voids, galaxy triplets, rare systems of three close galaxies, provide crucial insights into how local interactions shape
stellar populations and morphology in the absence of strong environmental perturbations.
Aims. We investigate the spatially resolved stellar populations, morphologies, mass assembly histories, and dynamical properties of
six galaxies from the Calar Alto Void Integral-field Treasury surveY (CAVITY). These galaxies reside in two void triplet systems,
CAVITY5273X and VGS31.
Methods. We employed integral field unit (IFU) spectroscopy combined with full spectral fitting using the FADO code, which simulta-
neously models stellar and nebular emission. We derived maps of stellar ages, metallicities, and star formation rates, applying the inte-
grated nested Laplace approximation (inla) for spatial reconstruction. Morphological analysis was conducted using morfometryka,
and emission-line diagnostics were employed to assess ionization mechanisms. Mass-assembly functions were computed to reveal
the stellar mass evolution of the galaxies. We also compared stellar metallicities and stellar masses to the mass-metallicity relation
(MMR) for void galaxies.
Results. The two triplets exhibit distinct evolutionary pathways. CAVITY52731 is a massive, quenched active galactic nucleus host,
while young stellar populations and recent star formation dominate its companions and the three members of VGS31. The galaxies
in both triplets show diverse mass assembly functions, with some building most of their stellar mass early and others exhibiting sig-
nificant late-time star formation. All five star-forming galaxies present rapid mass growth in the last 2 Gyr (by a factor of ∼1.4−4).
Morphological analysis in the g band of the DESI Legacy Survey and in the literature reveals widespread disturbances, including tidal
tails, arcs, and asymmetries, indicating active dynamical evolution. Although galaxies in CAVITY5273X follow the expected MMR
for voids, those in VGS31 deviate significantly, likely due to filamentary accretion and recent interactions.
Conclusions. Our results demonstrate that even in the most underdense regions of the cosmic web, galaxies can experience dynamic
evolution driven by local interactions and minor mergers. Void triplets challenge the traditional view of voids as passive environments
and highlight the importance of small-scale structures in shaping galaxy properties.
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1. Introduction

Cosmic voids are vast, underdense regions that occupy most
of the volume of the Universe, playing a crucial role in the
formation and dynamical evolution of large-scale structures
in the cosmic web (Bothun et al. 1992; Colless et al. 2003;
Tegmark et al. 2004; van de Weygaert et al. 2016; Moews et al.
2021; Vallés-Pérez et al. 2021; Zhang et al. 2022; Bermejo et al.
2024). These voids are enormous regions that usually span
20−50 h−1 Mpc in size (El-Ad & Piran 1997; Hoyle & Vogeley
2002; Plionis & Basilakos 2002; Hoyle & Vogeley 2004;
Conroy et al. 2005; Sutter et al. 2012), are surrounded by
denser filaments and walls of galaxies, and have very low
densities of matter, down to .20% of the mean cosmic density
(van de Weygaert & Platen 2011; Pan et al. 2012).

? Corresponding author: gabriel.maciel.azevedo@gmail.com

The voids originate from the underdensities of the pri-
mordial Universe (Planck Collaboration I 2020), in the region
where the expansion overcame the gravitational attraction of
the matter. Such regions are where cosmic expansion occurs
with the highest intensity, and as voids expand, matter is
pulled toward their borders by gravity and squeezed between
them, and sheets and filaments form the boundaries of voids
(van de Weygaert & Platen 2011). Numerical simulations sup-
port models in which smaller-scale voids disappear into large
ones (Dubinski et al. 1993; van de Weygaert & van Kampen
1993; Colberg et al. 2005; Sheth & van de Weygaert 2004) and
the density in the voids evolves to constant values in the local
Universe, with a higher galaxy density profile toward their
boundaries (van de Weygaert & Platen 2011).

Cosmological voids are exceptional laboratories for study-
ing the evolution of galaxies with minimal influence from
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environmental effects, such as ram pressure stripping, merg-
ers, tidal forces, thermal evaporation, and harassment, among
others. In addition, the dark matter content in such regions is
believed to be lower, and they expand faster than the mean of
the cosmic web (Biswas et al. 2010; van de Weygaert & Platen
2011; Hamaus et al. 2016). For instance, mature voids emu-
late a low-density Friedmann-Lemaître-Robertson-Walker uni-
verse (Goldberg & Vogeley 2004; Lavaux & Wandelt 2012;
Hamaus et al. 2014), and dark matter halos in voids were formed
later than their counterparts in overdense regions (Yang et al.
2012; Tojeiro et al. 2017; Wechsler & Tinker 2018).

The galaxy populations inside voids differ in various
aspects from non-void galaxies, due to their different dynam-
ical histories. For example, when compared to galaxies in fil-
aments and walls, some studies find that void galaxies are,
on average, younger, bluer, richer in H i, less metal-enriched,
and smaller, and have lower stellar masses, higher specific
star formation rates (sSFRs) and later morphological types
(Peebles 2001; Rojas et al. 2004; Croton et al. 2005; Rojas et al.
2005; Hoyle et al. 2012; Kreckel et al. 2012; Beygu et al.
2016; Douglass et al. 2018; Florez et al. 2021; Pandey et al.
2021; Rodríguez Medrano et al. 2022; Rosas-Guevara et al.
2022; Argudo-Fernández et al. 2024; Curtis et al. 2024). How-
ever, other works indicate that void and non-void galax-
ies are very similar in properties, such as stellar masses,
gas content, star formation rates (SFRs), chemical abun-
dances, dark matter profiles, and metallicities (Szomoru et al.
1996; Patiri et al. 2006; Moorman et al. 2014; Liu et al. 2015;
Douglass & Vogeley 2017; Douglass et al. 2019; Wegner et al.
2019; Domínguez-Gómez et al. 2022). Thus, the ways in which
void and non-void galaxies differ from each other are still poorly
understood.

Recent results obtained with the Calar Alto Void
Integral-field Treasury surveY (CAVITY, Pérez et al. 2024),
Domínguez-Gómez et al. (2023a) show that the stellar mass
assembly of void galaxies is slower than in denser environments.
They find a bimodality in star formation histories (SFHs) in all
environments (voids, filaments, walls, and clusters). One group
formed less than 21.4% of its stellar mass ∼12.5 Gyr ago, while
the other formed higher fractions of its stellar mass at the same
time. For both cases, the SFHs in voids are the slowest. Also,
Domínguez-Gómez et al. (2023b) find that galaxies in voids
exhibit slightly lower central stellar metallicities (∼0.1 dex) than
those in filaments and walls, and much lower (∼0.4 dex) than
those in clusters. These differences are more pronounced in
low-mass galaxies (.109.25 M�), galaxies with long-timescale
SFHs, and spiral and blue galaxies. Additionally, Conrado et al.
(2024) find that void galaxies have a slightly higher half-light
radius (HLR), a lower stellar mass surface density, younger
ages across all morphological types, and a slightly elevated SFR
and sSFR (only significant enough for Sas). Their analysis also
indicates that void galaxies undergo a more gradual evolution,
especially in their outer regions, with a more pronounced effect
for low-mass galaxies.

Voids are dynamic and evolving systems (Courtois et al.
2023). They asymptotically evolve to empty and structure-
less regions as the space expands and the gravitational force
of the clusters and surrounding filaments and walls pull the
galaxies and dark matter halos toward the void outskirts
(van de Weygaert & Platen 2011). However, in the local Uni-
verse, the voids are still not devoid of internal structure.
As those voids expand and merge hierarchically, structures
such as diffuse filaments and groups of galaxies may remain
inside those voids (Szomoru et al. 1996; El-Ad & Piran 1997;

Hoyle & Vogeley 2004; Kreckel et al. 2012; Beygu et al. 2013;
Alpaslan et al. 2014). Some of the remaining substructures we
find in voids are galaxy triplets, which are the simplest type
of galaxy groups formed by three galaxies (Karachentseva et al.
1979; Karachentseva & Karachentsev 2000; Elyiv et al. 2009;
Makarov & Karachentsev 2009). Such systems located in voids
are very scarce, and there is no vast literature on them. Isolated
galaxy triplets represent only 3% of galaxies with magnitudes in
the r band of 11 ≤ mr ≤ 15.7 at low redshifts 0.005 ≤ z ≤ 0.08
(Argudo-Fernández et al. 2015). Also, the majority of triplets are
located in the outer parts of filaments, walls, and clusters, instead
of voids. Some important catalogs of triplets in the literature
are Karachentseva et al. (1979), Trofimov & Chernin (1995),
O’Mill et al. (2012), and Argudo-Fernández et al. (2015).

Most galaxy triplets exhibit signs of a long dynami-
cal evolution whereby the system is embedded in a com-
mon dark matter halo, and the member galaxies present sim-
ilar properties (Chernin et al. 2000; Hernández-Toledo et al.
2011; Duplancic et al. 2013; Feng et al. 2016; Emel’yanov et al.
2016). In that sense, they are much closer to compact groups
(CGs; Duplancic et al. 2015; Costa-Duarte et al. 2016), which
are formed by four galaxies or more. Duplancic et al. (2013)
found that galaxies in triplets have colors, SFRs, and stellar
populations similar to CGs. Also regarding stellar populations,
Vásquez-Bustos et al. (2023) find that there is no dominant type
of galaxy in isolated triplets in terms of global colors and the
SFR.

An additional interest in void galaxies is that we can
properly investigate the local environmental influence of the
neighboring galaxies on each other and discard the interfer-
ence of large-scale structures (clusters and groups) dynamics.
Argudo-Fernández et al. (2015) found no difference in the inter-
action of large-scale environments with isolated galaxies, iso-
lated pairs, and isolated triplets. This suggests that both have
common origins and the differences in observational properties
are due to differences in their local environments and dynamics.

This work characterizes the stellar populations of six galax-
ies belonging to two void triplet systems. We performed spatially
resolved stellar population synthesis (SPS) on the integral field
unit (IFU) data obtained by CAVITY. To perform the synthe-
sis, we used the code fado (Gomes & Papaderos 2017) and the
front-end software urutau.

The structure of this paper is organized as follows. Section 2
explains the data and methodologies used in this work. In Sect. 3
we present our results. In Sect. 4 we discuss their implications,
followed by our conclusions in Sect. 5. Throughout this work we
use the following cosmology: H0 = 67 km s−1 Mpc−1, ΩM = 0.3,
and ΩΛ = 0.7 (Kozmanyan et al. 2019).

2. Data

2.1. CAVITY spectroscopy

The data used in this work were obtained from CAVITY
(Pérez et al. 2024). It is a legacy survey conducted at the Calar
Alto Observatory, aiming to obtain spatially resolved spec-
troscopy of approximately 300 void galaxies in the local Uni-
verse. These galaxies are distributed across 15 cosmological
voids, with redshifts in the range of 0.005 < z < 0.05, and have
absolute r-band magnitudes between −21.5 and −17.0. The first
data release was done with 100 galaxies (García-Benito et al.
2024), though none of the objects studied in this work are in
DR1.
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Fig. 1. RGB images of the two triplets taken from DESI Legacy Survey. The left panel shows the VGS31 triplet, with VGS31a in the center,
VGS31b to its southeast, and VGS31c to its west. The right panel shows CAVITY5273X, with CAVITY52731 to the east, CAVITY52732 to its
west, and CAVITY52733 to its southwest.

Observations were carried out using the integral field Pots-
dam Multi-Aperture Spectrograph (PMAS; Roth et al. 2005),
mounted on the 3.5m telescope at the Hispanic Astronomi-
cal Center in Andalusia (CAHA), operating in PPaK mode
(Kelz et al. 2006). PPaK consists of over 300 fibers, each with
a diameter of 2.68 arcsec, arranged to cover a hexagonal field
of view (FoV) of 74× 64 arcsec2 with a filling factor of approx-
imately 60%. The V500 grating was used, offering a spectral
range of 3475−7300 Å and a spectral resolution of λ/∆λ =

850 at 5000 Å, corresponding to a full width at half maximum
(FWHM) of roughly 6 Å. The cubes were reduced and calibrated
through the standard CAVITY data reduction pipeline and they
were corrected for galactic extinction during this procedure (for
more details, see García-Benito et al. 2024).

2.2. Imaging

In Sect. 4.4 we use broad band images in order to perform the
morphological study of our targets. We use the images of the
g band from the Dark Energy Spectroscopic Instrument (DESI)
Legacy Survey (Dey et al. 2019). This survey uses as its main
instrument the Dark Energy Camera (DECam) in the Blanco
Telescope in Chile, in addition to the Mosaic3 Camera in the
Mayall Telescope in EUA. Both instruments have pixels with an
angular size of 0.262 arcsec, and an angular resolution between
∼1 and ∼1.5 arcsec, depending on the band. The g band, by being
the bluer filter in the gri system, provides some of the best evi-
dence of the asymmetries in the young populations in the galax-
ies.

2.3. Sample

The subjects of this study are two galaxy triplet systems located
in distinct cosmological voids. They were the first triplets
observed by the survey. Figure 1 shows RGB images of the
triplets obtained from Pan-STARRS (Chambers et al. 2016). We
refer to these systems as CAVITY5273X and VGS31. These
two specific systems were selected because they were the only
triplets with all three galaxies observed by CAVITY’s IFU.

There is no detailed literature available on CAVITY5273X.
This system comprises a larger, redder galaxy (i.e., CAV-
ITY52731) accompanied by two smaller, bluer companions to its
west (i.e., CAVITY52732) and southwest (i.e., CAVITY52732).
All three galaxies exhibit some degree of morphological asym-
metry in the light, as is discussed further in Sect. 4.4. For exam-
ple, CAVITY52732 features two tidal tails.

VGS31, on the other hand, is also part of the Void Galaxy
Survey (VGS, van de Weygaert et al. 2011) and has been stud-
ied previously by Beygu et al. (2013), who found it to be embed-
ded in an H i filament. This makes VGS31 an example of a fil-
amentary structure within a void, suggesting that its constituent
galaxies may be undergoing active growth. The system is com-
posed of a central galaxy (i.e., VGS31a), a similarly sized galaxy
to its east (i.e., VGS31b), and a smaller one to its west (i.e.,
VGS31c). All galaxies in the system show asymmetric features
in the images, particularly VGS31b, which exhibits a tidal tail
to the north and a ring-like arc to the south – likely the result of
a minor merger (Beygu et al. 2013). Table 1 summarizes basic
previously known properties of these galaxies.

3. Methodology

3.1. Spectral fitting

In order to implement the SPS in the CAVITY datacubes, we
used the nonparametric code fado (Fitting Analysis using Dif-
ferential evolution Optimisation; Gomes & Papaderos 2017). To
achieve the best-fitting solution, fado employs a genetic dif-
ferential evolution optimization (DEO) algorithm in which each
candidate model – defined by stellar population fractions, extinc-
tion, and kinematics – is treated as an individual within a popu-
lation that evolves through mutation and recombination. At each
generation, the fittest models are selected, ensuring convergence
toward solutions that simultaneously reproduce the stellar con-
tinuum and the nebular emission.

The additional constraint of the nebular emission was com-
puted from the fluxes of various emission lines (Hα, Hβ, [N ii],
[S ii], [O iii], etc.). This constraint is critical for the synthesis of
star-forming galaxies (Cardoso et al. 2019), since it enables the
computation of nebular spectra in addition to the stellar ones.
The software computes the number of ionizing photons required
to produce the observed fluxes of the main emission lines, espe-
cially the Balmer lines, as hydrogen is ionized by photons with
wavelengths shorter than 912 Å, which are emitted by hot, mas-
sive young stars (t < 20 Myr). This way, it estimates the nec-
essary fraction of young stellar populations to account for the
observed ionization.

To run a SPS code, it is necessary to supply a base of simple
stellar populations (SSPs). In this work, we use a base compris-
ing 68 SSPs from Bruzual & Charlot (2003, hereafter BC03),
with a Chabrier (2003) initial mass function (IMF), and lower
and upper stellar mass limits of 0.1 M� and 100 M�, respectively.
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Table 1. Previously measured basic information about the galaxies.

Galaxy RA (J2000) Dec (J2000) z u(SDSS) g(SDSS) r(SDSS) i(SDSS) z(SDSS)

VGS_31a 13:16:06.19 +41:30:04.25 0.021 15.936 15.059 14.731 14.525 14.358
VGS_31b 13:16:14.69 +41:29:40.05 0.021 15.886 14.972 14.457 14.169 13.965
VGS_31c 13:15:59.18 +41:29:55.96 0.021 17.843 17.006 16.771 16.641 16.594
CAVITY52731 10:49:10.05 +29:48:57.36 0.031 16.846 14.857 14.020 13.566 13.249
CAVITY52732 10:49:06.78 +29:48:56.54 0.031 17.834 16.487 15.967 15.666 15.736
CAVITY52733 10:49:07.13 +29:48:31.46 0.031 18.101 16.476 15.952 15.571 15.338

Our choice of BC03 is due to its ability to consistently extend
into the ionizing UV domain (λ < 912 Å), which is required by
fado’s self-consistent modeling of stellar and nebular emission.
Among the available models, there is only one that covers the
ionizing UV emission and has a spectral resolution in the optical
comparable to the data in the optical: the BC03 (FWHM ≈ 3 Å).
The BC03 models also have their limitations, particularly for the
intermediate-age range, which gets under-sampled as a result
of insufficient TP-AGB modelling (Riffel et al. 2015; Lu et al.
2025). However, such subrepresentation affects the NIR spec-
tral range more than the optical. The models from Maraston
(2005) also cover the ionizing UV domain, but have a poorer
spectral resolution in the optical (FWHM ≈ 10−20 Å). Although
newer versions of these models present higher resolutions, such
as Maraston & Strömbäck (2011), they do not cover the ionizing
domain, reaching down to 1000 Å.

However, it is unnecessary to use the entire SSP library from
BC03, since many models are redundant for synthesis purposes.
Simple stellar populations with similar ages and metallicities
often have nearly indistinguishable spectra, particularly for older
populations (t > 5 Gyr), and the inclusion of observational noise
further reduces their discriminability. Moreover, using an exces-
sively large base greatly increases computational time without
significant improvements in fitting accuracy. Instead, it is best
to select a representative subset covering different age ranges.
We followed the methodology described in Dametto et al. (2014)
and also applied in Azevedo et al. (2023) for BC03, selecting a
base of 68 SSPs with 17 representative ages (t = 1.00, 2.09, 3.02,
5.01, 10.00, 25.12, 50.00, 101.50, 321.00, 508.80, 718.70 Myr
and 1.02, 2.00, 3.00, 5.00, 10.00, 13.00 Gyr) and four metallici-
ties (Z = 1

200 Z�, 1
5 Z�, 1Z�, 5

2 Z�), which have seven representative
ages for young populations (t < 100 Myr), seven representative
ages for intermediate populations (100 Myr < t < 5 Gyr), and
three for old populations (t ≥ 5 Gyr).

A challenge when applying SPS to datacubes is that the syn-
thesis codes are designed for single spectra. Therefore, one must
extract the spectrum from each spaxel, apply the synthesis indi-
vidually, and then store the results, indexing them back to their
corresponding spaxels. Fortunately, there is a front-end pipeline
called urutau1 (Riffel et al. 2023) that automates all these steps
and, additionally, writes the synthesis results into new extensions
of the original datacube. urutau operates through modules ded-
icated to each processing step, such as extraction, dereddening,
synthesis, and result reading, as well as offering extra features.
However, the original modules were developed specifically for
use with starlight (Cid Fernandes et al. 2005), which func-
tions quite differently from fado. Thus, we developed new mod-
ules to run fado on the spectra and to parse its outputs accord-
ingly.

1 The code is available at: https://github.com/ndmallmann/
urutau

Fig. 2. Comparison of the 〈log t〉L map for the galaxy CAVITY52731
before (left) and after (right) applying INLA.

3.2. Spatial reconstruction

When we implement SPS methodology on IFU data, the SPS
needs to be applied to each spaxel independently. This can gener-
ate abrupt variations in the values of a given measurement of two
neighboring pixels. For instance, a pixel can have a low mean age
and its neighbor can have a high mean age, which is not physi-
cally accurate. Smoother gradients are expected for this kind of
extended source (González-Gaitán et al. 2019).

In order to avoid such cases and produce smoother mor-
phological maps with a mathematically robust methodology,
we made use of the integrated nested Laplace approximation
(inla). It is an alternative method to Markov chain Monte Carlo
for fast Bayesian inference. Its mathematical foundations and
applications to IFU data from the CALIFA and PISCO surveys
are presented in González-Gaitán et al. (2019). Azevedo et al.
(2023) also applied the method to spatially resolved data from
the MUSE spectrograph. inla is highly efficient at both recon-
structing data from extended sources with missing pixels and
smoothing data by considering spatial correlations. Large vari-
ations between neighboring pixels for physical quantities such
as stellar ages or metallicities may be unphysical. In this
context, the method accounts for spatial correlations between
adjacent pixels to reconstruct a more physically consistent
map. There is a comprehensive R library for implementing
inla.

In this work, we used it on 2D maps, such as those shown
in Sect. 3.4. It also acts as a way to correlate the results of the
SPS analysis from individual spaxels, which are treated inde-
pendently in our synthesis, but in reality are part of the same
extended source. Figure 2 presents an example of 〈log t〉L maps
before and after applying INLA to the map.
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Fig. 3. Maps of luminosities of the galaxies, with the colored lines indicating different contours of S/N. The red contour is for S/N≥ 10, the green
for 5, and the blue for 3. The S/Ns were computed in the wavelength interval of 4000−4060 Å.

3.3. Signal-to-noise ratio

The reliability of a SPS depends on the signal-to-noise ratio
(S/N) of the spectra. Figure 3 shows the S/N contours overlaid
on the luminosity maps of each galaxy. The S/N values were
computed in the featureless continuum wavelength window from
4000 to 4060 Å. This wavelength range is the same as that used
to normalize the spectra during the SPS process, and it was cho-
sen to maintain consistency.

It is also close to the lower wavelength limit of our observed
data. The blue end of the spectrum is significantly noisier than
the red end in our data, with uncertainties in the 4000−4060 Å
range reaching values up to ten times higher than those at the
opposite end. However, this region is also the most relevant for
SPS, since the slope of the NUV and blue continuum contains
the most prominent differences between different stellar popula-
tions, especially the youngest ones.

Therefore, the most reliable synthesis results correspond to
spaxels with S/N ≥ 10, which generally excludes the outer
regions of our galaxies. All the spaxels that appear in Fig. 3 were
used in the analysis, but it is important to keep in mind that the
results on the outskirts of the galaxies are less reliable.

3.4. Spectral fits outputs

A SPS code provides a series of different quantities for each
spectrum, both directly or that can be easily obtained from
its results, such as mean stellar ages and metallicities, stellar
masses, stellar and nebular radial velocities and velocity disper-
sions, SFRs, stellar and nebular extinctions, among many others
(Cid Fernandes et al. 2005; Gomes & Papaderos 2017). fado,
for instance, by dealing with nebular emission physics, also
returns fluxes, equivalent widths, rotation velocity, and velocity
dispersion for various emission lines, in addition to the number
of ionizing photons for hydrogen and helium.

The mean stellar ages are defined in two ways
(Cid Fernandes et al. 2005; Gomes & Papaderos 2017). The
mean age weighted by light can be expressed as

〈log t〉L =

N?∑
j=1

x j log(t j). (1)

Meanwhile, the mean age weighted by mass is expressed as

〈log t〉M =

N?∑
j=1

µ j log(t j), (2)

where t j is the age of the j-th SSP from the base measured in
years, x j is the fraction with which it contributes to light, µ j is the
fraction with which it contributes to mass, and N? is the number
of SSPs in the base. Similarly, the mean stellar metallicities are
defined as

〈Z〉L =

N?∑
j=1

x jZ j, (3)

〈Z〉M =

N?∑
j=1

µ jZ j, (4)

where Z j is the metallicity of the j-th SSP. The fraction of light
or mass represented by each SSP is provided in what we call
population vectors.

Another important measurement we can make using the pop-
ulation vectors is the SFR. We can compute it through the equa-
tion (Riffel et al. 2021, and references therein)

SFR(t) =
dMc

?

dt
≈

∆Mc
?

∆t
=

∑ j f

ji
Mc
?, j

∆t
, (5)

where j refers to the j-th SSP in the base, and Mc
? is the total

mass converted to stars in the time interval ∆t. It is worth high-
lighting that the stellar mass converted to stars is different than
the mass present available in stars. The present stellar mass takes
into account the mass expelled by the stars during their evolu-
tion, while the other represents all the mass collapsed into stars
in a certain time epoch. fado computes the total Mc

? and we can
then use the coefficients, µ j, to find the mass converted into stars
in a given time.

As we have those measurements for each pixel of the galaxy,
we can investigate the spatial distribution of the characteristics
of the stellar populations and of the gas in the galaxies. We plot
2D morphological maps of some of the main quantities; that is,
the integrated luminosity of the spectrum, the nebular extinc-
tion, mean stellar ages and metallicities weighted both by light
and mass, and the SFRs computed through the population vector.
Figure 4 shows the maps for the galaxy CAVITY52731.

3.5. Integrated spectra

Besides the methodology explained in previous sections for
implementing the SPS in the spectra of each spaxel, we also
computed the integrated spectra for each galaxy to measure
global properties more easily and reliably. We summed all spec-
tra for which the SPS were implemented, after the quality fil-
ters and urutau implementation described in Sect. 3.1. This
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Fig. 4. 2D maps of luminosities, SFR surface densities, mean stellar ages and metallicities, for all six galaxies in our sample.

way, we guaranteed a good S/N in the spectra (S/N > 30
in 4000−4060 Å). Then we implemented fado with them and
could derive global measurements from the galaxies, such as
total stellar mass and global mean stellar ages. Some mea-
surements based on the synthesis of the integrated spectra
are shown in Table 2. Results shown in Table 3 and Figs. 6
and 7 were also obtained through the integrated spectra. This
approach also allows for direct comparisons with the sample in
Costa-Duarte et al. (2016), hereafter CD16.

CD16 analyses the stellar populations and ionization sources
of 80 isolated galaxy triplets in the redshift range 0.04 ≥ z ≥ 0.1,
applying the SPS code starlight in SDSS spectra. Although
it uses single fiber spectra of the central parts, rather than IFU
data, its approach is similar to ours when implementing SPS.
And since it studies a large sample, it represents a good compar-
ison base for this work. One caveat, however, is that the galaxies

in that sample are at higher redshifts than the ones that are the
focus of this work.

4. Results and discussion

4.1. Emission lines

The gas of five of the galaxies that we investigate is ionized by
recent star formation, as we verify in the maps of BPT classi-
fication shown in Fig. 5. The only exception is CAVITY52731,
the most massive in its system, which has its nebular emission
powered mostly by Seyfert and composite sources. In fact, its
main power source is classified as a Seyfert by the BPT diagram
and as a weak active galactic nucleus (AGN) by the WHAN
diagram, as is shown in Fig. 6 (unlike the maps of BPT clas-
sification for each spaxel, these diagrams were made using the
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Table 2. Stellar population characteristics computed through fado with the integrated spectra.

Galaxy log M?(M�) 〈log t〉L 〈log t〉M 〈Z〉L 〈Z〉M
VGS_31a 9.47 ± 0.06 8.48 ± 0.07 9.20 ± 0.18 0.88 ± 0.09 1.47 ± 0.25
VGS_31b 9.58 ± 0.03 8.30 ± 0.09 9.18 ± 0.07 1.21 ± 0.03 1.81 ± 0.14
VGS_31c 8.96 ± 0.46 7.64 ± 0.87 8.35 ± 1.36 0.72 ± 0.72 0.53 ± 0.72
CAVITY52731 10.94 ± 0.01 10.02 ± 0.01 10.11 ± 0.01 1.00 ± 0.03 1.07 ± 0.05
CAVITY52732 9.76 ± 0.11 8.48 ± 0.15 9.51 ± 0.24 1.04 ± 0.20 1.66 ± 0.37
CAVITY52733 9.85 ± 0.04 8.76 ± 0.05 9.73 ± 0.08 1.22 ± 0.07 2.29 ± 0.03

Table 3. Emission lines fluxes and ratios, and BPT and WHAN classification computed through fado with the integrated spectra (fluxes are in
units of ×1016 erg/s/cm2).

Galaxy Hα Hβ log([N ii]/Hα) log([O iii]/Hβ) BPT WHAN

VGS_31a 1569 ± 2 466 ± 3 −0.574 ± 0.001 0.116 ± 0.003 SF SF
VGS_31b 2849 ± 3 804 ± 4 −0.458 ± 0.001 −0.132 ± 0.003 SF SF
VGS_31c 286 ± 7 74 ± 6 −0.953 ± 0.045 0.436 ± 0.036 SF SF
CAVITY52731 188 ± 4 27 ± 3 −0.187 ± 0.019 0.661 ± 0.044 Seyfert wAGN
CAVITY52732 313 ± 2 85 ± 2 −0.568 ± 0.006 −0.114 ± 0.016 SF SF
CAVITY52733 202 ± 1 55 ± 1 −0.452 ± 0.005 −0.173 ± 0.017 SF SF

integrated spectra). It is also the galaxy with the oldest stel-
lar populations, being the only one in our sample with 〈log t〉L
higher than 9. CAVITY52731 most likely is a massive (M? ≈

1011 M�) quenched galaxy that hosts an AGN, while the rest are
less massive (M? < 1010 M�) active star-forming ones. Informa-
tion about the emission lines and BPT and WHAN classifications
of the sample is shown in Table 3.

According to CD16, most galaxies in isolated triplets are
classified as AGN or passive in the WHAN diagram, even con-
sidering only the least massive systems, with only about 8% of
the galaxies being dominated by star formation. However, this
result may also be biased by the fact that the spectra in CD16
are obtained with single fiber, covering the central parts of the
galaxies. This way, galaxies that might be dominated by star for-
mation in their outskirts may not be classified as mainly powered
by star formation. Nevertheless, galaxies in our study are dom-
inated by star formation, which might indicate they are among
the rarest in terms of the ionization source. Also, VGS31c has a
specially low value of log(N ii/Hα).

4.2. Mass assembly

Except for CAVITY52731, all the other objects have stellar pop-
ulations younger than 25 Myr that contribute significantly to the
light (10%−40%) but represent less than 1% of the mass. We
also computed the stellar mass assembly function (Asari et al.
2007) for each galaxy, which is defined as

η(t?) =

t<t?∑
i

µi(ti). (6)

This is a cumulative function that grows from 0 to 1, starting at
the oldest SSP in the spectral base and tracking what fraction of
the stellar mass was due to stars formed up to a given look-back
time. The computed curves are presented in Fig. 7.

Here we also applied a simple Monte Carlo method, by per-
turbing the spectra of the galaxies 100 times, considering for
each wavelength a Gaussian distribution withσ equal to its error.

Then we ran fado in each new spectrum to reobtain the neces-
sary quantities, such as total mass and population vectors. Then
we had, for each galaxy, the mean of the 100 generated curves
and the error of the mean.

Domínguez-Gómez et al. (2023b) found that the SFHs at
early times describe a bimodal distribution in the three large-
scale environments (voids, filaments, walls and clusters), which
allow us to classify the SFHs into two types: short-timescale
SFH (ST-SFH) galaxies that formed a large fraction of their stel-
lar mass (27% on average) ∼12.5 Gyr ago, and long-timescale
SFH (LT-SFH) galaxies that formed a lower fraction of their
stellar mass (<21.4%) than the ST-SFH galaxies 12.5 Gyr ago,
but formed stars more uniformly over time. We can verify, based
on Fig. 7, that the three galaxies in VGS31 and CAVITY52732
have LT-SFH, while CAVITY52731 and CAVITY52733 have
ST-SFH.

We verified that CAVITY52731 formed most of its mass
at early epochs of the Universe (t > 1010 yr), while the oth-
ers have significant star formation at more recent times. All the
others present a rapid increase in their mass in the last 2 Gyr.
Before that, their star formation was more continuous. This is
in agreement with the previous results (see Figs. 5 and 6) and
evidence that only CAVITY52731 is a passive galaxy in those
systems. Although CAVITY52733 is classified as ST-SFH by
the criteria of the mass formed 12.5 Gyr ago, the increase in
the SFR at earlier times is more similar to the behavior of an
LT-SFH. It is not totally in accordance with the general behav-
ior found for cluster galaxies (and other environments as well),
which assemble on average 30% of their mass at early times
and decrease their SFR later in their lives. This may be indica-
tive of a more complex evolutionary path than non-triplet galax-
ies. In fact, Domínguez-Gómez et al. (2023b) presents the mass
assembly function for the galaxies in CAVITY, grouping by LT-
SFH and ST-SFH, revealing their general behavior, and their
functions are smooth through time, as well as the functions for
two examples of CAVITY galaxies shown in the same work.
Those facts might indicate that the great increase in SFR at
late times, as we see in our sample, is not common for void
galaxies.
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Fig. 5. Maps of BPT classification for the galaxies. Blue is for star-forming spectra, green for composite, yellow for LINER-like emission, and red
for Seyfert.

Fig. 6. BPT diagram (left) and WHAN diagram (right) for the galaxies in this work, obtained from the integrated spectra.

The mass assembly function for CAVITY52731 shows no
star formation in the last 10 Gyr, evidencing a fast mass assembly
common for massive and quiescent galaxies. However, we must
consider that the spectra of old SSPs with the same metallic-
ity are nearly indistinguishable. For ages on the gigayear scale,
the spectra show little evolution with time. In our base, we
chose only three ages to represent the old populations: 5, 10,
and 13 Gyr (for ages lower than 1 Gyr, the age resolution of the
base is much higher). That means that the galaxy could, in fact,
have star formation at times between those large intervals, but
the SPS codes do not differentiate them much. In fact, verifying
the population vectors for the various results in the Monte Carlo
for CAVITY52731, there is in fact populations with t? = 5 Gyr
or t? = 1 Gyr, although they never represent more than 0.2% of
the mass. We also detect populations with t? = 5 Myr that are
responsible for less than 5% of the light.

We also leveraged the Monte Carlo implementation in the
SPS to compute the stellar masses of the galaxies, which are
shown in Table 2. Both triplets are among the least massive
triplets, being below the 33.3% percentile of the stellar mass
distribution from CD16 (log M? < 11.52). This may already be
expected due to the fact that galaxies in voids are, in general, less
massive than galaxies in filaments, walls, and clusters. VGS31
has a total stellar mass of log M? = 9.86 and CAVITY5273X has
log M? = 10.99. In that sense, VGS31 is a particularly unique
triplet, since it is formed by three dwarf galaxies. The least mas-
sive systems in CD16 have log M?(M�) ∼ 11.0. The uncertain-

Fig. 7. Stellar mass assembly function for the galaxies in triplets. The
functions are the mean of the 100 different curves generated with Monte
Carlo after perturbing the spectra and applying fado in each of them.
The shaded regions represent the error of the mean. These functions
were obtained from the integrated spectra.

ties in the masses are quite small (up to ∼0.1 dex in the loga-
rithmic space), except for VGS31c, which has an uncertainty of
∼0.5.
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Fig. 8. Mass-metallicity relation for the galaxies in our sample. In blue we have the MMR for void galaxies, taken from Domínguez-Gómez et al.
(2023a). The dashed lines are the mean values, the shaded regions are the error of the mean, and the dotted lines mark the 1σ distribution in
metallicity. The MMR is shown for three different samples: all void galaxies (from CAVITY), ST-SFH void galaxies, and LT-SFH void galaxies.
The black dots indicate the masses and central metallicities of the galaxies in our sample. The points are the mean of the 100 different points
generated for each galaxy with Monte Carlo after perturbing the spectra and applying fado in each of them. The error bars indicate the standard
deviation of the Monte Carlo generated sample.

4.3. Mass-metallicity relation

Finally, we compared the stellar metallicities of the six galax-
ies to the mass-metallicity relation (MMR) extracted from
Domínguez-Gómez et al. (2023a) for void galaxies. In that work,
the stellar metallicities were obtained through a nonparamet-
ric full spectral fitting analysis applied to SDSS-DR7 spectra
using the pPXF (Cappellari 2017) and steckmap (Ocvirk et al.
2006a,b) codes. They modeled the spectra in the 3750−5450 Å
range, combining single stellar population (SSP) templates from
the E-MILES library and assuming a Kroupa IMF. The stellar
line-of-sight velocity distribution and gas emission lines were
first fit with pPXF; the emission was subtracted, and the stel-
lar population parameters were then derived with steckmap
assuming the fixed kinematics from pPXF. The SSP metallici-
ties cover 2.27 ≤ [M/H] ≤ 0.40 dex, where [M/H] = log(Z/Z�).

Domínguez-Gómez et al. (2023a) computes the stellar
metallicity in the galaxies within their central 3 arcsec. The
sample used to represent the void galaxies was the CAV-
ITY sample as well, and since each fiber of PPAK has a
diameter of 2.7 arcsec, we used the spectrum of the cen-
tral spaxel in the galaxy to derive the metallicity. Following
Domínguez-Gómez et al. (2023a), we computed the metallici-
ties as

[M/H]M =

N?∑
j=1

µ j log(Z j/Z�), (7)

where Z j is the metallicity of the j-th SSP in the base and µ j is
the mass fraction of that population.

The MMR is shown in Fig. 8. The galaxies in CAV-
ITY5273X follow the MMR quite well, being inside one stan-
dard deviation (σ) of the distribution. On the other hand,
VGS31a and VGS31b are outliers, as they have [M/H]M out-
side 1σ of the distribution. This could be due to their more
complex evolutionary path, since they are embedded in an H i

filament and are interacting. Besides the fact that all of them
are dwarf galaxies, VGS31a shows signatures of a past merger,
and VGS31a shows indications of tidal interactions with the
other galaxy or accretion from filamentary material (Beygu et al.
2013). In fact, all three galaxies could accrete filamentary mate-
rial, which, together with the interactions, might trigger or keep
star formation. This process enriches the gas and stars subse-
quently formed, along with the fact that the gas in filaments is
generally less metal-rich compared to the galaxies.

In the case of CAVITY5273X, the galaxies also seem to be
interacting with one another, although we cannot be sure since
we do not have more details on their dynamics. Also, it is not
embedded in a filament, so it appears to be a less complex sce-
nario, but the interactions could cause different episodes of star
formation in different regions of the galaxies, which may lead to
complex stellar metallicities. We also verify that metallicities can
vary significantly across different locations within those galax-
ies, as is shown in the maps in Fig. 4, rather than analyzing only
the integrated spectra.

Domínguez-Gómez et al. (2023a) derived MMRs separately
for those two different SFHs (LT-SFH and ST-SFH) as well,
which are also shown in Fig. 8. CAVITY52732 and CAV-
ITY52731 fall inside the 1σ distribution for both relations, while
the galaxies VGS31b and VGS31c are still outliers in both dis-
tributions.

4.4. Morphology

All galaxies in both triplets present asymmetric structures that
indicate interactions. In order to complement the stellar popu-
lation and ionized gas analysis performed in the previous sec-
tions, we computed a series of morphological parameters, which
allowed us to better understand the structure of those objects.

Here we made use of the code morfometryka
(Ferrari et al. 2015). It consists of a standalone application
to automatically perform all the structural and morphometric
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measurements over a galaxy image. Between them are the orig-
inal and modified parameters of the concentration, asymmetry,
smoothness, Gini, and M20 (CASGM) system, presented in
Abraham et al. (1994, 1996), Conselice et al. (2000), Lotz et al.
(2004), in addition to Sérsic indexes (Sersic 1968), and the new
parameters entropy and spirality. The most recent version of
morfometryka also provides the curvature of the brightness
profile with kurvature (Lucatelli & Ferrari 2019), which is a
powerful tool for probing the presence of multiple components
in galaxies.

Figure 9 shows the morphology decompositions of the galax-
ies in CAVITY5273X and VGS31, alongside with the models,
residuals and A1 map computed by morfometryka, as well
as their luminosity profiles, and 1D and 2D Sérsic profiles. The
images used are from the g band of the DESI Legacy Survey
(Dey et al. 2019). A1 is measured as defined by Abraham et al.
(1996), by subtracting the rotated galaxy image (Iπ) from the
original galaxy image (I) within the Petrosian radius (Rp) and
without subtracting the sky, following

A1 =
abs(I − Iπ)

2I
· (8)

The residuals and A1 maps evidence the asymmetry present
in all galaxies in the two triplets. CAVITY52732 and VGS31b
are probably the most eye-catching in the sample due to their
clear disturbance. The first presents two highlighted tidal tails,
one extended to the northwest and another to the southeast, and
the last presents a ring-like structure to the south and a long tail
to the northeast. Such features are relatively easy to identify just
by looking at the RGB images of the systems. But unfortunately,
such structures are mostly too faint to have sufficient S/N and be
synthesized by our SPS method.

CAVITY52733 also has an extended emission to the south,
and VGS31a has one to the southeast. VGS31c, being tinier,
may be the most difficult one in which to identify any distur-
bance. The only one that seems undisturbed or mildly perturbed
is CAVITY52731, maybe because the mass of its companions is
too low in proportion to significantly affect the orbits of the stars,
and they have not merged yet.

Regarding the surface brightness profile, we see a large-scale
structure that has a convex shape in the surface brightness profile
in most of the galaxies. However, morfometryka cannot fit
most of the details that stem from the irregular structure, so a
more accurate profile may deviate even more than a single Sérsic
component profile. The insufficiency of single-component Sérsic
models to describe the surface brightness is one more piece of
evidence of the disturbed morphology of those galaxies.

The only galaxy that is well represented by a 2D Sérsic
model is CAVITY52731, which is a passive galaxy and domi-
nates its system in mass. Its profile is close to an elliptical galaxy
with n2D ∼ 2, although it presents an obscured stripe parallel to
its semimajor axis (SMA), which resembles the extinction by the
dust in a disk seen edge-on. This could indicate that this galaxy
has an S0 morphology. CAVITY52732, which has two tidal tails,
is relatively well modeled by a Sérsic model also with n2D ∼ 2
up to radii 0.5Rp, but presents a less concentrated brightness for
larger distances. CAVITY52733 has a structure closer to a disk
(n2D ∼ 1) up to radii of R ∼ 0.75Rp.

When it comes to the triplet in the filament, they seem to
deviate even more than their 2D Sérsic models. The profiles for
both VGS31a and VGS31c transition from a concave to a con-
vex curve around R ∼ 0.8Rp. VGS31b, the one with an arc to
the south and a long tail to the north, has a concentrated light
in the center, after transitioning to a more concave curve up to

R ∼ 1Rp, and after returning to a convex profile. The tail and the
ring-like structures are likely caused by a past minor merger inci-
dent with a low-mass galaxy (Mihos & Hernquist 1994, 1996;
Duc & Renaud 2013).

A multiwavelength study of VGS31 triplet was performed
by Beygu et al. (2013), combining observations of the optical,
Hα, NUV and FUV, and CO(1−0). That work finds that the
tail and arc structures in VGS31b are devoid of star formation,
in opposition to its central regions, which characterizes a star-
burst. The galaxy presents a bar, and its kinematics are indicative
of fast-rotating inner structure and streaming motions. VGS31a
also has disturbed internal kinematics and an enhanced SFR,
which could be explained by a tidal interaction with VGS31b
or by the accretion of the filamentary material. VGS31c also
has an enhanced SFR and disturbed kinematics, but it is difficult
to further investigate the possible scenarios because of the low
S/N.

5. Summary and conclusions

In this work, we have presented a spatially resolved analysis of
six galaxies in two triplets residing within cosmological voids,
using integral field spectroscopy from the CAVITY survey. Our
results reinforce the view that, despite the overall low-density
conditions in voids, galaxies therein can exhibit rich and diverse
evolutionary histories driven by internal mechanisms and local
interactions. The main conclusions of our study are:

– CAVITY52731 is markedly different from the rest of the
sample, showing signs of early mass assembly, while the
remaining galaxies display prominent young stellar popula-
tions and active star formation.

– Morphological features such as tidal tails, arcs, and asym-
metric light distributions are common in both triplets,
indicating that galaxy interactions and minor mergers are
actively shaping these systems even in void regions.

– Emission-line diagnostics confirm that most galaxies are
powered by recent star formation, with CAVITY52731 being
the only exception, exhibiting AGN-like signatures in both
BPT and WHAN diagrams.

– Stellar mass assembly histories reveal that while some galax-
ies formed most of their mass early in the Universe’s history,
others underwent significant recent star formation, reflect-
ing diverse and nonuniversal evolutionary paths. While one
of the star-forming galaxies (CAVITY52733) has an ST-SHF
and the other four have an LT-SFH, all of them present accel-
erated mass assembly in the last 2 Gyr.

– The stellar MMR reveals contrasting behavior between the
two systems. While CAVITY5273X galaxies follow the
MMR expected for void galaxies, the VGS31 galaxies appear
as significant outliers, particularly in terms of metallicity.
This may indicate the influence of filamentary accretion.

– Sérsic profile fits and residuals demonstrate that most galax-
ies deviate significantly from regular morphologies, further
confirming their disturbed nature and supporting scenarios
involving interactions and accretion.

These findings emphasize that galaxy evolution in voids is not a
passive process. Instead, local interactions and small-scale struc-
tures, such as triplets and filaments, play a critical role in driving
stellar and morphological transformations. Furthermore, devia-
tions from standard relations such as the MMR provide valuable
insights into how environmental context can shape the chemical
evolution of galaxies.
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Fig. 9. Morfometryka output for CAVITY 52731 (upper row), CAVITY 52732 (middle), and CAVITY 52733 (lower). In the columns, from
left to right: original image in g band (arcsinh scale); single Sérsic model fit and PSF (lower left insert); single Sérsic residual; asymmetry map;
and brightness profile (black dots) and 1D (yellow) and 2D (red) derived Sérsic models. In the leftmost panels, the dark green line is the initial
segmentation region; the neon green lines are the two Petrosian radius regions (obtained both by fitting Sérsic and by image momenta); the red
line corresponds to the Sérsic Rn. In the rightmost panels, black dots and bars are measurements and associated uncertainties; the yellow line is the
Sérsic fit to the 1D profile; the red line is the profile but with the parameters obtained from the image (2D) fits.
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Fig. A.1. Map of integrated fluxes of the galaxy VGS31b. The red
ellipses represent the isophotes fit with photutils.

Appendix A: Elliptical isophotes

All the galaxies in the triplets seem to have some sort of asym-
metry. Still, we can fit elliptical isophotes using the Python
library photutils (Bradley et al. 2020), an astropy package
(Astropy Collaboration 2022) for photometry. This helps us to
divide the galaxy into different regions (annuli) and analyse each
one separately. We applied this methodology to the maps of the
integrated fluxes of the spectra of the galaxies. Figure A.1 shows
the example for the galaxy VGS31b.

By computing the mean ages and metallicities for the spax-
els between two ellipses, we can obtain profiles for stellar ages
and metallicities. Since the center, eccentricity, and angle of the
isophotes can vary largely for the most asymmetric and clumpy
galaxies. It means that the curves we compute are not exactly
radial profiles, but rather measurements for regions with similar
surface brightness. We choose to keep it this way because we
verify that in almost all of the 6 galaxies, the ellipses change sig-
nificantly as their SMA increases, and they present clear asym-
metries.

Additionally to computing the mean ages or metallicities for
different annuli, we perform a simple Monte Carlo method by
perturbing the points 1000 times. For each point, we assume
a Gaussian distribution with σ equal to its respective standard
error. In the end, we have the mean of the 1000 curves generated
for each galaxy, along with the error of the mean. The SMAs
are normalized by the SMA of the isophote that contains 90%
of the total light of the galaxy (SMA90). Figure A.2 presents the
profiles for the individual galaxies in our sample, both light and
mass-weighted.

There is no pattern for either the mean ages or the mean
stellar metallicities profiles. Regarding age, half of the galax-
ies present an increasing profile and the other half a decreas-
ing profile. The curves for < log t >M are higher than the ones
for < log t >L, as expected, since the mass-weighting high-
lights older stellar populations. In the case of CAVITY52733,
the < log t >L profile is increasing, while the < log t >M starts

Fig. A.2. Mean radial profiles of < log t >L (top left), < log t >M (top
right), < Z >L (bottom left), and < Z >M (bottom right). The curves
were computed after performing a Monte Carlo, perturbing the mean
value in each annulus 1000 times and then computing the mean of the
1000 generated curves. The shaded regions are the error of the mean.

decreasing for radii larger than ∼ 0.5R90. 2 galaxies present neg-
ative age profiles (VGS31b and VGS31c), which is not common.
For instance, dwarf early-type galaxies of comparable mass in
the Virgo cluster show age gradients always positive or nearly
flat (Bidaran et al. 2023).

The mean < Z >L and < Z >M curves seem more complex.
There are profiles that have a positive gradient in the inner parts
of the galaxy and a negative in the outskirts. There are others
that have the opposite behavior. Again, there is no clear pattern,
but our sample is very small, and each galaxy may have passed
through distinct evolutionary paths and had distinct SFHs.

Appendix B: Age bin maps

This section presents the age bins maps for the galaxies in our
sample (Figs. B.1 and B.2). By binning the stellar populations by
age, disregarding metallicities, we obtain the SFHs of the galax-
ies in the form of the fraction of mass (or light) enclosed in each
population. We present it in a different manner, however. Instead
of curves or histograms, we show 2D maps with such fractions,
with each panel in the image representing a bin of age.

We observe, for instance, most of the mass and light in CAV-
ITY52731 is present in the population with t > 2 Gyr. For the
rest of the galaxies, we see significant mass enclosed in popu-
lation with 800 Myr < t ≤ 2 Gyr, which is in accordance with
the behavior of the mass assembly functions. Additionally, we
also see significant light fractions produced by young popula-
tions (t < 100 Myr) in the five star-forming galaxies, consistent
with their nebular emission.

Appendix C: Comparison with MaNGA triplets

In this section we present a brief qualitative comparison
between our triplets and two triplets from the SIT catalog
(Argudo-Fernández et al. 2015). To the best of our knowledge,
there is no sample of IFU observed triplets that could be used
as a control sample to make direct comparisons. Among the 315
SIT galaxies, only two systems have all three galaxies observed
by MaNGA. Those are SIT 10 and SIT 178 (see Fig. C.1).

Both systems have a late-type central (most massive) galaxy.
This is already distinct from our sample, as VSG31 has a late-
type central galaxy, but CAVITY5273X have an early-type cen-
tral galaxy. Additionally, their geometrical configurations are
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Fig. B.1. 2D maps of light and mass fractions of stellar populations
binned by age. Each panel is analogous to a bin in a histogram, so this is
equivalent to a "spatially resolved histogram". The top galaxy is CAV-
ITY52731, the middle one is CAVITY52732, and the bottom one is
CAVITY52733.

Fig. B.2. Same as Fig. B.1 but for (from top to bottom) VGS31a,
VSG31b, and VGS31c.

very distinct. Both SIT triplets consist of a pair of close galaxies
in projection, with a third, further member. The systems seem
less compact than VGS31 and CAVITY5273X.

In conclusion, the number of IFU observed triplets is still
very low, making it difficult to get to statistical conclusions and
compare specific cases with bigger samples. Further spatially
resolved SPS should also be applied to these MaNGA triplets to

Fig. C.1. Three color images, taken from SDSS SkyViewer, of triplets
from SIT catalog (Argudo-Fernández et al. 2015): SIT10 (left) and
SIT178 (right).

enhance the quantity and quality of information we have about
isolated triplets.
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