CAVITY, Calar Alto Void Integral-field Treasury surveY

II. Second public data release

July 16, 2026

Context. Studying galaxy evolution under the unique
environmental conditions of cosmic voids provides an
opportunity to disentangle the role of the large-scale en-
vironment in shaping mass assembly (both baryonic and
dark matter), regulating galaxy physical properties, and
driving the transformation from star-forming to quies-
cent systems.

Aims. We present the second public data release
(DR2) of the Calar Alto Void Integral-field Treasury
Survey (CAVITY), an ongoing legacy programme de-
signed to study void galaxies (VGs) across a range of
nearby (0.005 < z < 0.050) voids with different sizes
and dynamical stages, providing 200 science-grade opti-
cal integral-field spectroscopy (IFS) data cubes.

Methods. The observations were obtained with the
PMAS/PPAK spectrograph on the 3.5-m Calar Alto tele-
scope using the V500 conﬁguratlon, covering the optl-
cal spectral range of 3745-7500 A at a resolution of 6 A
(FWHM).

Results. The DR2 VG sample spans a broad range of
stellar masses, morphologies, colours, and gas ionisation
properties. We describe the sample selection, observing
strategy, data reduction pipeline, quality-control proce-
dures, and the public access to the CAVITY datasets and
associated ancillary data on the survey’s database. In
addition, we present a characterisation of the large- and
local-scale environments of CAVITY galaxies, showing
that the 15 surveyed voids encompass a wide variety
of sizes, galaxy richness, galaxy populations, and local
structures, including galaxy groups.

Conclusions. This release comprises 200 IFS data
cubes, publicly available together with the master cat-
alogues at the survey’s dedicated webpage: https://
cavity.caha.es/data/dr2/.

1 Introduction

The uneven distribution of galaxies on scales larger than
10 Mpc traces the underlying inhomogeneous dark matter
distribution that gives rise to the cosmic web (Bond et al.
1996; Cautun et al. 2014). In this web-like structure, most
of the matter is concentrated within elongated filaments,
sheet-like walls, and overdense nodes known as clusters,
which bind vast underdense regions known as cosmic voids,
typically with diameters of 1015 4~! Mpc (Peebles 2001).
Although voids occupy a substantial fraction of the cos-
mic volume (approximately 70%), they contain only around
10% of the total matter content (Cautun et al. 2014).

Cosmic voids originate from primordial density fluctua-
tions and evolve under weaker gravitational forces, allow-
ing them to expand faster than the general Hubble flow
(Aragon-Calvo et al. 2010; van de Weygaert & Platen
2011). As a result, they are significantly less populated by
galaxies and largely unaffected by environmental processes
such as ram-pressure stripping and tidal interactions, which
are prevalent in denser regions of the cosmic web (e.g. Bahé
et al. 2013; Boselli et al. 2022). Studying galaxy evolution
under the unique environmental conditions of voids pro-
vides an opportunity to disentangle the role of the large-
scale environment in shaping mass assembly (both baryonic
and dark matter), regulating galaxy physical properties, and
driving the transformation from star-forming to quiescent
systems. Investigating these processes in cosmic voids con-
stitutes the primary objective of Calar Alto Void Integral-
field Treasury Survey (CAVITY; Pérez et al. 2024), an on-
going legacy programme designed to study void galaxies
(VGs) across a range of nearby voids with different sizes
and dynamical stages.

Prior to the CAVITY, studies of VGs were relatively lim-
ited in number and were largely based on small samples.
Nevertheless, they provided the first evidence that galaxies
in these environments may follow evolutionary pathways
distinct from those in denser regions of the cosmic web.
For instance, several studies showed that VGs are gener-
ally small, late-type systems, with bluer colours, more re-
cent star formation with some evidence for ongoing cold-
gas accretion in several cases (see also Rojas et al. 2004;
Constantin et al. 2008; Stanonik et al. 2009; Kreckel et al.
2011, 2012; Beygu et al. 2016; Kuutma et al. 2017; Beygu
et al. 2017). More recently, others report that core-collapse
supernovae (SNe) occur more frequently in VGs, whereas
Type Ia SNe are comparatively rarer (Wang et al. 2026).
These results suggest ongoing star formation and a relative
deficit of older stellar populations in VGs. Numerical sim-
ulations likewise suggest systematic differences between
VGs and galaxies in higher-density environments. For ex-
ample, Habouzit et al. (2020) reported an enhanced frac-
tion of low-mass black holes in the inner regions of voids,
while Rodriguez-Medrano et al. (2024) found, based on the
MustrisTNG300 simulation, that VGs tend to experience
mergers at later times, leading to a more recent build-up
of their present-day stellar mass (M,.).

However, the extent to which VGs differ from their coun-
terparts in denser environments remains a matter of de-
bate. For instance, analyses of low-mass galaxies in the
Lynx-Cancer void reported systematically lower gas-phase
metallicities than their counterparts in denser environments
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(Pustilnik et al. 2011), whereas Kreckel et al. (2015) did not
find such a difference. Similarly, using SDSS fibre spec-
troscopy, Mosleh et al. (2018) found no significant differ-
ences in the central (~ 1 kpc) stellar velocity dispersions or
stellar mass surface densities of quiescent VGs compared to
their counterparts in denser environments. Alongside these
discrepancies, several key aspects of the formation and evo-
lution of VGes, including their mass assembly histories, dark
matter content, and chemical enrichment, remain poorly
constrained. Addressing these questions requires large, ho-
mogeneous samples and observations capable of mapping
galaxies on spatially resolved scales. The CAVITY project
was conceived to address this need and has since established
the largest homogeneous integral-field spectroscopic (IFS)
dataset of nearby VGs to date.

Since its inception, studies based on the growing CAV-
ITY dataset have yielded important insights into several key
aspects of void galaxy evolution. An analysis of VGs in
the CAVITY sample of 15 voids, compared to galaxies in
clusters and those not in clusters nor voids (i.e. NCNYV;
Torres-Rios et al. 2026; Argudo-Fernandez et al. 2026),
uncovered a general bimodality in galaxy star formation
histories (SFHs) across the cosmic web, separating sys-
tems into short-timescale (ST-SFH) and long-timescale (LT-
SFH) evolutionary channels, while highlighting the slower
mass assembly of VGs irrespective of their SFH class
(Dominguez-Gémez et al. 2023b). This delayed evolu-
tion is further reflected in the systematically lower stel-
lar metallicities of VGs, and as Dominguez-Gémez et al.
(2023a) showed, these differences are particularly pro-
nounced among low-mass galaxies, systems with LT-SFHs,
and spiral galaxies in voids. Similarly, Bidaran et al. (2026)
investigated the gas-phase metallicity of low-mass galaxies
across the cosmic web and reported a similar trend, finding
that VGs exhibit lower gas metallicities than their counter-
parts in clusters.

The picture of VGs delayed evolution was further rein-
forced by Conrado et al. (2024), who performed both global
and spatially resolved analyses on stellar population proper-
ties of CAVITY galaxies including the IFS data released as
the survey’s first data release (hereafter DR 1: Garcia-Benito
et al. 2024). Their study showed that VGs are, on average,
younger and exhibit more delayed evolutionary pathways,
particularly in the outer regions of their discs, where the
star formation rate (SFR) is also slightly enhanced (see also
Conrado et al. 2026). They further found that VGs pos-
sess lower stellar mass surface densities than their non-void
counterparts, with these differences being most pronounced
among low-mass systems (see also Sanchez et al. 2024).
Together, these results consistently support a scenario of
slower and more gradual evolution for galaxies residing in
voids (see also Wang et al. 2026).

Analyses of the mass-size relation in VGs provide fur-
ther evidence for their less evolved nature. In particular,
Pérez et al. (2025) showed that early-type galaxies in voids
are typically 10 to 20% smaller than their counterparts in
denser environments (see also Mosleh et al. 2018). While
no significant size differences are observed among mas-
sive late-type galaxies, this trend is reversed at lower stel-
lar masses, where late-type VGs appear larger than their
counterparts in clusters. These results further support a sce-

nario of slower structural evolution in voids and suggest re-
duced minor-merger activity among early-type VGs. More-
over, such findings highlight the key role of large-scale en-
vironment in regulating baryonic mass assembly and mor-
phological transformation. In low-density regimes, the re-
duced influence of external processes (e.g. mergers, ram-
pressure stripping, and harassment) allows internal mecha-
nisms, such as secular processes and feedback, to become
primary drivers of galaxy evolution. This has already been
discussed by Bidaran et al. (2025b) for a rare sample of iso-
lated and quenched dwarf VGs, identified using the CAV-
ITY sample, whose evolution and quenching may have been
driven primarily by internal feedback mechanisms.

Despite the common perception, not all the VGs are
completely isolated. The work of Argudo-Fernandez et al.
(2026) shows that galaxy groups are also present in void en-
vironments. These groups appear to be in the earlier stages
of their dynamical evolution, and their richness does not
depend strongly on void density or on the distance to the
centre of the voids. However, these groups are generally
smaller, since the most massive galaxy group identified in
the CAVITY sample hosts only six members. Torres-Rios
et al. (2024) highlighted the important role of groups and
the local environment in voids, showing that VGs residing
in groups tend to assemble their stellar mass earlier than
isolated systems. Along with the local environment, the in-
fluence of the host dark matter halo and the surrounding
large-scale structure is also required to explain the observed
distributions of stellar mass and morphology (Torres-Rios
et al. 2026).

The presence of galaxy groups and mergers within voids
(e.g. Azevedo et al. 2026), even in their central regions and
in apparently isolated systems (Bidaran et al. 2025a), sug-
gests that void dynamics is also a key parameter for un-
derstanding the evolution of both large-scale structure and
the galaxies residing within them. This idea is further rein-
forced by Courtois et al. (2023), who investigated the total
(dark and luminous) matter content of seven CAVITY voids
and showed that the majority of these systems are not ex-
panding in all three spatial dimensions. Instead, they may
experience contraction along one or two dimensions, poten-
tially driven by the tidal influence of the surrounding matter
distribution.

Together, these studies illustrate the unique capabilities
of the CAVITY project and motivate the continued expan-
sion of its publicly available dataset. In this article, we
present the second data release (DR2) of the CAVITY sur-
vey, which doubles the initial sample from DR1 by pro-
viding public access to an additional 100 galaxies (200 in
total). Following the DR1 steps, we describe the sample
selection, observational strategy, data reduction pipeline,
and quality-control procedures. Additionally, we provide
a comprehensive characterisation of both the large-scale
and local environments of the surveyed VGs, including the
properties of the host voids and the group membership of
individual galaxies. This information provides an important
framework for interpreting the spatially resolved properties
of VGs in the context of both their host voids and their im-
mediate surroundings. This data release focuses exclusively
on the IFS data products and does not include extensions of
the CAVITY project (i.e. CAVITY+; Dominguez-Gémez



et al. 2022; Pérez et al. 2024; Rodriguez et al. 2024; Espada
et al. 2026).

This paper is organised as follows: in Section 2, we
briefly outline the criteria used to construct the CAVITY
parent and observable samples, and in Section 3 we ex-
plain details of observation strategies and the data reduction
phase. In Section 4, we describe the quality control proce-
dure. In Section 5, we present the CAVITY DR2 sample.
This is followed by Section 6, where we characterise the
voids and local environment of VGs in the CAVITY par-
ent sample, compared to the DR2. In Section 7 we sum-
marise the main conclusions. In this paper, we assume a flat
ACDM cosmology with Hy =70 km s~! Mpc~!, Qy = 0.30,
and Q) =0.70.

2 CAVITY sample selection

The CAVITY parent sample, from which the survey targets
are selected for observation, is constructed after applying
a set of selection criteria to the SDSS void catalogue of
Pan et al. (2012), which originally identified 1055 voids in
z < 0.107. In particular, CAVITY focuses on the redshift
range 0.005 < z < 0.050, ensures full coverage of voids
within the SDSS footprint, and concentrates on voids con-
taining at least 20 galaxies. These criteria reduce the initial
sample to 42 voids, from which a representative subset of
15 voids is selected to span a broad range of void and galaxy
properties (e.g. redshift, size, and g-r colour distribution),
while also satisfying visibility constraints from the Calar
Alto Observatory (for more details see Pérez et al. 2024).
The CAVITY parent sample comprises 4866 galaxies dis-
tributed across these 15 voids.

To minimise contamination from other components of
the large-scale structure, objects overlapping with the clus-
ters (defined as groups of at least 30 galaxies; Abell et al.
1989) in Tempel et al. (2017) catalogue are excluded, and
only galaxies located within 0.8 effective radius of a void
(Revoig) are retained. Here, Revoig is defined as the radius
of a sphere with the same volume as the actual void (see
Pan et al. 2012; Pérez et al. 2024). This selection ensures
minimal influence from surrounding filamentary structures
and prioritises galaxies in the innermost regions of voids.
Furthermore, galaxies with face-on or edge-on orientations
introduce additional complexities in spectral analyses, par-
ticularly for gas and stellar kinematics. Therefore, to ensure
a proper analysis, only galaxies with intermediate inclina-
tions (20 to 70 degrees) are considered (Pérez et al. 2024).
These criteria yield a sample of 1115 observable VGs (here-
after the observable sample), from which the data release
samples, including the 200 VGs of DR2 are drawn. The
distribution of the CAVITY parent sample and the observ-
able sample in the colour—magnitude diagram is shown in
Fig. 1 together with that of DR2 galaxies.

3 Observations and data reduction
Between its commencement in January 2021 and May

2026, CAVITY was assigned a total of 297 observing
nights with the 3.5-m telescope at the Calar Alto Observa-

tory using the Potsdam Multi-Aperture Spectrophotometer
(PMAS; Roth et al. 2005) in PPAK mode. By the end of this
period, observations had been completed for 307 unique
galaxies, some of which were observed in multiple observ-
ing runs.

3.1 Observations

PMAS/PPAK consists of a single hexagonal bundle of 331
fibres, each with a diameter of 2.7”, providing a field of
view (FOV) of 74 x 64 arcsec?. An additional set of six
mini-bundles, comprising a total of 36 fibres, is arranged in
aring at a radius of ~ 80 arcsec from the centre of the FOV
to sample the sky background. All CAVITY DR2 galaxies
were observed with the setup of V500 grating, which pro-
vides a spectral resolving power of R ~ 850 at ~ 5000 A
and a full width at half-maximum (FWHM) of ~ 6 A. This
setup covers the key optical spectral features, spanning the
wavelength range 3745-7500 A.

Exposure times were determined following the same
strategy as in DR1. In brief, galaxies were divided into
two categories, bright and faint, based on elliptical isopho-
tal profiles fitted to their SDSS DR12 r-band photometric
data. Galaxies with a surface brightness u > 22.1 mag
arcsec™ at the effective radius were classified as faint and
observed with a total integration time of 3 hours, while
those with 4 < 22.1 mag arcsec™ were classified as bright
and observed with a total integration time of 1.5 hours. The
SDSS r-band PetroR50, taken from Alam et al. (2015),
was adopted as a proxy for the effective radius (R.). All the
VGs were observed using the same three-position dithering
scheme as described in DR1, designed to improve spatial
sampling, mitigate vignetting effects (see Section 4), and
enhance the spatial coverage of the central bundle. At each
dithering position, two and four exposures of 900s were
obtained for bright and faint galaxies, respectively. In ad-
dition, one set of calibration frames for bright galaxies, and
at least two sets for longer exposures (faint systems) were
obtained.

Given the relatively long exposure times required for
each galaxy, together with the shared operation of multi-
ple observing programmes at the observatory, a fraction of
the VGs, including part of the DR2 sample, was necessarily
observed over multiple nights. To maintain data cube qual-
ity and minimise uncertainties related to fibre positioning
and atmospheric transparency, we adopted the same strat-
egy as in DRI, requiring each individual dithering position
to be completed within a single night. Of the DR2 sam-
ple, 66% of the galaxies were completed within a single
night, 30% over two nights, and the remainder over three
nights. Similarly, pointings that do not satisfy the minimum
quality-control requirements (see Section 4 and the DR1)
were rescheduled and re-observed to ensure the delivery of
high-quality data cubes.

3.2 Data reduction

The data reduction for CAVITY DR2 was carried out us-
ing the same automated pipeline employed for DR1, imple-
mented in version 1.2 of the CAVITY reduction framework.
The pipeline operates with minimal human intervention and
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Figure 1: Distribution of CAVITY galaxies in the SDSS
g — r vs. M, colour-magnitude diagram. The colour and
absolute magnitude distributions are displayed in the top
and side panels, respectively. Yellow dots (histograms) de-
note galaxies in the CAVITY parent sample (4866 galaxies),
while pink and blue are used for the observable subsample
(1115) and the final CAVITY DR2 sample (200), respec-
tively.

produces science-ready data products together with quality-
control metrics that allow assessment of the reliability of
the processed data. Its design follows the reduction proce-
dures originally developed for the CALIFA survey (Sanchez
et al. 2012; Husemann et al. 2013), with adaptations tai-
lored to the instrumental configuration and observing strat-
egy of CAVITY. The pipeline is implemented in Python
3, with selected computationally intensive tasks optimised
using Cython (Behnel et al. 2011). For DR2, the same
pipeline version 1.2 was used, with only minor internal ad-
justments aimed at improving computational efficiency and
automation in specific cases. These modifications facilitate
a smoother workflow but do not introduce any changes in
the scientific treatment of the data.

The reduction begins with the processing of the raw CCD
frames. Depending on the observing period, exposures
were obtained using either the original four-amplifier read-
out configuration or the two-amplifier mode adopted after
the detector intervention in 2022 (see DRI for details on
this issue). In both cases, the individual files produced by
the detector readout are merged into a single frame per ex-
posure. During this stage, the pipeline propagates the rele-
vant sources of uncertainty, including Poisson and readout
noise, while accounting for defective pixels and columns.
Pixel cleansing is applied to remove cosmic rays, and addi-
tional corrections are performed to account for instrumental
effects such as vignetting and stray light.

A stray light map is reconstructed from the inter-fibre
gaps on the detector and subtracted from both calibration
and science exposures. The spectra are then extracted from
the detector images using an optimal extraction algorithm
that incorporates the measured fibre profiles and allows

proper propagation of pixel-level uncertainties. The ex-
tracted spectra are stored in row-stacked-spectrum (RSS)
format, which constitutes the basic intermediate data prod-
uct used in subsequent processing steps.

Wavelength calibration is derived from arc-lamp expo-
sures acquired as part of the calibration sequences, allowing
the determination of the wavelength solution and spectral
resolution for each fibre. The spectra are subsequently re-
sampled onto a common linear wavelength grid, incorporat-
ing corrections for small flexure offsets between calibration
and science frames. Bad pixels are identified and masked
during this process, and the corresponding uncertainties are
propagated accordingly. Relative fibre-to-fibre transmission
variations are corrected using twilight sky exposures that
provide a uniform illumination reference across the instru-
ment.

Flux calibration is performed using a master sensitivity
curve derived from repeated observations of spectrophoto-
metric standard stars. Science frames are first corrected
for atmospheric extinction using the monitored extinction
values at the observatory and the airmass of the observa-
tions. The sensitivity curve is then applied to convert de-
tector counts into flux units. After flux calibration, the sky
contribution is removed using the dedicated 36 sky fibres
of the PPAK bundle, which sample the night sky simultane-
ously with the science observations.

Finally, the three dithered exposures obtained for each
target are combined and spatially resampled to recon-
struct the final data cube. This reconstruction uses a flux-
conserving interpolation scheme based on inverse-distance
weighting and includes an empirical correction for differ-
ential atmospheric refraction (Shepard 1968). The result-
ing cubes are subsequently adjusted to match the absolute
photometric scale using broadband SDSS imaging. As in
DRI, the spatial interpolation introduces correlated noise
between adjacent spaxels. This effect is characterised em-
pirically and parameterised following the relation provided
in DR1 (Eq. 1), ensuring proper error estimation when com-
bining spectra. Overall, the reduction applied to DR2 is
identical to that used for DRI, ensuring full consistency
between both releases while benefiting from minor im-
provements in efficiency and automation within the pipeline
workflow. The final reduced data for each galaxy are de-
livered as a single file, following the same standard binary
FITS format and structure adopted in DR1.

4 Data quality control

The full quality-control (QC) procedure was applied to all
galaxies observed and reduced up to March 2026, ensuring
that the released products met the standard requirements for
scientific use by the community. As in DR1, the CAVITY
QC procedure consists of two complementary stages: a vi-
sual inspection and an automated assessment.

The visual inspection of each final reduced data cube was
performed by the QC team with 23 members using a set of
diagnostic plots automatically generated following data re-
duction. The inspection was carried out with GALAssify',
a Python package developed for the visual classification of

lhttps://astrogal.gitlab.io/GALAssify/
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astronomical data products (Alcazar-Laynez et al. 2025).
The inspection was based on different quality flags that
probe key aspects of cube integrity, including reconstruc-
tion artefacts, spatial distortions, spectral anomalies, and vi-
gnetting effects. Each galaxy was independently inspected
by two members of the QC team. In cases of disagreement,
a third reviewer’s assessment was used to resolve the dis-
crepancy. Flags identified by at least two reviewers are con-
sidered confirmed issues for the corresponding cube. Dur-
ing the visual inspection, key aspects of cube integrity were
assessed. In particular:

e Cube reconstruction, including artefacts associated
with the dithering scheme, contamination from bright
stars or nearby galaxies, and targets with surface
brightness too low to be adequately sampled even af-
ter spatial binning. These aspects are inspected us-
ing white-light images constructed by integrating the
cubes over the wavelength range 4500-7000 A, maps
of negative-value spaxels to identify low-transmission
fibres, and Voronoi-binning maps (Cappellari & Copin
2003) with a target S/N>30, used to assess the spatial
extent of the galaxy that can be reliably analysed after
adaptive binning for a given exposure time and galaxy
surface brightness.

e Spectral quality, including distortions, atypical contin-
uum shapes, spectral artefacts, and vignetting effects.
These are assessed using the central spectrum together
with integrated spectra extracted within 0.5, 1, and 2
R.. Vignetting refers to the reduction in transmission
affecting those portions of the fibres that are projected
onto the four corners of the CCD, and is a known lim-
itation of the telescope’s optical system. In recon-
structed cubes, this appears as an annular region lo-
cated at approximately 15 arcsec from the FOV centre
and typically manifests as discontinuities at the spec-
tral edges. In severe cases, vignetting can reduce the
usable wavelength range to 4240-7140 A, although its
impact on the CAVITY sample is generally limited, as
VGs are typically compact (with isophotal diameter?
drs < 40 arcsec) and only their outermost regions are
affected. To minimise this effect, all observations were
conducted under the requirement that the target be ac-
curately centred within the FOV.

e A previously reported issue associated with CCD
quadrant ‘a’, which produced a sharp gradient in sky
level between the northern (top) and southern (bottom)
parts of the FOV, as well as a discontinuity in the spec-
tra at ~5800 A (for full details see DR1). Although
this issue was resolved during the preparation of DR1
and all affected galaxies were re-observed, this check
has been retained in the visual QC procedure to ensure
that similar artefacts do not occur again. As in DRI,
this assessment is based on two diagnostic plots: (i)
a zoomed-in view of the integrated spectra within 0.5,
1, and 2 R., focusing on the affected spectral range
(5500-6100 A); and (ii) a comparison of the mean flux
in each row of spaxels across the field of view from

2Following the convention adopted in CAVITY, the optical diameter
was estimated as 3XRgp -, where Roq - is the SDSS r-band Petrosian radius.

north to south, after masking the central region domi-
nated by galaxy light.

From the list of newly observed galaxies, only those
that passed the visual inspection phase form the rest of the
DR2 candidate list. These candidates were subsequently
evaluated through the automated quality-control procedure,
based on a series of quantitative parameters designed to
characterise different aspects of data-cube quality. For this
purpose, in DR1 we defined a set of thresholds and associ-
ated flags for each parameter (see Table 4 of the DR1 pa-
per), and the same criteria are adopted here. These flags are
generally based on the mean, maximum, and standard de-
viation of the corresponding parameters, as outlined below.
Most of the automated QC flags are treated as warnings and
do not necessarily indicate that a data cube is unsuitable for
scientific use; rather, they highlight minor issues that may
slightly affect data quality. The parameters considered are
grouped into three main categories:

1. The quality of the observing conditions is assessed
using three primary parameters: airmass, sky bright-
ness, and atmospheric extinction. All CAVITY ob-
servations are acquired at an airmass below 1.4 (cor-
responding to an elevation over 45°), well within the
warning threshold defined in DR1. Consequently, only
the standard deviation of the airmass is considered for
quality assessment, with values exceeding 0.15 rais-
ing a warning; this occurs for fewer than 10% of the
candidate galaxies. The sky brightness in the V band
is estimated using the 30 faintest sky fibres in each
pointing, and both the mean and standard deviation of
these measurements are evaluated against the adopted
warning thresholds. None of the galaxies exceed the
threshold for mean sky brightness (19.5 mag arcsec™2),
while 53 candidate galaxies surpass the threshold of
0.1 mag arcsec™ for the standard deviation of the
sky background (see DR1 for details). Atmospheric
transparency is characterised through the observatory’s
continuous monitoring of the V-band extinction for
each observed pointing. Based on the mean, maxi-
mum, and standard deviation of the measured extinc-
tion, warnings are raised for 29% of candidate galax-
ies, indicating non-uniform observing conditions.

2. The quality of the instrumental performance and data
reduction was assessed using four main diagnostics:
stray light contamination, spectral dispersion, cross-
dispersion, and residuals from the subtraction of bright
sky lines. To ensure that excessive stray light residu-
als do not compromise the data cubes, strict thresh-
olds were imposed on the mean, maximum, and stan-
dard deviation of this parameter (see Table 4 of the
DRI paper). However, none of the DR2 candidates
surpassed these thresholds, and therefore, no warn-
ings were raised because of this. The spectral dis-
persion and cross-dispersion were measured using arc-
lamp calibration frames and continuum-lamp expo-
sures, quantified as the FWHM of the spectral lines
and fibre traces, respectively. Five and four galaxies in
the DR2 candidate sample raised warnings by exceed-
ing the thresholds defined in DR1 for these two param-
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Figure 2: Characterisation of the DR2 CAVITY sample in comparison with the CAVITY parent sample and observable
sample from which observed galaxies are drawn (see Section 5 for details). From top to bottom and left to right, we
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sample. To the right of the black vertical dashed line in the normalised distance to the centre of the void panel histogram
(bottom-left) we find the most external parts of the void (area between 0.8 and 1.0 times the void effective radius). This
region is avoided as it can be considered as a transition zone from the void to the filamentary-like environment. Galaxies
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SDSS catalogue values in these plots. These parameters were subsequently revised following the visual quality-control
process and therefore do not necessarily correspond to the final values adopted by CAVITY.



eters, respectively. The accuracy of sky subtraction
was assessed by measuring the minimum and maxi-
mum flux residuals of the 5577A [OI] sky line across
all pointings, based on fibre-averaged residual spectra.
In addition, the maximum standard deviation of these
residuals was considered. Applying the same thresh-
olds adopted in DR1, warnings were raised for 85% of
the candidate sample owing to elevated residual levels
and/or large residual scatter. However, similar to DR1,
these values do not exceed 0.5 and 1.6 in maximum
and standard deviation, respectively.

3. The quality of the calibrated data products was as-
sessed by inspecting the global spectrophotometric
calibration and the stability of the wavelength calibra-
tion across the spectral range. As described in Sec-
tion 3.2, CAVITY data cubes are rescaled to match the
absolute flux level of the SDSS DR 16 broad-band pho-
tometry (Ahumada et al. 2020) measured within a 30-
arcsec diameter aperture. This flux calibration can be
affected by several factors, including the residual im-
pact of vignetting in a small fraction of fibres, the par-
tial coverage of the circular aperture in the DR16 im-
age, as well as artefacts and minor contamination from
foreground stars in the SDSS DR16 imaging. To quan-
tify the accuracy of the flux calibration, the median
scaling factors were required to lie within the range
0.7-1.6. Galaxies with values outside these limits were
excluded from the final sample.

Out of the 194 newly observed galaxies available by
March 2026 that went through the QC process, those failing
to pass the visual inspection stage of the QC were excluded
from the present data release (71 galaxies). A detailed in-
spection of these systems revealed that the reported issues
were primarily associated with observational artefacts (e.g.
satellite trails) or problems introduced during the reduction
and calibration processes. These issues will be revisited
and, where possible, corrected in preparation for the next
data release. Among the remaining galaxies, 12 systems
that passed the initial visual inspection failed the automatic
QC stage, mainly due to unreliable flux calibration caused
by partial coverage of the galaxies in the SDSS imaging or
the presence of fibres with reduced throughput. These cases
will also be reassessed for the next data release.

To provide a seamless extension of DR1, the 100 galax-
ies released as part of the first data release were retained
unchanged in DR2. The remaining 100 galaxies were ran-
domly selected from the pool of 111 newly available high-
quality data cubes, maintaining the planned total sample
size of 200 galaxies for this release. The remaining 11
science-grade data cubes will be made publicly available
as part of the next CAVITY data release.

S CAVITY DR2 Sample

As shown in Fig. 1, overall, the CAVITY DR2 sample fol-
lows a distribution similar to that of both the observable
and parent samples. Compared to the previous data release,
DR2 mitigates the slight excess of galaxies at the bright
end (brighter than the absolute r-band magnitudes, M,, of

1.0 ]

0.5

—_ ) eNe]
«a N 4
I \\ oS o] °
= v
3 o, i\
3 %o
< 00+ o X
= [c o] \‘
o - \
> 558 \
o 8 6] \\
- 1
‘\
—0.57 \
\
—— Kauffmann + 03 .
-—- Kewley + 01 Composite

Parent sample (3926)
Observable (919)
©  CAVITY DR2 (157)

-1.07

)
1
1
1
1
\
1
1
.
1
1
1
.
0.

T T T T T
-0.75 -0.50 -0.25 0.00 25 0.50

log([NII]A6583/Ha)

T T
-150 -1.25 -1.00

Figure 3: Diagnostic diagram (BPT) of [OII[]A5007/HB
versus [NII]16584/He. The typical error in each axis for
DR2 is represented with a blue cross in the bottom right of
the figure. The dashed, continuous, and dotted lines show
the Kewley et al. (2001) and the Kauffmann et al. (2003a)
demarcations, respectively. Yellow dots, pink dots, and
blue circles represent galaxies in the CAVITY parent sam-
ple (3926 galaxies), observable subsample (919), and the
final CAVITY DR2 sample (157), respectively (with suffi-
cient S/N in all diagnostic lines).

—20 mag) by including a larger fraction of fainter systems.
Nevertheless, the low-mass, low-luminosity regime (fainter
than M, = —18 mag) remains largely inaccessible with the
current observational setup. The low-mass regime (in par-
ticular log(M,/Mg) < 9.5) is therefore underrepresented
in the current sample and will be complemented by ongo-
ing and future observing programmes within the CAVITY
project.

Fig. 2 provides an overview of the main physical proper-
ties of the CAVITY DR2 sample in comparison with the
observable and parent samples. The top left-hand panel
shows the distribution of ds, defined for each galaxy as
three times its SDSS r-band PetroR90. Only galaxies
with dps > 16 arcsec are considered observable, ensur-
ing sufficient spatial sampling for two-dimensional analy-
ses of their properties. All selected systems are fully con-
tained within the PMAS/PPAK field of view (~70 arcsec).
The top-middle panel shows the redshift distribution. The
CAVITY parent sample, and consequently the observable
and DR2 samples, are defined within the redshift range
0.005 < z < 0.050, chosen to ensure adequate volume cov-
erage of large voids. As shown in the top left-hand panel of
Fig. 2, only galaxies with intermediate inclinations (20-70
degrees) are considered observable and included in the DR2
sample, with the majority of DR2 galaxies lying between 35
to 70 degrees.

The distribution of the morphological type (T-Type) of
the DR2 sample is consistent with that of the parent and
observable samples, although it exhibits a modest excess of



early-type galaxies. This bias arises naturally from the sur-
vey selection criteria, as massive galaxies are more likely
to satisfy the observational requirements (bottom left-hand
panel; classifications from Dominguez Sanchez et al. 2018).
As discussed in Section 2, CAVITY prioritises the obser-
vation of galaxies located in the inner regions of voids for
two main reasons: (i) to minimise contamination from sur-
rounding large-scale structure, such as NCNV, and (ii) to
probe galaxy evolution in the lowest-density environments
of the cosmic web. To this end, galaxies in the observ-
able sample are ranked according to their void-centric dis-
tance (bottom middle panel), and those with the smallest
distances are selected first for observation within each void.
The number of galaxies increases with void-centric distance
up to to the imposed limit of 0.8 R, yoiq- Lastly, the bottom
right-hand panel of Fig. 2 compares the stellar mass distri-
butions of the parent, observable, and DR2 samples.

Figure 3 shows the distribution of galaxies from the CAV-
ITY parent sample (3926 galaxies; yellow points), the ob-
servable subsample (919 galaxies; pink points), and the fi-
nal CAVITY DR2 sample (157 galaxies; blue circles) on the
BPT diagnostic diagram (Baldwin et al. 1981). The sample
sizes shown here are smaller than those reported in Fig. 1, as
only galaxies with positive emission-line fluxes and signal-
to-noise ratios greater than or equal to 3 in all four diag-
nostic lines [OIII]A5007, HB, [NII]16584, and Ha are in-
cluded. The emission-line measurements and stellar masses
are taken from the Max Planck Institute for Astrophysics
and Johns Hopkins University (MPA-JHU) catalogue, de-
rived from fits to the SDSS fibre spectra (Kauffmann et al.
2003b; Brinchmann et al. 2004; Tremonti et al. 2004; Salim
et al. 2007).

The parent and observable samples are dominated by
star-forming galaxies, with the majority of objects (73.7%
and 68.7%, respectively) lying below the empirical demar-
cation line of Kauffmann et al. (2003a). The DR2 sample
follows the same trend, with 60.5% of galaxies classified as
star-forming systems. A further 9.5% of galaxies lie above
the theoretical demarcation of Kewley et al. (2001), indi-
cating that active galactic nuclei (AGN) dominate their ion-
isation budget. The remaining ~ 12.5% of the DR2 sam-
ple occupy the region between the two demarcations, com-
monly referred to as the composite region, where both star
formation and AGN activity may contribute to the observed
emission-line ratios. In Table 1 we show a summary of
the number of galaxies in each of the steps described above
(from columns 1 to 4). Furthermore, columns 5, 6, 7, and
8 indicate the number of galaxies (and their percentage rel-
ative to column 3) that are star-forming, composite, AGN,
and non-emitting, respectively.

Fig. 4 shows the colour-mass diagram for the DR2 galax-
ies. For a representative sample of 47 galaxies, we present
the corresponding Moment 0 maps, constructed by sum-
ming the integrated light over the full wavelength range
covered by the observations. These examples provide a vi-
sual overview of the reconstructed data products and illus-
trate the diversity of galaxy morphologies across the stellar
mass range covered by DR2. Instructions for accessing the
CAVITY DR2 data products through the survey database
are provided in Appendix A.

6 The environmental characterisa-
tion of the DR2 sample

Despite defining the vast, low-density regions of the cos-
mic web, voids are far from uniform (e.g. Courtois et al.
2023). Their galaxy populations likewise exhibit signifi-
cant diversity in both distribution and physical properties.
Furthermore, although VGs reside in low-density environ-
ments, this does not necessarily imply that they are all iso-
lated or free from interactions with nearby systems. Indeed,
Argudo-Fernandez et al. (2026) demonstrated that galaxy
groups, triplets, and pairs are also present in cosmic voids,
although they are generally smaller and appear to be at ear-
lier stages of dynamical evolution than their counterparts in
denser environments (see also Torres-Rios et al. 2026).

To better characterise the environment of CAVITY DR2
galaxies, in Section 6.1 we first review the main properties
of the 15 voids comprising the CAVITY parent sample, in-
cluding the distribution of galaxies with respect to the void
centres, as well as their colour and r-band absolute magni-
tude distributions. In Section 6.2, we further build upon the
results of Argudo-Ferndndez et al. (2026) to investigate the
local environments of DR2 galaxies, providing a more com-
plete view of both the local and large-scale environmental
conditions in which these systems evolve.

6.1 CAVITY voids characteristics

In Fig. 5, we show the distribution of VGs in three repre-
sentative voids from the parent sample of CAVITY, namely
voids 65, 405, and 941, for which some specific charac-
teristics are discussed below. The left-hand panels show
the distribution of void-centric distances, expressed as a
fraction of R..oig, for all galaxies in each correspond-
ing void. The right-hand panels show the corresponding
colour—magnitude distributions for each void. The his-
tograms on the top and right-hand sides display the distri-
butions of M, and g-r, respectively, with photometric quan-
tities taken from Pan et al. (2012). Similar figures for the
remaining 12 voids in the parent sample are provided in Ap-
pendix B.

Focusing on the spatial distribution of VGs across the 15
voids with respect to void centres, it becomes evident, as
already reported in the DRI, that the number of VGs in-
creases with void-centric distance. In other words, the ma-
jority of VGs reside between 0.5 and 0.8 R, yoiq (and be-
yond), leaving the central regions of voids relatively un-
derpopulated. This trend is primarily a geometric effect,
as spherical shells at larger void-centric distances encom-
pass progressively larger volumes. Indeed, the cumulative
number of galaxies approximately follows the expected 7
dependence, indicating that the volume number density of
galaxies remains broadly constant across the voids (Pan
et al. 2012). Nevertheless, noticeable void-to-void varia-
tions are present. For example, in some cases, the innermost
regions (< 0.2 Reyoig) still host a small number of galax-
ies, as seen in voids 65, 439, 622, and 921. In contrast, in
void 405 the galaxy population remains sparse even at inter-
mediate radii, with fewer than 10 galaxies detected within
0.3-0.5 Re void- In some systems, such as voids 921 and 941,



Sample Total MPA-JHU S/N  Star-forming  Composite AGN Non-emitting galaxies
(1 2 3) “ &) (6) (N ®)
Parent 4866 4562 3926 3361 (73.7%) 367 (8.0%) 198 (4.3%) 636 (13.9%)
Observable | 1115 1059 919 728 (68.7%) 118 (11.1%) 73 (6.9%) 140 (13.2%)
DR2 200 190 157  115(60.5%) 24 (12.6%) 18 (9.5%) 33 (17.4%)

Table 1: Summary of the total number of galaxies in each of the samples. The columns correspond to: (1) Sample of
galaxies; (2) Total number of galaxies in the corresponding sample; (3) Galaxies in the MPA-JHU catalogue; (4) Galaxies
satisfying the condition S/N > 3 and positive fluxes; (5) Star-forming galaxies; (6) Composite galaxies; (7) AGN galaxies;
(8) Passive or non-emitting galaxies. Percentages are calculated relative to column 3.
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Figure 4: Moment 0 maps reconstructed from the CAVITY data cubes for 47 representative galaxies from the DR2 sample,
overlaid on the colour-mass diagram. The Moment 0 maps were constructed by summing the integrated light over the full

wavelength range observed. Spaxels with signal-to-noise ratio less than 3 are discarded. The distribution of the complete
DR2 sample is shown by the grey data points.



Void 65 Void 65

Parent sample (287) E
601 Observable (172) 3 20
Eod Observed (16) o 0
DR2 sample (5
% 50 =2 ple (5)
s 1.2
3 2=0.038
© 40 ]
E 1.0 °
o - o
@ 30 5,081 9% o
el © Otoe
£ Eos o °%
Z 201 v °
S04 ®,%
104
0.2
R - - =~ x
0 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 -15 -16 -17 -18 -19 -20 -21 -22 O 25
r/Re, void M, [mag] Counts
Void 405 Void 405
40 Parent sample (97) % 101
Observable (62) 3
351 Observed (24) o m;‘
[ DR2 sample (16) 0 ‘ ‘ ‘
9 30|
% 1.2
5] z=0.032 °
S 1.0 o’
‘s o
S 20 O
@ — 0.8 °
o 3 °
£15 £ °veo
3 =067 & %
= 5 LY |
101 ©0.44 e J
o8 I
5 o 0 0.2 4
64
0
0 : : : EZa— 0k 0.0 . . . . . . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 -15 -16 -17 -18 -19 -20 -21 -22 O 10
I/Re, void M, [mag] Counts
Void 941 Void 941
64 Parent sample (28) 2
c2
Observable (11) 3 K
5] Observed (8) °, S L LA
" 221 DR2 sample (7)
o
Xa 7 12 0.013
© 49 z=0.
S 1.0
“ °
E 3 (%) 0 8 °
o] //Z @
2 ] g .
5 21 / ] =06
= X i
7 l Do .. aj
14 / °
T |
50
o 93 NN 1 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 -15 -16 -17 -18 -19 -20 -21 =22 O 5
I/Re, void M, [mag] Counts

Figure 5: The distribution of VGs in three example CAVITY voids. Left-hand panels: The distribution of void-centric
distances, as a function of Re g for all galaxies in, from top to bottom, voids 65, 405, and 941, respectively. Right-hand
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of M, and g-r, respectively. In all panels, galaxies belonging to the CAVITY parent sample are shown in yellow, those in
the observable sample in pink, galaxies with IFS data observed up to May 2026 in purple, and the CAVITY DR2 sample
in blue. The redshift quoted in each panel is the median redshift of all galaxies belonging to the corresponding void.
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Figure 6: Distribution of the group richness (Ng4, upper
panel) and projected local number density (77x, lower panel)
for CAVITY galaxies. In the upper panel we only con-
sider galaxies in groups with physically bound neighbours
(i.e. neighbours within a projected distance d <450 kpc and
Av < + 160 kms™"). In the lower panel we exclude galax-
ies with zero or one neighbour in their local environment
(i.e. neighbours within d < 1 Mpc and Av < + 500 kms™).
Yellow histograms denote galaxies in the CAVITY parent
sample (794 and 1612 galaxies, respectively), while pink
is used for the observable subsample (213 and 394, respec-
tively) and blue for the final CAVITY DR2 sample (45 and
74 galaxies, respectively).

a clear discontinuity is observed, with a small population
of galaxies in the central regions and the majority concen-
trated at larger void-centric distances (2 0.5 Re voig). While
this feature may partly reflect the magnitude-limited nature
of the SDSS sample, on which the CAVITY parent sample
is based, which reduces the detectability of low-luminosity
galaxies (see below), it may also indicate genuine differ-
ences in the spatial distribution of galaxies among individ-
ual voids (Torres-Rios et al. 2026; Argudo-Ferndndez et al.
2026).

The voids in the CAVITY parent sample also differ sig-
nificantly in their galaxy populations. In terms of hosted
galaxies, voids 65, 139, and 487 are the most populated,
each containing more than 200 VGs. At the opposite ex-
treme, voids 622 and 941 host fewer than 40 galaxies and
are among the least populated systems in the sample. It
should be noted that the CAVITY parent sample was con-
structed by selecting only voids hosting at least 20 galaxies.
Consequently, less populated systems present in the Pan
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et al. (2012) catalogue are excluded, and the low-richness
end of the void population is not fully sampled by CAVITY.

In general, the CAVITY parent sample is drawn from the
SDSS DR7 spectroscopic sample, which is complete down
to an r-band Petrosian magnitude of » <17.77 mag (Strauss
et al. 2002). This magnitude limit implies an increasing in-
completeness towards the low-mass galaxies, particularly at
higher redshift, and therefore, a lower observed abundance
of dwarf galaxies within individual voids at higher distances
is expected. For example, nearby voids 941, 482, and 738
(z <0.03) appear to host more low-luminosity systems, with
many galaxies fainter than M, = -17.5 mag, whereas in
more distant voids, such as 142 and 654 (z >0.04), the
low-luminosity population appears largely absent. Conse-
quently, the apparent scarcity of low-mass galaxies in such
systems should not be interpreted as evidence for their in-
trinsic absence. Further deeper observations are required to
properly constrain the faint-end VGs populations in these
voids.

Nevertheless, even with this detection limit, notable dif-
ferences are apparent in the luminosity distributions of VGs
among different voids. In particular, completeness effects
alone cannot fully account for the diversity observed among
nearby voids. A notable example is provided by voids 941
and 738, located at comparable redshifts of z ~ 0.013 and
z ~ 0.018, respectively. In both systems, galaxies fainter
than M,=-17 mag are detected, as expected given their
proximity. Yet, while void 738 hosts galaxies spanning a
wider luminosity range, the massive end of the distribution
appears largely absent in void 941. Since both voids are
subject to similar observational biases, this difference is un-
likely to arise solely from completeness effects and instead
may reflect intrinsic differences in their dynamical states or
underlying physical properties.

In general, all 15 voids are predominantly populated by
galaxies with blue photometric colours (i.e. g-r<0.6), con-
sistent with results from previous studies (e.g. Rojas et al.
2004; Kuutma et al. 2017). However, the fraction of red
galaxies is not uniform across all the voids in the sample.
While some voids, such as 487 and 142, exhibit a clear bi-
modality in g-r, indicative of a substantial red galaxy pop-
ulation, others, such as void 439, are overwhelmingly dom-
inated by blue-cloud systems. The majority of red galax-
ies are also among the brightest, and therefore typically
more massive, systems. However, some voids show a non-
neligible population of low-luminosity red galaxies. A no-
table example is void 738, where a considerable fraction
of galaxies with lower magnitudes display red colours. Part
of this trend is related to the incompleteness affecting SDSS
photometry, since the effective completeness limit at a given
redshift depends on galaxies’ average stellar population age
and colour (see Appendix A in Torres-Rios et al. 2026).
Consequently, nearby voids provide a more complete cen-
sus of low-mass red galaxies than their more distant coun-
terparts.

During the scheduling of CAVITY observations, two pri-
mary priorities were adopted when possible: (i) to obtain
observations for at least 20 galaxies per void, where the
number of observable galaxies exceeds this threshold, and
(ii) to prioritise galaxies located in the inner regions of the
voids, progressively extending towards larger void-centric



radii. This strategy has been achieved for several voids,
such as 355 and 738. However, in other systems, the target
has not yet been fully reached, either because the central re-
gions of some voids (e.g. voids 142 and 941) do not contain
galaxies satisfying the CAVITY observational selection cri-
teria or because of the limited number of observed galaxies
as of May 2026 (e.g. void 65).

At the current stage of the survey, CAVITY has achieved
coverage of more than 30% of the observable galaxy pop-
ulation in nine voids (defined as the ratio of observed to
observable galaxies within each void), and exceeds 70% in
three voids. Eight of the 15 voids are already sampled with
at least 20 observed galaxies. The lowest completeness lev-
els are found in voids 65 (9%) and 487 (11%), which are
among the most populated systems in the parent sample.
Future observations will continue to prioritise reaching the
target of at least 20 observed galaxies per void, while also
giving priority to the least well-sampled voids in order to
improve the overall balance of the survey.

6.2 Local environment characteristics

The local environment of galaxies can be characterised
through various approaches. Here, we adopt two widely
used diagnostics for CAVITY VGs: group membership
based on the work of Argudo-Fernandez et al. (2026), trac-
ing physically bound systems, and local galaxy density,
measured through the abundance of neighbouring galaxies.

Starting from the Pan et al. (2012) SDSS catalogue of
voids, Argudo-Fernandez et al. (2026) used a Friend-of-
Friend-like algorithm to find group galaxies in voids with
zj0.08, containing 24931 VGs. Each void is evaluated in-
dependently, considering only the galaxies that reside in
it. First, they searched for neighbour galaxies with line-of-
sight velocity difference Av < + 500 kms™! within 1 Mpc
in projected distance (Argudo-Ferndndez et al. 2015). If
a galaxy has no neighbours within that volume (59% of
VGs), these are classified as singlets (i.e. galaxies that are
not physically bound to any other detected galaxy). Con-
versely, they are identified as physically bound groups if the
galaxies have neighbours separated by a projected distance
d<450kpc with Av < + 160 kms~!. Galaxies that have
neighbours within the defined volume but are not physically
bound with them; hereafter ’loose’ galaxies, act as tracers
of the substructure inside the voids (29% of the galaxies
in the voids). Following this methodology, they identified
a sample of 1367 physically bound groups, composed of
3040 galaxies (12% of the VGs), where the most massive
galaxy in each group is defined as the central one.

When translating these numbers to the CAVITY parent
sample (15 voids, 4866 galaxies), 42% of the galaxies are
singlets (2055 galaxies), 16% are in groups with Ngy > 2
(794 galaxies), and 42% are loose galaxies (2017 galaxies).
In comparison, 213 group galaxies (19%) are included in
the observable sample and 45 galaxies (22%) in the DR2
sample. The rest of the galaxies are singlets (427 galax-
ies in the observable sample and 62 in the DR2 sample),
and loose galaxies (475 galaxies in the observable sample
and 93 in the DR2 sample). Table 3 summarises the num-
ber of group, singlets, and loose galaxies in each sample.
Most of the group galaxies belong to groups with two phys-
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Table 2:

Table 3: Numbers of group, singlets, and loose galaxies
in the parent, observable, and DR samples, and the corre-
sponding percentages with respect to the total number of
VGs in each sample.

Sample group singlets loose
Parent 794 (16%) 2055 (42%) 2017 (42%)
Observable 213 (19%) 427 (38%) 475 (43%)
DR2 45 (22.5%) 62 (31%) 93 (46.5%)

ically bound galaxies. This is evident in the upper panel of
Fig. 6, where we present the distribution of group richness
(number of physically bound neighbours in each group) for
group galaxies in the parent, the observable, and the CAV-
ITY DR2 samples.

Overall, the fraction of galaxies belonging to different
group categories in CAVITY DR?2 closely follows that of
the CAVITY parent sample across the 15 surveyed voids.
Furthermore, the DR2 sample spans the full range of group
richness present in the CAVITY parent sample, including
its richest groups. This makes DR2 a well-suited sample
for investigating the role of local environment in shaping
the evolution of VGs.

Another common method to quantify the local environ-
ment of VGs is to use the local galaxy number density (i.e.
the number of galaxies per unit volume) within a fixed field
radius. We estimated the galaxy number density, 7, as:

|

where Ny, is the number of local neighbours and d is the
projected distance to the k”* nearest neighbour, with k = 5
or less if there are not enough neighbours in the field (Caser-
tano & Hut 1985; Verley et al. 2007; Argudo-Fernandez
et al. 2015). The lower the n; value, the less dense the local
environment is. To compare this quantification of the local
environment with the group environment, we look for local
neighbours within the same void, with a projected field ra-
dius of 1 Mpc, and with a line-of-sight velocity difference of
Av=500kms~!. The distribution of 7 for galaxies in the
CAVITY DR2 sample, in comparison to the parent sam-
ple and observable galaxies, is shown in the lower panel
of Fig. 6. Note that by definition, the 7; can not be com-
puted if a galaxy has one or no neighbours. This happens
for the 67% of the galaxies in the parent sample, with simi-
lar numbers for the observable and DR2 samples (65% and
63% respectively), which confirms the extremely low den-
sity environment within voids.

Nneigh -1
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Despite the absence of any selection criterion based on
local galaxy density, both the observable and DR2 samples
provide a representative view of the (1;) distribution of the
CAVITY parent sample. A slight underrepresentation is ob-
served only for galaxies with (-1 < 7 < 0), corresponding
to systems with two to three neighbours within the defined
volume.



7 Summary and conclusions

In this article, we present the second data release (DR2) of
the Calar Alto Void Integral-field Treasury Survey (CAV-
ITY), including a detailed description of the sample selec-
tion, observing strategy, data reduction, and quality-control
procedures. This release comprises 200 integral-field spec-
troscopy (IFS) data cubes, including the 100 galaxies pre-
viously made available in DR1 and 100 newly released
science-grade, quality-validated galaxies. All data were
obtained with the PMAS/PPAK spectrograph at the 3.5-m
Calar Alto Observatory (CAHA) using the V500 set-up,
which covers the optical wavelength range 3745-7500 A at
a spectral resolution of 6.0 A (FWHM). The data were re-
duced using version 1.2 of the official, automated CAVITY
reduction pipeline (see DR1).

Overall, the CAVITY DR2 sample closely follows the
distribution of the CAVITY parent sample across the 15
selected voids, spanning a broad range of stellar masses,
sizes, morphologies, star formation activity, and ionisation
mechanisms. Compared to DR1, the current release reduces
the slight overrepresentation of bright galaxies (M, ~ —20
mag) by including a larger fraction of fainter systems. Nev-
ertheless, the low-mass, low-luminosity regime (M, > —18
mag) remains largely underrepresented due to the limited
spatial sampling and observational constraints imposed by
the current instrumental setup for faint and compact galax-
ies. As of March 2026, CAVITY has achieved a coverage
exceeding 30% of the observable galaxy population in nine
voids and more than 70% in three of them. Overall, the 15
voids comprising the CAVITY parent sample span a broad
range of properties, including different sizes, galaxy rich-
ness, and galaxy populations with diverse stellar masses
and star-formation states. Due to the magnitude-limited na-
ture of the SDSS survey from which the parent sample is
drawn, more distant voids are preferentially populated by
brighter and more massive galaxies, while the detection of
low-mass dwarf systems becomes increasingly incomplete.
To characterise the local environment of VGs, we adopted
two complementary approaches: galaxy group membership
and local galaxy density. Although the DR2 sample was as-
sembled without explicitly selecting galaxies to reproduce
the distribution of local environmental properties, it never-
theless provides a representative view of the local environ-
ments found in the CAVITY parent sample, spanning the
full range of group richness.

With the second data release, CAVITY has now delivered
a substantial fraction of its final legacy sample, providing
public access to approximately two-thirds of the expected
survey data. Observations have already been completed for
more than 300 VGs, and the remaining data will continue
to be processed through updated versions of the reduction
pipeline and quality-control procedures. The final CAVITY
data release will provide an homogeneous sample of more
than 300 science-grade IFS data cubes of VGs. In addition
to increasing the sample size, the next stages of CAVITY
will focus on improving the coverage of individual voids,
aiming to observe at least 20 galaxies per void whenever
possible and to provide a more complete mapping of the
radial distribution of galaxies within each void. Particular
emphasis will be placed on currently under-sampled voids
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to ensure a more homogeneous representation of the diverse
void population.
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A Access to the CAVITY DR2 data

All CAVITY DR2 data cubes and catalogues are publicly
available through the survey’s webpage®, which also pro-
vides project updates and information on future CAVITY
and CAVITY + data releases. Moreover, the dedicated DR2
webpage” provides access to the released data products such
as catalogues and PPAK images. The database structure and
data tables remain unchanged from the first data release,
and are described in detail in the DR1 paper.

The CAVITY database is built using the open-source
Daiquiri framework (Galkin et al. 2020), which provides
functionalities such as news updates, user comments, and
an SQL query interface. The CAVITY catalogues are dis-
tributed in the commonly used CSV and FITS formats and
are fully compatible with the Virtual Observatory (VO)
standards. The catalogues can be accessed through the SQL
query interface available on the CAVITY query webpage®
as well as through the Table Access Protocol (TAP; Dowler
et al. 2011). Using SQL or Astronomical Data Query Lan-
guage (ADQL; the IVOA standard query language) queries,
users can access the complete DR2 dataset and other CAV-
ITY catalogues, with the possibility of applying customised
selection criteria tailored to specific scientific goals. To
demonstrate the capabilities of the database and facilitate
its use, an example query retrieving PPAK data cubes, im-
ages, and selected columns from the master catalogue for
two galaxies (with survey IDs 34100 and 34101) in the DR2
sample is provided below. Additional examples for all cur-
rently available CAVITY data releases can be found in the
examples section of the query webpage.

3https://cavity.caha.es/
4https://cavity.caha.es/data/er/
5https://cavity.caha.es/query/
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SELECT m.galaxy, m.ra, m.dec, m.redshift,
m.M_star, c.file,
i.img_footprint, i.img_moment
FROM dr2.Master as m, dr2.PPAK_images as i,
dr2.PPAK_cubes as c
WHERE m.galaxy i.galaxy
AND m.galaxy c.galaxy
AND m.galaxy IN (34100,34101)

B Distribution of CAVITY DR2
galaxies in voids

In Figs. 7, 8, and 9, we present the distribution of VGs in
the CAVITY parent sample (excluding voids 65, 405, and
941, whose distributions are presented in the main text in
Section 6.1).


https://cavity.caha.es/
https://cavity.caha.es/data/dr2/
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Figure 7: Similar to Fig. 5, shown here for the remaining voids in the CAVITY parent sample.
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Figure 8: Continued.
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Figure 9: Continued.
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C

Database tables

In this section, we review the details of all the catalogs pro-
vided through CAVITY DR2. These catalogs are accessible
from the CAVITY database, as explained in Section A, and
are available in both FITS and CSV formats. Below, we
briefly review the main properties of each:

PPAK _cubes (Tab. 4): This table contains the FITS
files of observed CAVITY galaxies provided by the
PPAK data reduction pipeline.

PPAK _images (Tab. 5): This table contains the foot-
print and radar imagery of the CAVITY galaxies. In all
the images, the effective radius of the galaxy is marked
in white, and the PPak hexagonal footprint is marked
in green.

Master (Tab. 6): This table contains the main physi-
cal properties of CAVITY galaxies and is a summary
of all the catalogues described here. The majority of
parameters presented in this table are taken from pub-
licly available catalogues, as outlined in Tab. 6. A
few parameters are derived by the team members, for
which we will discuss their details here. The effr-
frac” is the effective radius fraction of the location of
galaxies within voids, assuming them as spheres with
similar volume as the actual void. “d25” represents
the galaxy’s major axis, which is three times the value
of its "petroR90-r.” The “petroR90-r” is the radius en-
compassing 90% of the Petrosian flux in the R-band.
These values are taken from Alam et al. (2015). “’incl”
is galaxy’s inclination defined as arccos(b/a) where b
and a are minor and major axis, respectively. "A,” is
Galactic r band extinction along line-of-sight and is de-
rived following the steps outlined for table AG in the
following.

Voids (Tab. 7): This table describes the main physi-
cal properties of CAVITY voids. All the properties are
directly taken from Pan et al. (2012) public void cata-
logue. All x,y,z coordinates reported in this table are
calculated as distances in Mpc/h, using the following
equations: x = rcos(ra)cos(dec); y = rsin(ra)cos(dec);
z = rsin(dec). Their assumed cosmology is €; = 0.73
and Q,, = 0.27.

AG (Tab. 8): This table contains the Galactic extinc-
tion data for CAVITY galaxies. Optical Galactic ex-
tinctions in different SDSS filters are calculated based
on the SFD Dust survey (Schlegel et al. 1998) and
SDSS filters (Schlafly & Finkbeiner 2011) publicly
available gdpyc python package®.

ALFALFA SDSS (Tab. 9): ALFALFA-SDSS Galaxy
Catalogue for CAVITY galaxies.

IFU (Tab. 10): This table contains information on IFU
data availability from CALIFA” and MaNGAS3 surveys
for CAVITY galaxies. Columns are set to 1 if the cor-
responding data is available and O otherwise.

e PAN_MAGLIM (Tab. 11): This table contains prop-

erties of CAVITY galaxies directly taken from the
publicly available magnitude limited catalogue of Pan
et al. (2012).

SDSS (Tab. 12): This table contains photometric
properties of CAVITY galaxies, directly taken from
the 12th data release of the Sloan Digital Sky Survey
(Alam et al. 2015).

Morpho (Tab. 13): The morphological classifica-
tion catalogue of CAVITY galaxies, constructed from
four public catalogues and studies (Lintott et al. 2008;
Willett et al. 2013; Huertas-Company et al. 2011;
Dominguez Sénchez et al. 2018).

MPA (Tab. 14): This table contains properties of
CAVITY galaxies, directly taken from the MPA-JHU
Catalogue9 (Brinchmann et al. 2004; Kauffmann et al.
2003b; Tremonti et al. 2004).

LEDA (Tab. 15): This table contains properties of
CAVITY galaxies directly taken from the Hyperleda
Catalogue'”.

6https://gdpyc.readthedocs.io/en/latest/
7https://califa.caha.es/
8https://www.sdss4.org/surveys/manga/
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9https://1ive—sdss4org—dr12.pantheonsite.io/spectro/
galaxy_mpajhu/
10http://leda.univ—lyonl.fr/leda/meandata.html


https://gdpyc.readthedocs.io/en/latest/
https://califa.caha.es/
https://www.sdss4.org/surveys/manga/
https://live-sdss4org-dr12.pantheonsite.io/spectro/galaxy_mpajhu/
https://live-sdss4org-dr12.pantheonsite.io/spectro/galaxy_mpajhu/
http://leda.univ-lyon1.fr/leda/meandata.html

Table 4: PPAK _cubes

column description unit UCD datatype
galaxy  CAVITY ID meta.id;meta.main; int
name CAVITY name meta.id; char
date Observation date time.epoch; date
version  Pipelide version char
file Fits file of the galaxy meta.ref;meta.file;meta.fits; char
Table 5: PPAK _images
column description unit UCD datatype
galaxy CAVITY ID meta.id;meta.main; int
img_footprint ~ PPak footprint on the SDSS image of the galaxy. meta.ref;meta.image; char
img_-moment  Moment 0 map (from 450 to 700 nm) of the galaxy. meta.ref;meta.image; char
img_spectrum  Spectrum of the center of the galaxy. meta.ref;meta.image; char
Table 6: Master
column description unit ucCDh datatype
galaxy Name of the target galaxy (CAVITY ID) ¢ meta.id; meta.main; int
void The hosting void number ¢ meta.id; int
ra Right ascension of the galaxy ” [degree] pos.eq.ra float
dec Declination of the galaxy ” [degree] pos.eq.dec float
redshift Redshift © src.redshift; float
effr_frac Galaxy’s distance to the center of its host phys.size.radius; float
void, normalised to the effective radius of arith.ratio;
the void*
morphology  Morphology type© src.morph; float
d25 Major axis ¢ [arcsec] phys.angSize.smajAxis;  float
incl Inclination ¢ [degree] src.orbital.inclination; float
pa Position angle ¢ [degree] pos.posAng; float
rabsmag Absolute r-band magnitude ® [mag] phot.mag; float
sb Surface brightness ¢ [mag-arcsec™]  phot.mag.sb; float
g-r Color g-r” [mag] phot.color; em.opt.B; float
em.opt.R;
Av Galactic r band extinction along line-of- [mag] phys.absorption.gal; float
sight ¢
M_star Log of stellar mass in solar masses ° [log(Mp)] phys.mass; float
fluxHI HI line flux density / [Jy-km-s~'] phot.flux.density; float
em.line.HI; spect.line;
vmaxg Rotational velocity ¢ [km-s~'] phys.veloc.rotat; float
log(SFR) Log of star formation rate ¢ [log(My-yr™1)]  phys.SFR; float
SDSS_ID The SDSS ID & meta.id.cross; float

a: Pérez et al. (2024), b: Pan et al. (2012), c: Dominguez Sanchez et al. (2018), d: Makarov et al. (2014)
e: The MPA-JHU survey, f: Durbala et al. (2020), g: Public Sloan Digital Sky Survey Catalogue-DRS

Table 7: Voids

column  description unit ucCDh datatype
void CAVITY Void ID meta.id;meta.main; int
ra Right ascension of the center of the maximal sphere [degree] pos.eq.ra; float
dec Declination of the center of the maximal sphere [degree] pos.eq.dec; float
X Equatorial x coordinate of the center of the maximal sphere [Mpc/h]  pos.cartesian.x; float
y Equatorial y coordinate of the center of the maximal sphere [Mpc/h]  pos.cartesian.y; float
zZ Equatorial z coordinate of the center of the maximal sphere [Mpc/h]  pos.cartesian.z; float
r Radius of the maximal sphere [Mpc/h]  pos.spherical.t; float
volx Equatorial x coordinate of the center of the void region [Mpc/h]  pos.cartesian.x; float
voly Equatorial y coordinate of the center of the void region [Mpc/h]  pos.cartesian.y; float
volz Equatorial z coordinate of the center of the void region [Mpc/h]  pos.cartesian.z; float
effr Radius of the sphere which has the same volume as the void region [Mpc/h]  pos.spherical.t; float
numgals Number of volume limited galaxies that reside in the entire void region meta.number; int
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Table 8: AG

column  description unit ucCDh datatype
galaxy CAVITY ID meta.id;meta.main; int
LEDA Galactic extinction in B-band (ag from Hyperleda catalogue) [mag] phys.absorption.gal;em.opt.B;  float
SDSS_u  Galactic extintion using SDSS U-Band filter [mag] phys.absorption.gal;em.opt.U; float
SDSS_g  Galactic extintion using SDSS G-Band filter [mag] phys.absorption.gal;em.opt.B;  float
SDSS.r  Galactic extintion using SDSS R-Band filter [mag] phys.absorption.gal;em.opt.R; float
SDSS.i  Galactic extintion using SDSS I-Band filter [mag] phys.absorption.gal;em.opt.l;  float
SDSS_z  Galactic extintion using SDSS Z-Band filter [mag] phys.absorption.gal;em.opt.l;  float
Table 9: ALFALFA_SDSS
column description unit ucCh datatype
galaxy CAVITY ID meta.id;meta.main; int
AGC Entry number in the AGC catalogue meta.id.cross; int
Vhelio Heliocentric velocity of the HI profile mid-  [km-s~!] spect.dopplerVeloc; int
point em.line.HI;
W50 Width at 50% level [km-s~'] int
W20 Width at 20% level [km-s™!] int
HIflux HI line flux density [Jy-km-s~'] phot.flux.density; float
em.line.HI; spect.line;
sigflux Uncertainty in HIflux [Jy-km-s~'] stat.error;phot.flux.density;float
Dist Distance used in MHI, Mstar, SFR [Mpc] float
sigDist Uncertainty of Dist [Mpc] float
logMH HI mass, where distance is the one adopted  [log(Mg)] phys.mass; float
in
logMH _err Uncertainty in logMH stat.error;phys.mass; float
Hicode HI source code. Good S/N or tentative de- int
tection (1 or 2, respectively)
logMstarTaylor Stellar mass from SDSS optical photome-  [log(My)] phys.mass; float
try using the Taylor method
logMstarTaylor_err Uncertainty in logMstarTaylor stat.error;phys.mass; float
logMstarMcGaugh Stellar mass from infrared unWISE pho-  [log(Mg)] phys.mass; float
tometry using the McGaugh method
logMstarMcGaugh_err  Uncertainty in logMstarMcGaugh stat.error;phys.mass; float
logMstarGSWLC Stellar mass from GSWLC-2 [log(Mp)] phys.mass; float
logMstarGSWLC_err  Uncertainty in logMstarGSWLC stat.error;phys.mass; float
logSFR22 Star Formation Rate (SFR) from unWISE  [log(My-yr™!)]  phys.SFR; float
infrared photometry using the flux at the
frequency of 22 ym
logSFR22 err Uncertainty in SFR22 stat.error;phys.SFR; float
logSFRNUVIR Corrected near-ultraviolet SFR from [log(My-yr™')] phys.SFR; float
GALEX NUV photometry SFRNUVcor
for galaxies with NUV fluxes available in
NASA-Sloan Atlas
logSFRNUVIR _err Uncertainty in logSFRNUVIR stat.error;phys.SFR; float
logSFRGSWLC SFR from GSWLC-2 [log(Mo-yr™")] phys.SFR; float
logSFRGSWLC _err Uncertainty in logSFRGSWLC stat.error;phys.SFR; float

Table 10: IFU

column  description unit UCD datatype
galaxy CAVITY ID [3] meta.id;meta.main; int
CALIFA Flag for CALIFA galaxies in CAVITY meta.code; int
MaNGA Flag for MaNGA galaxies in CAVITY meta.code; int
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Table 11: PAN.MAGLIM

column  description unit ucCDh datatype
galaxy CAVITY ID meta.id;meta.main; int
ra Right Ascension of the galaxy [degree] pos.eq.ra; float
dec Declination of the galaxy [degree] pos.eq.dec; float
redshift ~ Redshift of the void galaxy src.redshift; float
dist Comoving distance to the void galaxy [Mpc/h]  pos.distance; float
rabsmag r-band absolute magnitude of the void galaxy [mag] phys.magAbs;em.opt.R; float
g-r g-r band color of the void galaxy [mag] phot.color;em.opt.B;em.opt.R;  float
X Equatorial x coordinate of the void galaxy [Mpc/h]  pos.cartesian.x; float
y Equatorial y coordinate of the void galaxy [Mpc/h]  pos.cartesian.y; float
Z Equatorial z coordinate of the void galaxy [Mpc/h]  pos.cartesian.z; float
plate SDSS plate number meta.number;instr.plate; int
fiber SDSS fiber number meta.number; int
mjd Modified Julian date of the observation [day] time.epoch;obs; int
Table 12: SDSS
column description unit ucCDh datatype
galaxy CAVITY ID meta.id;meta.main; int
objID Unique SDSS identifier composed from meta.id;meta.corr; char
[skyVersion,rerun,run,camcol,field,obj]
petroR50_r Radius containing 50% of Petrosian fluxin  [arcsec] phys.size.radius;em.opt.R; float
the R-band
petroR50Err_r Error in petroR50_r [arcsec] stat.error; float
phys.size.radius;em.opt.R;
petroR90_r Radius containing 90% of Petrosian flux in  [arcsec] phys.size.radius;em.opt.R; float
the R-band
petroR90Err r Error in petroR90_r [arcsec]  stat.error; float
phys.size.radius;em.opt.R;
expAB_r Exponential fit b/a in the R-band phys.size.axisRatio;em.optfRyat
expABErr_r Error in expAB_r stat.error; float
phys.size.axisRatio;em.opt.R;
modelMag_u Model magnitude in u filter [mag] phot.mag;em.opt.U; float
modelMag_g Model magnitude in g filter [mag] phot.mag;em.opt.B; float
modelMag_r Model magnitude in r filter [mag] phot.mag;em.opt.R; float
modelMag_i Model magnitude in i filter [mag] phot.mag;em.opt.I; float
modelMag_z Model magnitude in z filter [mag] phot.mag;em.opt.I; float
modelMagErr_u  Error in modelMag_u [mag] stat.error; float
phot.mag;em.opt.U;
modelMagErr_g  Error in modelMag_g [mag] stat.error; float
phot.mag;em.opt.B;
modelMagErr_r  Error in modelMag_r [mag] stat.error; float
phot.mag;em.opt.R;
modelMagErr.i  Error in modelMag_i [mag] stat.error; float
phot.mag;em.opt.I;
modelMagErr_z  Error in modelMag_z [mag] stat.error; float

phot.mag;em.opt.I;
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Table 13: Morpho

column description ucCDh datatype

galaxy CAVITY ID meta.id;meta.main; int

GZ1El GZ1 catalogue of ELLIPTICAL classified meta.code;src.morph.type; float
galaxy. Ellipticals are marked as 1, else as 0

GZ1S GZ1 catalogue of SPIRAL classified galaxy. meta.code;src.morph.type; float
Spirals are marked as 1, else as 0

GZ1U GZ1 catalogue of UNCERTAIN classified meta.code;src.morph.type; float
galaxy. Galaxies with high uncertainty in clas-
sification are marked as 1, else as 0

GZ2class The most common morphology for galaxies meta.code.class;src.morph.type;  char
among different classifications

GZ2formula GZ2 morphology classification src.morph.type; float

pdominant Weighted fraction of GZ2 votes for “dominant stat.value; float
bulge”. Galaxies with dominant bulge have
higher values

pnobulge Weighted fraction of GZ2 votes for “no bulge”. stat.value; float
Galaxies with no bulge have higher values

pobvious Weighted fraction of GZ2 votes for “obvious stat.value; float
bulge”. Galaxies with obvious bulge have higher
values

probaEarly Probability of a galaxy being a early-type galaxy stat.probability; float
(’probaEarly’ = ’probaE’ + ’probaS0’)

probaEll Probability of a galaxy being elliptical stat.probability; float

probaLate Probability of a galaxy being a late-type galaxy stat.probability; float
(’probalLate’ = ’probaSab’ + probaScd’)

probaS0 Probability of a galaxy being lenticular stat.probability; float

probaSab Probability of a galaxy being spiral Sa or Sb type stat.probability; float

probaScd Probability of a galaxy being spiral Sc or Sd type stat.probability; float

TType DS T-type, early—type galaxies are marked with val- meta.code.class;src.morph.type; float

ues < 0 and late—type—galaxies with values > 0
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