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Abstract

This contribution presents a summary of the Calar Alto Void Integral-field Treasury sur-
veY (CAVITY) project, focusing on the first public Data Release 1 (DR1). The CAVITY
project is a Calar Alto Legacy project at the 3.5 m telescope using the PMAS integral field
spectrograph (IFS). The aim is to investigate the properties of a final sample of around
300 galaxies inhabinting cosmic voids, with the goal of understanding galaxy formation and
evolution in low-density environments. Complementary follow-up projects, including deep
optical imaging, integrated as well as resolved CO data, and integrated HI spectra, have
joined the PMAS/PPak observations and naturally complete the scientific aim of CAVITY.
The DRI offers, already fully available to the public, PMAS IFS datacubes for 100 galaxies,
key to reveal structural, chemical, and dynamical properties of void galaxies, enriching our
understanding of how these isolated systems compare to galaxies in denser regions.

1 Introduction

The CAVITY project is a large-scale observational effort, one of the Legacy projects of
the Calar Alto Observatory, dedicated to studying galaxies within cosmic voids[7]. These
low-density regions comprise about 70% of the universe’s volume but contain only around
10% of its mass [5]. Galaxies in voids provide a natural laboratory for studying isolated
galaxy evolution, as they are relatively unaffected by interactions with neighboring galaxies.
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Using the PMAS/PPak spectrograph on the 3.5m telescope at the Calar Alto Observatory,
the CAVITY project aims to provide high-quality integral field spectrograph (IFS) data for
around 300 galaxies to understand the unique properties of void galaxies.

Data Release 1, DR1 [4], is the first publicly available dataset from CAVITY, containing
IFS observations of 100 void galaxies that can be easily accessed from the dedicated databaseﬂ
This release marks a significant milestone, offering researchers a new resource to study galaxy
formation, star formation histories, and dark matter distribution in low-density environments.

2 CAVITY project

The CAVITY project is driven by several key scientific questions:

e How does the large-scale void environment impact the mass assembly and chemical
evolution of galaxies?

e What are the specific star formation histories (SFHs) and stellar population properties
of void galaxies?

e How do void galaxies differ in their dark matter content compared to galaxies in denser
environments?

2.1 Sample selection

In the CAVITY project, galaxies located in cosmic voids were identified from a catalogue
based on Sloan Digital Sky Survey datal[6], based on data from the Sloan Digital Sky Survey
(SDSS). This initial selection was refined to focus on voids fully enclosed within the SDSS
footprint and in a redshift range of 0.005 to 0.050. To ensure representativeness, only voids
with at least 20 galaxies were included, resulting in a subset of 42 voids containing 8,690
galaxies. Further narrowing down identified 15 key voids that cover a broad range of proper-
ties, such as effective radius, galaxy density, and color distributions, making the final sample
suitable for observation from the Calar Alto Observatory.

The final sample for the CAVITY project, known as the '"CAVITY parent sample’, contains
4866 galaxies after removing those in close association with dense clusters. An additional
refinement based on void centre distance was applied, including only galaxies within 0.8 times
the effective radius of each void to capture those most centrally located within these under-
dense regions. Careful verification of each galaxy’s observability further reduced the sample to
1115 galaxies, accounting for factors like surface brightness and observational suitability. This
selection ensures that the sample is representative of void environments, enabling detailed
investigation of galaxy evolution in these isolated, low-density cosmic regions (see [7], 4] for a
more detailed explanation on the sample selection).

"https:/ /cavity.caha.es/
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2.2 Observations, data reduction, and DR1

Observations for the CAVITY project are conducted with the PMAS spectrograph in PPak
mode, which provides integral field spectroscopy (IFS) data over a 74”x64” field of view
(FoV) with 60% coverage. This configuration utilises 331 fibers to observe the target region,
along with six independent bundles of six fibers each positioned 72” from the center to sample
the sky background. Our primary observational setup employs the V500 grating, covering
wavelengths from 3745 to 7300 A with a resolution of approximately 6 A. Additionally, we
plan to use the V1200 grating in upcoming observations to target brighter galaxies, covering
3400-4750 A with a higher resolution of 2.7 A. To achieve complete coverage, we apply a
three-point dithering pattern, with total exposure times between 1.5 and 3 hours depending
on the galaxy’s brightness. Data are collected at airmasses below 1.4 to ensure optimal
observation conditions.

The CAVITY pipeline follows a similar reduction process to that of the CALIFA survey
[T, 4]. This process involves merging raw data from the 4k x 4k detector, correcting cosmic
rays and bad pixels, and applying wavelength and flux calibrations. Sky subtraction is
performed using sky fibers, and the data are resampled and spatially reconstructed into
a 3D datacube with a 1”7 /pixel scale. Further processing includes correcting for differential
atmospheric refraction, as well as Galactic extinction. Final datacubes are thus optimized for
scientific analysis, with anticipated future improvements in flux calibration linked to SDSS
DR16. This setup provides the scientific community with high-quality spatially resolved data
of galaxies in cosmic voids, enabling detailed studies of their unique properties.

Data Release 1 (DR1) comprises IFS data for 100 void galaxies, covering the stellar mass -
optical colour space of galaxies in voids. Fig.[l|displays the distribution of CAVITY and DR1
galaxies in the colour-magnitud diagram. See [4]for further details on the DR1 characteristics.

3 CAVITY+ Expansion

The CAVITY+ project extends the capabilities of CAVITY by incorporating additional data
types, providing a multi-wavelength perspective on void galaxies. Key additions include:

e CO Observations: Molecular gas data to provide insights into the cold gas reservoirs
in void galaxies. Single dish CO spectroscopic survey was carried out on a sample
of 106 CAVITY galaxies. Interferometric CO(1-0) data have been secured from the
Atacama Large Millimeter /submillimeter Array (ALMA) for a sub-sample of 41 galaxies
at similar resolution than the IFS data (less than 1 kpc).

e HI Spectroscopy: Neutral hydrogen (HI) data complementing the IFS and CO
database. A dedicated observing campaign of 146 hours has been executed with the
Green Bank Telescope to observe 78 CAVITY galaxies with CO information from IRAM
30m and for which no HI spectra was available from the literature.

e Deep Optical Imaging: The deep optical imaging to support detailed morphological
studies of void galaxies. We have carried out dedicated extensive observational cam-



1. Pérez et al. 5

paigns with the 2.54-m Isaac Newton Telescope to provide deep imaging of the CAVITY
galaxies. We use the Wide Field Camera (WFC). We use the SDSS g and r filters.

These complementary datasets enhance the insights from the IFS data, allowing for a
more comprehensive examination of star formation potential, structural characteristics, and
gas dynamics in void galaxies, Fig.[2]shows the potential of the CAVITY and project extension
data.

4 Status of the project and Future Directions

To date, 240 galaxy data cubes have been generated, 100 of which were made available to
the scientific community in the first CAVITY data release (DR1[4]) on July 15, 2024. The
data are ready for immediate use and can be downloaded from the project databaseﬂ In
the second public data release, scheduled for July 2026, an expanded sample of 300 void
galaxy cubes is expected to be shared with the community, along with detailed maps of their
properties.

The IFS database for the 300 galaxies in the CAVITY study, along with all additional
information from the expanded CAVITY+ project, will offer a unique opportunity to explore
the properties of galaxies residing in cosmic voids. This will allow the scientific community to
address a wide range of astrophysical questions. Within the CAVITY team’s expertise, there
is a particular interest in investigating aspects such as baryonic mass assembly, the impact
of large-scale environments on gas accretion, specific star formation rates, and the molecular
and atomic gas content in void galaxies. Additionally, the team is particularly interested in
tracing galaxy merger and accretion histories through light distribution in the outer regions of
galaxies, as well as studying the influence of local versus large-scale environments on general
galaxy properties. Another active area of research is characterising the effects of large-scale
structure on the prevalence of AGNs and their role in the cessation or enhancement of star
formation in void galaxies. Finally, the properties and formation of dwarf galaxies in these
environments are one of the collaboration’s key projects.

In previous studies by the CAVITY team [2] [3], using 1D integrated SDSS spectra, it was
concluded that stellar mass assembly in void galaxies occurs more slowly than in filament
and wall galaxies, and much more slowly than in clusters, suggesting that different physical
factors drive galaxy evolution depending on the large-scale environment. Additionally, an
analysis of the relationship between stellar mass and metallicity in the same sample revealed
that enrichment processes vary by environment.

We recently published the first papers showcasing the potential of CAVITY’s spatially
resolved data, presenting the stellar properties of void galaxies using data cubes from CAVITY
galaxies [I, 9]. These works found that spiral galaxies in voids tend to have lower surface
mass densities and younger stellar ages than galaxies in denser environments, suggesting the
presence of less-evolved disks in cosmic voids. Additionally, in a recent study on the molecular
content of void galaxies, Rodriguez et al (2024)[8] demonstrated that the total molecular gas

*https://cavity.caha.es/
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content of CAVITY galaxies is similar to that of galaxies located in denser environments.
With the release of data cubes for the first 100 CAVITY galaxies, the development of the
CAVITY+ database, and ongoing scientific analyses, the exploitation of CAVITY data is
now set to yield its most significant scientific results. This data will provide new insights
into how the cosmic environment affects galaxy evolution, contributing significantly to our
understanding of the universe.
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Figure 1: Colour-magnitude diagram of the CAVITY galaxies in the SDSS. Yellow dots (and
histograms) represent galaxies in the CAVITY parent sample (4,886 galaxies), while violet
and red indicate galaxies in the observable subsample (1115) and the final CAVITY DRI1
sample (100), respectively. The top and side panels display the color and absolute magnitude
distributions for each group.
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Figure 2:  Summary figure of CAVITY and project extension. The middle right panel
(framed by a grey square) zooms in on CAVITY62480, an example galaxy contained in void
482, showing its SDSS colour image with the PMAS footprint (green hexagon), INT cutout
(blue square), and IRAM beam (purple circle) on top of it. The next main section (framed by
the green rectangle) is devoted to illustrate the IFS data. We represent the integrated light of
the galaxy within the covered wavelength range of the instrument (on top), the spectrum of
the central spaxel (in the middle), and the gas velocity and stellar age maps (at the bottom)
as examples of the potential of IFS data in deriving spatially resolved distributions of the
galaxy properties. We show a coloured image using the INT g- and r-band deep imaging
(framed by the blue rectangle, bottom middle panel) and the integrated CO(1-0) spectrum
from the IRAM observations purple rectangle, bottom right panel) for CAVITY62480.
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