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Abstract

Context. Galaxy mergers are pivotal events in the evolutionary history of galaxies, with their impact believed to be particularly significant in dwarf galaxies due to their low masses. However, these events remain largely underexplored, especially in pristine environments such as voids.

Aims. In this work, we report the serendipitous identification of an isolated merging dwarf system with a total stellar mass of M★∼109.7 M⊙, located in the centre of a cosmic void. This system is one of the rare examples, and possibly the first, of merging dwarf galaxy pairs studied within the central region of a cosmic void. This system is remarkable due to its orientation relative to the line of sight and its unique local and large-scale environment.

Methods. Using CAVITY PPAK-IFU data combined with deep optical broadband imaging from the Isaac Newton Telescope, we analysed the kinematics and ionised gas properties of each dwarf galaxy in the system by employing a full spectral fitting technique.

Results. The orientation of this merging pair relative to the line of sight allowed us to determine the dynamical mass of each component, which we found to have similar dynamical masses within galactocentric distances of up to 2.9 kpc. These galaxies were likely star-forming dwarfs with rotating discs prior to the merger. While the gas-phase metallicity of both components is consistent with that of star-forming dwarf galaxies, the star formation rates observed in both components exceed those typically reported for equally massive star-forming dwarf galaxies. This indicates that the merger has presumably contributed to enhancing star formation. Our analysis shows no signs of AGN activity in this merging pair. Furthermore, we found no significant difference in the optical g-r colour of this merging pair compared to other merging dwarf pairs across different environments.

Conclusions. While most merging events occur in group-like environments with a high galaxy density and the tidal influence of a host halo, and isolated mergers typically involve galaxies with significant mass differences, the identified merging pair does not follow these patterns. We speculate that the global dynamics of the void or past three-body encounters involving components of this pair and a nearby dwarf galaxy might have triggered this merging event.
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1. Introduction
Merger events play a crucial role in the mass growth and evolution of galaxies, as they significantly impact their physical properties, including their star formation rate (SFR), morphology, and black hole growth (e.g. Toomre & Toomre 1972; Hopkins et al. 2010). The hierarchical Λ cold dark matter (ΛCDM) paradigm (Cole et al. 2000) predicts that merger events are frequent throughout the evolutionary history of galaxies, occurring commonly among low-mass ones with log(M★/M⊙) < 9.5 (e.g. Klimentowski et al. 2010; Deason et al. 2014). Recent observations increasingly support the prevalence of such events among dwarf galaxies (e.g. Martínez-Delgado et al. 2012; Rich et al. 2012; Amorisco et al. 2014; Crnojević et al. 2014). Also, N-body simulations, such as Millennium-II, predict at least three major mergers1 for dwarf galaxies during their lifetime (Fakhouri et al. 2010). Deason et al. (2014) shows that more than 10% of dwarf galaxies, such as satellites of the Milky Way (MW) or M31-like host halos, underwent at least one major merger event since redshift z = 1, and prior to infall to their present-day host halo or shortly (∼1–3 Gyr) after that (see also Wetzel et al. 2015). Beyond the virial radius of the MW or M31-like host halos, and in more isolated environments, the anticipated number of recent merger events doubles. Martin et al. (2021) shows that isolated dwarf galaxies and those in galaxy groups had experienced at least one minor and one major merger during their lifetime between redshift 0.5 < z < 5.0.
The impact of merger events is expected to be particularly pronounced in dwarf galaxies due to their low mass. Minor and major mergers, along with internal processes and tidal interactions, are believed to be the primary drivers of the permanent morphological transformations in dwarfs (e.g. Toomre 1977; Knebe et al. 2006; Dekel et al. 2009; Naab et al. 2014; Martin et al. 2018). Furthermore, mergers are believed to be the main trigger of intense star formation in pairs (e.g. Tissera et al. 2002; Ellison et al. 2013), some of which result in the formation of starburst dwarfs, such as blue compact dwarf galaxies (BCDs; Zhang et al. 2020). Similarly, Ruiz-Lara et al. (2021) interprets the reignition of star formation after a quiescent period and the presence of metal-poor stars in Leo I as evidence of a past merger event, possibly with an ultra-faint dwarf galaxy. The dwarf-dwarf mergers can also leave discernible traces in their gas-phase metallicity. For instance, Michel-Dansac et al. (2008) showed that in a large sample of dwarf galaxy pairs with strong signs of interactions, the gas-phase metallicity is 0.2 dex higher than in their non-interacting counterparts.
Observed morphological asymmetries and disturbances, such as shell-like features and tidal tails around dwarf galaxies, serve as a telltale of their relatively recent interactions (e.g. Conselice et al. 2003; Klimentowski et al. 2010; Paudel et al. 2017). For instance, Coleman et al. (2004) suggested a past merger as a possible source of the small shell-like feature around the Fornax dwarf galaxy (Yozin & Bekki 2012). Amorisco et al. (2014) showed that the kinematically detected stellar stream in Andromeda II can be a possible remnant of a past dwarf-dwarf merger. Similarly, peculiarities in kinematics and chemical properties of other Local Group (LG) dwarf galaxies (such as Carina and Sculptor) are better explained as footprints of dwarf-dwarf encounters (Tolstoy et al. 2004; Venn et al. 2012).
Detection of mergers among dwarfs extends beyond the LG (e.g. Paudel & Sengupta 2017; Mićić et al. 2023; Román et al. 2023). For instance, Graham et al. (2012) proposed that the merger of two dwarf galaxies featuring disc-like substructures could account for the rectangular shape of LEDA074886. Paudel et al. (2017) investigated the merger origin of shell-like features in Virgo early-type dwarf galaxies. Subsequently, in Paudel et al. (2018), they shed light on the prevalence of dwarf-dwarf mergers by presenting an extensive catalogue of nearby interacting and merging dwarf galaxies up to z∼0.02, but no information regarding the large-scale environment of this sample was given. Kimbro et al. (2021) highlights the ∼10 kpc string of massive star clusters, with stellar populations younger than 10 Myr, bridging the northern and southern components of Mrk709 and suggests that it is possibly due to the early stages of a dwarf-dwarf galaxy merger.
Most of the dwarf-dwarf mergers investigated in the literature thus far are mainly located in the high-density regions (i.e. in galaxy groups and outskirts of clusters), where environmental effects are vigorous and non-negligible. In these cases, dwarf merging pairs are not only transformed due to the merging and close interaction with each other, but also experience tidal forces exerted by their host halo as well as hydrodynamical interactions with the surrounding intergalactic medium (e.g. Boselli & Gavazzi 2014). Therefore, in such cases, disentangling between other environmental transformations and those solely induced by the merger event is not straightforward. One way to deepen our comprehension of dwarf galaxies’ growth and transformation, specifically through mergers, is to investigate dwarf-dwarf mergers in isolation (e.g. Kado-Fong et al. 2020; Grajales-Medina et al. 2023; Calderón-Castillo et al. 2024; Calderón-Castillo & Smith 2024; Vásquez-Bustos et al. 2025) and in pristine environments, such as cosmic voids (Annibali et al. 2016). Voids represent the most under-dense regions of the cosmic web (e.g. Peebles 2001; Kreckel et al. 2011), and they span large volumes (i.e. the average size of 35 h−1 Mpc; van de Weygaert & Platen 2011). Within these vast expanses, galaxies are less disturbed and modified by the complex environmental processes in the galaxy groups and clusters.
Few theoretical studies have focused on galaxy mergers in voids, revealing that the mean number of mergers does not depend significantly on the void environment (e.g. Rosas-Guevara et al. 2022). The only difference reported so far between mergers in voids and those in clusters or groups is that mergers in voids tend to have occurred more recently (i.e. <2 Gyr), particularly for galaxies with log(M★/M⊙) < 9.5 (Rodríguez-Medrano et al. 2024). From observations, several studies have also reported the presence of dwarf galaxies in voids with unusual features in their morphologies, which could be indicative of past mergers (e.g. Kreckel et al. 2011). Interactions and mergers between small groups of galaxies have also been reported in some voids by a few studies (e.g. Beygu et al. 2013).
In this study, we report the serendipitous detection of a gas-rich merging dwarf pair located at the central regions (i.e. at R = 0.13 of void effective radius) of a cosmic void region that has been observed as part of the Calar Alto Void Integral-field Treasury Survey (CAVITY2) project (Pérez et al. 2024). This legacy integral-field unit (IFU) survey aims to investigate the formation and evolution of nearby (0.005<z<0.050) void galaxies using their spatially resolved kinematics and stellar population properties (e.g. Domínguez-Gómez et al. 2023; Conrado et al. 2024). The stellar mass ratio of galaxies in this merging pair, their local and large-scale environments, and their orientation with respect to the line of sight make it a great candidate for better understanding details of merger events in low-mass galaxies. To this end, we investigate spatially resolved (on kpc scales) ionised gas kinematics, gas-phase metallicity, and SFR of this isolated merging pair and compare our results with their other counterparts in denser environments than voids. The results of this study can shed light on the crucial role of mergers in shaping the present-day properties of dwarf galaxies and better distinguish between the footprints of environmental effects and those stemming from merger events in the mass assembly of dwarf galaxies.
This paper is organised as follows: In Section 2, we introduce the IFU and deep photometric data sets used for the analysis. In Section 3, we describe the methods we utilised for deriving kinematics and ionised gas emission. In Section 4, we explain the results, and in Section 5, we discuss them by comparing the interacting pair with its other counterparts from different environments in the literature. We summarise the key points of this work in Section 6. In this work, we assume a flat ΛCDM cosmology with H0 = 69.6 [km s−1 Mpc−1], ΩM = 0.286, and Ωvac = 0.714.
2. Data
The detected gas-rich merging pair consists of two dwarf galaxies, designated as CAVITY35843, with stellar mass of log(M★/M⊙) = 8.86 (taken from the MPA-JHU catalogue; Tremonti et al. 2004; Brinchmann et al. 2004), and CAVITY35844 in the CAVITY survey. In Table 1, we summarised the main physical properties of these galaxies, as reported in the literature, including their CAVITY ID, right ascension (RA) and declination (Dec), redshift, the effective radius in r-band, absolute r-band magnitude, inclination, and the stellar mass. References for each value are provided in the table caption. In what follows, we describe the data used in this study.
Table 1. 
Properties of the merging pair as reported in the literature.

2.1. IFU data
The interacting pair was observed for a total exposure time of 5400 s divided into three dithering positions, each with two exposures of 900 s, using the PMAS/PPAK-IFU spectrograph at the 3.5 meter telescope of the Calar Alto Observatory (CAHA) as part of the CAVITY project and under the survey ID of CAVITY35844 (Pérez et al. 2024). Observations were carried out using the V500 grating of the IFU instrument, which covers the optical wavelength range from 3750 to 7500 Å with a resolving power of R ∼ 850 at 5000 Å and an average full width at half maximum (FWHM) of ∼6.0 Å. The instrument has a field-of-view (FOV) of 74 × 64 arcsec2, with a spatial sampling of 1 arcsec, that provides adequate coverage of both interacting pairs and their tidal tail (see Fig. 1). Due to the small size of the galaxy pair, it occupies only the central region of the PMAS FOV and is therefore unaffected by vignetting effects. Data reduction and construction of the final calibrated data cube were carried out through the CAVITY standard data reduction pipeline. In this process, along with other corrections and calibrations, the datacube has also been corrected for the Galactic extinction. For more details on the CAVITY data reduction pipeline, see García-Benito et al. (2024).
	[image: thumbnail]	Fig. 1. Interacting pair of CAVITY35843, 35844, and their neighbour. Panel A: Isaac Newton Telescope (INT) deep optical image of CAVITY35843 and CAVITY35844 (marked with an orange box) and CAVITY38680 (marked with a green box) in SDSS r-band filter. Panel B: Zoom-in view of CAVITY38680 using DECaLS data. This dwarf galaxy is located at a projected distance of 340 kpc from CAVITY35844. Panel C: Zoom-in view of CAVITY35843 and CAVITY35844 (marked on the image) from DECaLS survey (left-hand panel) and INT g+r image (right-hand panel). In both images, the two bright cores of the two interacting dwarfs and the tidal tails are visible. A fine dust feature in the pair central region is better resolved in the DECaLS image, while LSB features (with μ>25.5 mag arcsec−2, marked with arrows in Panel D) around the interacting pair are better visible in the INT colour image. Panel D: Surface brightness map of the interacting pair using the g-band INT image. Contours from inside out indicate regions with surface brightness from 20 to 27 mag arcsec−2 and with steps of 1 mag arcsec−2. Panel E: g-r colour map of the interacting pair, constructed using INT data. Contours are the same as in Panel D. In all panels, north is up, and east is left.



2.2. CAVITY+ deep optical imaging
For our analysis, we took advantage of the deep optical imaging carried out with the 2.54 m Isaac Newton Telescope (INT), as part of the CAVITY+ survey (Pérez et al. 2024). This survey uses the Wide Field Camera (WFC), mounted on the INT primary focus, that approximately covers a FOV of 34′ × 34′ with a pixel scale of 0.33 arcsec pix−1. In Fig. 1 Panel A, we show CAVITY35843 and 35844 (marked with an orange box) along with CAVITY38680 (their only neighbouring galaxy within a projected search area of 1.5 Mpc, marked with a green box, see Table 1) in the reduced and calibrated INT images taken in the r-band filter. For details on the CAVITY+ deep optical imaging survey and data reduction, see Pérez et al. (2024).
All three galaxies shown in Panel A of Fig. 1 belong to the same void. CAVITY38680 is located at a distance of 0.343 Mpc to the interacting pair, with a difference in line-of-sight velocity of 219.4 km s−1 with respect to the pair. The distance and relative velocity are computed based on the RA, Dec, and redshift of these galaxies (see Table 1) following the methodology of Argudo-Fernández et al. (2015). A zoom-in view of CAVITY38680 is shown in Panel B, using data from the Dark Energy Camera Legacy Survey (DECaLS, Blum et al. 2016). CAVITY38680 is another dwarf galaxy with log(M★/M⊙) = 8.8 and is actively star-forming (log(SFR) = –0.51 [M⊙ yr−1]) (Tremonti et al. 2004; Brinchmann et al. 2004). This dwarf galaxy has a thin disc (or a large bar) surrounded by irregular features in its outskirts. According to Argudo-Fernández et al. (2015), CAVITY38680 is not physically bound with CAVITY35843 and 35844, but it belongs to the same large-scale structure environment. This means that the neighbour galaxy in this case does not affect the evolution of the interaction, and the merger is located in a low-density local environment.
In Panel C of Fig. 1, we show a zoom-in view of CAVITY35843 and 35844 from DECaLS (left-hand Panel) and INT g+r images (right-hand Panel). While the data coming from INT have much higher surface brightnesses (30.0 and 29.0 mag arcsec−2 in g and r bands respectively, measured in 3 sigma, 10 × 10 arcsec boxes; Román et al. 2020), their seeing is mediocre (1.9 and 2.0 arcsec FWHM). To address this, we utilise DECAM instrument data3, that have slightly lower surface brightness limits (approximately 1 mag arcsec−2 less Martínez-Delgado et al. 2023), but offer superior seeing conditions, with FWHM values of 1.18 and 1.29 arcsec in the r and g bands, respectively. Both data show two bright cores, representing the core of each interacting dwarf component, and a faint tidal tail heading toward the north-west. In Panel D of the same figure, we show the surface brightness map of this interacting pair using g-band INT images. The two bright cores of this interacting pair have similar surface brightness 19.5 < μ [mag arcsec−2] < 20.5 in g-band. The tidal tail is 4–5 mag fainter than the two cores. Additionally, we could trace two low surface brightness (LSB) features (μ>25 mag arcsec−2, marked with arrows in panel D) in the north-east and south-west of the interacting system, that are possibly the results of the ongoing interaction between these two dwarf galaxies. These LSB features are not traced in any other optical data available in the literature (including DECaLS presented here).
In Panel E of Fig. 1, we show the g-r colour map of CAVITY35843 and 35844, computed using INT deep images in SDSS g and r filters. Blue regions with 0.10 < g-r [mag] < 0.25, possibly dominated by star formation, are seen in the tidal tail and the galaxy's east and west parts. Additionally, we trace a curved strip-like feature, dominated by red colours (g-r > 0.6 mag), that separates the two bright cores of the interacting pair and their tidal tails. Compared with the DECaLS colour image in Panel C, one can notice that this red curved strip traces the distribution of dust. In the southern part of the interacting pair, we also observe a distribution of redder light. However, no dust lanes were visually detectable in these regions in the DECaLS data; thus, they may trace the presence of older or metal-richer stellar populations.
In panels A and B of Fig. 2, we show the surface brightness (from the INT g-band image) and signal-to-noise ratio (S/N, extracted from PPAK data) maps of the merging pair, respectively. Here, we convolved the INT surface brightness map to match the spatial resolution of the PPAK data (i.e. with a pixel size of 1 arcsec corresponding to the spatial resolution of 2.5 arcsec). The S/N is defined on the continuum level of each spaxel's spectrum and within the 4590–4610 Å wavelength range. As marked on the surface brightness map and to ease the discussion hereafter, we refer to the brightest interacting galaxy (i.e. CAVITY35843) as component A; the other (i.e. CAVITY35844) is referred to as component B. In our analysis, we excluded spaxels of the PPAK data with S/N < 15 (except in the analysis in Section 4.2) to attain reliable measurements. This mainly excludes the outskirts and faint tidal tail of the merging pair.
	[image: thumbnail]	Fig. 2. Observed IFU data. Panel A: g-band surface brightness map of CAVITY35843 and 35844, same as panel D of Fig. 1 but convolved to match the pixel scale of PPAK IFU data. Panel B: Signal-to-noise map of the PPAK data with the same contours as in Panel A. The black contour marks the S/N = 15. Panel C: Example of PPAK spectrum, in the rest frame, from a central spaxel in component A. Panels D and E: Examples of single-line Gaussian fits for [OIII]λ5007 and Hα emission lines, respectively. The best fit is shown in pink. Panel F: Fit over the stellar continuum of the same spectrum shown in Panel C using pPXF (see Sect. 3 for details).



3. Analysis
To derive the gas and stellar kinematics and measure fluxes of emission lines, we first masked out foreground stars and background galaxies in the FOV of IFU data, and utilised the publicly available full spectral fitting penalised pixel-fitting algorithm (pPXF; Cappellari & Emsellem 2004; Cappellari 2017). To estimate the stellar kinematics, pPXF requires a set of sample stellar models for which we used the Vazdekis et al. (2010, 2016) single stellar population (SSP) models based on the MILES stellar library (Sánchez-Blázquez et al. 2006; Cenarro et al. 2007; Falcón-Barroso et al. 2011) with spectral FWHM of ∼2.51 Å. SSP models used here are based on BASTI isochrones (Pietrinferni et al. 2004) and a bi-modal initial mass function with slope of 1.3 (Vazdekis et al. 1996) and cover the age range of 0.03–14.00 Gyr, the metallicity range of –2.27 to 0.40 dex, with the base [α/Fe].
We derived the kinematics of both the gas and stellar components and measured the gas fluxes through two iterations of pPXF over each spaxel (no spatial binning was performed). In the first iteration, we estimated the noise of each spectrum using residuals of the pPXF fit and then clip outliers (on 3σ level) for the second iteration. The results are extracted from the latter iteration using 14th-order additive Legendre polynomials. The spectrum of a central spaxel in component A is shown in panel C of Fig. 2, and an example of Gaussian single fits over the gas emission lines is illustrated in panels D and E. The derived radial velocities and velocity dispersions (σ) of the emission lines through this procedure are shown in Fig. 3.
	[image: thumbnail]	Fig. 3. Gas and stellar kinematic maps of the merging pair. In the left-hand and middle panels, gas radial velocity (top) and velocity dispersion (bottom) maps derived from [OIII]λ5007 and Hα emission lines are shown, respectively. In the right-hand panel stellar radial velocity (top) and velocity dispersion (bottom) maps are shown. In all panels, only spaxels with S/N > 15 are shown. Contours are similar to Fig. 2.



In panel F of Fig. 2, we present the stellar component of the pPXF fit applied to the spectrum of a central spaxel, as an example. It is evident from the fit that this system is heavily dominated by gas emission lines whose presence makes analysis of the underlying stellar component challenging and unreliable. Binning the data, though not advisable in this case as it can obscure valuable spatial information, also did not improve the fits over the stellar component. Therefore, in this study, we refrain from discussing the stellar population properties of the pair.
4. Results
4.1. Kinematics
In the top row of Fig. 3, we present the radial velocity maps derived from gas and stellar components. Here we show the radial velocity of [OIII]λ5007 emission line, representing the forbidden lines (left-hand panel), and the Hα emission line, representative of the Balmer series in this system (middle panel). The radial velocity map derived from the stellar component is shown on the right-hand panel. All three maps show a lopsided rotation in both the stellar and gas components. The similar range of stellar and gas radial velocity (–50 < Vrot [km s−1] < 300) and their spatial distribution indicate that both gas and stellar components are co-rotating in a common structure. Part of the lopsidedness observed in these maps is due to the relative velocity between component A and component B (∼100 km s−1). Separating these components to account for the velocity difference allows the detection of rotation in both merging dwarf galaxies (see Appendix A).
In the bottom row of the Fig. 3, we show the velocity dispersion of the gas components (i.e. σgas) and the stellar component (σstar). The σgas maps show fluctuations in values that could be expected in an entangled and complicated interacting system such as here. In particular, regions around both distinct bright central components of this interacting system have the lowest σgas of ∼70 ± 5 km s−1 and ∼150 ± 25 km s−1 measured from Hα and [OIII]λ5007 emission lines, respectively. Both maps show that toward the system's outskirts and the faint tail, the σgas values become larger (>130 km s−1) with average errors of 17 km s−1 and 25 km s−1 for values derived from Hα and [OIII]λ5007, respectively. Both maps show the highest σgas values in a small region on the left-hand side, reaching ∼300 ± 175 km s−1. The detected emission line was best fit with a single Gaussian, and visually, we could not identify any contributions from multiple components in the emission line profiles for any spaxel with S/N > 15 in this system (see Appendix A). Hence, this fluctuation can partly be due to lower S/N in the system's outskirts. We also believe that the unresolved contributions of both interacting components, which could not be appropriately disentangled with the given data resolution, are partly responsible for larger σgas values in the regions between two bright central components and the outskirts, as they can alter the width of gas emission lines. However, it is important to note that the spectral resolution of the PPAK V500 mode (R = 850 at 5000 Å ) is significantly lower than the variations and values measured in these maps. Therefore, the results should be interpreted with caution.
We noticed that through the whole extension of this system, the σ measured from the [OIII]λ5007 line (with median of 116 ± 18 km s−1) is larger than σgas derived using the Hα (with median of 82 ± 7 km s−1). However, this difference (at 2σ level) is not significant and might be due to, for example, the presence of multiple interstellar medium components heated by different mechanisms (such as star formation) that are unresolved in the present data.
The σstar map is more complicated as it shows higher values in the central regions of component A and much lower values, with a difference of >100 km s−1 in component B. Since CAVITY35843 and CAVITY35844 are in an entangled system with prominent emission lines, pPXF could not retrieve a reliable stellar σ for most spaxels. Hence, we do not comment further on the σstar measurements.
Bik et al. (2022) derived the gas kinematics of the component A using near-infrared integral-field K-band spectroscopy data. The lopsidedness and the range of gas rotational velocity measured for this component match well with the range that Bik et al. (2022) have reported (–50 < V [km s−1] < 75). They also measured an average σ gas of 54.4 ± 9.6 km s−1, consistent with the range of values we measured for this component using the Hα emission line. Moreover, Bik et al. (2022) derived stellar kinematics of component A using CO absorption lines and reported the rotation range of ±23 km s−1, and we found this range to be consistent with what was obtained from PPAK data for both the gas and stellar components in the optical range (see Fig. 3).
4.2. Separating the kinematics of interacting components
Although components A and B are interacting, their central bright nuclei are still distinct (see Fig. 1). Also, in the kinematic maps of Fig. 3, these two regions seem to be separated with a relative velocity of ∼100 km s−1 and a fine line of high σ values that, as discussed before, could be the result of unresolved contributions from both of the interacting components in each spaxel's spectrum. To take advantage of their unique configuration, we separated the components and investigated their kinematics separately.
For this purpose, we used 3DBAROLO on the Hα emission line extracted from the IFU datacubes. 3DBAROLO is a publicly available software designed to measure rotation curves of galaxies using their gas emission lines (Di Teodoro & Fraternali 2015). This code builds 3D tilted-ring models for galactic discs, assuming that the observed wavelength shift in all the emission lines within the disc and in each ring is governed by the galaxy's rotation and that the Vrot is fixed per radius (Rogstad et al. 1974). Hence, 3DBAROLO obtains the best geometrical and kinematical fit parameters by generating multiple models using the Monte Carlo approach and comparing them with the data.
To find the best masking scheme for separating the merging components, we ran several tests for different morphologies and configurations. In the end, we found that the best mask separates the two components alongside the high σgas line between the bright nuclei, as discussed earlier and shown in Fig. A.1 of Appendix A. Then, with the 3DBAROLO, we individually analysed each interacting component.
In this work, we derived the rotation curves of each component solely from the Hα emission line (i.e. isolating the Hα emission line within a ±100 Å window around the observed wavelength), as it is the most prominent line in our dataset. Also, based on our results from Fig. 3, we do not expect significant differences in the rotational velocity derived from the Balmer and forbidden lines. Before modelling, we also removed the stellar continuum from the spectra using a first-degree polynomial fit on both sides of the [NII] emission lines4.
To model the tilted rings, 3DBAROLO requires estimates for several initial parameters, such as the central coordinates of each disc, galaxy's inclination, position angle, redshift, thickness of the disc, velocity dispersion, and rotational velocity. The first three parameters were estimated via an isophote analysis of the galaxies using Astropy's photutils.aperture module, while we assumed a uniform azimuthal width of 1 arcsec for the discs. Both merging components were assumed to be disky, primarily based on the detected rotational kinematics (see Appendix A) and the presence of strong gas emission lines, both characteristic features of late-type disky dwarf galaxies. Initial velocity guesses were taken from the results shown in Fig. 3.
We ran 3DBAROLO several times over each interacting component, manually fine-tuning the initial parameters estimates each time to better model the kinematic and distribution of the gas component. This was needed to retrieve reliable values due to the limited spatial resolution of the data. All the input parameters used for 3DBAROLO's runs are available in the Appendix B.
In Fig. 4 we present the results of the 3DBAROLO analysis. On the top panel of this figure, we show the rotational velocity curves for each component. They exhibit a similar range of rotation up to ∼5 arcsec from the galaxy centre. Beyond this distance, our data only has spatial coverage for component B. We note that, as indicated by the error bars, the uncertainty for values measured beyond this distance is larger, and this is primarily because the 3DBAROLO analysis was conducted without considering any criteria on spaxels S/N. We do not consider values beyond 5 arcsec in this study, since they are derived based on spaxels with inadequate S/N.
	[image: thumbnail]	Fig. 4. Rotating disks in the merging dwarfs. Top panel: Rotational velocity of each separated component derived using. Both components show a similar radial gradient of rotational velocity by tracing the Hα emission line. We note that results beyond ∼5 arcsec are excluded from our discussion as they are derived from fits over spaxels with S/N < 15. Bottom panel: Enclosed dynamical mass of each component calculated at a given radius using the rotation curves estimated by 3DBAROLO, assuming spherical symmetry. Each mass is the enclosed at a given radius. The rotational velocity map of each component is shown inside boxes. In each map, the assumed kinematical centre of the galaxies is marked. The green line represents the Vrot = 0 km s−1 isoline of each velocity map.



In the bottom panel of Fig. 4 we show the dynamical mass curve of each merging component. This mass is estimated from the rotational velocity derived using 3DBAROLO and assuming spherical symmetry for both components as a first order approximation:
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where V(R) is the rotation velocity as a function of the radius, R, and G is the Newtonian constant of gravitation. The curves shown in Fig. 4 indicate that both components have a similar range of dynamical masses up to a galactocentric distance of 5 arcsec, that corresponds to 2.9 kpc. The dynamical mass of each galaxy is, within this range, log(Mdyn,A/M⊙) = 9.6 ± 2.2 and log(Mdyn,B/M⊙) = 10.1 ± 0.1, for component A and B respectively. We note that these values represent lower limits to the dynamical mass, as the data used here do not cover the full extent of the emission. Additionally, beam smearing, particularly in cases with low angular resolution (i.e. 2.5 arcseconds in this study) can affect the rotation curves, decreasing their slopes, that may also lower the dynamical masses estimated here. The larger value estimated for the dynamical mass of component A in the very central region may be due to an offset in the estimation of the galaxy's centre but it is not ultimately reliable physically because the following value has large errorbars. We attempted multiple fits with varying centre estimates, but none resulted in a model that adjusts the galaxy's rotation better for this region.
The use of 3DBAROLO for these data is fundamentally risky, as it relies on the assumption that each interacting component exhibits some level of symmetry. Furthermore, the kinematics we are modelling are likely influenced by the conditions under which the two galaxies interacted and the current stage of the merger. While this cannot be thoroughly evaluated with the available data, it undoubtedly contributes to the uncertainty in the results. Additionally, the low resolution of data used here, especially when both galaxies are separated, adds to the uncertainties. Despite these limitations, this test allowed us to confirm the hypothesis of a nearly 1:1 merger within the error bars intrinsic to the nature of the data.
4.3. Emission lines and ionisation sources
As explained in Section 3, we measured the emission line fluxes for each spaxel with S/N > 15 using the pPXF pipeline. These fluxes are computed after subtraction of the stellar continuum. We then corrected them for the intrinsic reddening using the Cardelli et al. (1989) extinction law. We assumed Rv = 3.1 and the Balmer decrement (Hα/Hβ) = 2.86 (Osterbrock 1984). In Fig. 5, we present maps of extinction corrected emission line fluxes for [OIII]λ5007 and two Balmer lines, namely Hα and Hβ.
	[image: thumbnail]	Fig. 5. Emission line maps. From left to right, maps of Hβ, [OIII]λ5007, and Hα fluxes. All the emission lines shown here are corrected for optical dust attenuation, and contours are the same as in Fig. 2. In all maps, only spaxels with S/N > 15 are shown where we considered the same S/N definition, computed in the wavelength range from 4590 to 4610 Å.



To facilitate a more accurate comparison with results in the literature, which are primarily based on long-slit spectra of other merging dwarf systems, we constructed integrated spectra for each merging component as well as the entire system. This was achieved by summing the spectral data over spatial elements (spaxels) with S/N > 15. For each component, the same masking scheme described in Section 4.2 was applied to create the integrated spectra (see also Appendix A). Gas emission fluxes were then derived from these spectra using a strategy similar to that outlined in the beginning of Section 3. The reddening-corrected emission line fluxes obtained from the integrated spectra are listed in Table 2. A comparison of these fluxes, as well as the maps in Fig. 5, particularly for the Balmer lines, clearly indicates that component A is more gas-rich than component B.
Table 2. 
Integrated emission line fluxes.

To investigate the nature of the ionisation mechanisms present in this merging pair we utilised the ‘Baldwin, Phillips and Terlevich’ (BPT) diagnostic diagram (Fig. 6; Baldwin et al. 1981), with the combination of log([OIII]λ5007/Hβ) vs. log([NII]λ6583/Hα). This combination is commonly used to discern the ionisation source of emission lines in galaxies. Emission lines positioned below the Kauffmann et al. (2003)'s empirical division (the black dashed line) are mainly ionised by star formation, and those above the Kewley et al. (2001)'s theoretical one (the gray dashed-dotted line) are AGN dominated. Determining the ionisation origin for galaxies (or spaxels, in this case) that fall within the intermediate zone between these two divisions (known as the composite zone) is more complex. Therefore, in the right-hand panel of Fig. 6, we also analysed the combination of log([OIII]λ5007/Hβ) vs. log([SII]λλ6717,6731/Hα). As in previous sections, only spaxels with S/N > 15 are included in both panels. Most spaxels are located within the star-forming zone, with a few in the AGN zone. The latter spaxels, situated mainly at the outskirts of the interacting system (see Appendix C), are likely affected by low S/N.
	[image: thumbnail]	Fig. 6. Baldwin, Phillips and Terlevich diagrams using flux measured for each spaxel with S/N > 15 in both components of the merging system. In both panels, Kewley et al. (2001) theoretical division is traced with a gray dashed-dot line. The empirical division of Kauffmann et al. (2003) is also shown in the left-hand panel with a black dashed line. The intermediate zone between the empirical and theoretical divisions in the left-hand panel is known as the composite zone.



Additionally, we measured the equivalent width of the Hα emission line, EW(Hα), following Cid Fernandes et al. (2011) to identify any possible weak AGN activity. Spaxels with S/N > 15 in this merging system show a range of –0.73 < log(EW(Hα)) < 1.46 and –0.81 < log([NII]λ6584/Hα) < –0.53, confirming that AGN activity is not the ionisation source in this system. From Fig. 6 and the EW(Hα) measurements, it is evident that gas in both components of this system is predominantly ionised by radiation from massive, recently formed stars and possibly by the tidal shocks that are capable of elevating the low-ionisation lines such as the [NII] and [SII]. This is further supported by the shallow radio spectral index of –0.63 ± 0.09 reported by de Gasperin et al. (2018) for this system, which is consistent with a mix of nonthermal radio emission from cosmic-ray electrons, supernova remnants, and thermal bremsstrahlung emission from ionised gas. Thus, we can confidently exclude AGN as a potential ionisation source in this system.
Using the stacked spectra of each component, we estimated the stellar mass through full spectral fitting (see Section 3). The derived stellar masses for each component, along with the total stellar mass of the system, are reported in Table 3. These estimates support the findings of Section 4.2, confirming that this system is a ∼1:1 merger. However, it is important to note that these stellar masses are derived from full spectral fitting of the stellar (continuum) component of the merging system. Given that the spectra are heavily dominated by emission lines and the complex, intertwined nature of the data, which makes precise separation of the merging components challenging, these values should be regarded as approximations and interpreted with caution.
Table 3. 
Global properties measured from IFU data.

4.4. Gas metallicity
We assessed the oxygen abundance (O/H) for spaxels with S/N > 15, as a proxy for gas phase metallicity in this merging pair using the empirical calibration of the N2 index as proposed by Pettini & Pagel (2004):
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where N2 ≡ log([image: equation]). The N2 empirical calibrator is well suited for the analysis of moderate S/N data and is a better choice for low-mass systems such as CAVITY35843 and CAVITY35844 (e.g. Zurita et al. 2021). A typical systematic uncertainty of ±0.2 dex in metallicity derived using the N2 index is expected according to Pettini & Pagel (2004). In the top panel of Fig. 7 we show the distribution of 12+log(O/H) values measured for each spaxel. We also derived the global gas-phase metallicity from the integrated spectra described in Section 4.3, using the N2 index. For the integrated spectra of both components, we obtained 12+log(O/H) = 8.55 dex, that matches the value measured from the integrated spectra of component A. Component B shows a slightly lower value of 12+log(O/H) = 8.51 dex (see Table 3). It is evident from the Fig. 7 map and integrated values that, on average, both of the components have similar near-solar gas-phase metallicities, particularly in their central regions, ranging between 8.50 < 12+log(O/H) [dex] < 8.58, (compared to the solar value of 12+log(O/H) = 8.66 dex; Asplund et al. 2004).
	[image: thumbnail]	Fig. 7. Gas-metallicity and SFR maps. Top panel: Map of oxygen abundance as a proxy of gas-phase metallicity. Bottom panel: Map of SFR. Only spaxels with S/N > 15, similar to Fig. 5, are shown here. Contours are the same as in Fig. 2.



This map also shows a gradient in metallicity values between the central and outskirts of the system, ranging from ∼8.45 dex in the north-east to above 8.60 dex in the south-west. However, we do not discuss this gradient any further as the difference between the outskirts and central regions of the interacting pair (∼0.15 dex) is within the systematic uncertainty range in the metallicity and belongs to spaxels with lower S/N.
The total stellar mass of this merging system is log(M★/M⊙) ∼ 9.7 (see Table 1). In a similar mass range, Curti et al. (2020) estimated a value of 12+log(O/H) = 8.6 dex for star-forming dwarf galaxies using SDSS data. This estimate, similar to ours, is based on the N2 empirical calibrator from Pettini & Pagel (2004) and is approximately 0.05 dex higher than the measurements we obtained from the integrated spectrum of this merging pair, as well as each component individually. When employing the O3N2 index from Pettini & Pagel (2004), we find an average 12+log(O/H) = 8.40 dex for this component, which is still 0.2 dex below Curti et al. (2020)'s findings for star-forming dwarfs in comparable mass ranges using similar calibration methods.
However, these discrepancies do not necessarily imply that the merger event leads to lower gas-phase metallicity in dwarf galaxies, mainly since the 0.05 dex difference we report falls within the typical systematic uncertainty of approximately 0.2 dex associated with the empirical calibrations employed (Pettini & Pagel 2004). Moreover, further direct comparisons with other interacting or merging dwarf systems are not possible since analysis as such is also limited in the literature and existing studies have employed varied methods for deriving gas-phase metallicity (e.g. Michel-Dansac et al. 2008).
4.5. Star formation
Using the extinction corrected Hα flux, we measured the SFR in this merging system following the equation of Kennicutt (1998):
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where L(Hα) is the luminosity of the Hα emission line (in erg/s), measured at the comoving radial distance of 124.3 Mpc (Pan et al. 2012). On the lower panel in Fig. 7 we show log(SFR) values for each spaxel. The average log(SFR [M⊙ yr−1]) over all the spaxels with S/N > 15 in this system is –1.47. The integrated SFR, derived from the integrated spectra of the entire system, is log(SFR [M⊙ yr−1]) = 0.61. Based on the unresolved 1.4 GHz radio-continuum flux measurements reported for this system (Helfand et al. 2015; de Gasperin et al. 2018), we derived a log(SFR [M⊙ yr−1]) = 1.05 using the calibration provided by Kennicutt et al. (2009). As expected, the log(SFR) derived from the radio-continuum is 0.4 dex higher than that obtained from the Hα emission line, which is likely due to the reduced impact of dust extinction in the radio regime. The integrated log(SFR [M⊙ yr−1]) measured for components A and B from their integrated spectra are 0.38 and 0.15, respectively. Both integrated SFR and the spatial map presented in the lower panel of Fig. 7 indicate that component A has a higher SFR compared to component B (see also Table 2).
The integrated SFR of this interacting system, whether considered as a whole or for each merging component individually, exceeds the estimates provided by Vilella-Rojo et al. (2021) for star-forming dwarf galaxies with comparable stellar masses, where log(SFR [M⊙ yr−1]), as they reported, is ∼−0.5, derived using Hα emission lines from J-PLUS data (a similar value was also reported using SDSS fibre spectra by Duarte Puertas et al. 2017). Both cited studies rely on one-dimensional spectroscopy and apply methodologies similar to ours in deriving the SFR, which aids in minimising potential systematic differences when compared with the integrated SFR measured here. These findings are in line with other studies showing that the interaction between two dwarf galaxies can increase their SFR (e.g. Stierwalt et al. 2015; Gao et al. 2023; Subramanian et al. 2024).
Using the stellar mass estimates, we derived the specific SFR (sSFR = SFR/M★) of the total system, as well as each merging component (see Table 3). The definition of the star formation main sequence in Janowiecki et al. (2020), places this system in the starburst category, a typical occurrence in gas-rich (wet) mergers (e.g. Hibbard & Mihos 1995). These findings are also consistent with Lambas et al. (2012) who showed that at a given stellar mass, major mergers are more efficient in forming new stars.
As with the gas-phase metallicity, a direct comparison with the SFR of other merging dwarf systems was not feasible. This is because SFR and sSFR values for many merging and interacting dwarf galaxies are either not reported in the literature or are derived using different methods or indicators (e.g. Hα vs. UV), rendering meaningful comparisons with our case impractical.
5. Discussion
In this work, we analysed the physical properties of CAVITY35843 and CAVITY35844, a binary merger event of dwarf galaxies. This system is among the very few, if not the first, merging dwarf pairs located in the central region of a cosmic void investigated to date. The unique configuration of this pair allowed for a detailed analysis of its gas properties and kinematics. In what follows, we discuss our results and compare this system with other interacting dwarfs studied in the literature.
5.1. Main properties of the interacting pair
Our analysis of the gas component, traced by the Hα emission line in both components, reveals clear signs of rotation in each merging galaxy. This rotation is also evident in their stellar components, suggesting that both merging dwarfs likely possessed rotating discs prior to the merger event. Based on the presence of rotation in each component, along with their high SFR, gas-phase metallicity, and ionised gas, we speculate that these merging pairs were initially star-forming dwarf galaxies with rotating discs. Dwarf galaxies with these characteristics are commonly found in voids (e.g. Kreckel et al. 2011; Domínguez-Gómez et al. 2023).
Analysis of the rotation velocity profiles in Section 4.2 indicates that both galaxies have comparable ranges of dynamical mass up to 2.9 kpc from their centres (Fig. 4). Additionally, the nearly identical gas-phase metallicities derived from the integrated spectra of each component, when considered alongside the well-established mass-metallicity relations (e.g. Curti et al. 2020), suggest that the two merging galaxies likely had similar masses. This conclusion is further supported by our stellar mass estimates for each component, based on the fits to the IFU data. Taken together, these findings point to a nearly 1:1 merger event in progress.
The total dynamical mass of this merging pair, based on analysis presented in Fig. 4 is log(Mdyn/M⊙) = 10.22. Durbala et al. (2020) reported a total flux of 1.8 [Jy km s−1] for the HI neutral gas in this system, corresponding to log(MHI/M⊙) = 9.86 ± 0.05, that is 2.2 times smaller than the dynamical mass derived here. We estimated a total stellar mass of log(M★/M⊙) ∼ 9.7. This value is approximately 1.5 times smaller than the HI mass, making this system possibly one of the rare cases with high abundance of neutral gas studied to date (e.g. Paudel et al. 2018). It is essential to note that uncertainties in the stellar mass estimates and dynamical mass measurements, as discussed in Section 4.3, may impact this comparison. Additionally, the HI profile of this interacting pair, as analysed by Durbala et al. (2020), is incomplete due to missing channels, introducing further uncertainty in the estimated HI mass.
In Section 4.1, we discussed that the gas and stellar components in this merging system are co-rotating in their structures. The individual maps in Fig. 4 suggest that the two components are possibly counter-rotating relative to each other (i.e. component B is retrograde with respect to component A), but confirming this would require knowledge of their 3D orientation on the sky. In retrograde encounters such as the one studied here, tidal effects persist for a shorter duration, leading to less extended tidal features. Conversely, major mergers (i.e. mass ratios smaller than 3:1) tend to produce more extended tidal structures that endure longer (e.g. Toomre & Toomre 1972; Duc & Renaud 2013). Given that this system is a retrograde merger with a mass ratio of ∼1:1, it remains unclear which of these factors has played a dominant role in shaping the observed tidal tails in Fig. 1. While resolving this question is beyond the capabilities of our data and the scope of this work, this system serves as an excellent textbook case of a dwarf-dwarf merger, providing an opportunity for modellers to explore the parameter space and assess the impact of internal and orbital dynamics on the formation and evolution of tidal features.
Further analysis of the gas component, whether for the system as a whole or for each individual merging component, reveals an elevated SFR compared to other star-forming dwarf galaxies with similar stellar masses. Specifically, the SFR measured for component A is nearly twice that of component B. Both systems are currently undergoing a starburst phase, commonly associated with mergers between gas-rich dwarf galaxies possessing extended HI discs (Bekki 2008). During such events, the time-dependent tidal gravitational field efficiently funnels gas into the central regions of the merging galaxies, where the resulting increase in gas density triggers intense star formation. The g-r colour from INT imaging data (shown in Panel E of Fig. 1) reveals additional possible starburst regions in the eastern part of component B and along the system's tidal tail. These starburst regions also are likely the result of local gas over-densities caused by the interaction.
The gas-phase metallicity derived for the entire system and each merging component is lower than what is typically reported for dwarf galaxies of similar stellar masses. This is expected, as recent studies have often found lower gas-phase metallicities, especially in the central regions of galaxies undergoing major mergers or interactions (e.g. Thorp et al. 2019; Garay-Solis et al. 2024). On the other hand, there are a few studies that report higher gas-phase metallicity, by 0.2 dex, in merging and interacting galaxies, particularly in low-mass ones (e.g. Michel-Dansac et al. 2008; Porter et al. 2022). However, the difference between the metallicity measured in this study and values reported for star-forming (non-interacting) dwarf galaxies falls within the systematic uncertainties of approximately 0.2 dex associated with empirical calibrations. As such, no definitive conclusions can be drawn. A systematic analysis of a larger sample of interacting or merging dwarf galaxies, particularly in void environments, is necessary to validate these findings.
We also observed a distinctive distribution of red colours, appearing as two small, connected arcs separating the main body of the galaxies from the faint tidal tail. This red colour distribution (Panel D of Fig. 1), when compared with the dust distribution visible in the DECaLS images (Fig. 1), suggests that it is primarily associated with dust in this interacting system, that is also influenced by the ongoing merger. The dust observed can be related to the ionised gas or the molecular or atomic gas compressed by the merger activity. However, we could not detect this feature in the extinction maps derived from the IFU data, likely due to its lower spatial resolution compared to the INT imaging.
In Fig. 8, we compare the g-r colour of this interacting system with other interacting/merging dwarf galaxies, represented by circle symbols. The comparison is made with the sample from Paudel et al. (2018), which consists of 177 nearby merging dwarf galaxies with log(M★/M⊙) < 10. We selected this sample as our reference because it is the largest catalogue of merging dwarf galaxies available in the literature to date, being more than 1.5 times larger than the TiNy Titans catalogue (Stierwalt et al. 2015). We present the average g-r value of the merging system discussed here, calculated using INT-convolved data (similar to Panel A of Fig. 2), and find no significant difference between it and the other merging or interacting dwarf galaxies from Paudel et al. (2018) in terms of g-r colour. In fact, all these interacting systems exhibit similar colours to those of BCDs (shown in blue; Lisker et al. (2006)) and dwarf irregular galaxies (shown in purple; Pak et al. (2014)), both of which are subclasses of dwarf galaxies characterised by high SFR.
	[image: thumbnail]	Fig. 8. Comparison with other merging systems. Top panel: Comparison of the g-r colour of interacting or merging dwarf galaxies from the Paudel et al. (2018) sample (shown with filled and empty black circle symbols for isolated and non-isolated cases, respectively) with the interacting system (shown as red data point), the Lisker et al. (2006) sample of BCDs (orange triangles), and the Pak et al. (2014) sample of irregular dwarf galaxies (shown in purple squares). Bottom panel: Distribution of normalised projected number density shown for the galaxies in the Paudel et al. (2018) sample with more than three neighbours. The local density was computed as the number of neighbours found within a projected distance of 1.5 Mpc and a relative radial velocity of ΔV = 500 km s−1 divided by the volume.



Some studies predict that after coalescence and in the absence of strong environmental influences, merging dwarf galaxies can evolve into more massive, star-forming dwarfs with irregular shapes or even become BCDs (e.g. Bekki 2008; Kado-Fong et al. 2020; Zhang et al. 2020). Other research suggests that, even after a major merger of progenitor galaxies with gas-rich discs, as seen in CAVITY35843 and CAVITY35844, disc-like morphologies can still emerge in the merger remnant. This outcome is possible only if tidal torquing is less dominant and the gas retains its high angular momentum, allowing it to settle into a disc at the end of the merger (e.g. Springel & Hernquist 2005; Hopkins et al. 2009). Further investigations into these scenarios for the merging system studied here would require detailed modelling of the merging event, which is beyond the scope of this work.
5.2. Environment of the interacting system
CAVITY35843 and CAVITY35844 form a merging system of two dwarf galaxies located in the centre of a cosmic void. These two dwarfs are located at the distance of 0.13 Re,void from their host void centre, where the Re,void is the effective radius of the void, assuming it is a sphere with the same volume as the actual void. Our analysis of their local environment using the velocity difference-projected distance space method (Argudo-Fernández et al. 2015) reveals that this merging system has no massive neighbours. Specifically, we examined their local environment using the NSA-Sloan catalogue (NSA5), within a projected distance of 1.5 Mpc and a relative radial velocity of ΔV = 500 km s−1. The only galaxy found within this range is CAVITY38680, a star-forming dwarf galaxy with a stellar mass of log(M★/M⊙) = 8.88, located at a projected distance of 0.343 Mpc from the merging system (see Fig. 1).
To assess potential environmental effects on the properties of merging and interacting dwarf galaxies, we quantified the local environment of galaxies in the Paudel et al. (2018) sample. This analysis is necessary due to the limited information available regarding the local or large-scale environments of these systems. We adopted similar criteria as in Argudo-Fernández et al. (2015), expanding the search area to a projected distance of 1.5 Mpc and considering a relative radial velocity of ΔV = 500 km s−1. We found that only 17 (out of 177) galaxies in their sample are in complete isolation, with no neighbouring galaxy brighter than Mr∼−17 mag within the searched space. Additionally, we identified 29 dwarf interacting pairs in the sample that have only one neighbouring galaxy, within the investigated velocity difference-projected distance space. These galaxies, along with the isolated ones, are represented by filled circle symbols in the top panel of Fig. 8. We could not detect any trend between the local projected density and the g-r colour of these galaxies.
We excluded these galaxies from the sample and computed the projected number density of the neighbouring galaxies of each interacting dwarf within a distance of 1.5 Mpc (ρlocal). The distribution of these local number densities is shown in the lower panel of Fig. 8. We found that the majority of this sample is located in locally populated regions, with more than three neighbouring galaxies, resembling ‘group-like’ environments. This aligns with previous studies concluding that galaxy mergers are more common in a group-like environment, where galaxies are not as isolated as in voids but also are not moving relatively as fast as those in clusters (e.g. Tran et al. 2008; Alonso et al. 2012; Deason et al. 2014; Paudel et al. 2018; Sureshkumar et al. 2024).
In their study, Paudel et al. (2018) concluded that dwarf-dwarf interactions and mergers occur frequently in low-density environments, based on a search within a 700 kpc projected distance and 700 km s−1 relative velocity difference. While this might appear to contradict the present findings, it actually highlights a bias due to different definitions of local environments for galaxies. As Omori et al. (2023) discussed, the dependence of merger rates on the galaxy environment varies with the scale at which the environment is defined. Our study considered a more extensive velocity difference-projected distance space and lower-mass galaxies as neighbours. Hence, our results indicate that although most galaxies in the Paudel et al. (2018) sample do not have massive neighbours (log(M★/M⊙) > 10) within a projected distance of 700 kpc, they are not completely isolated.
Based on our definition of the local environment and isolation, only 1% of the Paudel et al. (2018) sample has conditions similar to this merging system, meaning they are nearly 1:1 merging events. Interestingly, most of the isolated merging and interacting cases listed in that study for which the relative mass ratio of merging components (m1/m2) has been reported (10 out of 18 isolated cases) fall in the range of m1/m2≥5 making them mostly minor merger events (Michel-Dansac et al. 2008; Paudel et al. 2018). In these cases, the less massive galaxies, usually the dwarfs, merge with the more massive companion, likely due to the larger gravitational forces exerted by the latter. This is not the case for CAVITY35843 and 35844.
The trigger for the merging event between the two dwarf galaxies in this system remains an open question. Most merging events, as discussed before, occur in group-like environments, where high galaxy number density and the tidal field of the host halo promote such interactions. Additionally, isolated mergers typically involve two galaxies with a significant mass difference, where the more massive galaxy traps the less massive one in its gravitational field. However, components A and B in this interacting pair do not follow these patterns. The merging we witness can be due to the global dynamics of the void and the distribution of dark matter within it (e.g. Beygu et al. 2013; Rieder et al. 2013; Courtois et al. 2023) which shape the flow of void galaxies. Chengalur et al. (2017) proposed that the wet mergers in low-density environments, such as voids, take place as a consequence of structure formation, which is more slowly at small scales than in regions with average density. This can also be a possible pathway for the formation of gas-rich discs. Similarly, the past three-body encounters between components of merging system and their nearby dwarf galaxy might be responsible for triggering this merger event. However, the INT deep imaging utilised in this study reveals no tidal streams or features indicative of past three-body encounters. Further studies on the dynamical evolution of voids and mergers involving three-body interactions are needed to evaluate these scenarios.
6. Summary
In this study, we examined the kinematics and gas properties of CAVITY35843 and CAVITY35844, a dwarf-dwarf merging pair near the centre of a cosmic void. This system is remarkable due to its orientation relative to the line of sight and its unique local and large-scale environment. As an interacting system, it presents a compelling opportunity to explore the interactions typical of gas-rich low-mass galaxies at high redshifts, that are fundamental to the hierarchical galaxy formation model. The main results of this study are summarised below:

	
CAVITY35843 and CAVITY35844 form a nearly 1:1 dwarf-dwarf merging system located near the centre of a cosmic void (R = 0.13 Re,void), one of the least dense region of the local Universe. Identifying such a system in a void is atypical, as most dwarf-dwarf merging systems are found in group-like environments, where the balance between galaxy density and relative velocities facilitates merging events.


	
We speculate that past three-body interactions with the only neighbouring dwarf galaxy identified for this system, CAVITY38680, might have triggered the merger. However, the deep INT imaging detected no tidal streams or peculiar features indicative of such interactions. Alternatively, the dynamical evolution of voids and their associated dark matter structures, which govern the flow of galaxies, could also be responsible for initiating this merging event.


	
Both components of this merging system are undergoing starburst activity but exhibit slightly lower gas-phase metallicities compared to non-interacting star-forming dwarf galaxies of similar stellar masses, though these values remain within the systematic uncertainties of the measurement indicators.


	
While some theoretical studies suggest that major mergers can trigger AGN activity (e.g. Capelo et al. 2017), our analysis using the BPT diagram and the Cid Fernandes et al. (2011) detection method based on EW(Hα) finds no evidence of AGN activity in either component of this merging pair. However, whether this absence of AGN activity is due to the low-mass nature of the progenitors or the specific merger stage remains uncertain. Some studies suggest that AGN activity peaks in post-coalescence mergers (e.g. Satyapal et al. 2014), but such trends have only been observed in massive merging galaxies (i.e. with log(M★/M⊙) > 11.0; Comerford et al. 2024). A more extensive analysis of merging dwarf galaxies at different evolutionary stages is needed to better understand the role of mergers in AGN triggering.


	
We estimate a neutral gas-to-stellar mass ratio of approximately 1.5, positioning this system among the rare cases exhibiting high neutral gas abundances observed to date (e.g. Paudel et al. 2018; Ellison et al. 2018). While previous studies indicate that dwarf galaxies in low-density environments, such as voids, are generally gas-dominated, our findings further suggest that the neutral gas in this system has persisted through the merging event (at least up to the current stage). High-resolution follow-up investigations of the molecular gas content in this and similar void galaxies are crucial for gaining deeper insight into the complex processes governing mergers.


	
We found no significant differences between the g-r colour of this merging system, located at the centre of a void, and other merging dwarf systems situated in different environments, including group settings. This suggests that photometric colour is primarily driven by the merging event, with environmental conditions playing a secondary role during this phase. However, we could not evaluate this trend for other physical properties. Direct comparison of the gas-phase metallicity and SFR of this system with similar cases in the literature was not possible due to the limited number of references available and the differing data characteristics and methodologies, which precluded meaningful comparisons.



These results are based on the detailed analysis of a single 1:1 merging dwarf pair located in a void. While this study provides valuable insights, it represents just one case among many that remain to be explored in order to fully grasp the broader properties of dwarf-dwarf mergers across diverse environments. To validate and expand on these findings, future research should target statistically significant samples with well-characterised environmental contexts, utilising deep IFU spectroscopy and high-quality photometry for more comprehensive analyses.
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1 Major mergers are mergers between galaxies of comparable stellar masses.


2 https://cavity.caha.es/


3 Dark Energy Camera, https://noirlab.edu/science/programs/ctio/instruments/Dark-Energy-Camera


4 We used specutils.fitting.fit_generic_continuum() function with a linear model to fit the stellar continuum.


5 https://www.sdss4.org/dr17/manga/manga-target-selection/nsa/


6 https://bbarolo.readthedocs.io/en/latest/tasks/fit3d.html#parameters



References
	
Alam, S., Albareti, F. D., Allende Prieto, C., et al. 2015, ApJS, 219, 12
[See]
	
Alonso, S., Mesa, V., Padilla, N., & Lambas, D. G. 2012, A&A, 539, A46
[See]
	
Amorisco, N. C., Evans, N. W., & van de Ven, G. 2014, Nature, 507, 335
[See]
	
Annibali, F., Nipoti, C., Ciotti, L., et al. 2016, ApJ, 826, L27
[See]
	
Argudo-Fernández, M., Verley, S., Bergond, G., et al. 2015, A&A, 578, A110
[See]
	
Asplund, M., Grevesse, N., Sauval, A. J., Allende Prieto, C., & Kiselman, D. 2004, A&A, 417, 751
[See]
	
Astropy Collaboration (Robitaille, T. P., et al.) 2013, A&A, 558, A33
[See]
	
Astropy Collaboration (Price-Whelan, A. M., et al.) 2018, AJ, 156, 123
[See]
	
Astropy Collaboration (Price-Whelan, A. M., et al.) 2022, Apj, 935, 167
[See]
	
Baldwin, J. A., Phillips, M. M., & Terlevich, R. 1981, PASP, 93, 5
[See]
	
Bekki, K. 2008, MNRAS, 388, L10
[See]
	
Beygu, B., Kreckel, K., van de Weygaert, R., van der Hulst, J. M., & van Gorkom, J. H. 2013, AJ, 145, 120
[See]
	
Bik, A., Östlin, G., Hayes, M., Melinder, J., & Menacho, V. 2022, A&A, 666, A161
[See]
	
Blum, R. D., Burleigh, K., Dey, A., et al. 2016, in American Astronomical Society Meeting Abstracts, 228, 317.01
[See]
	
Boselli, A., & Gavazzi, G. 2014, A&ARv, 22, 74
[See]
	
Brinchmann, J., Charlot, S., White, S. D. M., et al. 2004, MNRAS, 351, 1151
[See]
	
Calderón-Castillo, P., & Smith, R. 2024, A&A, 691, A82
[See]
	
Calderón-Castillo, P., Nagar, N. M., Yi, S. K., et al. 2024, A&A, 686, A151
[See]
	
Capelo, P. R., Dotti, M., Volonteri, M., et al. 2017, MNRAS, 469, 4437
[See]
	
Cappellari, M. 2017, MNRAS, 466, 798
[See]
	
Cappellari, M., & Emsellem, E. 2004, PASP, 116, 138
[See]
	
Cardelli, J. A., Clayton, G. C., & Mathis, J. S. 1989, ApJ, 345, 245
[See]
	
Cenarro, A. J., Peletier, R. F., Sánchez-Blázquez, P., et al. 2007, MNRAS, 374, 664
[See]
	
Chengalur, J. N., Pustilnik, S. A., & Egorova, E. S. 2017, MNRAS, 465, 2342
[See]
	
Cid Fernandes, R., Stasińska, G., Mateus, A., & Vale Asari, N. 2011, MNRAS, 413, 1687
[See]
	
Cole, S., Lacey, C. G., Baugh, C. M., & Frenk, C. S. 2000, MNRAS, 319, 168
[See]
	
Coleman, M., Da Costa, G. S., Bland-Hawthorn, J., et al. 2004, AJ, 127, 832
[See]
	
Comerford, J. M., Nevin, R., Negus, J., et al. 2024, ApJ, 963, 53
[See]
	
Conrado, A. M., González Delgado, R. M., García-Benito, R., et al. 2024, A&A, 687, A98
[See]
	
Conselice, C. J., Bershady, M. A., Dickinson, M., & Papovich, C. 2003, AJ, 126, 1183
[See]
	
Courtois, H. M., van de Weygaert, R., Aubert, M., et al. 2023, A&A, 673, A38
[See]
	
Crnojević, D., Sand, D. J., Caldwell, N., et al. 2014, ApJ, 795, L35
[See]
	
Curti, M., Mannucci, F., Cresci, G., & Maiolino, R. 2020, MNRAS, 491, 944
[See]
	
Deason, A., Wetzel, A., & Garrison-Kimmel, S. 2014, ApJ, 794, 115
[See]
	
de Gasperin, F., Intema, H. T., & Frail, D. A. 2018, MNRAS, 474, 5008
[See]
	
Dekel, A., Sari, R., & Ceverino, D. 2009, ApJ, 703, 785
[See]
	
Di Teodoro, E. M., & Fraternali, F. 2015, MNRAS, 451, 3021
[See]
	
Domínguez-Gómez, J., Pérez, I., Ruiz-Lara, T., et al. 2023, A&A, 680, A111
[See]
	
Duarte Puertas, S., Vilchez, J. M., Iglesias-Páramo, J., et al. 2017, A&A, 599, A71
[See]
	
Duc, P. A., & Renaud, F. 2013, in Lecture Notes in Physics, Berlin Springer Verlag, eds. J. Souchay, S. Mathis, & T. Tokieda, 861, 327
[See]
	
Durbala, A., Finn, R. A., Crone Odekon, M., et al. 2020, AJ, 160, 271
[See]
	
Ellison, S. L., Mendel, J. T., Patton, D. R., & Scudder, J. M. 2013, MNRAS, 435, 3627
[See]
	
Ellison, S. L., Catinella, B., & Cortese, L. 2018, MNRAS, 478, 3447
[See]
	
Fakhouri, O., Ma, C. -P., & Boylan-Kolchin, M. 2010, MNRAS, 406, 2267
[See]
	
Falcón-Barroso, J., Sánchez-Blázquez, P., Vazdekis, A., et al. 2011, A&A, 532, A95
[See]
	
Gao, Y., Gu, Q., Liu, G., et al. 2023, A&A, 677, A179
[See]
	
Garay-Solis, Y., Barrera-Ballesteros, J. K., Carigi, L., et al. 2024, MNRAS, 533, 880
[See]
	
García-Benito, R., Jiménez, A., Sánchez-Menguiano, L., et al. 2024, A&A, 691, A161
[See]
	
Gommers, R., Virtanen, P., Haberland, M., et al. 2024, https://doi.org/10.5281/zenodo.11255513
[See]
	
Graham, A. W., Spitler, L. R., Forbes, D. A., et al. 2012, ApJ, 750, 121
[See]
	
Grajales-Medina, D., Argudo-Fernández, M., Vásquez-Bustos, P., et al. 2023, A&A, 669, A23
[See]
	
Helfand, D. J., White, R. L., & Becker, R. H. 2015, ApJ, 801, 26
[See]
	
Hibbard, J. E., & Mihos, J. C. 1995, AJ, 110, 140
[See]
	
Hopkins, P. F., Cox, T. J., Younger, J. D., & Hernquist, L. 2009, ApJ, 691, 1168
[See]
	
Hopkins, P. F., Bundy, K., Croton, D., et al. 2010, ApJ, 715, 202
[See]
	
Hunter, J. D. 2007, Comput. Sci. Eng., 9, 90
[See]
	
Janowiecki, S., Catinella, B., Cortese, L., Saintonge, A., & Wang, J. 2020, MNRAS, 493, 1982
[See]
	
Kado-Fong, E., Greene, J. E., Greco, J. P., et al. 2020, AJ, 159, 103
[See]
	
Kauffmann, G., Heckman, T. M., Tremonti, C., et al. 2003, MNRAS, 346, 1055
[See]
	
Kennicutt, R. C. Jr. 1998, ARA&A, 36, 189
[See]
	
Kennicutt, R. C. Jr., Hao, C. -N., Calzetti, D., et al. 2009, ApJ, 703, 1672
[See]
	
Kewley, L. J., Dopita, M. A., Sutherland, R. S., Heisler, C. A., & Trevena, J. 2001, ApJ, 556, 121
[See]
	
Kimbro, E., Reines, A. E., Molina, M., Deller, A. T., & Stern, D. 2021, ApJ, 912, 89
[See]
	
Klimentowski, J., Łokas, E. L., Knebe, A., et al. 2010, MNRAS, 402, 1899
[See]
	
Knebe, A., Power, C., Gill, S. P. D., & Gibson, B. K. 2006, MNRAS, 368, 741
[See]
	
Kreckel, K., Platen, E., Aragón-Calvo, M. A., et al. 2011, AJ, 141, 4
[See]
	
Lambas, D. G., Alonso, S., Mesa, V., & O’Mill, A. L. 2012, A&A, 539, A45
[See]
	
Lisker, T., Grebel, E. K., & Binggeli, B. 2006, AJ, 132, 497
[See]
	
Martin, G., Kaviraj, S., Devriendt, J. E. G., Dubois, Y., & Pichon, C. 2018, MNRAS, 480, 2266
[See]
	
Martin, G., Jackson, R. A., Kaviraj, S., et al. 2021, MNRAS, 500, 4937
[See]
	
Martínez-Delgado, D., Romanowsky, A. J., Gabany, R. J., et al. 2012, ApJ, 748, L24
[See]
	
Martínez-Delgado, D., Cooper, A. P., Román, J., et al. 2023, A&A, 671, A141
[See]
	
McKinney, W. 2010, in Proceedings of the 9th Python in Science Conference, eds. S. van der Walt, & J. Millman, 51
[See]
	
Michel-Dansac, L., Lambas, D. G., Alonso, M. S., & Tissera, P. 2008, MNRAS, 386, L82
[See]
	
Mićić, M., Holmes, O. J., Wells, B. N., & Irwin, J. A. 2023, ApJ, 944, 160
[See]
	
Naab, T., Oser, L., Emsellem, E., et al. 2014, MNRAS, 444, 3357
[See]
	
Omori, K. C., Bottrell, C., Walmsley, M., et al. 2023, A&A, 679, A142
[See]
	
Osterbrock, D. E. 1984, Q. J. R. Astron. Soc., 25, 1
[See]
	
Pak, M., Rey, S. -C., Lisker, T., et al. 2014, MNRAS, 445, 630
[See]
	
Pan, D. C., Vogeley, M. S., Hoyle, F., Choi, Y. -Y., & Park, C. 2012, MNRAS, 421, 926
[See]
	
Paudel, S., & Sengupta, C. 2017, ApJ, 849, L28
[See]
	
Paudel, S., Smith, R., Duc, P. -A., et al. 2017, ApJ, 834, 66
[See]
	
Paudel, S., Smith, R., Yoon, S. J., Calderón-Castillo, P., & Duc, P. -A. 2018, ApJS, 237, 36
[See]
	
Peebles, P. J. E. 2001, ApJ, 557, 495
[See]
	
Pérez, F., & Granger, B. E. 2007, Comput. Sci. Eng., 9, 21
[See]
	
Pérez, I., Verley, S., Sánchez-Menguiano, L., et al. 2024, A&A, 689, A213
[See]
	
Pettini, M., & Pagel, B. E. J. 2004, MNRAS, 348, L59
[See]
	
Pietrinferni, A., Cassisi, S., Salaris, M., & Castelli, F. 2004, ApJ, 612, 168
[See]
	
Porter, L. E., Orr, M. E., Burkhart, B., et al. 2022, MNRAS, 515, 3555
[See]
	
Rich, R. M., Collins, M. L. M., Black, C. M., et al. 2012, Nature, 482, 192
[See]
	
Rieder, S., van de Weygaert, R., Cautun, M., Beygu, B., & Portegies Zwart, S. 2013, MNRAS, 435, 222
[See]
	
Rodríguez-Medrano, A. M., Springel, V., Stasyszyn, F. A., & Paz, D. J. 2024, MNRAS, 528, 2822
[See]
	
Rogstad, D. H., Lockhart, I. A., & Wright, M. C. H. 1974, ApJ, 193, 309
[See]
	
Román, J., Trujillo, I., & Montes, M. 2020, A&A, 644, A42
[See]
	
Román, J., Sánchez-Alarcón, P. M., Knapen, J. H., & Peletier, R. 2023, A&A, 671, L7
[See]
	
Rosas-Guevara, Y., Tissera, P., Lagos, C. d. P., Paillas, E., & Padilla, N. 2022, MNRAS, 517, 712
[See]
	
Ruiz-Lara, T., Gallart, C., Monelli, M., et al. 2021, MNRAS, 501, 3962
[See]
	
Salim, S., Rich, R. M., Charlot, S., et al. 2007, ApJS, 173, 267
[See]
	
Sánchez-Blázquez, P., Peletier, R. F., Jiménez-Vicente, J., et al. 2006, MNRAS, 371, 703
[See]
	
Satyapal, S., Ellison, S. L., McAlpine, W., et al. 2014, MNRAS, 441, 1297
[See]
	
Springel, V., & Hernquist, L. 2005, ApJ, 622, L9
[See]
	
Stierwalt, S., Besla, G., Patton, D., et al. 2015, ApJ, 805, 2
[See]
	
Subramanian, S., Mondal, C., & Kalari, V. 2024, A&A, 681, A8
[See]
	
Sureshkumar, U., Durkalec, A., Pollo, A., et al. 2024, A&A, 686, A40
[See]
	
Thorp, M. D., Ellison, S. L., Simard, L., Sánchez, S. F., & Antonio, B. 2019, MNRAS, 482, L55
[See]
	
Tissera, P. B., Domínguez-Tenreiro, R., Scannapieco, C., & Sáiz, A. 2002, MNRAS, 333, 327
[See]
	
Tolstoy, E., Irwin, M. J., Helmi, A., et al. 2004, ApJ, 617, L119
[See]
	
Toomre, A. 1977, in Evolution of Galaxies and Stellar Populations, eds. B. M. Tinsley, & R. B. Larson, 401
[See]
	
Toomre, A., & Toomre, J. 1972, ApJ, 178, 623
[See]
	
Tran, K. -V. H., Moustakas, J., Gonzalez, A. H., et al. 2008, ApJ, 683, L17
[See]
	
Tremonti, C. A., Heckman, T. M., Kauffmann, G., et al. 2004, ApJ, 613, 898
[See]
	
van de Weygaert, R., & Platen, E. 2011, in Cosmic Voids: Structure, Dynamics and Galaxies, International Journal of Modern Physics Conference Series, 1, 41
[See]
	
van der Walt, S., Colbert, S. C., & Varoquaux, G. 2011, Comput. Sci. Eng., 13, 22
[See]
	
Van Rossum, G., & Drake, F. L. 2009, Python 3 Reference Manual (Scotts Valley, CA: CreateSpace)
[See]
	
Vásquez-Bustos, P., Argudo-Fernández, M., Boquien, M., et al. 2025, A&A, 696, A206
[See]
	
Vazdekis, A., Casuso, E., Peletier, R. F., & Beckman, J. E. 1996, ApJS, 106, 307
[See]
	
Vazdekis, A., Sánchez-Blázquez, P., Falcón-Barroso, J., et al. 2010, MNRAS, 404, 1639
[See]
	
Vazdekis, A., Koleva, M., Ricciardelli, E., Röck, B., & Falcón-Barroso, J. 2016, MNRAS, 463, 3409
[See]
	
Venn, K. A., Shetrone, M. D., Irwin, M. J., et al. 2012, ApJ, 751, 102
[See]
	
Vilella-Rojo, G., Logroño-García, R., López-Sanjuan, C., et al. 2021, A&A, 650, A68
[See]
	
Virtanen, P., Gommers, R., Oliphant, T. E., et al. 2020, Nat. Methods, 17, 261
[See]
	
Wetzel, A. R., Deason, A. J., & Garrison-Kimmel, S. 2015, ApJ, 807, 49
[See]
	
Yozin, C., & Bekki, K. 2012, ApJ, 756, L18
[See]
	
Zhang, H. -X., Paudel, S., Smith, R., et al. 2020, ApJ, 891, L23
[See]
	
Zurita, A., Florido, E., Bresolin, F., Pérez-Montero, E., & Pérez, I. 2021, MNRAS, 500, 2359
[See]



Appendix A:  More on the kinematics of the system
As discussed in Section 4.1, a lopsided rotation is observed in both the gas and stellar radial velocity maps of this merging system. Part of this lopsidedness can be attributed to the ∼100 km s−1 difference in the relative velocity between the merging components. Additionally, the higher σgas values in a small linear region between the components, as previously mentioned, are likely due to the emission lines from both components overlapping in a single spaxel, that are not resolved by the PPAK IFU's spectral and spatial resolution. However, this region serves as a useful separation line between the components. In Fig. A.1, we show the radial velocity maps of each merging component, separated by the elevated σgas line. After accounting for the radial velocity difference, component B exhibits clear rotation. Component A also shows signs of rotation, although less clearly, possibly due to its alignment along the line of sight and the significant effects of the interaction on its kinematics.
	[image: thumbnail]	Fig. A.1. Gas and stellar velocity maps of merging component A (top row) and component B (bottom row), taking into account the ∼ 100 km s−1 difference in the relative velocity.



In Fig. A.2, we display the [OIII]λ5007 emission line for four spaxels from different spatial regions of the interacting system, namely (from left to right): the centre of component A, the centre of component B, the region between the interacting components, and the outskirts of component B, where we observe elevated σgas in the kinematic maps of Fig.3. The top row shows the results of a single Gaussian fit to the emission line, along with the residuals of the fits. The bottom row presents the results of a double Gaussian fit to the emission line, which failed in all four cases. We were unable to detect any visible contributions from double Gaussian components in the gas emission lines detected with the PPAK-IFU data. This limitation is primarily due to the instrument's resolution, which is insufficiently sensitive to resolve such cases.
	[image: thumbnail]	Fig. A.2. Examples of fits for the [OIII]λ5007 emission line shown for four distinct regions, arranged from left to right: component A, component B, the region between the two components, and the outskirts of the merging pair. The top row illustrates single Gaussian fits, while the bottom row showcases examples of double Gaussian fits.




Appendix B:  3DBAROLO parameters
In Table B.1, we present the input and output parameters used for the 3DBAROLO fitting for each merging component, as described in Section 4.2. The details regarding the parameters and their meaning can be found in the documentation page of 3DBAROLO6. Here, we assumed that the position of the centre(xpos, ypos), the scale-height of the disc (z0), and the systemic velocity (vsys) remain constant across the discs of the galaxies. To simplify the fitting process, we provided initial values for these parameters to 3DBAROLO, and kept them fixed during the fitting. For vsys, we did not specify a value; instead, it was estimated by the software as the central velocity from the global line profile.
Table B.1. 
3DBAROLO input parameters.

Input and output parameters of 3DBAROLO. The columns display the names of both the input and output parameters, along with the corresponding values for components A and B, and relevant comments for each parameter. Parameters that were fixed during the fit are marked with an asterisk and are listed in the first part of the table, alongside other input parameters. The second part of the table presents the geometrical parameters derived from the fit results. The comments are categorised into four general groups: Fine-tuning are parameters estimated after several iterations. Datacube limitations are parameters determined as the best value for the datacube. Isophote fitting are parameters estimated using isophote fitting. Default or recommended value are parameters set as default or recommended by the pipeline.

Appendix C:  Source of ionisation
In Section 4.3 and Fig. 6, we demonstrated that some spaxels in this merging system fall within the region of the BPT diagram typically associated with AGN-dominated ionisation. Fig. C.1 shows the spatial distribution of these spaxels within the system, where the spaxels in the AGN-dominated ionisation zone are marked in red, and those in the star-forming region are marked in green. Upon comparison with the S/N map and the results presented in Figs. 3 and 5, it is clear that the spaxels in the AGN zone exhibit low S/N and are situated in the outer regions of both merging components, where detecting AGN signatures or black holes is not feasible.
	[image: thumbnail]	Fig. C.1. Spatial distribution of spaxels within the system where the spaxels in the AGN-dominated ionisation zone of Fig. 6 are marked in red, and those in the star-forming region are marked in green
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All Figures
	[image: thumbnail]	Fig. 1. Interacting pair of CAVITY35843, 35844, and their neighbour. Panel A: Isaac Newton Telescope (INT) deep optical image of CAVITY35843 and CAVITY35844 (marked with an orange box) and CAVITY38680 (marked with a green box) in SDSS r-band filter. Panel B: Zoom-in view of CAVITY38680 using DECaLS data. This dwarf galaxy is located at a projected distance of 340 kpc from CAVITY35844. Panel C: Zoom-in view of CAVITY35843 and CAVITY35844 (marked on the image) from DECaLS survey (left-hand panel) and INT g+r image (right-hand panel). In both images, the two bright cores of the two interacting dwarfs and the tidal tails are visible. A fine dust feature in the pair central region is better resolved in the DECaLS image, while LSB features (with μ>25.5 mag arcsec−2, marked with arrows in Panel D) around the interacting pair are better visible in the INT colour image. Panel D: Surface brightness map of the interacting pair using the g-band INT image. Contours from inside out indicate regions with surface brightness from 20 to 27 mag arcsec−2 and with steps of 1 mag arcsec−2. Panel E: g-r colour map of the interacting pair, constructed using INT data. Contours are the same as in Panel D. In all panels, north is up, and east is left.
In the text



	[image: thumbnail]	Fig. 2. Observed IFU data. Panel A: g-band surface brightness map of CAVITY35843 and 35844, same as panel D of Fig. 1 but convolved to match the pixel scale of PPAK IFU data. Panel B: Signal-to-noise map of the PPAK data with the same contours as in Panel A. The black contour marks the S/N = 15. Panel C: Example of PPAK spectrum, in the rest frame, from a central spaxel in component A. Panels D and E: Examples of single-line Gaussian fits for [OIII]λ5007 and Hα emission lines, respectively. The best fit is shown in pink. Panel F: Fit over the stellar continuum of the same spectrum shown in Panel C using pPXF (see Sect. 3 for details).
In the text



	[image: thumbnail]	Fig. 3. Gas and stellar kinematic maps of the merging pair. In the left-hand and middle panels, gas radial velocity (top) and velocity dispersion (bottom) maps derived from [OIII]λ5007 and Hα emission lines are shown, respectively. In the right-hand panel stellar radial velocity (top) and velocity dispersion (bottom) maps are shown. In all panels, only spaxels with S/N > 15 are shown. Contours are similar to Fig. 2.
In the text



	[image: thumbnail]	Fig. 4. Rotating disks in the merging dwarfs. Top panel: Rotational velocity of each separated component derived using. Both components show a similar radial gradient of rotational velocity by tracing the Hα emission line. We note that results beyond ∼5 arcsec are excluded from our discussion as they are derived from fits over spaxels with S/N < 15. Bottom panel: Enclosed dynamical mass of each component calculated at a given radius using the rotation curves estimated by 3DBAROLO, assuming spherical symmetry. Each mass is the enclosed at a given radius. The rotational velocity map of each component is shown inside boxes. In each map, the assumed kinematical centre of the galaxies is marked. The green line represents the Vrot = 0 km s−1 isoline of each velocity map.
In the text



	[image: thumbnail]	Fig. 5. Emission line maps. From left to right, maps of Hβ, [OIII]λ5007, and Hα fluxes. All the emission lines shown here are corrected for optical dust attenuation, and contours are the same as in Fig. 2. In all maps, only spaxels with S/N > 15 are shown where we considered the same S/N definition, computed in the wavelength range from 4590 to 4610 Å.
In the text



	[image: thumbnail]	Fig. 6. Baldwin, Phillips and Terlevich diagrams using flux measured for each spaxel with S/N > 15 in both components of the merging system. In both panels, Kewley et al. (2001) theoretical division is traced with a gray dashed-dot line. The empirical division of Kauffmann et al. (2003) is also shown in the left-hand panel with a black dashed line. The intermediate zone between the empirical and theoretical divisions in the left-hand panel is known as the composite zone.
In the text



	[image: thumbnail]	Fig. 7. Gas-metallicity and SFR maps. Top panel: Map of oxygen abundance as a proxy of gas-phase metallicity. Bottom panel: Map of SFR. Only spaxels with S/N > 15, similar to Fig. 5, are shown here. Contours are the same as in Fig. 2.
In the text



	[image: thumbnail]	Fig. 8. Comparison with other merging systems. Top panel: Comparison of the g-r colour of interacting or merging dwarf galaxies from the Paudel et al. (2018) sample (shown with filled and empty black circle symbols for isolated and non-isolated cases, respectively) with the interacting system (shown as red data point), the Lisker et al. (2006) sample of BCDs (orange triangles), and the Pak et al. (2014) sample of irregular dwarf galaxies (shown in purple squares). Bottom panel: Distribution of normalised projected number density shown for the galaxies in the Paudel et al. (2018) sample with more than three neighbours. The local density was computed as the number of neighbours found within a projected distance of 1.5 Mpc and a relative radial velocity of ΔV = 500 km s−1 divided by the volume.
In the text



	[image: thumbnail]	Fig. A.1. Gas and stellar velocity maps of merging component A (top row) and component B (bottom row), taking into account the ∼ 100 km s−1 difference in the relative velocity.
In the text



	[image: thumbnail]	Fig. A.2. Examples of fits for the [OIII]λ5007 emission line shown for four distinct regions, arranged from left to right: component A, component B, the region between the two components, and the outskirts of the merging pair. The top row illustrates single Gaussian fits, while the bottom row showcases examples of double Gaussian fits.
In the text



	[image: thumbnail]	Fig. C.1. Spatial distribution of spaxels within the system where the spaxels in the AGN-dominated ionisation zone of Fig. 6 are marked in red, and those in the star-forming region are marked in green
In the text





    
      Table 1. 

      Properties of the merging pair as reported in the literature.

      
        

	CAVITY ID
	RA (J2000)a
	Dec (J2000)a
	za
	R[image: equation]
	M[image: equation]
	Inclinationa
	log(M★/M⊙)c



	
	[deg.]
	[deg.]
	
	[arcsec]
	[mag]
	[degree]
	





	CAVITY35843
	205.2043
	6.282
	0.029
	5.48
	–17.46
	67.37
	8.86



	CAVITY35844
	205.2057
	6.283
	0.029
	9.87
	–18.38
	52.63
	–



	CAVITY38680
	205.2837
	6.420
	0.029
	13.14
	–17.90
	75.51
	8.80





      

      
Notes. Properties of the merging system and its neighbour. a: Pan et al. (2012), b: Alam et al. (2015), c: The median estimate of the total stellar mass probability density function (PDF) reported by Kauffmann et al. (2003), using model photometry by Salim et al. (2007).



    

  
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Interacting pair of CAVITY35843, 35844, and their neighbour. Panel A: Isaac Newton Telescope (INT) deep optical image of CAVITY35843 and CAVITY35844 (marked with an orange box) and CAVITY38680 (marked with a green box) in SDSS r-band filter. Panel B: Zoom-in view of CAVITY38680 using DECaLS data. This dwarf galaxy is located at a projected distance of 340 kpc from CAVITY35844. Panel C: Zoom-in view of CAVITY35843 and CAVITY35844 (marked on the image) from DECaLS survey (left-hand panel) and INT g+r image (right-hand panel). In both images, the two bright cores of the two interacting dwarfs and the tidal tails are visible. A fine dust feature in the pair central region is better resolved in the DECaLS image, while LSB features (with μ>25.5 mag arcsec−2, marked with arrows in Panel D) around the interacting pair are better visible in the INT colour image. Panel D: Surface brightness map of the interacting pair using the g-band INT image. Contours from inside out indicate regions with surface brightness from 20 to 27 mag arcsec−2 and with steps of 1 mag arcsec−2. Panel E: g-r colour map of the interacting pair, constructed using INT data. Contours are the same as in Panel D. In all panels, north is up, and east is left.

      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Observed IFU data. Panel A: g-band surface brightness map of CAVITY35843 and 35844, same as panel D of Fig. 1 but convolved to match the pixel scale of PPAK IFU data. Panel B: Signal-to-noise map of the PPAK data with the same contours as in Panel A. The black contour marks the S/N = 15. Panel C: Example of PPAK spectrum, in the rest frame, from a central spaxel in component A. Panels D and E: Examples of single-line Gaussian fits for [OIII]λ5007 and Hα emission lines, respectively. The best fit is shown in pink. Panel F: Fit over the stellar continuum of the same spectrum shown in Panel C using pPXF (see Sect. 3 for details).

      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Gas and stellar kinematic maps of the merging pair. In the left-hand and middle panels, gas radial velocity (top) and velocity dispersion (bottom) maps derived from [OIII]λ5007 and Hα emission lines are shown, respectively. In the right-hand panel stellar radial velocity (top) and velocity dispersion (bottom) maps are shown. In all panels, only spaxels with S/N > 15 are shown. Contours are similar to Fig. 2.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Emission line maps. From left to right, maps of Hβ, [OIII]λ5007, and Hα fluxes. All the emission lines shown here are corrected for optical dust attenuation, and contours are the same as in Fig. 2. In all maps, only spaxels with S/N > 15 are shown where we considered the same S/N definition, computed in the wavelength range from 4590 to 4610 Å.

      

    

  
    
      Table 2. 

      Integrated emission line fluxes.

      
        

	Emission line
	Observed total flux
	Component A
	Component B



	
	× 10−16 [erg/s/cm2]
	× 10−16 [erg/s/cm2]
	× 10−16 [erg/s/cm2]





	Hγ
	462.2 ± 2.2
	281.0 ± 2.0
	168.6 ± 2.1



	Hβ
	960.6 ± 2.4
	574.5 ± 2.4
	337.3 ± 2.3



	Hα
	2747.4 ± 3.0
	1643.0 ± 2.5
	964.7 ± 2.7



	[OIII]λ5007
	2097.7 ± 3.1
	1273.9 ± 2.9
	736.6 ± 2.9



	[NII]λ6583
	662.4 ± 3.8
	412.7 ± 3.3
	207.5 ± 3.4



	[SII]λ6716
	510.5 ±  3.1
	3112.8 ± 3.5
	172.7 ± 2.8



	[SII]λ6731
	357.3 ± 3.1
	224.8  ± 2.7
	117.0 ± 2.8





      

      
Notes. Measured integrated emission line fluxes. Columns list the name of the emission line, the fluxes measured over the integrated spectra of the entire merging system, and the fluxes for components A and B. All fluxes are corrected for intrinsic reddening.



    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        Baldwin, Phillips and Terlevich diagrams using flux measured for each spaxel with S/N > 15 in both components of the merging system. In both panels, Kewley et al. (2001) theoretical division is traced with a gray dashed-dot line. The empirical division of Kauffmann et al. (2003) is also shown in the left-hand panel with a black dashed line. The intermediate zone between the empirical and theoretical divisions in the left-hand panel is known as the composite zone.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Gas-metallicity and SFR maps. Top panel: Map of oxygen abundance as a proxy of gas-phase metallicity. Bottom panel: Map of SFR. Only spaxels with S/N > 15, similar to Fig. 5, are shown here. Contours are the same as in Fig. 2.

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Comparison with other merging systems. Top panel: Comparison of the g-r colour of interacting or merging dwarf galaxies from the Paudel et al. (2018) sample (shown with filled and empty black circle symbols for isolated and non-isolated cases, respectively) with the interacting system (shown as red data point), the Lisker et al. (2006) sample of BCDs (orange triangles), and the Pak et al. (2014) sample of irregular dwarf galaxies (shown in purple squares). Bottom panel: Distribution of normalised projected number density shown for the galaxies in the Paudel et al. (2018) sample with more than three neighbours. The local density was computed as the number of neighbours found within a projected distance of 1.5 Mpc and a relative radial velocity of ΔV = 500 km s−1 divided by the volume.

      

    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        Examples of fits for the [OIII]λ5007 emission line shown for four distinct regions, arranged from left to right: component A, component B, the region between the two components, and the outskirts of the merging pair. The top row illustrates single Gaussian fits, while the bottom row showcases examples of double Gaussian fits.

      

    

  
    
      Table B.1. 

      3DBAROLO input parameters.

      
        

	Parameter
	Value - component A
	Value - component B
	Comments





	nradii
	25
	16
	Fine-tuning



	radsep
	0.8
	1.0
	Datacube limitations



	xpos*
	16.2
	11.0
	Centre [pix], isophote fitting



	ypos*
	7.5
	12.0
	Centre [pix], isophote fitting



	vsys*
	-
	-
	Systematic velocity [km s−1], estimated by the software



	z0*
	1
	1
	The scale-height of the disk [arcsec], default value



	vrot
	75
	150
	Rotational velocity [km s−1], section 4.1



	vdisp
	80
	80
	Velocity dispersion [km s−1], section 4.1



	inc
	43
	50
	Inclination [deg], isophote fitting



	pa
	11
	60
	Position angle [deg], isophote fitting



	mask
	THRESHOLD = 0.2
	SEARCH
	Datacube limitations



	growthcut
	2.5
	2.5
	Default value



	free
	VROT VDISP PA INC
	VROT VDISP PA INC
	



	norm
	AZIM
	AZIM
	Default or recommended value



	restwave
	6562.8
	6562.8
	Hα rest-frame wavelength



	redshift
	0
	0
	Default or recommended value



	linear
	-
	-
	Default or recommended value



	bweight
	0
	0
	Default or recommended value



	normalcube
	FALSE
	FALSE
	Default or recommended value



	




	vrot
	81.8
	164.2
	



	vdisp
	78.4
	78.8
	



	inc
	43
	50
	



	pa
	43.8
	82.5
	





      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        Spatial distribution of spaxels within the system where the spaxels in the AGN-dominated ionisation zone of Fig. 6 are marked in red, and those in the star-forming region are marked in green
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