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Abstract

We present the first statistical observational study detecting filaments in the immediate surroundings of galaxies, i.e. the local web of galaxies. Simulations predict that cold gas, the fuel for star formation, is channeled through filamentary structures into galaxies. Yet, direct observational evidence for this process has been limited by the challenge of mapping the cosmic web at small scales. Using miniJPAS spectro-photometric data combined with spectroscopic DESI redshifts when available, we constructed a high-density observational galaxy sample spanning 0.2 < z < 0.8. Local filaments are detected within a 3 Mpc physical radius of each galaxy with stellar mass M★ > 1010 M⊙ using all nearby galaxies as tracers, combined with a probabilistic adaptation of the DisPerSE algorithm designed to overcome limitations due to photometric redshift uncertainties. Our methodology was tested and validated using mock catalogues built with random forest models applied to a simulated lightcone. Besides recovering the expected increase in galaxy connectivity (defined as the number of filaments attached to a galaxy) with stellar mass, we show that our connectivity measurements agree with 3D reference estimates from the mock galaxies. Thanks to these filament reconstructions, we explore the relation between small-scale connectivity and galaxy star formation rate, finding a mild positive trend which needs to be confirmed by follow-up studies with larger sample sizes. We propose galaxy connectivity to local filaments as a powerful and physically motivated metric of environment, offering new insights into the role of cosmic structure in galaxy evolution.
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1. Introduction
Understanding how galaxies stop forming stars, and what drives this process, remains one of the key open questions in galaxy evolution. Observationally, galaxies in the late Universe (z ≪ 2) tend to be either actively star-forming or already quenched, with only a small fraction caught in between (Strateva et al. 2001; Baldry et al. 2004; Schawinski et al. 2014). Several mechanisms have been proposed to explain this star formation quenching, ranging from internal processes such as active galactic nuclei (AGN) and supernova feedback (e.g. Silk & Rees 1998; Di Matteo et al. 2005; Singh et al. 2020; Piotrowska et al. 2022) to external environmental effects such as gas stripping or strangulation in dense environments (e.g. Gunn & Gott 1972; Moore et al. 1996; Kauffmann et al. 2004; Peng et al. 2010).
While there is ongoing debate about whether internal or external mechanisms dominate star formation quenching, and it is likely that both contribute with varying importance, a crucial and often overlooked piece of the puzzle is the origin of the fuel itself. Galaxies need access to cold gas in order to keep forming stars (Prescott et al. 2015; Zabl et al. 2019). Cosmological simulations predict that this gas is funnelled along filaments of the multiscale cosmic web (e.g. Kereš et al. 2005; Dekel et al. 2009; Nelson et al. 2013; Faucher-Giguère et al. 2011; Mandelker et al. 2018). The accessibility of these filamentary streams is therefore expected to play a key role in regulating galaxy growth (e.g. Borzyszkowski et al. 2017; Romano-Díaz et al. 2017; Garaldi et al. 2018; Lyu et al. 2025). In this context, a natural pathway towards quenching could be the loss or disconnection from these cold gas supply channels, for example, when galaxies become dynamically disconnected from their local filamentary network, as proposed in the cosmic web detachment scenario (Aragon Calvo et al. 2019), or when the shear flow in the galaxy’s environment limits the accretion of matter onto the halo (Borzyszkowski et al. 2017).
Nevertheless, most observational studies exploring the galaxy-filament connection have focused on the more easily observable large-scale cosmic filaments, i.e. the backbones of the cosmic web at the largest-scales, connecting galaxy clusters and at the intersections of cosmic walls and voids (White et al. 1987; Bond et al. 1996). These include works based on data from GAMA, SDSS, Euclid, and other wide-field galaxy surveys (e.g. Alpaslan et al. 2016; Malavasi et al. 2017; Laigle et al. 2018; Malavasi et al. 2020; Welker et al. 2020; Euclid Collaboration: Laigle et al. 2026b). Results remain mixed, with some studies suggesting that large-scale filaments enhance star formation (Fadda et al. 2008; Darvish et al. 2014; Kleiner et al. 2017; Vulcani et al. 2019), while others find evidence for quenching (Martínez et al. 2016; Chen et al. 2017; Kraljic et al. 2018; Bonjean et al. 2020; Castignani et al. 2022). Most recently, however, O’Kane et al. (2024) showed that, once over-density effects are carefully controlled for, large-scale filaments have no significant impact on star formation (see also Navdha et al. 2025). This result is unsurprising given the gas properties of large-scale filaments at low redshift, where most of these studies have been carried out. Indeed, studies in hydro-dynamical simulations have shown that these structures are principally filled with warm, diffuse gas (Galárraga-Espinosa et al. 2021; Tuominen et al. 2021) at z = 0, a gas phase that has been detected in X-rays experiments (up to redshift of about 0.6, Tanimura et al. 2020, 2022; Zhang et al. 2024), thus unlikely to fuel star formation1. Still, if a galaxy evolved inside e.g. a thick filament, one would expect some measurable imprint on its evolution compared to a galaxy that grew up in a region with weaker tidal forces, such as a void or a thin filament, as discussed in Borzyszkowski et al. (2017). However, such an influence is unlikely to affect the instantaneous star formation rate, and would rather manifest as an integrated effect that built up over the lifetime of the galaxy.
To make progress in understanding quenching, galaxy evolution studies should instead focus on filamentary structures at smaller-scales, i.e. those filaments arising from the local density field around galaxies (Pichon et al. 2010; Aragón-Calvo et al. 2010; Galárraga-Espinosa et al. 2023), in the physical region that can actually influence galaxy evolution, with matter density properties that make them much more likely to carry cold gas (Ramsøy et al. 2021). To our knowledge, no observational studies have yet systematically explored the connection between galaxies and these structures, largely due to the high spatial resolution, tracer density, and redshift accuracy required to reconstruct the local web in the environments of galaxies. For example, previous studies of galaxy connectivity, such as the pioneering work of Kraljic et al. (2020), have used filaments traced by SDSS galaxies which, by selection, are relatively bright and sparse galaxies. As a result, the filaments they identify correspond to large-scale cosmic structures (cosmic filaments of Mpc widths, Wang et al. 2024) rather than to the local, small-scale filaments we aim at probing in this paper (of widths of about tens of kiloparsecs, Ramsøy et al. 2021).
In this work, we take a major step forward by presenting the first systematic detection of local filamentary structures around galaxies across the stellar mass range, M★ = 1010 − 1011.74 M⊙, and over the redshift range 0.2 < z < 0.8. We combine the spectro-photometric data from miniJPAS with the spectroscopic precision of DESI redshifts (when available) to build a dense galaxy sample suitable for tracing the small-scale, local web. Using a probabilistic filament detection method, we reconstruct the filamentary structures within a 3 Mpc proper (pMpc) radius around each galaxy, using lower mass and other galaxies of the catalogue as tracers. By working in proper (or physical) rather than comoving coordinates, we ensure that the physical size of the probed environment remains consistent across redshift. This is a crucial point, as we want to detect structures that are physically connected to the galaxies, and because processes like gas accretion, interactions, or stripping act on physical scales.
Within this framework, we use galaxy connectivity (K), defined as the number of filaments connected to a galaxy, as our principal environmental metric. Traditional descriptors like over-density or group membership are useful but miss key information about the geometry and anisotropy of the field. Connectivity, in contrast, offers a complementary approach as it captures the channels through which gas, satellites (Welker et al. 2018; Madhani et al. 2025), and angular momentum are delivered (e.g. Pichon et al. 2011; Danovich et al. 2012; Kraljic et al. 2020; Gouin et al. 2021). The structure of this paper is as follows. In Sect. 2, we present the miniJPAS+DESI galaxy catalogue. Sect. 3 describes the construction of the mock catalogue used for validation. The methods employed in this work are introduced in Sect. 4. We present our main results in Sect. 5 and discuss their implications in Sect. 6. Finally, Sect. 7 summarises our findings and conclusions.
2. The miniJPAS+DESI galaxy catalogue
In this section, we present the different steps and selections done to build the observational galaxy catalogue used in this work, namely the JPAS+DESI catalogue.
2.1. miniJPAS galaxies
We use public data of the miniJPAS survey (Bonoli et al. 2021), a precursor of the J-PAS survey, covering ∼1 deg2 of the sky using the J-PAS unique set of 56 photometric filters. Among those, 54 are overlapping narrow bands with a full-width half-maximum of ∼ 145 Å, and two are broader band filters in the blue and red extremes of the optical spectrum (see Fig. 2 of Bonoli et al. 2021). This narrowband filter system is specifically designed to deliver accurate photometric redshift measurements. Indeed, the miniJPAS survey provides an effective low resolution spectrum (equivalent to a resolution of R ∼ 60) for every object detected, thus overcoming typical spectroscopic survey limitations such as target selection biases and fiber collision issues. This allows for the detection of fainter objects and a higher sampling density compared to typical spectroscopic surveys.
The galaxy selection cuts done in this work are stated in the following. After discarding flagged objects using both flags and mask_flags fields (Bonoli et al. 2021), we focus on the objects with class_star ≤ 0.1 and odds ≥ 0.6. While the former selects objects classified as galaxies, the latter ensures that those galaxies have good photo-spectra and thus reliable photo-z values. Indeed, the odds parameter (Benítez 2000) is defined as the integral of the redshift PDF within the integration range 2 × 0.03 (1 + z) centred at the mode of the PDF (for further details see Bonoli et al. 2021; Hernán-Caballero et al. 2021). Values of odds range from 0 to 1, where higher values indicate photo-z estimates with greater confidence. The lower limit of odds ≥ 0.6 used in this work was determined through a systematic analysis of catalogues with different odds cuts, ranging from 0.3 to 0.9. Our results (not shown) confirm that galaxies with odds < 0.6 exhibit catastrophic redshift errors (in agreement with Hernán-Caballero et al. 2021). On the other hand, imposing a higher odds threshold becomes too restrictive, significantly reducing the number of galaxies, particularly at z > 0.4. Thus, we adopt odds = 0.6 as the optimal balance between photo-z accuracy and sample statistics for our analysis. This odds cut selects 36.5% of the galaxies. To effectively probe the local environments of M★ > 1010 M⊙ galaxies, we require a field of view large enough to encompass regions with a 3 pMpc radius centred on each of those target galaxies. This spatial constraint sets a lower redshift limit of 0.2 given the limited footprint of miniJPAS. We also set an upper redshift limit of 0.8. This was instead determined after examination of the evolution of the galaxy number density of the catalogue, which sharply drops below 10−3 comoving Mpc−3 beyond z = 0.8, making it increasingly challenging to detect small-scale structures at these redshifts.
Throughout this paper, we use the MAG_AUTO miniJPAS magnitudes, which are estimated using a Kron-like elliptical aperture (Bonoli et al. 2021). We use Kron-like elliptical magnitudes because they provide a more consistent estimate of total galaxy flux by adapting to the object’s light profile and shape, reducing biases from fixed-aperture measurements Kron (1980). Redshifts are computed using the Lephare code (Arnouts & Ilbert 2011), following Hernán-Caballero et al. (2021). Galaxy properties, namely the stellar masses and star-formation rates (SFR), are taken from González Delgado et al. (2021). These were derived by fitting the galaxies spectral energy distributions (SEDs), traced by the 56 J-PAS narrowband filters, using the Bayesian parametric code BaySeAGal. For details about this SED-fitting code, we refer the reader to González Delgado et al. (2021).
Finally, to mitigate border effects in the filament detection, we filled the small masked regions (mainly caused by bright stars) of the miniJPAS footprint with randomly distributed points until the density of tracers of the catalogue was matched. In addition, we added a 3 pMpc buffer region along the survey edges. These artificial points serve only to stabilise the filament finding procedure by preventing survey gaps from being misidentified as voids and survey borders from being falsely interpreted as density ridges.
2.2. Matching with DESI
We improve the accuracy of the photometric redshifts of some galaxies in the miniJPAS sample by matching the latter with data from the DESI spectroscopic survey. Precisely, we use redshifts from the DESI Bright Galaxy Survey (hereafter DESI BGS, Hahn et al. 2023a,b) derived from the DESI early data release (DESI Collaboration 2024). This DESI BGS catalogue2 is magnitude-limited to ∼20.2 in the r-band, and represents about 1% of the final DESI Main Survey data. It includes two distinct galaxy samples (bright and faint), both used in this work, spanning a redshift range from 0 to 0.6. After removing galaxies with bad measurements (MAG_R and provabgs_logMstar_bf = −999.0) and imposing positive values for the signal-to-noise metric for observed spectra (TSNR2_BGS > 0.0), we match the positions of the DESI galaxies to the miniJPAS ones using a matching radius of 10−3.5 degrees (1.14 arcseconds). This value was selected based on the study of 2D sky separations between DESI and miniJPAS galaxies, whose bimodal distribution showed a net separation at this value.
In the following, zbest refers to the best available redshift for each galaxy, taken from DESI spectroscopy when available, or otherwise from the high accuracy miniJPAS photometry. We point out that, even for the galaxies in common with DESI, we use the stellar masses and SFRs estimates from miniJPAS in order to maintain a consistent dataset across all redshifts.
2.3. Final JPAS+DESI catalogue
We have combined the miniJPAS and DESI datasets to build the JPAS+DESI catalogue containing 4328 galaxies in the redshift range [0.2, 0.8]. Among these, only the brighter and lower redshift galaxies (562) are common between miniJPAS and DESI, while the vast majority (3766) come from the miniJPAS dataset, which extends to fainter magnitudes and higher redshifts. This is clearly seen in the different panels of Fig. 1. From top to bottom, we show the redshift distribution and the distribution of r-band magnitudes, stellar masses, and redshift precision as a function of zbest (the best galaxy redshift). Redshift precision is here defined as the relative redshift error: zerr/(1 + z).
	[image: thumbnail]	Fig. 1. Main properties of the JPAS+DESI catalogue (4328 galaxies) as a function of redshift. From top to bottom, we show the number of galaxies, the rSDSS band magnitudes, stellar masses, and redshift precision distributions. The contours enclose 68, 95, and 99.7% of the data points, respectively, from the inner to the outer lines. Black solid lines show the properties of the observed JPAS+DESI catalogue (Sect. 2.3) while purple dashed ones correspond to the mock catalogue introduced in Sect. 3. For illustration, pink dots show a random subsample of the raw lightcone galaxies from which the mocks were derived. Orange and blue colours correspond respectively to galaxies from the matched (common) catalogue and from the J-PAS only dataset. The scattered points illustrate a random subsample of 1500 galaxies from the total JPAS+DESI catalogue.



In the bottom-most panel, we appreciate the significant improvement of redshift precision thanks to the DESI contribution. Indeed, replacing the photo-z value by spec-z information for the common galaxies (orange points) resulted in a decrease of several orders of magnitude in the redshift errors. For these galaxies, the contour, centred at zerr/(1 + z)∼10−5, is completely disjoint from the typical values of the J-PAS only galaxies (teal points). We estimated that a line-of-sight (l.o.s.) uncertainty of 3 pMpc or less corresponds to a redshift precision of roughly zerr/(1 + z)≲6 × 10−4 in this redshift range. While DESI comfortably meets this requirement, J-PAS alone does not achieve this precision. Nevertheless, DESI provides only sparse spatial sampling, which is why J-PAS data are essential for this work, as it enables denser coverage required to probe the local environments of galaxies. All the details of the method for filament reconstruction using this dataset will be provided in Sect. 4.
2.4. Definition of target galaxies
We focus our filament detection efforts on galaxies with stellar masses above 1010 M⊙, hereafter referred to as target galaxies. This lower mass limit was chosen based on completeness considerations. The analyses of González Delgado et al. (2021) and Díaz-García et al. (2024) have shown that the 50% mass completeness of miniJPAS (at rSDSS ∼ 22.5 AB) is M★ = 109.0 − 9.2 M⊙ at z = 0.2, and 1010.2 − 10, 6 M⊙ at z = 0.6, depending on galaxy colour. Our adopted threshold of 1010 M⊙ thus ensures that the low redshift targets are safely above the completeness limit, while the higher redshift ones remain close to it without sacrificing too much statistics.
To reliably probe the 3 pMpc environments radially around these targets, we limit our sample to galaxies located at least 3 pMpc from the edges of the miniJPAS footprint. We also ensure that the targets lie far from the redshift boundaries of the catalogue by requiring their redshifts to leave a 15 pMpc buffer within the range z = [0.2, 0.8]. This value is justified later in Sect. 4.1. These additional selection criteria are designed to avoid border effects that could bias the filament reconstruction. After these cuts, our sample contains 2272 target galaxies.
In Sect. 3.4, we evaluate the number density of tracer galaxies surrounding the target galaxies. Based on the filament reconstruction performance tests, we restrict our analysis to environments with a tracer density above 0.0117 pMpc−3, corresponding to at least 10 tracers in the cylindrical volume of 32π × (2 × 15) pMpc3. The final sample includes 1547 target galaxies that satisfy this criterion. We have checked that these selected galaxies possess essentially the same stellar mass, magnitude, and redshift distributions as those with lower tracer densities, indicating that this selection does not introduce any noticeable selection bias.
3. Mock observations
In this study, we pay particular attention to the calibration of the methods and to the assessment of the detected filaments. To this end, it is essential to compare our results to mock observations that closely resemble the observed JPAS+DESI catalogue.
We build mock observations using the simulated lightcone3 from Henriques et al. (2015). This lightcone, based on the L-galaxies model applied to the Millennium simulation, is suitable for mocking our JPAS+DESI catalogue because it matches observed galaxy properties such as masses and colours, with a mass resolution limit down to 107 M⊙, which is low enough for modelling even the lowest masses of our JPAS+DESI catalogue. In the following, we present the different steps involved in building the mocks. We first mimic the selection function of the observed catalogue using a random forest algorithm (Sect. 3.1), we then match the number densities (Sect. 3.2), and model the observed photometric and spectroscopic redshift errors (Sect. 3.3). Finally, we present our mock validation in Sect. 3.4.
3.1. Random forest classifier
In order to mimic the JPAS+DESI selection function in our mock catalogues and to account for intrinsic correlations between observed properties, we train a random forest classifier on the J-PAS data to distinguish between galaxies with odds < 0.6 (class0) and odds ≥0.6 (class1). The input features for the model were selected based on the galaxy properties that correlate the most with the odds parameter. These are redshifts, apparent magnitudes (rSDSS, iSDSS, gSDSS bands), and colours (g-r, r-i, and g-i). The training was performed on the J-PAS catalogue with a minimal odds cut of 0.3 to exclude galaxies with very bad measurements, which would not be present in the simulation. The dataset was split into 70% training and 30% testing. The inspection of the resulting Receiver Operating Characteristic (ROC) curve (not shown), which quantifies the performance of the classifier at different probability thresholds, showed that a probability threshold of 0.74 ensures a contamination level below 10% for class1 galaxies. The resulting completeness (of 61%) is less critical as the simulated galaxies are later randomly under-sampled to match the observed catalogue number density (see next).
3.2. Application to the lightcone and density matching
We applied the trained model to the Henriques et al. (2015) lightcone and selected the simulated galaxies with a probability of 0.74 or above of belonging to class1. This outputs a simulated galaxy catalogue that closely reproduces the intrinsic correlations between galaxy properties of our odds ≥0.6 JPAS+DESI catalogue, while maintaining less than 10% contamination. We then matched the observed number densities by randomly sampling the simulated galaxies. This matching was done in redshift bins to capture the slight decrease of the number density with redshift of our JPAS+DESI catalogue.
The resulting mock redshifts, rSDSS magnitude, and stellar mass distributions are presented by the purple dashed lines in the first three panels of Fig. 1. We find a very good agreement between the observations and the mocks, as all observed ranges and trends are well recovered. Two-sample KS tests also reveal no significant differences between the observed and mock distributions. Notably, the stellar mass distribution is remarkably well recovered, despite the model not being explicitly trained on this feature. This is a reassuring sign of the reliability and robustness of our model.
3.3. Modelling redshift errors
The last step in building our mock catalogue is modelling the redshift errors. After exploring the parameter space, we found that a simple rSDSS magnitude cut at ∼20.45 effectively separates the population of galaxies with JPAS-like photo-z errors from the DESI-like one, having spec-z errors. This magnitude threshold is consistent with the magnitude limit of the DESI catalogue used in this work. After dividing simulated galaxies based on this magnitude cut, we assign redshift errors to each one of them by sampling the zerr values from the corresponding observed distribution following a lognormal model (chosen after inspection of the observed distributions). This sampling was performed in redshift bins to account for the slight increase in photo-z errors with redshift. The resulting mock redshift precision distribution is shown by the purple dashed lines in the last panel of Fig. 1. Once again, we note a good agreement with the observations.
3.4. Mock validation
We test the ability of the mocks to replicate the specific environments of observed JPAS+DESI target galaxies. This is achieved by comparing the number density of tracers (ntracer) around mock target galaxies to that around observed target galaxies. Specifically, ntracer is defined as the number of objects within a cylindrical volume of radius 3 pMpc and height 2 × 15 pMpc, oriented parallel to the l.o.s. and centred on each target galaxy (mock or observed). Mock target galaxies are selected following the same criteria as in the observational case (see Sect. 2.3).
The ntracer distributions as a function of redshift are presented in Fig. 2. We appreciate the good agreement between the mock and the observed results, confirming that our mocks do not only match the main properties of the JPAS+DESI catalogue, but also reproduce the environments of target galaxies, an essential requirement for this work. We note that the observed JPAS+DESI galaxies present a small number count excess towards the low redshift and high ntracer values. This is due to the presence of over-dense structures (such as galaxy groups and clusters) identified in the miniJPAS field (Maturi et al. 2023), which are absent in the lightcone due to its limited simulated sky coverage.
	[image: thumbnail]	Fig. 2. Distribution of the density of tracers ntracer around observed and mock target galaxies as a function of redshift (Sect. 3.4). The colormap presents the results for the observed JPAS+DESI target galaxies, while purple dashed contours show the mock target galaxy distribution. Contours enclose 68, 95, and 99.7% of the points. The black dotted horizontal line marks the 0.0117 pMpc−3 value (Sect. 2.4). Target galaxies above this line have at least 10 tracers in their local environment.



4. Filament identification
Photometric redshift errors pose a major problem in the detection of filaments at all scales. This is because the subsequent uncertainty in the position of a galaxy along the l.o.s., hereafter the confusion length, defined as:
[image: thumbnail](1)
where dA is the angular diameter distance, biases the identification of 3D structures such as filaments by blurring such structures. In this work, we adopt a novel approach to deal with this problem. This method, first introduced in Euclid Collaboration: Laigle et al. (2026b) and used in Euclid Collaboration: Gouin et al. (2026a) in the context of galaxy clusters studies, is based on probabilistic filament reconstructions through Monte Carlo (hereafter, MC) samplings of redshift probability distributions. Concretely, it allows galaxy redshift values to vary following a normal distribution4 centred on zbest and with standard deviation zerr. Filaments are detected in each individual realisation of the catalogue, thus effectively propagating the redshift uncertainties into the reconstructed skeletons and subsequent statistics. In this context, filaments that are consistently detected across most realisations can be interpreted as ‘high confidence’ filaments, while those detected in only a few realisations should be considered as noise or ‘low confidence’ filaments. In the following, we present our adaptation of this method to the context of this work, where we focus on the local environments of galaxies.
4.1. Selection of local environments around target galaxies
We generate 100 random Monte Carlo realisations of the full JPAS+DESI catalogue. For each target galaxy in a given realisation, we select all the other galaxies within a cylindrical volume of radius 3 pMpc and height 2 × 15 pMpc, centred on the target galaxy position and oriented along the redshift axis. The slice thickness of 30 pMpc was selected after analysing the confusion length (Eq. (1)) of our JPAS+DESI catalogue. We have estimated the mean confusion length to be Λc ∼ 20 pMpc at z = 0.2, and going up to 35 pMpc at z = 0.8, due to the larger photometric uncertainties at higher redshifts (Hernán-Caballero et al. 2021). Therefore, the chosen slice thickness is designed to encompass the intrinsic redshift uncertainties of the catalogue.
This environment selection is repeated for all 100 realisations. Some examples of the resulting galaxy distributions around the targets are presented in the top panels of Fig. 3, showing the 2D projections along the line of sight. Each Monte Carlo realisation is plotted with translucid blue points, so galaxies that are present in multiple realisations appear to be more opaque. The gray outer circles denote the 3 pMpc radius at the redshift of the target galaxy. Galaxies at slightly higher redshifts may appear outside the circles because of projection effects in sky coordinates5.
	[image: thumbnail]	Fig. 3. Examples of five different observed target galaxies (red central squares). Points in shades of blue correspond to their associated Monte Carlo (MC) galaxy distributions. The gray outer circles show the aperture of radius 3 pMpc at the redshift of the target. The gray dots in the background show the positions of all the JPAS+DESI galaxies (no selection made) for illustration purposes. In the bottom panels, the black thin lines, over-plotted on top of the same galaxy distributions, show the positions of the resulting filaments. Orange dashed circles mark the aperture of 20 × R1 used for connectivity measurements (Sect. 4.4).



4.2. DisPerSE application
Filaments are detected using the DisPerSE code (Sousbie 2011; Sousbie et al. 2011). This finder is designed to identify filaments by analysing the topology of the density field. In the present case, this is derived from the 2D projected spatial distribution of galaxies in the cylindrical volumes around the targets, using the Delaunay Tessellation Field Estimator (DTFE, Schaap & van de Weygaert 2000; van de Weygaert & Schaap 2009). DisPerSE identifies the peaks and saddle points of the field, and defines filaments as the sets of segments connecting these critical points, following the ridges of the field.
It is fair to mention that we work under the implicit assumption that the spatial distribution of galaxies traces the underlying dark matter field, albeit with some unavoidable bias, as discussed in Zakharova et al. (2023) and Bahé & Jablonka (2025) for larger-scale filaments. In the vicinity of haloes, analyses of high-resolution hydrodynamical simulations (e.g. TNG50-1, Nelson et al. 2019; Pillepich et al. 2019) show that the galaxy distribution is not random but follows filamentary patterns aligned with the dark matter density field Galárraga-Espinosa et al. (2023, Galárraga-Espinosa et al., in prep.). These results indicate that galaxies broadly trace the structure of the dark matter potential wells, with filamentary patterns extending beyond the first-order spherical approximation of haloes. This supports our (observationally necessary) choice of using galaxies as tracers of the local filamentary network.
Following recent work (Kuchner et al. 2020; Cornwell et al. 2023, 2024), we mass-weight the vertices of the Delaunay tessellation before the filament identification step. In this technique, the density value of each vertex of the field, corresponding to a galaxy position, is weighted by the stellar mass of that galaxy. This weighting enhances the contrast of the underlying density field, giving more importance to massive galaxies that better trace the large-scale potential. As a result, the detection of physically meaningful topological nodes is improved, leading to more robust and reliable filamentary structures than those obtained with the standard, unweighted approach (Kuchner et al. 2020).
DisPerSE’s main free parameter is the persistence ratio (-nsig), defined as the density ratio between critical point pairs. This parameter must be carefully calibrated to ensure the robustness of filaments against unavoidable Poisson noise, characteristic of discrete distributions. Following the method introduced in Appendix C of Galárraga-Espinosa et al. (2023), we determine that the optimal DisPerSE persistence threshold for our dataset and method is 3σ, as it effectively mitigates noise while preserving the signal. Finally, after filament detection, we apply a single smoothing step to the filament spines to reduce sharp angles. This adjustment is purely cosmetic, and we have verified that it does not affect our connectivity results.
4.3. Probabilistic filament detection
For each 1547 target galaxy, we apply DisPerSE to each of the 100 Monte Carlo realisations projected in 2D, representing a computationally demanding task. Examples of the resulting observed filaments are shown in the bottom panels of Fig. 3. The results illustrate the strength of our method, as filaments become clearly visible through the probabilistic approach. For a more global view, Fig. 4 presents the resulting filament reconstructions in some redshift slices. To produce this figure, we have binned all target galaxies into redshift slices of thickness equivalent to 12 pMpc (arbitrary choice for visualisation), projected their associated filaments into 2D grids, and computed filament frequency maps by calculating the number of filament detections (or hits) per pixel and normalising by the maximum number of hits within the slice. These maps beautifully reveal the structure of the multiscale cosmic web, with a clear presence of nodes, filaments, and other emptier regions. This figure serves as a posteriori, qualitative check of our method, demonstrating that it successfully recovers a coherent web at fixed redshift even though filaments were detected locally and independently around each target galaxy. We note that this figure is provided for visualisation purposes only and that throughout this work we use the raw individual Monte Carlo reconstructions.
	[image: thumbnail]	Fig. 4. Filament frequency maps measured in our JPAS+DESI galaxy catalogue. Each panel corresponds to the projection of our data in a different redshift slice, each of equivalent thickness 12 pMpc (arbitrary choice, just for visualisation). Red circles show the target galaxies with sizes proportional to their stellar masses (Sect. 2.4). Orange points correspond to tracer galaxies from a single realisation. Pixel colours indicate the number of filament detections (or hits) normalised by the maximum number of hits within the slice (Sect. 4.3). The dotted blue circle in the bottom left corner of the plots shows a scale of radius 3 pMpc measured at the mean redshift of the slice. Blue points in the background show the ∼1, deg2 footprint of the miniJPAS survey and gray points denote the artificial buffer region added at the survey edges, following Sect. 2.1.



4.4. Measuring galaxy connectivities
We define galaxy connectivity, K, as the number of filaments intersecting a circle of radius 20 × R1 centred on each target galaxy, as illustrated by the orange dashed circles in Fig. 3. The R1 radius, first introduced in Trujillo et al. (2020), is a physically motivated measure of galaxy size, derived from the analysis of deep observations. It corresponds to the radial position of the stellar mass density isocontour at 1 M⊙ pc−2, which is as a proxy for the outermost radius where gas has enough density to collapse and form stars (see Martínez-Lombilla et al. 2019; Trujillo et al. 2020, and references therein). Here, we use the recent scaling relations from Arjona-Gálvez et al. (2025) to estimate R1 from galaxy stellar masses. These relations, validated in both observations and simulations, apply to galaxies across a broad stellar mass range, exhibit remarkably low scatter, are redshift independent, and robust against variations in baryonic models of state-of-the-art zoom-in simulations.
We choose to perform the galaxy connectivity measurements at a radius of 20 × R1 because, based on our analysis of numerical simulations (not shown), this radius corresponds to ∼1/3 of the host halo’s virial radius, placing it within the circumgalactic medium (CGM) regime. This choice ensures that connectivity measurements are adapted to the scales of each galaxy, preventing biases from mixing different spatial scales. For reference, the aperture radii used in this work range from 20 × R1 = 130 proper kpc to 1.87 proper Mpc depending on galaxy mass, with a mean value of 481 kpc.
For each target galaxy, we measure one connectivity value per Monte Carlo realisation. The final connectivity, hereafter KMC, is defined as the median across all realisations. For illustration, Fig. 5 shows examples of the connectivity distributions for 300 random galaxies, each represented by a different colour, for the mock and observed catalogues (top and bottom panels, respectively). The distributions have been rescaled to be centred on their median value (KMC, by definition). To demonstrate the strength of our approach, we indicate with vertical dotted lines the connectivity obtained from a single measurement on the 2D projected galaxy distribution of the fiducial catalogue (i.e. using the same galaxy selection around the target but without Monte Carlo resampling), hereafter K2D, noMC. These values have been rescaled by their corresponding KMC to enable a direct comparison across galaxies. In many cases K2D, noMC values are visibly offset from the peak of the corresponding distribution, illustrating their susceptibility to stochastic effects. The median based KMC values are therefore more stable and statistically robust.
	[image: thumbnail]	Fig. 5. Connectivity distributions of the Monte Carlo realisations for 300 random galaxies (different colours in the mock and observational datasets, shown respectively in the top and bottom panels. Each distribution is rescaled by its median value and therefore centred at x = 0 (thick vertical red line). The thin vertical lines with different line styles indicate the corresponding K2D, noMC values, i.e. the results from a single measurement in the fiducial catalogue, without Monte Carlo sampling. These lines are often superimposed due to a quantisation effect: K2D, noMC is an integer by definition; half-integer positions appear after rescaling when the median of the distribution is itself a half-integer.



In Appendix A, we present connectivity results obtained using different values for the aperture radii and also various fixed constant radii. From this analysis, we conclude that the results presented in this paper are qualitatively robust to the specific choice of aperture radius used to measure connectivity.
5. Results
In this section, we present the results of our local filament reconstructions, focusing on connectivity as the primary metric to characterise the filamentary environments of target galaxies. In Sect. 5.1 we present the first ever observational galaxy connectivity measurements and interpret them by comparing with results from simulated catalogues. We further analyse the K measurements in Sect. 5.2, and we finally show the results on its impact on galaxy star-formation rate in Sect. 5.3.
5.1. First connectivity results: Comparison with reference measurements
Figure 6 shows the resulting KMC measurements as a function of galaxy stellar mass for different redshift bins (panels). The redshift bins were constructed to contain approximately the same number of galaxies. Results from the observed JPAS+DESI sample are shown as thick black lines, while the corresponding measurements for the mock galaxies, introduced in Sect. 3, are shown in magenta. The error bars correspond to the 1σ dispersion around the mean value of the galaxies within the mass bin. We find a good agreement between the observed and mock trends, particularly at high redshift, reinforcing the reliability of the mocks as faithful representations of the observational data. Already at this stage, we see a clear trend of increasing connectivity with stellar mass, a point we will return to in more detail later on.
	[image: thumbnail]	Fig. 6. Galaxy connectivity as a function of stellar mass, shown for different redshift bins (columns). Redshift bin edges were chosen to contain approximately the same number of observed galaxies. The black, magenta, and blue curves correspond to the mean connectivity measured from the observed JPAS+DESI galaxies, the mock galaxies, and the ideal 3D connectivity measurements, respectively (see details in Sect. 5.1). Averages based on fewer than five galaxies are not shown. The error bars correspond to the 1σ dispersion of the data points around the mean connectivity within a given mass bin.



To assess the robustness of our probabilistic filament reconstruction and connectivity measurements, we compare the KMC values with reference connectivities obtained for the same mock galaxies under ideal conditions in full 3D space. These reference reconstructions were performed on the Henriques et al. (2015) lightcone using all available simulated galaxies, after applying a lower stellar mass cut of M★ > 108.5 M⊙ to remain well above the simulation’s resolution limit. We applied DisPerSE in Cartesian (physical) space within 3 pMpc radius spheres centred on each target galaxy, adopting a persistence threshold of 3σ for consistency with the Monte Carlo realisations and to ensure an equivalent detection level relative to the underlying Poisson noise. The resulting connectivities, K3D, true, (shown in blue in Fig. 6), serve as our true reference values, since they are unaffected by selection biases, projection effects, or redshift uncertainties.
The KMC measurements show excellent agreement with the 3D reference values within the 1σ range at low redshift, where the density of tracers is the highest and miniJPAS photometric redshift uncertainties are the smallest. At higher redshifts, starting from the third panel, the MC reconstructions tend to yield slightly lower connectivities than the 3D reference. This bias likely arises because of the sparser sampling of tracers and the larger redshift errors, which makes it harder to capture the full filamentary signal. Nevertheless, the general trend of increasing connectivity with stellar mass is well recovered across all redshift bins. For a more detailed comparison, where galaxies are subdivided into different tracer density bins, we refer the reader to Fig. B.1 in Appendix B.
Given these comparisons to reference measurements, in the remaining sections of this paper we restrict our analysis to the low redshift galaxies in our catalogue, z = [0.2, 0.4], where the filament reconstructions are the most robust and capture the true connectivity of galaxies.
5.2. Galaxy connectivity in the fundamental mass-density plane
We now examine the dependence of galaxy connectivity on two fundamental parameters: stellar mass and tracer density. The top panel of Fig. 7 displays the connectivity of JPAS+DESI target galaxies across the mass–density plane in the restricted redshift range z = [0.2, 0.4] (541 galaxies). The colour scale indicates the mean connectivity, ⟨KMC⟩, computed in small bins of this two-dimensional space, making it possible to visualise in detail how connectivity varies jointly with mass and density. The middle panel of this figure shows the corresponding 1σ standard deviations, σ(KMC), which are generally small and show no clear correlation with the mean values above, supporting the significance of the trends discussed in the following. For reference, we show, in the bottom panels, the associated number counts per bin.
	[image: thumbnail]	Fig. 7. Top: Connectivity of JPAS+DESI target galaxies in the mass-density plane for the low redshift subsample. Pixel colours represent the mean connectivity, ⟨KMC⟩, computed within each small bin of the mass–density space. Middle: Standard deviation of the connectivity values within the same bins. Bottom: Number of galaxies per bin.



In the top panel of Fig. 7 we detect a clear correlation of connectivity with stellar mass, as the highest KMC values (of around three connected filaments) are measured for the most massive galaxies. This trend is expected given the theoretical predictions of Codis et al. (2018). It also agrees with the measurements from the hydro-dynamical simulations by Galárraga-Espinosa et al. (2023), although at higher redshift (z = 2) and using filaments traced directly in the dark matter density. For interpretations on why connectivity increases with mass, we refer the reader to those studies and the references therein.
We also observe a trend with tracer density, where, at fixed mass, connectivity increases as ntracer rises. However, by comparing with our 3D reference measurements (Fig. 8), we find that this trend originates from an observational bias, i.e. filaments in observations are more easily detected in regions with higher galaxy sampling. Indeed, the results of Fig. 8 using K3D, true for galaxies in the same redshift range (0.2, 0.4]) show the opposite behaviour from observations, as connectivity decreases as tracer density increases. This is in agreement with previous theoretical studies based on full snapshots of hydro-dynamical simulations. For example, the analysis of the TNG50 simulation at z = 2 of Galárraga-Espinosa et al. (2023) reported that galaxies in denser and more crowded environments tend to show fewer filament connections than galaxies of the same mass in more relaxed, lower-density regions, due to the effect of tidal fields and interactions that tend to disconnect galaxies from their local web. We therefore caution that the observed increase of connectivity with tracer density should not be over-interpreted, it mainly reflects the greater ease of identifying elongated structures when more tracers are available.
	[image: thumbnail]	Fig. 8. Same as Fig. 7 (top panel) but for our 3D reference connectivity measurements using the full lightcone galaxy distribution.



In light of these results, in the following we further subdivide our galaxy sample into narrow stellar mass and density bins, thereby controlling for the variations of connectivity with these parameters.
5.3. Impact on galaxy star-formation rate
We now investigate the potential influence of galaxy connectivity on star formation activity. To focus on the role of filaments alone, we exclude galaxies residing in groups and clusters in order to avoid mixing with environmental effects typical of dense group and cluster environments. We select these galaxies are those with a probability higher than 0.7 of belonging to one of the groups identified by AMICO in the miniJPAS field (Maturi et al. 2023). Within 0.2 < z < 0.4, there are 47 AMICO groups with estimated masses in the range M200c = 1012.8 − 1013.5 M⊙. This step excludes 78 galaxies.
Figure 9 shows the relation between specific star formation rate (sSFR, defined as the ratio of a galaxy’s star formation rate to its stellar mass) and connectivity, KMC. Galaxies are divided into two redshift bins (columns), and further split into narrow stellar mass bins (colours) and density bins (line styles). The number of galaxies in each redshift and mass bin is listed in Table 1. Thin dashed horizontal lines mark the average sSFR of galaxies in each mass bin. As expected, lower-mass galaxies are, on average, more star-forming than their massive counterparts.
	[image: thumbnail]	Fig. 9. Specific star formation rate (sSFR) as a function of galaxy connectivity for the observed JPAS+DESI galaxies, shown across different redshift and stellar mass bins. Different line styles show galaxies in different tracer density bins. Galaxies in groups and clusters are excluded. Each point represents the mean sSFR at a given KMC value; points based on fewer than three galaxies are not shown. Thin dashed horizontal lines indicate the average sSFR of the overall population in each mass bin. Error bars correspond to the standard errors of the mean, i.e. the standard deviation normalised by the square root of the number of data points in that bin.



Table 1. 
Number of galaxies in the different redshift and stellar mass bins of Fig. 9.

Focusing on the sSFR–KMC relation, we find a mild trend of increasing sSFR with KMC, particularly for the lowest redshift, medium-mass galaxies. This may indicate enhanced star formation in systems with more filament connections. For other bins, however, the relation is flatter or even slightly negative. When galaxies are further divided by density, the results remain broadly consistent with the general trends. Given the limited sample size, at this stage it is difficult to establish conclusive results on the role of local filaments on galaxy star-formation activity. This will come from a future study on the full J-PAS footprint, using the same methods as those introduced in this work.
Before discussing our findings in the next section, we note that we do not attempt to reproduce the observed K–sSFR relation using the mock dataset. This is because the Henriques et al. (2015) version of the L-Galaxies semi-analytic model includes only weak environmental prescriptions and does not account for filamentary gas accretion or coherent large-scale gas flows. Instead, we refer to past work that investigated this question using hydrodynamical simulations which follow the coevolution of dark matter, gas, and galaxies in a self-consistent way. In Galárraga-Espinosa et al. (2023), we reported the existence of a positive K–sSFR correlation at z = 2, and ongoing work is extending this analysis to lower redshifts for a direct theoretical comparison with the present study.
6. Discussion
This section discusses important points needed to interpret our findings. We focus first on the scales of the detected filaments within the multi-scale cosmic web, and then on the impact of filament connectivity on galaxy star formation.
6.1. On the scales of the detected filaments
The cosmic web is inherently multiscale, so interpreting our findings requires an understanding of the characteristic scales of the filaments we detect. One way to approach this is by examining the virial masses of the haloes hosting our target galaxies and comparing them to those of large-scale cosmic nodes, i.e. haloes connected to prominent filaments in the large-scale web.
Using the mock catalogue, we analyse in Fig. 10 the distribution of virial masses (Mvir, host) of the haloes hosting the target galaxies, split into stellar mass bins. In this figure, we distinguish between targets that are likely local topological nodes of their field (top panels) and those that are not (bottom panels). The probability of being a local node is derived from the Monte Carlo filament reconstructions: in each realisation, a target is identified as a local node if it corresponds to a maximum density critical point within 700 pkpc of its position6. Galaxies considered as local nodes are those with > 50% probability.
	[image: thumbnail]	Fig. 10. Halo mass distributions of the mock target galaxies, in the same redshift range as in the observations (different columns). The top panels focus on target galaxies that have been identified as local topological nodes of their field (see Sect. 6.1), while bottom panels show the distributions for the remaining targets, i.e. those who are not local nodes. The different colours represent different bins of stellar mass. Vertical thin lines show the median values of the distributions. The gray shaded area show the mass range of typical large-scale cosmic nodes (e.g. hosting galaxy clusters), taken from of Galárraga-Espinosa et al. (2024).



We find that the host haloes of our targets typically have virial masses below the characteristic range of large-scale cosmic nodes, as estimated by Galárraga-Espinosa et al. (2024) (grey shaded regions). Only at the highest stellar masses (M★ ≳ 1011 M⊙) do the host halo masses approach the cosmic node regime. This is consistent with expectations, as these massive galaxies are likely the central, brightest objects in cluster-sized haloes.
A natural next question is whether our target galaxies are themselves embedded within particular structures of the large-scale cosmic web. For instance, if a galaxy lies within a large-scale filament, the structures detected here could correspond to segments of that larger feature. Conversely, if a galaxy resides in a wall or void, it may instead be a local node of its own smaller-scale network of ‘primordial’ filaments (e.g. Alpaslan et al. 2014; Borzyszkowski et al. 2017; Aragon Calvo et al. 2019).
The upper panels of Fig. 10, which focus on targets identified as local nodes, show that galaxies with stellar masses between 1010 and 1011 M⊙ are unlikely to coincide with large-scale cosmic nodes. Instead, they appear to be nodes of their own, smaller-scale filamentary network. The filaments connected to these galaxies therefore most likely trace finer structures, on scales smaller than the typical ∼1 pMpc width of large-scale cosmic filaments (Cautun et al. 2014; Galárraga-Espinosa et al. 2024; Bahé & Jablonka 2025), and arising from the local topology of the density field rather than the global web. Galaxies that are not local nodes, on the other hand, are most plausibly embedded within or adjacent to a larger-scale filament, and they could be tracing its skeleton without being a point of convergence themselves. This might not, however, preclude them from accreting material from those filaments (Borzyszkowski et al. 2017).
Ultimately, answering this question definitively requires a full reconstruction of the large-scale cosmic web to characterise the broader environments of the targets. At present, this is not feasible given the limited field of view of the miniJPAS survey. Future analyses using the full J-PAS dataset will overcome this limitation, allowing for a comprehensive mapping of the large-scale structure and a more complete understanding of the multiscale web surrounding these galaxies.
6.2. On the sSFR–K relation
In Sect. 5.3, we found tentative evidence that the sSFR of galaxies increases with higher connectivity. This trend is consistent with the scenario in which cosmic filaments act as efficient conduits for gas accretion onto galaxies (anisotropic gas accretion, as predicted by hydrodynamical simulations, e.g. Kereš et al. 2005; Dekel et al. 2009; Ramsøy et al. 2021, although at higher redshift). In such a picture, a higher number of filament connections may provide additional pathways for the inflow of cold gas, thereby sustaining or enhancing star formation activity. This aligns with the predictions of the cosmic web detachment (CWD) model (Aragon Calvo et al. 2019), in which galaxies that remain connected to the web continue to accrete gas and form stars, while those that detach become quenched.
As discussed in Sect. 5.3, the current analysis is strongly limited by sample size. The forthcoming extension of this study using the full J-PAS dataset will significantly improve the statistics and allow a more detailed and conclusive exploration of the sSFR–connectivity relation.
7. Conclusions
In this work, we present the first systematic detection of the local cosmic web around galaxies spanning the stellar mass range 1010 − 1011.7 M⊙ at redshifts 0.2 to 0.8. By combining galaxies from the spectro-photometric miniJPAS survey with DESI spectroscopic redshifts (Sect. 2), we created a unique dataset with dense sampling of tracers and attempted a detection of filaments in the 3 pMpc environments around individual target galaxies. Filament detection was made possible by adopting a probabilistic Monte Carlo reconstruction method (Fig. 3, Sect. 4) that mitigates the effects of photo-z uncertainties, enabling reliable measurements of galaxy connectivity. Throughout this work, we used galaxy connectivity, K, as the main metric to quantify the environments of the target galaxies. Connectivity is defined as the number of filaments intersecting a mass-dependent radius, chosen to match the typical CGM scales of each individual target galaxy.
We paid particular attention to assessing potential systematics in our method to ensure the robustness of our results. A crucial part of this effort was the construction of a mock galaxy catalogue that replicates the selection function applied to the observations (Sect. 3), allowing for comparison with reference 3D results for the same galaxies. A summary of our main results and interpretations, presented in Sect. 5 and Sect. 6, is provided below:

	
The connectivity measurements obtained with our probabilistic Monte Carlo filament detection method, KMC, show good agreement with ideal 3D measurements (Fig. 6), demonstrating that, in the low redshift regime (z < 0.4), our filament reconstructions are robust against redshift uncertainties and selection effects in the observed galaxy catalogue.



	
We analysed the scales of the recovered filaments (Sect. 6.1) and found that, except for the most massive galaxies (M★ > 1011 M⊙), the detected filaments are unlikely to trace large-scale cosmic structures. Instead, they are more likely associated with local structures shaped by the topology of the surrounding density field, forming a local web rather than a global one.



	
By separating galaxies into narrow stellar mass bins and excluding systems in groups and clusters, we investigated the impact of filament connectivity on galaxy sSFR. We found a tentative positive correlation in our low redshift bins (Fig. 9), but this needs to be confirmed by follow-up studies with larger sample sizes. If confirmed, these trends would support a scenario in which increased connectivity provides more channels for the inflow of cold gas that fuels star formation.




Unlike traditional density-based environment metrics (e.g., local overdensity), galaxy connectivity opens the door to measuring the anisotropy of the underlying density field, thus allowing to probe anisotropic inflows of matter towards haloes. Galaxy connectivity offers a new perspective on galaxy evolution and complements typical metrics used to study environmental effects.
In conclusion, this work represents a significant step forward in detecting the small-scale cosmic web and understanding the connection between galaxies to their local anisotropic environment, as opposed to previous literature that has focused on connections to the large-scale web. In the near future, we plan to expand this analysis to the larger sky coverage of the ongoing J-PAS, which is crucial for enhancing the statistical power of our results. Additionally, to refine our interpretations, we intend to conduct theoretical studies using state-of-the-art hydrodynamical simulations at these low redshift ranges. These studies will focus on the gas content and potential biases of the filaments traced by galaxies, compared to those identified directly in the local dark-matter density around targets, particularly in the low-mass regime.
Current and upcoming spectroscopy surveys such as the Prime Focus Spectrograph (PFS), Euclid, DESI, and 4MOST (with the 4HS and WAVES surveys) will provide the necessary data to not only explore the sSFR–K relation but also, thanks to their enhanced statistical power, to extend these types of analyses across a broader parameter space, including morphology, angular momentum, metallicity, among others. These future datasets will be crucial in advancing our understanding of galaxy evolution within a cosmological context that considers the multiscale nature of the environments in which galaxies form and evolve.
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1 We note that the picture at higher redshifts is more complex than the one at z ∼ 0. For example, at z ∼ 2, studies in simulations have found a non-negligible influence of the large-scale filaments having an effect on some galaxy properties (Song et al. 2021; Galárraga-Espinosa et al. 2023).


2 https://data.desi.lbl.gov/doc/releases/edr/vac/provabgs/


3 https://lgalaxiespublicrelease.github.io/Hen15_downloads.html


4 Given our galaxy selection based on a high value for the odds threshold (0.6), assuming normal redshift probability distributions is well justified. These galaxies with reliable measurements typically have relatively peaked and to normal-like z-PDFs.


5 Indeed, since the angular selection radius is fixed at the redshift of the target galaxy, in sky coordinates galaxies at high z will appear outside the selection radius, although they lie physically within the 3D cylinder defined above.


6 Using 500 pkpc yields consistent results.




Appendix A:  Choice of aperture in connectivity measurements
In this appendix, we test the robustness of our connectivity measurements to variations in the aperture radius. We focus on galaxies in the same redshift range as in Fig. 7, which are the galaxies with reliable filament identifications based on our comparisons to 3D reference measurements.
Figure A.1 shows the results obtained when varying the R1 factor radius. We explore factors of 10, 20, 40 and 60 × R1, respectively, from left to right panels. For factors of 20 and above, we find that the connectivity estimates and their trends with mass and density remain qualitatively consistent among them. Some differences appear for the most massive galaxies, where very large apertures (e.g. the rightmost panel) exceed the 3 pMpc radial limit, leading to artificially low values of KMC = 0. At the other extreme, for the smallest aperture of 10 × R1, the trends with mass and density are still recovered, but the number of galaxies with connectivity values of zero is significantly larger. This is expected, as such a small aperture makes any connectivity signal difficult to capture.
	[image: thumbnail]	Fig. A.1. Connectivity in the mass-density plane resulting from different choices of apertures. Here we vary the factor associated to the R1 radius (see Sect 4.4 for details on this radius).



We repeat the analysis using fixed aperture radii of 0.5, 1.0, and 1.5 pMpc, keeping the aperture size constant across the entire stellar mass range. Although this approach is not physically motivated–since a galaxy’s sphere of influence likely scales with its mass–it provides a useful consistency test to verify that the observed K–M★ relation is not an artefact of the mass-dependent apertures used in our fiducial analysis. The resulting connectivity distributions, for the same galaxy sample as in Fig. 7, are shown in Fig. A.2.
We repeat the analysis using fixed aperture radii of 0.5, 1.0, and 1.5 pMpc. In these cases, the aperture radius is constant across the entire galaxy mass range. While this approach is hard to physically motivate, since a galaxy’s scale of influence is most likely dependent on its mass, it serves as a useful test to confirm that the observed K–M★ trend is not simply driven by the use of mass-dependent apertures. The corresponding connectivity distributions for the same galaxies as in Fig. 7 are shown in Fig. A.2.
The trend of increasing connectivity with stellar mass is still present for the 0.5 and 1.0 pMpc apertures (top panels), although slightly weaker than in the fiducial case. However, for the largest aperture of 1.5 pMpc (bottom), the trend with mass nearly disappears. This behaviour is expected when the aperture becomes too large, since it effectively smooths out any signal from the low mass target galaxies, as the measurement is done well beyond the physical environment directly associated with the target galaxy. As a result, the measured connectivity instead reflects variations in the overall tracer density rather than intrinsic differences between galaxies.
These results support the robustness of the K–M★ relation to variations in the aperture definition and confirm that the observed trends in this paper are not artifacts of our chosen parameterisation.
	[image: thumbnail]	Fig. A.2. Same as Fig. A.1 but when connectivity is measured using fixed aperture radii, constant for all galaxy masses.




Appendix B:  Additional material on the comparison with 3D connectivity measurements
We present in Fig. B.1 the results of our comparison to reference measurements where galaxies are further split in density bins. These results are consistent with the general trends reported in Fig. 6.
	[image: thumbnail]	Fig. B.1. Same as Fig. 6 but with galaxies further split in bins of increasing tracer density (different rows). Density bin edges were chosen to contain approximately the same number of observed galaxies. Averages based on fewer than four galaxies are not shown.
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	[image: thumbnail]	Fig. 1. Main properties of the JPAS+DESI catalogue (4328 galaxies) as a function of redshift. From top to bottom, we show the number of galaxies, the rSDSS band magnitudes, stellar masses, and redshift precision distributions. The contours enclose 68, 95, and 99.7% of the data points, respectively, from the inner to the outer lines. Black solid lines show the properties of the observed JPAS+DESI catalogue (Sect. 2.3) while purple dashed ones correspond to the mock catalogue introduced in Sect. 3. For illustration, pink dots show a random subsample of the raw lightcone galaxies from which the mocks were derived. Orange and blue colours correspond respectively to galaxies from the matched (common) catalogue and from the J-PAS only dataset. The scattered points illustrate a random subsample of 1500 galaxies from the total JPAS+DESI catalogue.
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	[image: thumbnail]	Fig. 2. Distribution of the density of tracers ntracer around observed and mock target galaxies as a function of redshift (Sect. 3.4). The colormap presents the results for the observed JPAS+DESI target galaxies, while purple dashed contours show the mock target galaxy distribution. Contours enclose 68, 95, and 99.7% of the points. The black dotted horizontal line marks the 0.0117 pMpc−3 value (Sect. 2.4). Target galaxies above this line have at least 10 tracers in their local environment.
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	[image: thumbnail]	Fig. 3. Examples of five different observed target galaxies (red central squares). Points in shades of blue correspond to their associated Monte Carlo (MC) galaxy distributions. The gray outer circles show the aperture of radius 3 pMpc at the redshift of the target. The gray dots in the background show the positions of all the JPAS+DESI galaxies (no selection made) for illustration purposes. In the bottom panels, the black thin lines, over-plotted on top of the same galaxy distributions, show the positions of the resulting filaments. Orange dashed circles mark the aperture of 20 × R1 used for connectivity measurements (Sect. 4.4).
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	[image: thumbnail]	Fig. 4. Filament frequency maps measured in our JPAS+DESI galaxy catalogue. Each panel corresponds to the projection of our data in a different redshift slice, each of equivalent thickness 12 pMpc (arbitrary choice, just for visualisation). Red circles show the target galaxies with sizes proportional to their stellar masses (Sect. 2.4). Orange points correspond to tracer galaxies from a single realisation. Pixel colours indicate the number of filament detections (or hits) normalised by the maximum number of hits within the slice (Sect. 4.3). The dotted blue circle in the bottom left corner of the plots shows a scale of radius 3 pMpc measured at the mean redshift of the slice. Blue points in the background show the ∼1, deg2 footprint of the miniJPAS survey and gray points denote the artificial buffer region added at the survey edges, following Sect. 2.1.
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	[image: thumbnail]	Fig. 5. Connectivity distributions of the Monte Carlo realisations for 300 random galaxies (different colours in the mock and observational datasets, shown respectively in the top and bottom panels. Each distribution is rescaled by its median value and therefore centred at x = 0 (thick vertical red line). The thin vertical lines with different line styles indicate the corresponding K2D, noMC values, i.e. the results from a single measurement in the fiducial catalogue, without Monte Carlo sampling. These lines are often superimposed due to a quantisation effect: K2D, noMC is an integer by definition; half-integer positions appear after rescaling when the median of the distribution is itself a half-integer.
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	[image: thumbnail]	Fig. 6. Galaxy connectivity as a function of stellar mass, shown for different redshift bins (columns). Redshift bin edges were chosen to contain approximately the same number of observed galaxies. The black, magenta, and blue curves correspond to the mean connectivity measured from the observed JPAS+DESI galaxies, the mock galaxies, and the ideal 3D connectivity measurements, respectively (see details in Sect. 5.1). Averages based on fewer than five galaxies are not shown. The error bars correspond to the 1σ dispersion of the data points around the mean connectivity within a given mass bin.
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	[image: thumbnail]	Fig. 7. Top: Connectivity of JPAS+DESI target galaxies in the mass-density plane for the low redshift subsample. Pixel colours represent the mean connectivity, ⟨KMC⟩, computed within each small bin of the mass–density space. Middle: Standard deviation of the connectivity values within the same bins. Bottom: Number of galaxies per bin.
In the text



	[image: thumbnail]	Fig. 8. Same as Fig. 7 (top panel) but for our 3D reference connectivity measurements using the full lightcone galaxy distribution.
In the text



	[image: thumbnail]	Fig. 9. Specific star formation rate (sSFR) as a function of galaxy connectivity for the observed JPAS+DESI galaxies, shown across different redshift and stellar mass bins. Different line styles show galaxies in different tracer density bins. Galaxies in groups and clusters are excluded. Each point represents the mean sSFR at a given KMC value; points based on fewer than three galaxies are not shown. Thin dashed horizontal lines indicate the average sSFR of the overall population in each mass bin. Error bars correspond to the standard errors of the mean, i.e. the standard deviation normalised by the square root of the number of data points in that bin.
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	[image: thumbnail]	Fig. 10. Halo mass distributions of the mock target galaxies, in the same redshift range as in the observations (different columns). The top panels focus on target galaxies that have been identified as local topological nodes of their field (see Sect. 6.1), while bottom panels show the distributions for the remaining targets, i.e. those who are not local nodes. The different colours represent different bins of stellar mass. Vertical thin lines show the median values of the distributions. The gray shaded area show the mass range of typical large-scale cosmic nodes (e.g. hosting galaxy clusters), taken from of Galárraga-Espinosa et al. (2024).
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	[image: thumbnail]	Fig. A.1. Connectivity in the mass-density plane resulting from different choices of apertures. Here we vary the factor associated to the R1 radius (see Sect 4.4 for details on this radius).
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	[image: thumbnail]	Fig. A.2. Same as Fig. A.1 but when connectivity is measured using fixed aperture radii, constant for all galaxy masses.
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	[image: thumbnail]	Fig. B.1. Same as Fig. 6 but with galaxies further split in bins of increasing tracer density (different rows). Density bin edges were chosen to contain approximately the same number of observed galaxies. Averages based on fewer than four galaxies are not shown.
In the text
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        Main properties of the JPAS+DESI catalogue (4328 galaxies) as a function of redshift. From top to bottom, we show the number of galaxies, the rSDSS band magnitudes, stellar masses, and redshift precision distributions. The contours enclose 68, 95, and 99.7% of the data points, respectively, from the inner to the outer lines. Black solid lines show the properties of the observed JPAS+DESI catalogue (Sect. 2.3) while purple dashed ones correspond to the mock catalogue introduced in Sect. 3. For illustration, pink dots show a random subsample of the raw lightcone galaxies from which the mocks were derived. Orange and blue colours correspond respectively to galaxies from the matched (common) catalogue and from the J-PAS only dataset. The scattered points illustrate a random subsample of 1500 galaxies from the total JPAS+DESI catalogue.
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        Distribution of the density of tracers ntracer around observed and mock target galaxies as a function of redshift (Sect. 3.4). The colormap presents the results for the observed JPAS+DESI target galaxies, while purple dashed contours show the mock target galaxy distribution. Contours enclose 68, 95, and 99.7% of the points. The black dotted horizontal line marks the 0.0117 pMpc−3 value (Sect. 2.4). Target galaxies above this line have at least 10 tracers in their local environment.
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        Examples of five different observed target galaxies (red central squares). Points in shades of blue correspond to their associated Monte Carlo (MC) galaxy distributions. The gray outer circles show the aperture of radius 3 pMpc at the redshift of the target. The gray dots in the background show the positions of all the JPAS+DESI galaxies (no selection made) for illustration purposes. In the bottom panels, the black thin lines, over-plotted on top of the same galaxy distributions, show the positions of the resulting filaments. Orange dashed circles mark the aperture of 20 × R1 used for connectivity measurements (Sect. 4.4).
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        Filament frequency maps measured in our JPAS+DESI galaxy catalogue. Each panel corresponds to the projection of our data in a different redshift slice, each of equivalent thickness 12 pMpc (arbitrary choice, just for visualisation). Red circles show the target galaxies with sizes proportional to their stellar masses (Sect. 2.4). Orange points correspond to tracer galaxies from a single realisation. Pixel colours indicate the number of filament detections (or hits) normalised by the maximum number of hits within the slice (Sect. 4.3). The dotted blue circle in the bottom left corner of the plots shows a scale of radius 3 pMpc measured at the mean redshift of the slice. Blue points in the background show the ∼1, deg2 footprint of the miniJPAS survey and gray points denote the artificial buffer region added at the survey edges, following Sect. 2.1.
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        Connectivity distributions of the Monte Carlo realisations for 300 random galaxies (different colours in the mock and observational datasets, shown respectively in the top and bottom panels. Each distribution is rescaled by its median value and therefore centred at x = 0 (thick vertical red line). The thin vertical lines with different line styles indicate the corresponding K2D, noMC values, i.e. the results from a single measurement in the fiducial catalogue, without Monte Carlo sampling. These lines are often superimposed due to a quantisation effect: K2D, noMC is an integer by definition; half-integer positions appear after rescaling when the median of the distribution is itself a half-integer.
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        Galaxy connectivity as a function of stellar mass, shown for different redshift bins (columns). Redshift bin edges were chosen to contain approximately the same number of observed galaxies. The black, magenta, and blue curves correspond to the mean connectivity measured from the observed JPAS+DESI galaxies, the mock galaxies, and the ideal 3D connectivity measurements, respectively (see details in Sect. 5.1). Averages based on fewer than five galaxies are not shown. The error bars correspond to the 1σ dispersion of the data points around the mean connectivity within a given mass bin.
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        Top: Connectivity of JPAS+DESI target galaxies in the mass-density plane for the low redshift subsample. Pixel colours represent the mean connectivity, ⟨KMC⟩, computed within each small bin of the mass–density space. Middle: Standard deviation of the connectivity values within the same bins. Bottom: Number of galaxies per bin.
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        Same as Fig. 7 (top panel) but for our 3D reference connectivity measurements using the full lightcone galaxy distribution.
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        Specific star formation rate (sSFR) as a function of galaxy connectivity for the observed JPAS+DESI galaxies, shown across different redshift and stellar mass bins. Different line styles show galaxies in different tracer density bins. Galaxies in groups and clusters are excluded. Each point represents the mean sSFR at a given KMC value; points based on fewer than three galaxies are not shown. Thin dashed horizontal lines indicate the average sSFR of the overall population in each mass bin. Error bars correspond to the standard errors of the mean, i.e. the standard deviation normalised by the square root of the number of data points in that bin.

      

    

  
    
      Table 1. 

      Number of galaxies in the different redshift and stellar mass bins of Fig. 9.

      
        





	log(M★  [M⊙])
	z = [0.2, 0.283[
	z = [0.283, 0.4[





	 [10.0, 10.5[
	86
	151



	[10.5, 11[
	74
	113



	[11, 11.5[
	11
	27



	[11.5, 11.7[
	0
	1





      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Halo mass distributions of the mock target galaxies, in the same redshift range as in the observations (different columns). The top panels focus on target galaxies that have been identified as local topological nodes of their field (see Sect. 6.1), while bottom panels show the distributions for the remaining targets, i.e. those who are not local nodes. The different colours represent different bins of stellar mass. Vertical thin lines show the median values of the distributions. The gray shaded area show the mass range of typical large-scale cosmic nodes (e.g. hosting galaxy clusters), taken from of Galárraga-Espinosa et al. (2024).
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        Connectivity in the mass-density plane resulting from different choices of apertures. Here we vary the factor associated to the R1 radius (see Sect 4.4 for details on this radius).
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        Same as Fig. A.1 but when connectivity is measured using fixed aperture radii, constant for all galaxy masses.
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        Same as Fig. 6 but with galaxies further split in bins of increasing tracer density (different rows). Density bin edges were chosen to contain approximately the same number of observed galaxies. Averages based on fewer than four galaxies are not shown.
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