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ABSTRACT

Context. Galaxy clusters grow through the accretion of galaxies from groups, filaments, and other clusters. During this process, galaxies may
undergo pre-processing in lower density environments, where galaxy—galaxy mergers and other interactions can significantly alter their properties
prior to cluster infall.

Aims. We investigate the role of galaxy mergers in the pre-processing of galaxies prior to cluster infall by studying the spatial distribution of galaxy
mergers across the cosmic web.

Methods. We used a sample of 43 922 galaxies being targeted by the 4AMOST CHANCES survey in and around 33 low-redshift clusters (z < 0.07).
Using Zoobot, a deep-learning framework trained on Galaxy Zoo data, we identified 698 galaxy mergers. We measured their distances to cosmic
web filaments and compared those results to those of non-merging galaxies.

Results. We find that galaxy mergers are significantly closer to filaments than the non-merging galaxy population, with this trend being strongest
beyond the cluster virial radius. This suggests that filaments provide conditions conducive to mergers, possibly moderating relative velocities and
enhancing gas availability.

Conclusions. Our findings support a scenario in which filaments play a key role in transforming (pre-processing) galaxies by promoting mergers

before entering the cluster cores where star formation is quenched.
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1. Introduction

Understanding galaxy evolution requires considering both intrin-
sic properties and the environment in which galaxies reside. In
the current cosmological framework, based on the hierarchical
structure formation paradigm, cosmic structures grow via the
gravitational merging of smaller units over time. This process
builds up the large-scale structure (LSS) of the Universe: from
galaxies to groups and, ultimately, massive galaxy clusters inter-
connected by filaments and separated by voids (White & Rees
1978; Press & Schechter 1974). Observations provide com-
pelling evidence for hierarchical growth, where galaxies are
accreted along filaments into larger systems (Zwicky 1933;
Eke et al. 1996).

A wide array of physical mechanisms influence galaxy
properties throughout this hierarchical growth. These include
internal processes, such as star formation and active galactic
nucleus feedback, as well as environmental effects such as gas
stripping via ram-pressure from the intracluster medium, tidal
interactions, and galaxy-galaxy mergers (Boselli & Gavazzi
2006; Alonso et al. 2007; Darg et al. 2010; Weigel et al. 2018;
Ellison et al. 2019). Each of these effects can significantly
alter a galaxy’s morphology, star formation activity, and gas
content, contributing to the broad diversity observed through-

* Corresponding author: yara. jaffe@usm.cl

out the galaxy population today. Mergers can alter the
kinematics of galaxies (including spin orientation), reshape
galactic disks, trigger intense starburst events, and feed cen-
tral supermassive black holes, potentially igniting active galactic
nucleus activity (Toomre & Toomre 1972; Barnes & Hernquist
1992; Hopkins et al. 2006; Cox et al. 2006; Welker et al. 2014;
Barsanti et al. 2025).

These environmental mechanisms are expected to act in dif-
ferent locations of the cosmic web. In dense cluster cores for
instance, galaxies experience significant gas removal through
ram-pressure stripping (Jaffé et al. 2015; Cortese et al. 2021).
However, a substantial fraction of galaxies enter clusters already
quenched, suggesting that they undergo ‘pre-processing’ in
lower-density environments prior to cluster infall (Fujita 2004;
Haines et al. 2015; Lopes et al. 2024).

In intermediate-density environments (e.g. galaxy groups or
the outskirts of clusters), mechanisms such as galaxy-galaxy
mergers are expected to be more effective, as the lower rela-
tive velocities facilitate gravitational binding (Boselli & Gavazzi
2006). Recent observational results using deep learning classifi-
cations (Omori et al. 2023) show that merger incidence increases
in lower-density environments on scales of 0.5-0.8 /! Mpc,
compared to dense environments. This is supported by sim-
ulations, which indicate that galaxy mergers preferentially
occur in environments with lower relative velocities, such as
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intermediate-mass haloes, rather than in massive cluster cores
(Jian et al. 2012).

Despite this framework, observational studies of mergers at
filament—cluster interfaces remain limited, and the specific role
of mergers in the pre-processing of galaxies along filaments has
not yet been explored in a systematic way. In this work, we
explore the role of galaxy mergers in the pre-processing of galax-
ies falling into clusters. As the main channel of galaxy accre-
tion into clusters is through large-scale filaments (Cautun et al.
2014), we focus our analysis on the distribution of galaxy merg-
ers relative to filaments feeding clusters. Specifically, we inves-
tigate whether galaxy mergers tend to occur along filamentary
structures and how this tendency varies with distance from the
cluster centre. Throughout this Letter, Ry refers to the radius
within which the mean density is 200 times the critical density at
the cluster redshift. We adopted a Planck 2020 cosmology with
Hy = 67.4kms™! Mpc™! and Q,,, = 0.315.

2. Dataset
2.1. Cluster and galaxy sample

This Letter focuses on galaxies in clusters at z < 0.07 from
the Low-z sub-survey of the 4-metre Multi-Object Spectroscopic
Telescope (4MOST) CHileAN Cluster galaxy Evolution Sur-
vey (CHANCES; Haines et al. 2023; Sif6n et al. 2025). This sur-
vey is tailored to study galaxy pre-processing and will obtain
~500000 spectra of galaxies within and around more than 100
clusters out to 5 X Rypp at 0 < z < 0.45 with the 4MOST instru-
ment on the 4 m VISTA telescope (de Jong et al. 2019), down to
low stellar masses (m, < 20.4 mag).

2.2. Large-scale environment of galaxies

To characterise the galaxy environment, we focussed on galax-
ies out to 5 X Rygo from the cluster centre, selected using photo-
metric redshifts from the Dark Energy Spectroscopic Instrument
(DESI) Legacy Surveys Data Release 10 (LS-DR10; Zhou et al.
2021), following the CHANCES target selection strategy, which
selects cluster galaxies in redshift slices centred on each cluster
redshift (see Méndez-Hernandez et al. 2026, for details). For the
environmental characterisation, we limited the sample to galax-
ies brighter than m, = 18.5mag', where the completeness and
purity in the selection of cluster members is high (~80%) thanks
to the reduced photometric redshift uncertainty ((o,) ~ 0.145 for
LS-DR10, and (o) = 0.044 for our improved LS-DR10-CBPF
estimates; see Méndez-Hernandez et al. 2026). Using this mag-
nitude range, Baier-Soto et al. (2025) has already shown that fil-
aments can be adequately identified with photometric members.
In our study, the filament identification process was carried
out in 2D using the Discrete Persistence Structures Extractor
(DisPerSE?; Sousbie 2011), which is widely used for detecting
cosmic web components in observations (Bonjean et al. 2020)
and simulations (Galarraga-Espinosa et al. 2020; Kuchner et al.
2020; Kraljic et al. 2020; Malavasi et al. 2022). We applied
boundary conditions for smooth Delaunay tessellation, with
a persistence threshold at 30 and smoothness level of 20,
following Baier-Soto et al. (2025). Galaxy—filament distances
(Dy1) were computed via the point-line method (see Appendix A)
along with the projected distance to the cluster centre (7).

! This limit corresponds to log,,(M./Mg) ~ 9.
2 https://www2.iap.fr/users/sousbie/disperse.html
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2.3. Galaxy morphology

To obtain morphological information for the photometric mem-
bers, we cross-matched the CHANCES -catalogue of target
galaxies with catalogues containing data from Galaxy Zoo DESI
(GZDESI; Walmsley et al. 2023b), which provides automated
morphology measurements based on deep images from the
DESI Legacy Imaging Surveys DR8 (DESI-LS-DRS; Dey et al.
2019). The GZDESI morphologies were derived using Zoobot
(Walmsley et al. 2023a), a deep learning model trained to repli-
cate the consensus of the Galaxy Zoo volunteer classifications.
For each galaxy, Zoobot predicts vote fractions: the expected
proportion of human classifiers who would select a given mor-
phological label (e.g. ‘smooth’ or ‘featured’).

While not all galaxies in the CHANCES Low-z survey had
a match in the morphological catalogues of GZDESI (since
CHANCES is based on DESI LS-DR10, rather than DR8 used
for GZDESI), 43 922 galaxy matches were found spread across
33 different clusters (noting that 8 clusters are not fully cov-
ered by GZDESI; see the blue points in Fig. D.1). This sam-
ple of galaxies represents the general galaxy population, which
includes both merging and non-merging galaxies.

To identify galaxies undergoing mergers using the GZDESI
classifications, we considered the vote fractions predicted by
Zoobot in the following categories: merger (M-M), major dis-
turbance (M-D), minor disturbance, and none. We visually
inspected galaxies with different vote fractions for a random sub-
sample of 2000 galaxies to define a threshold that allowed us to
build a reliable galaxy-galaxy merger sample. We adopted the
following thresholds: Fypy > 0.5 or Fyp > 0.5, where Fypy and
Fup correspond to the predicted vote fractions for the M-M and
M-D cases, respectively®. These thresholds yield a high purity
(78%) at the expense of completeness (45%), which translates
to a selection of evident cases of major mergers or disturbances.
To ensure this level of purity, we excluded galaxies with minor
disturbances or no signs of interaction, which would dilute the
sample.

A total of 698 galaxy mergers were identified, correspond-
ing to ~2% of the sample, implying that the remaining 43 224
galaxies are classified as non-mergers. This merger fraction is
low, but expected in the context of cluster environments (see
e.g. Kim et al. 2024), especially given our conservative criteria
for selecting mergers. Fig. B.1 shows a few randomly selected
example galaxies classified as mergers.

3. Results: Distribution of mergers across the
cosmic web

To determine whether galaxy mergers contribute to the pre-
processing of galaxies in filaments before they enter clusters, we
compared their spatial distribution in the cosmic web to that of
the general galaxy population (43 922 galaxies). This reference
sample includes mergers, allowing us to test whether they exhibit
distinct environmental preferences using the Anderson-Darling
k-sample (AD) test.

Fig. 1 shows the distribution of Dy for all merging galax-
ies compared to the general galaxy population, across different
regions: the entire region analyzed (r < 5 X Ryy), in the clus-
ter region (r < Ryn), and in the cluster outskirts (Rypg < 7 <
5 X Ryp). In two cases, galaxy mergers are preferentially located

3 Note that our conclusions are insensitive to the exact merger prob-
ability threshold, remaining stable for values between F' = 0.3-0.6.
Higher thresholds are primarily limited by small-number statistics.
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Fig. 1. Normalised distribution of Dy for all merging galaxies (dashed orange line) compared to the non-merging galaxy population (dotted blue
line). Left: Distribution for galaxies across the entire cluster region (r < 5 X Ryy). Middle: Galaxies in the inner cluster region (r < Ryq). Right:
Galaxies in the cluster outskirts (Rap < # < 5 X Ryp). For visualisation purposes, the distances to filaments have been truncated at 2 Mpc, beyond
which the galaxy density drops consistently below ~0.2. Error bars correspond to Poisson uncertainties in each bin, while vertical lines mark
the median of each distribution. Shaded regions indicate the 68% bootstrap confidence intervals (percentiles 16—-84) around the median. The AD
statistics and p-values comparing both distributions are shown in the legend. The AD statistics show that galaxy mergers are preferentially located
closer to filaments than non-merging galaxies, both at all radii and specifically outside the virial region. Distances to filaments are truncated at
2 Mpc in the plots for visibility, although the full distributions extend up to ~4 Mpc.

closer to the filaments than the general galaxy population, with
the difference being more pronounced outside the virialised
region of the cluster, where merging galaxies have a median fil-
ament distance of 0.406*)-92 Mpc, compared to 0.459*0.993 Mpc
for the non-merging galaxies, as shown in the right panel of
Fig. 1. The quoted uncertainties correspond to the 16th—84th
percentiles derived from 1000 bootstrap re-samplings (1o~ confi-
dence intervals).

While the difference in the medians is small, the difference in
the shape of the distributions has statistical significance accord-
ing to the AD test, which yields p-values well below 0.07*
outside the virial region. Considering that the typical filament
thickness is ~0.7—1 Mpc (e.g. Tempel et al. 2014; Kuchner et al.
2020), this result suggests that mergers are more likely to occur
within the filamentary structures themselves. The fact that the
trend is more pronounced in the cluster outskirts is not sur-
prising, as the relative velocities between galaxies there are
low enough to allow mergers. Hence, in the rest of the analy-
sis, we considered only the outer regions of clusters. However,
we assessed possible edge effects on the filament detections by
re-doing the analysis, using an area limited to r < 4.8 X Ry, and
we obtained the same results and significance.

We also note that the mass distributions of the merger and
non-merger samples are very similar but not statistically iden-
tical. Nonetheless, we checked that our results do not change
when matching the stellar mass distributions (see Appendix C).

When examining the distribution of mergers cluster-by-
cluster (shown in Fig. D.2), we found statistically suggestive
evidence (p < 0.07) that mergers preferentially occur near fil-
aments in ~39% of our sample in the outer regions. For the
remaining clusters, although a visual inspection suggests similar
distribution patterns to those with statistically significant results,
the limited number of identified mergers prevents these trends
from reaching statistical significance.

Abell 85, a massive relaxed cluster in our sample, provides
the strongest example of merger-filament connection, as shown

* We employ a significance threshold of @ = 0.07 for our AD tests to
account for the inherent observational bias toward filamentary environ-
ments present in both samples. This threshold enhances our sensitivity
to detect merger-specific spatial deviations while maintaining statistical
rigor (false-positive rate of 7%).

in Fig. 2. In this cluster, mergers clearly trace the filamentary
structure, supported by statistical indicators, including a p-value
of 0.001 and a median distance difference of 0.29 Mpc between
merging galaxies and the general population.

Our results suggest that filamentary structures play an impor-
tant role in galaxy evolution by facilitating merger events that
may contribute to the pre-processing of galaxies before they
fully enter the cluster environment.

4. Discussion

We find a clear spatial association between galaxy mergers and
the filamentary structure of the cosmic web, comprising the first
direct observational evidence of enhanced merger activity along
cluster-feeding filaments. This connection is strongest beyond
the virial radius, where lower relative velocities and the filamen-
tary geometry likely promote gravitational interactions. Thus,
filaments do not only channel galaxies into clusters, but they also
serve as active sites of pre-processing through mergers.

Our findings agree with simulations predicting enhanced
merger activity, morphological transformation, and spin reori-
entation within filaments (Welker et al. 2014; Dubois et al.
2014; Kuutma et al. 2017; Singh et al. 2020). Finally, they con-
firm previous indirect observational hints towards such a sce-
nario (Malavasi et al. 2016; Mesa et al. 2018; Omori et al. 2023;
Rong et al. 2024). Our analysis is nevertheless subject to sev-
eral limitations. In particular, filament reconstruction relies on
projected galaxy distributions and photometric redshifts, so line-
of-sight uncertainties and shot noise can blur filament positions
and dilute the signal. Moreover, our conservative merger selec-
tion prioritises purity over completeness, likely underestimating
the true merger incidence. Future studies using spectroscopy and
more detailed merger identification will help confirm our results.

5. Conclusions

We investigated the role of cosmic filaments in promoting galaxy
mergers as part of the pre-processing of galaxies prior to their
infall into clusters. Using a sample of ~40000 galaxies in and
around 33 low-redshift (z < 0.07) clusters from the CHANCES
survey, we studied the spatial distribution of mergers across the
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Fig. 2. Distribution of galaxy mergers in the example cluster Abell 85.
Top: Spatial distribution of galaxies in the cluster out to 5 Ryg showing
merging galaxies (orange stars) and non-merging galaxies (blue dots)
relative to intracluster filaments (black lines). The pink circle denotes
the R,qo radius for reference. Bottom: Normalised distribution of Dy,
comparing merging galaxies (orange) with the non-merging galaxy pop-
ulation (blue) at r < 5 X Ryp. Symbols are as in Fig. 1. In this cluster
mergers are significantly closer to filaments by a factor of 2.6, compared
with non-merging galaxies.

cosmic web. Our main finding is that galaxy mergers are prefer-
entially located near filaments outside the virial region of clus-
ters.

These results provide evidence that cosmic filaments are
not merely passive conduits of galaxy infall, but active sites of
transformation, where mergers contribute to the pre-processing
of galaxies prior to cluster infall. In future works, we aim to
expand this analysis using the full CHANCES sample through
a dedicated citizen science project that incorporates additional
physical mechanisms at play. We will also enrich the analy-
sis with 4MOST spectroscopy, more complex local and global
environmental metrics, and comparisons with cosmological
hydrodynamical simulations, which can help constrain the
underlying physical drivers of filament-driven evolution. More-
over, we will explore whether mergers preferentially occur
within galaxy groups and sub-structures embedded in filaments
by comparing the impact of local and LSS environments, once
we have access to robust group and sub-structure catalogues and
central and satellite classifications published by CHANCES.
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Appendix A: Schematic view of Dg

We quantified galaxy proximity to LSS using the projected distance to the cluster centre (r.;) and the shortest perpendicular distance
to the nearest filament (D), calculated via the point-line method where filament segments connect adjacent nodes (see Fig. A.1).
In Fig. A.1 we illustrate the geometric procedure used to compute the distance Dy; between each galaxy and its nearest filament.
The filaments are represented as linear segments connecting adjacent nodes, and the minimum galaxy—filament separation is derived
using the point-line method described in Sect. 2.

L

~
S

\

Segment
3 .
\E]a t
Sa L=

Fig. A.1. Schematic representation of the calculation of the minimum distance (Dy;;) between a galaxy (blue) and a filament (dashed black curve).
The filament is modelled as a set of linear segments (pink line between pink points). The shortest perpendicular distance is computed using the
point-line, and is taken as the galaxy—filament distance.
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Appendix B: Examples of merger galaxies

Dulcien, C., et al.: A&A, 708, L5 (2026)

In Fig. B.1 we show examples of merging galaxies identified with ZOOBOT (Walmsley et al. 2023a). Top: Galaxies selected accord-
ing to the merger fraction (F;),). Bottom: Galaxies selected based on the major disturbed fraction (Fp), according to the criterion

described in Sect. 3.
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Fig. B.1. Examples of randomly selected merging galaxies. Top: Galaxies selected by Fyn. Bottom: Galaxies selected by Fyp. In both panels,

galaxies are arranged from left to right in decreasing order of the corresponding score.
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Appendix C: Controlling for stellar mass

To check that our results are not driven by stellar mass, we have compared the stellar mass distribution of the merger and non-
merger galaxy samples. Stellar masses (M, ) were computed following the empirical relation between rest-frame (g — i) colour and
M,/L; in Taylor et al. (2011) for galaxies with reliable photometric measurements (76% of the sample). The remaining objects
lack complete photometric coverage in the required filters and therefore lack a stellar-mass estimate. The top panel of Fig. C.1
shows that, while the 2 distributions look similar, statistically they are likely to be drawn from the same parent distribution. We
checked how these differences could affect our results by repeating the analysis using mass-matched samples. To control for stellar
mass without significantly reducing the non-merger sample size, we construct a ratio-matched control sample. Specifically, we bin
both populations in stellar mass and randomly down-sample the non-merging galaxies within each mass bin according to the relative
merger-to-non-merger ratio, so as to reproduce the shape of the merger mass distribution without enforcing equal sample sizes or up-
sampling (see the bottom panel of Fig. C.1). This procedure is repeated 1000 times using Monte Carlo. Using this mass-controlled
sample, we find that the statistical difference in filament distances between mergers and non-mergers remains unchanged.

0.6
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0.51 i =9.
0.4 | |
> I
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Fig. C.1. Stellar mass distributions of merging and non-merging galaxies. Top: Original samples, which are similar in shape but statistically
different (AD and KS tests). Bottom: Ratio-matched control sample, where non-mergers are randomly down-sampled in stellar-mass bins to
reproduce the merger mass distribution without enforcing equal sample sizes. The result corresponds to one realisation from 1000 Monte Carlo
re-samplings. Controlling for stellar mass does not change the conclusions.
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Appendix D: Alignment of mergers with filaments in the entire cluster sample

Figs. D.1 and D.2 present the clusters used in our analysis, ordered by increasing p-value. The first figure shows the spatial dis-
tribution of merger candidates along the filaments. The second figure displays the corresponding distributions of distances to the

filament for each cluster.
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Fig. D.1. Distribution of galaxy-galaxy mergers (orange stars) across the 33 clusters in our sample. Black lines represent filaments, the pink
circle denotes the virial radius (Ryy), and blue points correspond to the general cluster galaxy population. For visualisation purposes, grey points
represent all unmatched cluster members from the CHANCES catalogue, which were not included in the statistical analysis.

L5, page 9 of 10



A0085 (p = 0.001)

MKW4 (p = 0.002)

Dulcien, C., et al.: A&A, 708, L5 (2026)

A0548 (p = 0.003)

A2415 (p = 0.003)

A2457 (p = 0.021)

A3266 (p = 0.028)

30 . .
» 1.50 : ;: 25 20
25 20 .
220 12 1.25 2.0 15
Z . 15 1.00 1.00 15
- 1.0 07 075 1.0 v
10 050 050 05
05 03 —‘_|—|_,_|_‘_‘ 025 025 05 _I_._I_|—'—|_ }
0.0 00 0.00 0.00 0.0 0.0
00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20
A2870 (p = 0.028) A0147 (p = 0.034) A4059 (p = 0.051) A3809 (p = 0.052) A0133 (p = 0.068) 11Zw108 (p = 0.068)
30 2.0
14 25 25 2.0 2.0
12 - 15
210 20 20 15 | 15
208 ' 15
g 06 :Z o 1.0 o 1.0
04 ’ 05
o L|_|_|—— s 05 ._l_l_‘_‘_ 05 05
0.0 00 0.0 0.0 0.0 0.0
00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 1.0 15 20
A0168 (p = 0.069) A3376 (p = 0.098) A0496 (p = 0.150) A3395 (p = 0.164) A0119 (p = 0.165) A0151 (p = 0.250)
20 2.0 175 s 20
10 150 1.50
s 1.25 15 125 125 15
% 100 1.00 1.00
E 1.0 0.75 10 0.75 0.75 e
s 0.50 05 0.50 0.50 05
025 0.25 0.25
0.0 0.00 0.0 0.00 0.00 0.0
00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 1.0 15 20
A0194 (p = 0.250) A0500 (p = 0.250) A0754 (p = 0.250) A0957 (p = 0.250) A1069 (p = 0.250) A2399 (p = 0.250)
175 175 175
1.50 1.50 :: 1.50 2.0 2.0
125 12 1:0 123 15 15
% 100 1.00 08 1.00
Kos 0.75 06 0.75 10 1.0
0.50 0.50 04 050 05 0.5
025 0.25 02 025 ’ =
0.00 0.00 0.0 0.00 0.0 0.0
00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 10 15 20 00 05 1.0 15 20
A2717 (p = 0.250) A2734 (p = 0.250) A3223 (p = 0.250) A3301 (p = 0.250) A3341 (p = 0.250) A3651 (p = 0.250)
12 1.50 14 175 2 175
10 125 12 1.50 15 1.50
2os 00 1.0 125 125
& 08 1.00 1.0 100
=
gos 0.75 0.6 0.75 075
04 0.50 04 -l—\_‘_‘_‘_'_ 0.50 05 0.50
0.2 0.25 0.2 0.25 _\_L—|‘ 0.25
0.0 0.00 0.0 0.00 0.0 0.00
00 05 10 15 20 00 05 10 15 20 00 05 10 15 2 00 05 10 15 20 00 05 10 15 20 00 05 1.0 15 20
A3667 (p = 0.250) A3716 (p = 0.250) MKWS8 (p = 0.250)
14 150 20
:'2 125 15
2 1
.*E s 1.00
&os 0.75 10
04 0.50 05
02 0.25
0.0 0.00 0.0
00 05 10 15 20 00 05 10 15 20 00 05 10 15 2
Dy [Mpc] Dy [Mpc] Dy [Mpc]
= Non-mergers Mergers —— Median Non-mergers Median Mergers

Fig. D.2. Normalised distribution of the nearest distances to filaments for galaxy mergers located outside 1 X Ry in the 33 galaxy clusters
(dashed orange line), compared to the non-merging cluster galaxy population outside 1 X R,y of each respective cluster (dotted blue line). Error

bars correspond to Poisson uncertainties in each bin, while vertical lines mark the median of each distribution. Shaded regions indicate the 68%

bootstrap confidence intervals (percentiles 16—-84) around the median. Clusters are ordered from lowest to highest p-value, where a lower p-value
indicates stronger evidence of a difference between the distributions. Distances to filaments are truncated at 2 Mpc to emphasise the vicinity where
most merger candidates are found, although the full distributions extend up to ~4 Mpc.
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