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A B S T R A C T 

The role of cosmic filaments in galaxy evolution remains uncertain, with conflicting evidence for both enhancement and 

suppression of star formation (SF) and active galactic nucleus (AGN) activity. In this first paper of the RAWS (RACS-WISE- 
SCOS-SDSS) project, we investigate the radio properties of galaxies in filaments by analysing source counts of radio sources 
from the Rapid ASKAP Continuum Survey (RACS), cross-matched with data from the Wide-field Infrared Survey Explorer 
(WISE), SuperCOSMOS Sky Survey (SCOS), and Sloan Digital Sky Survey (SDSS) filament reconstructions. Two samples 
– RAWS-low and RAWS-mid – were derived from RACS-low (887.5 MHz) and RACS-mid (1367.5 MHz), respectively. Each 

sample was subdivided into (1) all RAWS galaxies, (2) RAWS filament galaxies, and (3) RAWS non-filament galaxies. We 
constructed normalized Euclidean 1.4-GHz source counts for all subsamples. The results show that AGNs dominate all samples. 
The source counts for subsamples (1) and (3) agree well with those from previous radio surveys. However, we observe a 
clear suppression in the source counts of filament galaxies (subsample 2) across both RACS frequencies. This suggests a 
lower surface density of AGN in filamentary environments compared to field galaxies, possibly due to environmental processes 
such as ram-pressure stripping, gas depletion, or intergalactic medium (IGM) interactions. These findings are consistent with 

simulations predicting gradual quenching in intermediate-density environments. While our results support the idea that filaments 
may suppress AGN activity up to z ∼ 0 . 6, further investigation is needed to understand their dual role in both quenching and 

fuelling galaxy evolution. 

Key words: methods: statistical – galaxies: active – galaxies: evolution – intergalactic medium – large-scale structure of Uni- 
verse – radio continuum: galaxies. 
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 I N T RO D U C T I O N  

uperclusters, a structure of 100-Mpc scale, are the largest structure
n the Universe, and they are a home for regions of different density
nhancements (e.g. Abell 1958 ; Bahcall 1988 ; Tully et al. 2014 ;
hon, Böhringer & Zaroubi 2015 ), and they encompass a variety
f environments, including cosmic filaments (10-Mpc scale), galaxy
lusters (1-Mpc scale) and galaxy groups (0.1-Mpc scale), along
ith larger, less dense structures such as voids and sheets which also

ontribute to their composition. Some of these environments and their
espective embedded constituents have been extensively studied for
he past few decades. For example, galaxy clusters are found to be the
ensest regions in the Universe (Carlberg et al. 1997 ; Poggianti et al.
010 ), and their constituents not only include galaxies of different
orphologies (e.g. Dressler 1980 ; Pranger et al. 2013 ; Marasco et al.

023 ), but also high fractions of intracluster medium (e.g. Jones &
orman 1990 ; Mohr, Mathiesen & Evrard 1999 ; Zhang et al. 2024b ),
ark matter (DM; e.g. Zwicky 1937 ; Kravtsov & Borgani 2012 ;
ontes & Trujillo 2018 ) and magnetic field (e.g. Carilli & Taylor

002 ; Govoni & Feretti 2004 ; Osinga et al. 2022 ). This diversity of
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nvironments within superclusters underscores their significance as
 dynamic and complex framework for studying the interactions and
volution of galaxies, DM, and physical processes across various
ensity scales. 
However, investigation into astronomical entities in other environ-
ents, in particular cosmic filaments (hereafter, filaments), has only

ecently been explored, although the characteristics of filamentary
tructures had been observed using different observational and theo-
etical techniques many decades ago (e.g. Postman, Geller & Huchra
988 ; Quintana et al. 1997 ; Gray et al. 2002 ; Pimbblet, Drinkwater
 Hawkrigg 2004 ; Stoica et al. 2005 ). For instance, observationally,

he detection of filaments has predominantly relied on mapping the
patial distribution of galaxies, as evidenced by large and extensive
alaxy redshift surveys, such as the Centre for Astrophysics redshift
urvey (de Lapparent, Geller & Huchra 1986 ), the Sloan Digital
ky Survey (SDSS, York et al. 2000 ), the Six-degree-Field Galaxy
urvey (Jones et al. 2004 ), the Two-degree-Field Galaxy Redshift
urvey (Cole et al. 2005 ), the Galaxy and Mass Assembly survey
GAMA; Driver et al. 2011 ), the Two Micron All Sky Survey (Huchra
t al. 2012 ) and the Visible Multi-Object Spectrograph (VIMOS)
ublic Extragalactic Redshift Survey (VIPERS, Scodeggio et al.
018 ). The spatial distribution of galaxies probed by these galaxy
edshift surveys reveal that galaxies in filaments are distributed
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long a thread-like structure connecting two or more galaxy clusters. 
hese redshift surveys have also been used to examine the physical 
roperties and characteristics of galaxies residing within filamentary 
tructures (e.g. Porter et al. 2008 ; Bonjean et al. 2020 ; O’Kane et al.
024 ). 
Despite their significant structure in the cosmic web, filaments 

re less dense than that of galaxy clusters due to their lower galaxy
umber density and broader spatial extent (e.g. Galárraga-Espinosa 
t al. 2020 ). While galaxy clusters represent the densest environ- 
ents in the Universe, filaments provide an intermediate-density 

nvironment that offers valuable insights into galaxy formation and 
volution. Since properties of galaxies are known to be affected by 
heir environments (e.g. Vollmer 2013 ; Coccato et al. 2019 ; Kinyumu
t al. 2023 ), studying galaxies in filaments is equally important 
s galaxy clusters for understanding their evolutionary pathways 
nd put constraints on the properties of filaments. Unlike galaxy 
lusters, filaments encompass a diverse range of environmental 
onditions, such as sites with the largest fraction of matter (e.g. 
autun et al. 2014 ), the existence of the warm-hot intergalactic 
edium (e.g. Zhang et al. 2024a ) and the distribution of Mpc-

cale of diffuse synchrotron emission (e.g. Govoni et al. 2019 ; 
otteon et al. 2020 ). These environmental conditions can signifi- 
antly shape the evolutionary pathways of their galaxies, leading 
o distinct differences from those observed in high-density cluster 
nvironments (e.g. Dressler 1980 ; Kodama et al. 2001 ). However, 
he study of galaxy evolution in filaments has gained attention 
nly quite recently compared to extensive research on galaxy 
lusters. 

Using data from the GAMA survey, Alpaslan et al. ( 2015 ) analysed 
alaxy properties such as colour, brightness, and morphology within 
arge-scale structures, including filaments, building upon earlier 
ork by Porter et al. ( 2008 ). Their findings indicate that filament
alaxies are not exclusively red and exhibit colour bimodality, 
nlike cluster galaxies at low redshift, which are predominantly 
ed. Even though filament galaxies are not predominantly red, 
hey exhibit a decreasing trend in the specific star formation rate 
sSFR) with proximity to a nearby filament, suggesting a more 
uenched population compared to galaxies in voids (Alpaslan et al. 
016 ). Furthermore, studies such as Kuutma, Tamm & Tempel 
 2017 ), who investigated how galaxy properties vary with distance 
rom filament spines, found that there is an increase in the g − i 

olour index, indicative of an aging and reddening population with 
eclining sSFR. This trend was supported by Kraljic et al. ( 2018 ),
ho examined GAMA galaxies at 0 . 03 ≤ z ≤ 0 . 25 and found that

he fraction of red galaxies increases with proximity to filaments, 
ndependent of their distance to galaxy clusters. Moreover, the star- 
orming population within filaments exhibits a decreasing sSFR at 
xed mass, suggesting environmental quenching. Denser filaments 
lso host a higher proportion of early-type galaxies, supporting the 
orphology–density relation observed in clusters at lower redshifts 

Dressler 1980 ) and indicating that morphological transformations 
an occur before galaxies enter cluster environments (e.g. Castignani 
t al. 2022 ). Similar trends have also been reported by several
ther studies, including Chen et al. ( 2017 ), Laigle et al. ( 2018 ),
inkel et al. ( 2021 ), and Donnan, Tojeiro & Kraljic ( 2022 ), further

einforcing the role of filamentary environments in shaping galaxy 
volution. 

Nevertheless, some studies provide results which are contrary 
o the findings described in the previous paragraph. Some studies 
ound that the proximity of galaxies to filaments can also enhance 
F activity in galaxies, which also corresponds to the increase 

n the fraction of star-forming galaxies (SFGs) in filaments. For 
xample, Coppin et al. ( 2012 ) explored a system of three galaxy
lusters at z = 0.9 and found a long filament of infrared (IR)-
right galaxies of about 2.5 Mpc in length. They recorded that this
R filament hosts a SFR of ∼900 M� y−1 that was derived from 

ts IR luminosity, L IR . This SFR is relatively high compared to 
he normal SFR of spiral galaxies of about 1 to 10 M� y−1 and it
esembles that intermediate-density environments like filaments can 
lso enhance the SF activity by assembling significant stellar masses 
n the environment. Furthermore, using a sample of 425 narrow- 
and selected H α emitters, along with 2846 colour–colour selected 
nderlying SFGs for the large-scale structure (LSS) at z = 0.84 in
he COSMOS field, Darvish et al. ( 2014 ) found that the fraction of
 α emitters varies with environment, but shows an enhancement 

n filamentary structures at z ∼ 1. This picture has also been
upported by several authors, such as Liao & Gao ( 2019 ) and Vulcani
t al. ( 2019 ). 

From simulations’ point of view, the picture whether the SF 

ctivity in galaxies is either quenched or enhanced also shows 
ontroversial results. By using a large-scale hydrodynamical cos- 
ological simulation, the Horizon AGN simulation analysed more 

han 150 000 galaxies per time in the redshift range of 1 . 2 ≤ z ≤ 1 . 8
nd investigated the properties of galaxies, such as stellar mass and
heir sSFR (Dubois et al. 2014 ). They argued that the properties
f massive galaxies show a strong source of feedback, such as
ctive galactic nuclei (AGN), is mandatory to quench in situ SF
nd promote various morphologies. Meanwhile, Xu et al. ( 2020 )
sed the EAGLE simulation to study the dependence of the galaxy
roperties on cosmic web environments, including filaments, and 
ound that central galaxies which have masses below a characteristic 
ass of 1 . 8 × 1010 h−1 M� appear redder and show lower sSFR,

ven though the cosmic environmental dependence is either reverse 
r vanish for central galaxies of masses above this characteristic 
ass. In addition, Malavasi et al. ( 2022 ) made use of the IllustrisTNG

imulation, and coupled with the DisPerSE cosmic web extraction 
lgorithm (Sousbie 2011 ), and provided a comprehensive analysis 
f the relation between galaxy properties and the LSS. Their results
how the strongest variation with distance from the cosmic web 
eatures, more specifically, the sSFR of galaxies is generally reduced 
ith proximity to nodes and filaments, showing that these galaxies 

re quenched in their SF activity. This picture has also been supported
y the more recent work by Hasan et al. ( 2023 ), where they also used
llustrisTNG and DisPerSE, and found that galaxies at distances 
ess than 1 Mpc from the filament spine have significantly sup-
ressed SFR for galaxies with masses 8 < M� /M� < 9, suggesting 
radual gas starvation in intermediate-density environments near 
laments. 
On the other hand, a number of other simulation works have arrived

t different conclusions, suggesting that the presence of filamentary 
tructures within the cosmic web may actually enhance SF. For 
nstance, Kotecha et al. ( 2022 ) conducted a study using 324 simulated 
lusters from The Three Hundred project, employing the DisPerSE 

lgorithm to analyse the spatial relationships between galaxies and 
laments. Their findings revealed that galaxies located near filaments 
ithin these clusters are more likely to be star-forming, exhibit 
luer colours, and possess greater amounts of cold gas than their
ounterparts situated farther from filaments. This evidence stands in 
ontrast to the findings discussed in the previous paragraphs, which 
uggested a different influence of filaments on galaxy properties. 
imilarly, a study by Zheng et al. ( 2022 ) supports the notion that
laments can play a significant role in enhancing SF. In their work,
heng et al. ( 2022 ) used the Auriga simulations to examine the effects
f filaments on galaxy formation within dwarf DM haloes. Their 
MNRAS 541, 3696–3708 (2025)
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esults demonstrated that dwarf galaxies embedded within filaments
end to have higher baryonic and stellar fractions. Moreover, for
 given parent halo mass, these filament-associated dwarf galaxies
ere found to have slightly elevated SFR compared to those residing

n more isolated, field environments. These findings collectively
nderscore the potential influence of filaments in promoting SF,
articularly in certain populations of galaxy. 
The interplay between observational and simulation-based studies

as yielded conflicting results, leaving the role of filaments in either
uenching or enhancing galaxy activity, particularly SF or AGN ac-
ivity, unclear. Although the majority of previous findings have been
erived from optical or IR observations, the investigation of these
ffects across multiple wavelengths is crucial to develop a holistic
nderstanding on galaxy evolution, especially to provide supports
o the aforementioned previous works whether these galaxies either
uench or enhance their activity in filaments. Radio observations,
n particular, are invaluable as they offer insights into the dominant
echanisms driving radio emission in galaxies, whether their radio

mission is either dominated by star-forming regions in SFGs or
upermassive black holes at the core of AGN. By distinguishing
he sources of radio emission by using radio observational probes,
adio studies can complement optical and IR data to provide a
ore nuanced perspective on the evolutionary processes of galaxies

esiding in filaments. 
One of the widely used probes to distinct between the SFGs and

GN population in filaments from radio observations is by using
he radio source counts. Studies of 1.4 GHz radio source counts
ave demonstrated that typical SFGs exhibit flux densities ranging
rom a few μJy to a few mJy, usually up to 1 mJy, with their
ntegrated luminosities primarily spanning from 1019 to 1024 W Hz−1 

nd peaking around 1022 W Hz−1 (e.g. Condon 1989 , 1992 ; Garrett
t al. 2000 ; Mauch & Sadler 2007 ). In contrast, AGNs typically
isplay higher flux densities, ranging from a few mJy, usually 1 mJy,
o several hundred mJy (e.g. Becker, White & Helfand 1995 ; Condon
t al. 1998 ), with integrated luminosities extending from 1019 to
027 W Hz−1 , dominating above L1 . 4 GHz = 1023 W Hz−1 (Matthews
t al. 2021 ). In some other works, AGN can also start to dominate the
ource counts from 0.5 mJy, whereas SFGs start to dominate below
.1 mJy (e.g. Bonzini et al. 2013 ; Prandoni et al. 2018 ; Mauch et al.
020 ). The difference in the flux density threshold on the source
ount plots to distinguish between the SFG and AGN populations
ight arise from the sensitivity of different surveys. However, the
ux density threshold of 1 mJy is widely used (e.g. Padovani et al.
015 ; D’Amato et al. 2022 ), and will be also used in this work.
his clear demarcation highlights the necessity of distinguishing
etween SFGs and AGN to accurately interpret the composition
nd evolution of radio source populations. In this first paper of
he series, the source count will be used as the primary probe to
nvestigate whether our sample is dominated by SFGs or AGN,
nd how these populations behave in filamentary structure environ-
ents by incorporating the cross-matching procedures from other
avebands too. 
We organize this paper as follows: Section 2 describes the related

urveys and catalogues used, as well as the segregation of samples
nd sub-samples considered in this work. Results and analyses which
nclude the construction of radio source counts for all samples and
ub-samples described in Section 2 is available in Section 3 . The
ection also contains the comparison between the source counts of
he samples and sub-samples from this work and from other radio sky
urveys. The discussion and conclusions are given in Section 4 , where
he section also provides some suggestions for future works that
ill be discussed in the preceding papers of the series. Throughout
NRAS 541, 3696–3708 (2025)
his work, we assume the following cosmological parameters: H0 =
0 km s−1 Mpc−1 , �M 

= 0.3 and �� 

= 0.7. We also use a spectral
ndex, α, in S ∝ να , as –0.8. 

 SAMPLE  SELECTI ON  

his work used several well established and previously published
atalogues to achieve its objective of understanding the role of
laments in shaping the evolution of radio galaxies, particularly by

nvestigating the properties of radio galaxies within filaments located
p to a certain redshift. The primary data sets include: (1) the Rapid
SKAP Continuum Survey (RACS; McConnell et al. 2020 ), which
rovides extensive radio continuum data essential for identifying
nd characterizing the radio emission of galaxies; (2) the Wide-field
R Survey Explorer (WISE; Wright et al. 2010 ), which provides IR
ata crucial for studying the dust-obscured SF and AGN activity
n galaxies, as well as to provide photometric redshift of galaxies.
3) the SuperCOSMOS All-Sky Galaxy Survey catalogue (SCOS;
eacock et al. 2016 ), which offers optical imaging data that support
orphological and photometric analyses; and (4) the Sloan Digital
ky Survey Data Release 16 (SDSS DR16; Blanton et al. 2017 ),
hich delivers high-resolution optical spectroscopy and imaging to

acilitate the reconstruction of filaments. 
By integrating these multiwavelength data sets, this work aims

o determine whether filaments promote or suppress galaxy activity,
ith a particular focus on distinguishing between SFGs and AGN
y cross-identifying them with catalogues of different wavebands.
he cross-matching of these data sets is collectively referred to as

he RAWS Project, and the final compiled sample resulting from
his effort will be known as the RAWS sample. A brief description
f the RACS, WISE, SCOS, and SDSS is given in the following
ubsections, and the final subsection discusses the RAWS samples. 

.1 RACS 

he RACS survey is the first large-scale radio sky survey in the South-
rn Hemisphere conducted using the Australian Square Kilometre
rray Pathfinder (ASKAP). The survey uses 903 individual pointings
ith 15-min observations, leveraging ASKAP’s large instantaneous
eld of view of about 31 deg2 . It has three different observing bands,
nd each observing band centred at radio frequencies of 887.5 MHz
RACS-low), 1367.5 MHz (RACS-mid), and 1655.5 MHz (RACS-
igh). The full description of RACS-low and RACS-mid surveys is
iven in Hale et al. ( 2021 ) and Duchesne et al. ( 2023 ), respectively.
he data reduction, imaging process, and source catalogue release
f the RACS-high survey are currently undergoing and will only be
ade available in future papers. For the purpose of this work, the
ACS-low and RACS-mid survey data releases were used, and a
rief description of these two surveys is given below. 

.1.1 RACS-low 

he RACS-low survey has a central frequency of 887.5 MHz,
overing a large contiguous area spanning declinations ( δ) from
80◦ to + 30◦ with 799 individual tiles. This is equivalent to the total

urveyed area of ∼36 200 deg2 . The observations were conducted
ver multiple epochs in 2019 and 2020, each with 15-min exposure
imes, and resulted in raw visibility data. These data were processed
sing the ASKAPSoft pipeline (Wieringa, Raja & Ord 2020 ), which
onverted raw visibility data into calibrated radio images. To ensure
 uniform flux density scale and resolution, these radio images were
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onvolved to a common 25 arcsec beam size before being mosaiced 
nto a contiguous data set. Systematic corrections were applied based 
n holography measurements to account for variations in ASKAP’s 
rimary beam responses. The final mosaic image of the RACS-low 

urvey has a resolution of ∼15 arcsec . 
The detection of sources in the final mosaic image was carried 

ut using PyBDSF (Mohan & Rafferty 2015 ) and the detection has
roduced a catalogue of detected radio sources. The catalogue of 
he RACS-low survey achieves a 95 per cent detection rate for point
ources with integrated flux densities around 5 mJy, corresponding 
o an overall 95 per cent completeness at approximately 3 mJy for
ypical sky models. The final catalogue of the RACS-low survey 
onsists of both Gaussian component and source catalogues, dis- 
inguishing between individual radio structures and their constituent 
omponents. However, only the source catalogue had been selected to 
t the purpose of this work. This is because source catalogue provides
 simplified representation of radio sources, while the Gaussian 
omponent catalogue captures detailed structures, which the source 
atalogue is better suited for general astrophysical studies, such as 
GN demographic and SFG counts. The RACS-low data release 

ource catalogue contains 2123 638 radio sources and excludes 
he region within | b| < 5◦ around the Galactic plane (Hale et al.
021 ). 

.1.2 RACS-mid 

ollowing the work by Hale et al. ( 2021 ) on the RACS-low survey,
uchesne et al. ( 2023 ) later published a paper that focuses on the

econd data release of the RACS survey at 1367.5 MHz, which later
o be known as the RACS-mid survey. The RACS-mid survey has a
esolution of ∼10 arcsec , which provides an improved resolution 
ompared to the RACS-low survey. The raw visibility data of 
he RACS-mid survey had also been imaged by using the same 
rocedures as in RACS-low survey, and the final mosaic images 
roduced were divided into three different categories for different 
uture scientific purposes. These categories include the primary, 
5 arcsec and time-domain calibrated images. However, this work 
ocuses on the use of the RACS-mid 25 arcsec final mosaic image 
or further analysis. The 25 arcsec full-sensitivity images (and the 
orresponding catalogue) are limited to declinations of δ = + 30◦, 
imilar to RACS-low, because the point spread function major axis 
n some original images exceeds 25′′ beyond this declination. In cat- 
loguing the RACS-mid data release of the three different categories 
f images, including the RACS-mid 25 arcsec final mosaic image, 
uchesne et al. ( 2023 ) adopted the same procedures established for

onstructing the RACS-low catalogue, as described in Hale et al. 
 2021 ). 

Since the source detection analysis involved three categories of 
nal mosaic images, the images of the RACS-mid survey have 
roduced three key source and component catalogues, which include 
he primary, 25 arcsec , and time-domain catalogues. However, as 
escribed in the previous paragraph, the 25 arcsec catalogue had 
een used for the purpose of this work. This is because the catalogue
rovides a matched 25 arcsec resolution, aligning with the RACS- 
ow coverage to facilitate direct comparisons with lower frequency 
bservations. The catalogue was constructed in the same way as the 
ACS-mid primary catalogue, but the images were convolved to a 

ower, less-sensitive angular resolution of 25 arcsec . Even though 
he 25 arcsec catalogue has a lower sensitivity compared to the 
ACS-mid primary catalogue due to increased source blending, the 
atalogue is found to be 95 per cent complete at 2.5 mJy, which
uggests that the catalogue can go deeper and pick up fainter sources
own to 2.5 mJy compared to that of the RACS-low catalogue, 
hich can detect sources down to 3 mJy. The source catalogue
f the 25 arcsec catalogue consists of 1990 598 radio sources af- 
er subtracting sources that lie in the region within the Galactic
lane. 

.2 WISE × SCOS 

earching for the redshift information of the RACS radio sources 
s important to reveal their distance information and, therefore, to 
osition them in the three-dimensional sky coverage of the respective 
laments later. Since the catalogues of radio sources in the RACS
urveys do not contain redshift information, it was necessary to cross-
atch these radio sources with any spectroscopic or photometric 

edshift galaxy surveys. For this reason, the SCOS survey was chosen
o carry out this task, since it covers all sky coverage with more than
40 million objects available in the catalogue. However, the raw 

atalogue of the SCOS survey (Peacock et al. 2016 ) contains many
bjects that are, in fact, blends of stellar images and also does not
ontain distance information for many of these objects. 

Cross-identifications with IR data from the WISE all-sky data 
elease are quite a solution to both problems (Wright et al. 2010 ).
he data release includes the WISE × SCOS Photometric Redshift 
atalogue, created by cross-matching the ALLWISE and SCOS data 
ets and utilizing the artificial neural network-based ANNz algorithm 

Collister & Lahav 2004 ), which was trained on data from the
AMA-II redshift survey (Driver et al. 2011 ; Liske et al. 2015 ).
he resulting photometric redshifts exhibit errors that are largely 

ndependent of distance, achieving an overall accuracy of σz /(1 
 z) = 0.033, with a minimal fraction of outliers. These redshift

stimates have a typical precision of 15 per cent. The WISE × SCOS
ample, following appropriate masking, comprises approximately 
8.5 million galaxies with a median redshift of z = 0.2 (Bilicki et al.
016 ). 

.3 SDSS 

n order to identify whether or not the cross-matched sources 
etween RACS and WISE × SCOS are located in any filaments, 
t was required to reconstruct filaments by also making use of any
pectroscopic or photometric redshift galaxy surveys. However, the 
econstruction of filaments could also be done by using any available
atalogues of filaments. After having searched for the catalogues, this 
ork had selected the cosmic filament catalogue that was produced 
y Carrón Duque et al. ( 2022 ). Their catalogue was produced by
sing the data taken from the SDSS DR16. By using the SDSS
R16 data, Carrón Duque et al. ( 2022 ) reconstructed filaments

s one-dimensional maxima in the galaxy distribution and their 
lament reconstruction covers redshifts up to z = 2.2. In particular,

hey used two subsurveys from the SDSS survey, which are the
aryon Oscillation Spectroscopic Survey (BOSS) and the extended 
OSS (eBOSS), where these subsurveys were divided into different 

ubsamples based on different redshift ranges. 
Taking advantage of the final SDSS DR12, Dawson et al. ( 2012 ),

nderson et al. ( 2014 ), and Alam et al. ( 2015 ) divided the BOSS
urvey into the LOWZ and CMASS subsamples, where the redshift 
ange of these subsamples was defined as 0.05 ≤ z ≤ 0.5 and 0.4

z ≤ 0.8, respectively. Carrón Duque et al. ( 2022 ) used both of
hese samples in their filament reconstructions, but for the purpose 
f this work, the maximum range of redshifts covered is 0.564 ≤
 ≤ 0.57. This redshift limit ensures consistency with the redshift 
overage over which optical counterparts to RACS sources have 
MNRAS 541, 3696–3708 (2025)
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Table 1. The list of samples considered in this work, which include all RAWS, RAWS non-filament, and RAWS filament galaxies. Note that the number of 
radio galaxies given in columns (2) and (5) is the number of radio galaxies after the cross-matching procedure with the RACS, ALLWISE × SCOS, and SDSS16 
for both samples, RAWS-low and RAWS-mid samples, respectively. 

Samples RAWS-low RAWS-mid 
N Redshift range � (deg2 ) N Redshift range � (deg2 ) 

(1) (2) (3) (4) (5) (6) (7) 

All RAWS galaxies 120 543 0.0015 ≤ z ≤ 0.5681 1738 110 741 0.0015 ≤ z ≤ 0.5591 1721 
RAWS non-filament galaxies 39 123 0.0015 ≤ z ≤ 0.5681 431 36 494 0.0015 ≤ z ≤ 0.5591 422 
RAWS filament galaxies 9095 0.0503 ≤ z ≤ 0.5423 359 8975 0.0503 ≤ z ≤ 0.5423 352 
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eliable spectroscopic redshifts, which is critical for accurate filament
dentification. Beyond this range, the completeness of spectroscopic
urveys like BOSS decreases, making filament reconstruction less
eliable. As a result, this work includes the entire LOWZ sample
nd approximately half of the CMASS sample. Within this range,
laments across 98 redshift bins have been reconstructed. A detailed
escription of the cosmic filament reconstruction process is provided
n Carrón Duque et al. ( 2022 ). 

.4 The RAWS Sample 

o facilitate clarity in referencing, we define the cross-matched
amples used in this work as RAWS-low and RAWS-mid samples.
pecifically, the RAWS-low sample refers to the set of sources
btained by cross-matching the RACS-low radio survey with the
ombined ALLWISE × SCOS optical-IR catalogue. Similarly, the
AWS-mid sample represents the result of cross-matching the
ACS-mid survey with the same ALLWISE × SCOS data set.
his naming convention allows for consistent identification of the
amples used for subsequent statistical and environmental analysis.
iven that the RACS sources in these samples possess associated
ptical counterparts through this cross-matching procedure, they are
nterpreted as radio galaxies within the context of this work. 

To identify the optical counterparts of RACS radio sources in
oth the RAWS-low and RAWS-mid samples, we cross-matched the
ACS source positions with optical and IR data from the WISE
nd SCOS surveys. Given that the SCOS data set offers a positional
esolution of approximately 2 arcsec and WISE provides a lower
esolution of about 6 arcsec , we adopted a conservative matching
adius of 6 arcsec for the RAWS samples. This threshold accounts
or the varying positional uncertainties between the optical, IR,
nd radio data, while also aligning with the angular resolution of
he RACS surveys. By choosing this offset, we ensure that the

atching process accommodates the resolution limits of both WISE
nd SCOS, thereby maximizing the reliability of the identified
ounterparts without significantly increasing the likelihood of false
ssociations. 

Carrón Duque et al. ( 2022 ) describe cosmic filaments as sequences
f discrete points along spine-like structures reconstructed within
omographic redshift slices. Each point on the filament spine is
ssociated with a local positional uncertainty, which quantifies the
onfidence in the filament’s angular location and serves as a proxy for
he filament’s transverse extent. This uncertainty can be interpreted
s the spatial boundary around the spine within which a galaxy may
e considered physically associated with the filament. 
In this work, we use these positional uncertainties to determine

he filament membership of RAWS galaxies. The process begins by
egregating the RAWS galaxies according to the redshift bins used
n the filament reconstruction. For each redshift slice, we evaluate
he angular separation between each RAWS galaxy and the nearest
oint along the corresponding filament spine. A galaxy is classified
NRAS 541, 3696–3708 (2025)
s a filament member if its projected separation falls within the local
ncertainty envelope defined for that spine segment. This approach
llows us to assign filament membership in a manner that accounts
or both the redshift localization of the filaments and the spatial
onfidence limits associated with their detection. 

 RESULTS  A N D  ANALYSI S  

he results and analysis presented for the RAWS-low and RAWS-
id samples are discussed in the context of their contribution to

ulfilling the main objectives of this work. The number of RAWS
alaxies classified by environment (filament or field) is summarized
fter the cross-matching process between the RACS and WISE ×
COS catalogues. Visual maps that show the spatial distribution
f RAWS galaxies overlaid on reconstructed filaments, highlighting
ifferences between the two samples, are also given. Due to redshift
ncertainties, a probability method was used to improve filament
embership assignment of RAWS galaxies. Finally, source count

lots reveal that RAWS galaxies in filaments, or RAWS filament
alaxies, are less numerous than those in the field, and statistical
ests confirm that their flux distributions are significantly different. 

.1 RACS and WISE × SCOS cross-matching 

ollowing the cross-matching procedure between the RACS and
ISE × SCOS catalogues, as detailed in Section 2.4 , we obtained the

nal, clean sample of RAWS galaxies to be used for the subsequent
ource count analysis. Table 1 provides a summary of the number
f radio galaxies identified in both the RAWS-low and RAWS-mid
amples. It also categorizes these galaxies based on their spatial
ssociation with large-scale structures, particularly filaments, along
ith their effective filament areas. The table distinguishes between

he total number of cross-matched radio galaxies for both samples,
hose that do not reside within any filamentary structures, and those
hat are associated with filaments, as defined by filamentary structure
econstructions of Carrón Duque et al. ( 2022 ). 

From the total number of all RAWS galaxies for both samples
escribed in Table 1 , we also examine for any possibilities whether
he RAWS galaxies in our samples contain multiple matches within
 conservative matching radius of 6 arcsec. This examination was
ecessary to ensure the reliability of the cross-matching process.
ultiple optical counterparts within the 6 arcsec search radius can

ead to ambiguous associations, which may affect redshift accuracy
nd environmental classification. By identifying and quantifying
uch cases, we confirm that the majority of RAWS galaxies have
nique matches, supporting the robustness of the final sample used
n our analysis. To check whether or not the RACS sources have

ultiple matches in 6 arcsec matching radius, we performed a closest
eighbour cross-matching with the WISE × SCOS photometric
edshift catalogue and calculate the mean distance to their closest



RAWS I. Do AGN quench in filaments? 3701

n
p
r

m
t  

t
r  

n
t
r  

s  

W
a  

c  

t  

d
4
i
m
c
t  

m

3

A
R
r
t
o
(
b
r  

r
w
b  

fi
h
s  

p

c
u
r  

s  

w
q
R
w
fi
fi
c
fi
b

a  

s  

s  

F  

≤  

t

h  

H  

(
≤
3  

l
t
o
i  

a
i

 

d
s
c
s
s  

t
w
o  

u
v
o
d
p
a  

t
a  

s

3

A  

i  

T  

r
l
d
a
o
t
t
t  

b

w  

f  

i  

t
i
s
a  

c
1  

u
R
c
s

 

u  

s  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/541/4/3696/8211820 by guest on 06 August 2025
eighbours. The matching process was based primarily on angular 
roximity, selecting the closest WISE × SCOS galaxy within this 
adius as the most likely counterpart for each RACS source. 

Although a small fraction of RACS sources are found to have 
ultiple WISE × SCOS galaxies within the 6 arcsec search radius, 

he overall occurrence of such cases remains minimal. Table 2 shows
he summary of the statistics of the cross-matching between RACS 

adio sources and WISE × SCOS galaxies, for the n th closest
eighbour. The percentages of RAWS-low and RAWS-mid galaxies 
hat contain multiple WISE × SCOS galaxies within our search 
adius are only 1.4 per cent and 1.2 per cent, respectively, hence,
uggesting that more than 98 per cent of the data set contain only one

ISE × SCOS counterpart within the 6 arcsec search radius. We 
lso checked the same statistics in the filament galaxies, and found a
onsistent result, where the fraction is less than 2 per cent, compared
o the entire RAWS catalogue. In both cases, we found that the mean
istance to the first and second neighbours are 2.36–2.46 arcsec and 
.53–4.86 arcsec, respectively. As every RAWS galaxy has a clearly 
dentified first-nearest neighbour, the presence of a small number of 

ultiple matches does not compromise the integrity of the source 
ount analysis. The source counts presented in this work incorporate 
he full RAWS sample as summarized in Table 1 , ensuring that all
atched RAWS galaxies are accounted for consistency. 

.2 Filament assignment 

fter ensuring the uniqueness of cross-matched associations, the 
AWS galaxies were overlaid on to the corresponding filament 

econstructions within their corresponding redshift bins. Fig. 1 shows 
wo examples of the reconstructed filaments in a redshift range 
f 0.249 ≤ z ≤ 0.255 for RAWS-low (top panel) and RAWS-mid 
bottom panel) samples, along with the injected radio galaxies. In 
oth panels, the reconstructed filaments are represented by grey 
egions, while the radio galaxies are shown as dots, in such a way that
adio galaxies residing in filaments are represented by red dots, and 
e define these radio galaxies as filament galaxies. Meanwhile, the 
lack dots are those radio galaxies located outside of filaments (or in
elds) and will be known as non-filament galaxies. This classification 
ighlights the distinction between radio galaxies that trace the large- 
cale structure of filaments and those that exist in the more sparsely
opulated field regions. 
As mentioned in Section 2.2 , the WISE × SCOS photometric 

atalogue (Bilicki et al. 2016 ) provides redshift values with typical 
ncertainties relatively larger than the SDSS filament catalogue 
edshift bin sizes, i.e. 	z ∼ 0 . 005–0 . 008, and allows for the pos-
ibility that the RAWS galaxy may fall into multiple redshift bins,
hich further complicates the filament membership assignment. To 
uantify this matter, we calculated the redshift likelihood for each 
AWS galaxy based on a Gaussian probability distribution function, 
eighted by the presence of filaments. On average, the RAWS 

lament galaxies have significantly higher chances of residing in 
laments compared to RAWS field galaxies, which strengthens our 
laims that RAWS filament galaxies are indeed associated within a 
lament, regardless of which redshift bin that these RAWS galaxies 
elong to. 
Note that Fig. 1 shows a full-scale of the reconstructed filaments 

long with the radio galaxies, but to get a closer view of this
tructure, we also provide the zoom-in images of this structure, as
hown in Fig. 2 . Similar to Fig. 1 , the top and bottom panels of
ig. 2 show the filamentary structure in a redshift range of 0.249
z ≤ 0.255, with the top panels are for the RAWS-low sample and

he bottom panels are for the RAWS-mid sample. All four panels 
ave the same declination range, where they extend from 0◦ to 15◦.
owever, each panel of the samples has a different right ascension

 α) range, in which the left panels illustrate the region spanning 185◦

α ≤ 215◦, while the right panels cover the range of 330◦ ≤ α ≤
60◦. This right ascension ranges are the same for both RAWS-
ow and RAWS-mid samples. The colour bars, which correspond 
o the colours of the filaments, represent the estimated uncertainty 
f the detection in degrees, measured by using methods described 
n Carrón Duque et al. ( 2022 ). In Fig. 2 , the colours of filament
nd non-filament radio galaxies follow the same colour-code as 
n Fig. 1 . 

In addition, Fig. 2 offers a detailed visualization of the spatial
istribution of radio galaxies within the RAWS-low and RAWS-mid 
amples, enabling a comparative analysis of their association with 
osmic filaments across different regions of the sky. Notably, while 
ome radio galaxies appear in both the RAWS-low and RAWS-mid 
amples, others are exclusive to one data set only. For instance,
he top-left panel of Fig. 2 displays 33 filament-associated galaxies, 
hereas the bottom-left panel shows 34 such galaxies. A subset 
f these filament galaxies is common to both panels, but some are
niquely detected in either the RACS-low or RACS-mid survey. This 
ariation is primarily due to differences in sensitivity, resolution, 
r noise characteristics between the two surveys, which affect the 
etectability of certain sources. Although certain radio sources are 
resent in both the RACS-low and RACS-mid catalogues, and some 
re not, slight discrepancies in detection between the two can lead
o differences in filament association. However, these discrepancies 
re not significant and do not introduce systematic errors into the
ubsequent analysis. 

.3 Source counts 

s mentioned in Section 1 , the primary objective of this work
s to construct source count plots for the radio galaxies listed in
able 1 . In line with this aim, it was necessary to extract the
adio flux density measurements from the catalogues of the RACS- 
ow and RACS-mid surveys. These surveys provide initial flux 
ensity measurements for the radio sources at frequencies of 887.5 
nd 1367.5 MHz, respectively, reflecting the observing frequencies 
f the RACS-low and RACS-mid data sets. To ensure consis- 
ency in the comparative analysis with results from other surveys, 
hese flux density values were subsequently rescaled to correspond 
o a reference frequency of 1.4 GHz by using the relationship
elow: 

ln 
Sν

S1 . 4 
= α ln 

1 . 4 

ν
, (1) 

here Sν is the flux density of a radio galaxy observed in a certain
requency, ν, and α is the spectral index – the value of α is defined
n Section 1 . Since this work uses two RACS surveys, ν is defined as
he central frequency of RACS-low and RACS-mid surveys, which 
s 887.5 and 1367.5 MHz, respectively. This rescaling provides a 
tandardized approach for comparing the radio galaxy populations 
cross different studies and survey data sets, as 1.4 GHz serves as a
ommon reference frequency for many radio surveys. The converted 
.4-GHz flux densities for radio galaxies in both samples will be
sed to construct source count profiles for all RAWS galaxies, 
AWS filament galaxies and RAWS non-filament galaxies, with a 
omplimentary source count of the RACS-low and RACS-mid radio 
ources as reference. 

A source count, which is defined as the number of sources per
nit of steradian ( �), was calculated for each flux density bin and
ubsequently normalized by dividing it by the width of the bin
MNRAS 541, 3696–3708 (2025)
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Table 2. Summary of the statistics of the cross-matching between RACS and WISE × SCOS that contributes to the final RAWS sample. Each row lists the 
number of sources ( N ) and the average distance (d̄ ) of the n th neighbour for RACS radio sources with at least n WISE × SCOS neighbour(s). 

RAWS-low RAWS-mid 
All Fil. galaxies All Fil. galaxies 

n N d̄ N d̄ N d̄ N d̄ 

1 120 543 2.46 arcsec 9095 2.39 arcsec 110 741 2.45 arcsec 8975 2.44 arcsec 
2 1655 (1.4 per cent) 4.49 arcsec 140 (1.5 per cent) 4.86 arcsec 1382 (1.2 per cent) 4.53 arcsec 118 (1.3 per cent) 4.66 arcsec 
3 6 (0.005 per cent) 4.60 arcsec 0 – 7 (0.006 per cent) 5.24 arcsec 1 (0.011 per cent) 5.73 arcsec 
4 0 – 0 – 1 ( ∼0 per cent) 5.63 arcsec 0 –

Figure 1. Examples of filamentary structure obtained by reconstructing them following procedures described in Carrón Duque et al. ( 2022 ). Both panels show 

filaments in a redshift bin 0.249 < z < 0.255. The top panel shows the filament reconstruction along with the RACS radio sources for the RAWS-low sample, 
while the bottom panel indicates the same features, but for the RAWS-mid sample. The RAWS filament and non-filament galaxies are represented by the red 
and black dots, respectively. 
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expressed in Jy). This value was then divided by a flux-density-
eighted average, S5 / 2 , to compute the Euclidean-normalized differ-

ntial source counts, S5 / 2 d N/ d S, with units of Jy1 . 5 sr−1 . The average
ux density, S̄ , for each bin was determined using the following
xpression: 

¯
 =

∫ Su 

Sl 
S

(
d N 
d S 

)
d S 

∫ Su 

Sl 

(
d N 
d S 

)
d S 

, (2) 

here Sl and Su denote the lower and upper bounds of the flux
ensity bin, respectively (Henkel & Partridge 2005 ). This approach
nsures a consistent normalization across flux intervals, allowing
or direct comparison of source counts across different surveys and
ux regimes. The RAWS-low and RAWS-mid samples were divided

nto three subsamples, so that each sample has all galaxies, filament
alaxies and non-filament galaxies subsamples. Based on the number
NRAS 541, 3696–3708 (2025)
f radio galaxies and sky coverage listed in Table 1 , the source
ounts of the RAWS-low and RAWS-mid subsamples were being
uantified, and the values are given in Table 3 . Note that Table 3
nly shows the counts in the first 30 bins of the RAWS-low and
AWS-mid subsamples, respectively, and the complete table can
e found in the online supplementary material of this paper. The
rrors shown in Table 3 are Poissonnian, and the determination of
he errors was calculated using methods described in Gehrels ( 1986 ).
lso note that the sky coverages shown in Table 1 are the effective sky

overage based on the matching rate between their respective RACS
nd WISE × SCOS catalogues, which provides a representation of
he sky coverage that RACS would have, only surveying regions
ith optical counterparts. The filament area is obtained based on the

tacked sky coverage in all redshifts, while the field /non-filament area
s calculated based on the area not covered by the filament catalogue,
ith the declination limited to RACS and SDSS coverage. 
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Figure 2. The zoom-in images of filaments shown in Fig. 1 . While all panels show the same redshift bin of 0.249 < z < 0.255 and of declination between 0◦
and + 30◦, the top panels show the distribution of the RAWS-low galaxies and the bottom panels show the distribution of the RAWS-mid galaxies. However, the 
left panels represent right ascensions between 185◦ and 215◦, and the right panels indicate right ascensions between 330◦ and 360◦. The colour bars indicate 
the estimated detection uncertainty in degrees, as determined using the methodology outlined by Carrón Duque et al. ( 2022 ). 
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The source counts of the RAWS-low and RAWS-mid subsamples 
ere then plotted based on the counts shown in Table 3 , respectively.
he plots of the source counts of the subsamples are given in Fig. 3 .
he top panel shows the source count plots for all subsamples of

he RAWS-low sample. Meanwhile, the source count plots for all 
ubsamples of the RAWS-mid sample are shown in the bottom panel 
f the figure. In both panels, the colour code for the data points of
he source counts follows the colour code shown in Figs 1 and 2
ith additional data points for all RAWS galaxies – denoted by blue 
lled circle. The plots also include the source counts for all sources
rom RACS-low and RACS mid data releases, in which they are 
epresented by grey filled circles. The error bars for all subsamples in
oth panels are also shown in the plots, following the errors presented
n Table 3 . 

To provide comparison with the source counts from previous 
adio sky surveys at 1.4 GHz, the 1.4-GHz normalized-Euclidean 
ource count plots from this work were also overlaid on the source
ounts from those surveys, as also shown in Fig. 3 . Those radio
ky surveys include the LAST-FIRST survey (Helfand, White & 

ecker 2015 ; indigo line), the ATESP survey (Prandoni et al. 2001 ;
ed line), the FIRST survey (White et al. 1997 ; orange line), the
ockman Hole Project survey (Prandoni et al. 2018 ; lime line), the
IGHTEE-COSMOS survey (Hale et al. 2022 ; turquoise line), the 
LA-COSMOS survey (Bondi et al. 2008 ; blue-violet line), and the
LBA + BGT-COSMOS (Herrera Ruiz et al. 2018 ; magenta line)

urvey. The colour-filled region around the line of these radio sky
urveys indicates the uncertainty range around their respective source 
ounts. 

A careful inspection of both panels in Fig. 3 reveals a noticeable
attening in the differential radio source counts at lower flux density

evels, specifically below approximately 3 mJy for the RAWS-low 

ubsample and below 2.5 mJy for the RAWS-mid subsample. This 
urnover is consistent with the completeness limits reported for the 
ACS surveys, as established by Hale et al. ( 2021 ) and Duchesne
t al. ( 2023 ), and reflects the 95 per cent completeness thresholds
or the respective RAWS catalogues, as stated in Sections 2.1.1 
MNRAS 541, 3696–3708 (2025)



3704 M. S. R. Hassan, Z. Z. Abidin and A. A. Nazri

MNRAS 541, 3696–3708 (2025)

Ta
bl

e 
3.
 

Ta
bu

la
te

d 
1.

4-
G

H
z 

no
rm

al
iz

ed
-E

uc
lid

ea
n 

so
ur

ce
 
co

un
ts
 
fo

r 
th

e 
(a

) 
R

A
W

S-
lo

w
 
an

d 
(b

) 
R

A
W

S-
m

id
 
sa

m
pl

es
 
fo

r 
th

e 
fir

st
 
10

 
flu

x 
de

ns
ity

 
bi

ns
. T

he
 
fir

st
 
co

lu
m

n 
sh

ow
s 

th
e 

lo
w

er
 
bo

un
da

ry
 
of
 
th

e 
flu

x 
de

ns
ity

 

bi
n,
 
S

l . 
Fo

r 
ea

ch
 
sa

m
pl

e,
 
th

e 
so

ur
ce

 
co

un
ts
 
fo

r 
al

l R
A

C
S 

ra
di

o 
so

ur
ce

s,
 
al

l R
A

W
S 

ga
la

xi
es

, R
A

W
S 

no
n-

fil
am

en
t g

al
ax

ie
s,
 
an

d 
R

A
W

S 
fil

am
en

t g
al

ax
ie

s 
ar

e 
pr

es
en

te
d 

in
 
th

is
 
ta

bl
e.
 
T

he
 
er

ro
r 

ba
rs
 
sh

ow
n 

in
 
th

e 
ta

bl
e 

ar
e 

Po
is

so
ni

an
, a

do
pt

ed
 
fr

om
 
G

eh
re

ls
 
( 1

98
6 )

. T
he

 
co

m
pl

et
e 

lis
t o

f 
th

is
 
ta

bl
e 

ca
n 

be
 
fo

un
d 

as
 
on

lin
e 

su
pp

le
m

en
ta

ry
 
m

at
er

ia
ls

. 

(a
) 

R
A

W
S-

lo
w
 
sa

m
pl

e 
R

A
C

S-
lo

w
 

R
A

W
S-

lo
w
 

R
A

W
S-

lo
w
 
no

n-
fil

. g
al

. 
R

A
W

S-
lo

w
 
fil

. g
al

. 
〈 S

〉 
S

2 .
 5 

d N
/
 d S

 
〈 S

〉 
S

2 .
 5 

d N
/
 d S

 
〈 S

〉 
S

2 .
 5 

d N
/
 d S

 
〈 S

〉 
S

2 .
 5 

d N
/
 d S

 

S
l 

(J
y )
 

N
 

( ×
10

−3
 

Jy
 ) 

(J
y 1 .

 5 
sr
 −1

 

) 
N
 

( ×
10

−3
 

Jy
 ) 

(J
y 1 .

 5 
sr
 −1

 

) 
N
 

( ×
10

−3
 

Jy
 ) 

(J
y 1 .

 5 
sr
 −1

 

) 
N
 

( ×
10

−3
 

Jy
 ) 

(J
y 1 .

 5 
sr
 −1

 

) 

0.
00

10
0 

64
68

5 
±

25
4 

1 .
 11

 
±

0 .
 06

 
1 .
 06

0 
±

0 .
 00

4 
53

61
 
±

73
 

1 .
 11

 
±

0 .
 06

 
1 .
 54

8 
±

0 .
 02

1 
10

31
 
±

32
 

1 .
 11

 
±

0 .
 06

 
1 .
 20

2 
±

0 .
 03

7 
24

5 
±

16
 

1 .
 11

 
±

0 .
 06

 
0 .
 34

2 
±

0 .
 02

2 
0.

00
12

1 
10

81
34

 
±

32
9 

1 .
 34

 
±

0 .
 07

 
2 .
 35

0 
±

0 .
 00

7 
80

81
 
±

90
 

1 .
 33

 
±

0 .
 07

 
3 .
 09

4 
±

0 .
 03

4 
19

39
 
±

44
 

1 .
 34

 
±

0 .
 07

 
2 .
 99

7 
±

0 .
 06

8 
44

7 
±

21
 

1 .
 34

 
±

0 .
 07

 
0 .
 82

8 
±

0 .
 03

9 
0.

00
14

6 
14

67
77

 
±

38
3 

1 .
 61

 
±

0 .
 09

 
4 .
 22

9 
±

0 .
 01

1 
10

45
7 

±
10

2 
1 .
 61

 
±

0 .
 09

 
5 .
 30

8 
±

0 .
 05

2 
29

19
 
±

54
 

1 .
 61

 
±

0 .
 09

 
5 .
 98

2 
±

0 .
 11

1 
64

0 
±

25
 

1 .
 61

 
±

0 .
 09

 
1 .
 57

2 
±

0 .
 06

2 
0.

00
17

6 
16

91
13

 
±

41
1 

1 .
 94

 
±

0 .
 10

 
6 .
 46

0 
±

0 .
 01

6 
10

81
0 

±
10

4 
1 .
 93

 
±

0 .
 11

 
7 .
 27

5 
±

0 .
 07

0 
34

08
 
±

58
 

1 .
 94

 
±

0 .
 11

 
9 .
 25

9 
±

0 .
 15

9 
74

4 
±

27
 

1 .
 94

 
±

0 .
 10

 
2 .
 42

3 
±

0 .
 08

9 
0.

00
21

2 
17

51
57

 
±

41
9 

2 .
 33

 
±

0 .
 13

 
8 .
 87

0 
±

0 .
 02

1 
10

17
3 

±
10

1 
2 .
 33

 
±

0 .
 13

 
9 .
 07

6 
±

0 .
 09

0 
33

60
 
±

58
 

2 .
 33

 
±

0 .
 13

 
12

 . 1
02

 
±

0 .
 20

9 
71

7 
±

27
 

2 .
 33

 
±

0 .
 12

 
3 .
 09

6 
±

0 .
 11

6 
0.

00
25

6 
16

95
21

 
±

41
2 

2 .
 81

 
±

0 .
 15

 
11

 . 3
81

 
±

0 .
 02

8 
89

88
 
±

95
 

2 .
 81

 
±

0 .
 15

 
10

 . 6
30

 
±

0 .
 11

2 
31

60
 
±

56
 

2 .
 81

 
±

0 .
 15

 
15

 . 0
89

 
±

0 .
 26

8 
71

6 
±

27
 

2 .
 82

 
±

0 .
 15

 
4 .
 09

8 
±

0 .
 15

3 
0.

00
30

9 
15

71
53

 
±

39
6 

3 .
 39

 
±

0 .
 18

 
13

 . 9
87

 
±

0 .
 03

5 
81

24
 
±

90
 

3 .
 39

 
±

0 .
 18

 
12

 . 7
38

 
±

0 .
 14

1 
29

45
 
±

54
 

3 .
 39

 
±

0 .
 19

 
18

 . 6
42

 
±

0 .
 34

4 
69

7 
±

26
 

3 .
 40

 
±

0 .
 19

 
5 .
 28

9 
±

0 .
 20

0 
0.

00
37

3 
14

10
75

 
±

37
6 

4 .
 09

 
±

0 .
 22

 
16

 . 6
46

 
±

0 .
 04

4 
69

75
 
±

84
 

4 .
 10

 
±

0 .
 22

 
14

 . 4
99

 
±

0 .
 17

4 
25

06
 
±

50
 

4 .
 10

 
±

0 .
 22

 
21

 . 0
30

 
±

0 .
 42

0 
58

7 
±

24
 

4 .
 10

 
±

0 .
 22

 
5 .
 90

5 
±

0 .
 24

4 
0.

00
45

0 
12

53
40

 
±

35
4 

4 .
 94

 
±

0 .
 27

 
19

 . 6
06

 
±

0 .
 05

5 
61

79
 
±

79
 

4 .
 94

 
±

0 .
 27

 
17

 . 0
28

 
±

0 .
 21

7 
22

78
 
±

48
 

4 .
 94

 
±

0 .
 27

 
25

 . 3
43

 
±

0 .
 53

1 
52

9 
±

23
 

4 .
 94

 
±

0 .
 28

 
7 .
 05

5 
±

0 .
 30

7 
0.

00
54

3 
11

00
56

 
±

33
2 

5 .
 96

 
±

0 .
 32

 
22

 . 8
22

 
±

0 .
 06

9 
55

03
 
±

74
 

5 .
 97

 
±

0 .
 33

 
20

 . 1
04

 
±

0 .
 27

1 
20

50
 
±

45
 

5 .
 98

 
±

0 .
 32

 
30

 . 2
35

 
±

0 .
 66

8 
46

0 
±

21
 

5 .
 94

 
±

0 .
 32

 
8 .
 13

2 
±

0 .
 37

9 

(b
) 

R
A

W
S-

m
id
 
sa

m
pl

e 
R

A
C

S-
m

id
 

R
A

W
S-

m
id
 

R
A

W
S-

m
id
 
no

n-
fil

. g
al

. 
R

A
W

S-
m

id
 
fil

. g
al

. 
〈 S

〉 
S

2 .
 5 

d N
/
 d S

 
〈 S

〉 
S

2 .
 5 

d N
/
 d S

 
〈 S

〉 
S

2 .
 5 

d N
/
 d S

 
〈 S

〉 
S

2 .
 5 

d N
/
 d S

 

S
l 

(J
y )
 

N
 

( ×
10

−3
 

Jy
 ) 

(J
y 1 .

 5 
sr
 −1

 

) 
N
 

( ×
10

−3
 

Jy
 ) 

(J
y 1 .

 5 
sr
 −1

 

) 
N
 

( ×
10

−3
 

Jy
 ) 

(J
y 1 .

 5 
sr
 −1

 

) 
N
 

( ×
10

−3
 

Jy
 ) 

(J
y 1 .

 5 
sr
 −1

 

) 

0.
00

10
0 

19
44

7 
±

13
9 

1 .
 12

 
±

0 .
 06

 
0 .
 31

6 
±

0 .
 00

2 
14

57
 
±

38
 

1 .
 12

 
±

0 .
 06

 
0 .
 42

5 
±

0 .
 01

1 
92

 
±

11
 

1 .
 13

 
±

0 .
 06

 
0 .
 10

9 
±

0 .
 01

3 
19

 
±

5 
1 .
 12

 
±

0 .
 06

 
0 .
 02

7 
±

0 .
 00

8 
0.

00
12

1 
58

25
5 

±
24

1 
1 .
 35

 
±

0 .
 07

 
1 .
 25

3 
±

0 .
 00

5 
41

37
 
±

64
 

1 .
 35

 
±

0 .
 07

 
1 .
 60

0 
±

0 .
 02

5 
38

4 
±

20
 

1 .
 36

 
±

0 .
 07

 
0 .
 60

6 
±

0 .
 03

1 
10

2 
±

10
 

1 .
 35

 
±

0 .
 07

 
0 .
 19

3 
±

0 .
 01

9 
0.

00
14

6 
11

28
69

 
±

33
6 

1 .
 61

 
±

0 .
 09

 
3 .
 21

9 
±

0 .
 01

0 
76

37
 
±

87
 

1 .
 61

 
±

0 .
 09

 
3 .
 91

5 
±

0 .
 04

5 
11

40
 
±

34
 

1 .
 62

 
±

0 .
 08

 
2 .
 38

4 
±

0 .
 07

1 
29

6 
±

17
 

1 .
 63

 
±

0 .
 08

 
0 .
 74

2 
±

0 .
 04

3 
0.

00
17

6 
16

19
06

 
±

40
2 

1 .
 94

 
±

0 .
 10

 
6 .
 12

2 
±

0 .
 01

5 
10

16
6 

±
10

1 
1 .
 94

 
±

0 .
 10

 
6 .
 91

0 
±

0 .
 06

9 
24

52
 
±

50
 

1 .
 95

 
±

0 .
 10

 
6 .
 79

7 
±

0 .
 13

7 
58

0 
±

24
 

1 .
 95

 
±

0 .
 11

 
1 .
 92

7 
±

0 .
 08

0 
0.

00
21

2 
18

66
29

 
±

43
2 

2 .
 34

 
±

0 .
 13

 
9 .
 35

5 
±

0 .
 02

2 
10

77
0 

±
10

4 
2 .
 33

 
±

0 .
 13

 
9 .
 70

5 
±

0 .
 09

4 
33

24
 
±

58
 

2 .
 34

 
±

0 .
 13

 
12

 . 2
15

 
±

0 .
 21

2 
84

9 
±

29
 

2 .
 34

 
±

0 .
 12

 
3 .
 74

0 
±

0 .
 12

8 
0.

00
25

6 
18

88
10

 
±

43
5 

2 .
 81

 
±

0 .
 15

 
12

 . 5
48

 
±

0 .
 02

9 
10

49
1 

±
10

2 
2 .
 81

 
±

0 .
 15

 
12

 . 5
32

 
±

0 .
 12

2 
37

46
 
±

61
 

2 .
 82

 
±

0 .
 15

 
18

 . 2
50

 
±

0 .
 29

8 
94

4 
±

31
 

2 .
 82

 
±

0 .
 16

 
5 .
 51

3 
±

0 .
 17

9 
0.

00
30

9 
17

33
91

 
±

41
6 

3 .
 39

 
±

0 .
 18

 
15

 . 2
76

 
±

0 .
 03

7 
90

59
 
±

95
 

3 .
 39

 
±

0 .
 18

 
14

 . 3
46

 
±

0 .
 15

1 
34

70
 
±

59
 

3 .
 39

 
±

0 .
 18

 
22

 . 4
12

 
±

0 .
 38

0 
84

9 
±

29
 

3 .
 38

 
±

0 .
 18

 
6 .
 57

3 
±

0 .
 22

6 
0.

00
37

3 
15

19
33

 
±

39
0 

4 .
 09

 
±

0 .
 22

 
17

 . 7
45

 
±

0 .
 04

6 
76

92
 
±

88
 

4 .
 10

 
±

0 .
 22

 
16

 . 1
49

 
±

0 .
 18

4 
30

41
 
±

55
 

4 .
 09

 
±

0 .
 22

 
26

 . 0
38

 
±

0 .
 47

2 
73

0 
±

27
 

4 .
 10

 
±

0 .
 22

 
7 .
 49

2 
±

0 .
 27

7 
0.

00
45

0 
13

05
16

 
±

36
1 

4 .
 94

 
±

0 .
 27

 
20

 . 2
09

 
±

0 .
 05

6 
67

23
 
±

82
 

4 .
 94

 
±

0 .
 27

 
18

 . 7
12

 
±

0 .
 22

8 
26

48
 
±

51
 

4 .
 94

 
±

0 .
 27

 
30

 . 0
58

 
±

0 .
 58

4 
66

4 
±

26
 

4 .
 94

 
±

0 .
 27

 
9 .
 03

5 
±

0 .
 35

1 
0.

00
54

3 
11

15
80

 
±

33
4 

5 .
 96

 
±

0 .
 32

 
22

 . 9
04

 
±

0 .
 06

9 
57

37
 
±

76
 

5 .
 96

 
±

0 .
 32

 
21

 . 1
68

 
±

0 .
 27

9 
22

69
 
±

48
 

5 .
 96

 
±

0 .
 32

 
34

 . 1
45

 
±

0 .
 71

7 
52

9 
±

23
 

5 .
 97

 
±

0 .
 32

 
9 .
 54

2 
±

0 .
 41

5 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/541/4/3696/8211820 by guest on 06 August 2025
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Figure 3. The 1.4-GHz normalized-Euclidean source count plots of the RAWS-low (top panel) and RAWS-mid (bottom panel) sample overlaid with the source 
counts from other previous radio surveys. In both panels, the colour code for the RAWS filament and non-filament galaxies is the same as in Fig. 1 , with 
additional samples are also shown in the figure – all RACS sources (grey dots) and all RAWS galaxies (blue dots). The source counts from other previous radio 
surveys include the LAST-FIRST survey (indigo line), the ATESP survey (red line), the FIRST survey (orange line), the Lockman Hole Project (lime line), the 
MIGHTEE-COSMOS survey (turquoise line), the VLA-COSMOS survey (blue-violet line), and the VLBA + GBT-COSMOS (magenta line). 
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nd 2.1.2 for the RACS-low and RACS-mid surveys, respectively.
he observed deviation from the expected Euclidean slope at these
ux density levels suggests increasing incompleteness, which is a
nown limitation when dealing with faint radio sources in wide-
rea continuum surveys. Importantly, it should be noted that the
ominal flux density threshold typically used to distinguish between
FGs and AGN in radio source count studies is approximately 1
Jy. Therefore, the majority of sources included in both the RAWS-

ow and RAWS-mid samples are above this threshold and are thus
redominantly AGN-dominated populations. 
It is clear in both panels of Fig. 3 that the differential source

ounts for the full RAWS galaxy sample and the RAWS non-filament
alaxies show strong consistency with those derived from previous
arge-area radio sky surveys, as evidenced by their alignment within
he shaded regions that represent the source count distributions of
arlier studies. This agreement, particularly across the flux density
ange of approximately 3–100 mJy, reinforces the reliability and
ompleteness of both subsamples. In contrast, the source count
istributions for the RAWS filament galaxies – across both the
AWS-low and RAWS-mid samples – systematically fall below

hose of the other RAWS subsamples and the majority of previous
urveys throughout the full flux density range examined. This
eviation indicates a comparatively lower surface density of radio
ources, particularly AGN, within filamentary environments relative
o those in non-filament or field regions, as well as those captured
n blind surveys. The underabundance of filament galaxies becomes
specially pronounced at flux densities exceeding the 95 per cent
ompleteness threshold of the RACS surveys, where the influence of
bservational biases is minimized. 
To statistically assess whether different subsamples of ra-

io sources originate from the same underlying distribution, the
olmogorov–Smirnov (KS) test was applied to their flux density
istributions. In the context of the RAWS samples, the KS test
as used to determine whether the flux density distributions of

adio galaxies in filaments differ significantly from those outside
lamentary environments. After applying the test to the subsamples
f RAWS filament and non-filament galaxies for both RAWS-low
nd RAWS-mid samples, the p-values for both samples have been
ound to be extremely less than 0.05, i.e. 1 . 035 × 10−63 for RAWS-
ow subsamples and 2 . 412 × 10−75 for RAWS-mid subsamples.
hese p values indicate that the null hypothesis – which states

hat both subsamples are drawn from the same parent distribution
can be rejected at a statistically significant level. This suggests that

nvironmental factors, such as residing in a filamentary structure,
ay influence the radio properties of galaxies. 

 DISCUSSION  A N D  C O N C L U S I O N S  

he radio source count analysis presented in this work provides
irect observational evidence that complements and expands upon
he environmental framework outlined in Section 1 . Superclusters,
s the largest gravitationally bound systems in the Universe, contain
 hierarchy of structures with varying densities, including filaments
elongated, intermediate-density structures connecting clusters and
roups (e.g. Tully et al. 2014 ; Chon et al. 2015 ). While the impact
f dense environments like clusters on galaxy evolution has been
xtensively studied (e.g. Dressler 1980 ; Poggianti et al. 2010 ;
arasco et al. 2023 ), the role of filaments remains less clear,

articularly with respect to their ability to either enhance or suppress
F and AGN activity (e.g. Porter et al. 2008 ; Kraljic et al. 2018 ; Liao
 Gao 2019 ; Malavasi et al. 2022 ). Due to this conflicting result, an
NRAS 541, 3696–3708 (2025)
ffort to tackle this issue by using astronomical tools, in particular
adio source count, has been a pivotal focus of this project. 

In order to construct the source count, this work has used several
ell-established surveys and catalogues at multiple wavelengths to

eside radio galaxies in filaments, where the surveys and catalogues
nclude the RACS surveys (Hale et al. 2021 ; Duchesne et al. 2023 ),

ISE × SCOS (Bilicki et al. 2016 ) and SDSS (Carrón Duque et al.
022 ). These surveys and catalogues were then cross-matched to
enerate two distinct RAWS samples, classified according to the
bserving frequencies of the RACS surveys – 887.5 and 1367.5 MHz
resulting in the RAWS-low and RAWS-mid samples, respectively.
he cross-matching procedure in this work has used a threshold

esolution of about 6 arcsec to match with the angular resolution
f the RACS surveys. The RAWS-low and RAWS-mid samples
ave been divided into several subsamples, which include all RAWS
alaxies, RAWS filament galaxies and RAWS non-filament galaxies,
here the last two subsamples are distinguishable based on the radio
alaxies’ position of whether or not these galaxies reside in filaments
r fields. The number of galaxies for each subsample is given in
able 1 . 
Since it is well-established that AGNs dominate the 1.4-GHz

uclidean-normalized differential radio source counts, S5 / 2 d N/ d S,
bove 1 mJy, (e.g. Becker et al. 1995 ; Condon et al. 1998 ; Padovani
t al. 2015 ; D’Amato et al. 2022 ) as given in Table 3 , it has been found
hat the majority of radio galaxies in our samples are dominated
y AGN, instead of SFGs, which resulted from the sensitivity
epths of the RACS-low and RACS-mid surveys. These radio
ource counts, presented in Fig. 3 , reveal that the full RAWS-low
nd RAWS-mid samples, and their respective subsamples RAWS-
ow and RAWS-mid non-filament galaxy population show excellent
greement with previous deep radio surveys such as FIRST (Becker
t al. 1995 ), ATESP (Prandoni et al. 2001 ), VLA-COSMOS (Bondi
t al. 2008 ), the Lockman Hole Project (Prandoni et al. 2018 ),
nd MIGHTEE-COSMOS (Hale et al. 2022 ). This consistency
cross flux densities from approximately 3–100 mJy demonstrates
he reliability of the samples and subsamples considered in this 
ork. 
However, the RAWS filament galaxy subsample for both RAWS-

ow and RAWS-mid shows a systematic deficit in source counts
t flux densities below ∼3 mJy – precisely where SFGs and low-
uminosity AGN are expected to dominate the radio population (e.g.
ondon 1989 ; Mauch & Sadler 2007 ) – with the most significant

uppression occurring from approximately 3 mJy and beyond for
oth samples. The observed discrepancy implies that the surface
ensity of radio-emitting AGN is significantly lower within the fila-
entary large-scale structure of the cosmic web when compared to

heir counterparts residing in non-filamentary or field environments.
urthermore, this underdensity is also evident when contrasted
ith the radio source populations detected in blind surveys, which
o not specifically target or isolate large-scale cosmic structures.
his picture is further supported by the results of the KS test,
hich provides statistical evidence that the radio galaxy populations

esiding in filamentary structures are significantly influenced by
he physical conditions and environmental characteristics of the
laments in which they are embedded. 
This deficit supports the growing body of evidence that filaments
ay act as quenching environments for galaxies. Optical studies

ave shown declining sSFRs for galaxies with decreasing distance
o filament spines (Alpaslan et al. 2016 ; Kuutma et al. 2017 ),
ccompanied by colour transformation and increasing early-type
ractions (Kraljic et al. 2018 ; Castignani et al. 2022 ). Similarly, recent
ydrodynamical simulations such as IllustrisTNG and Horizon-AGN
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lso report suppressed SFRs for galaxies residing near filaments, 
ikely due to environmental pre-processing mechanisms such as 
radual gas starvation (Dubois et al. 2014 ; Malavasi et al. 2022 ;
asan et al. 2023 ). The downturn in source counts observed in

his study, particularly for filament galaxies from approximately 
 mJy and above, is consistent with these results and suggests that
laments may regulate star-forming and AGN activity by limiting 
old gas availability, either through strangulation, weak ram pressure, 
r cosmic web stripping by the intergalactic medium (IGM). 
Conversely, several studies have proposed that filaments may play 

 role in enhancing SF under specific conditions, particularly in 
alaxies undergoing early stages of infall or gravitational interaction 
ithin the filamentary structure (Coppin et al. 2012 ; Darvish et al.
014 ; Kotecha et al. 2022 ; Zheng et al. 2022 ). These scenarios
ften involve increased gas accretion or compression due to mild 
nteractions, which could trigger short-lived bursts of SF before 
ventual quenching sets in. However, the source count analysis 
resented in this work reveals no such enhancement within the fila- 
ent population. Instead, the differential source counts for filament 

alaxies consistently lie below those of the total RAWS samples and 
he non-filament subsamples, particularly in the low-flux regime that 
s typically dominated by normal SFGs (Garrett et al. 2000 ; Mauch
t al. 2020 ). The absence of a star-forming excess, coupled with the
uppression observed even above the RACS completeness threshold, 
ndicates that environmental quenching mechanisms, such as ram- 
ressure stripping, strangulation, or reduced cold gas replenishment, 
re likely at play. These findings again support the hypothesis that, 
ithin the redshift range up to z ∼ 0 . 6 and the galaxy populations
robed by the RACS-low and RACS-mid surveys, the dominant 
nvironmental influence exerted by filaments is suppressive rather 
han stimulative with respect to galaxy activity. 

To further develop the RAWS project, future works should focus 
pecifically on a more detailed and comprehensive investigation 
f filament galaxies. By systematically characterizing the radio 
roperties of galaxies embedded within filamentary structures, along 
ith the incorporated properties observed in other wavelengths, it 
ould be possible to gain deeper insight into the role of filaments in

egulating AGN activity. Such analyses, which include constructing 
he radio luminosity functions, spectral index analysis and AGN 

volutionary pathways across redshifts, would help clarify whether 
he environmental effects observed in clusters – particularly the 
uppression or enhancement of radio activity – are also prevalent 
n the lower density, dynamically distinct environments of filaments. 
his approach, which will be presented in the upcoming papers of this
eries, would contribute significantly to understanding how galaxy 
volution is shaped by the diverse conditions across the cosmic web, 
articularly within the intermediate-density regime that filaments 
ffer. 
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