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A B S T R A C T 

We present a catalogue of filamentary structures identified in the SARAO (South African Radio Astronomy Observatory) 
MeerKAT 1.3 GHz Galactic Plane Surv e y (SMGPS). We extract 933 filaments across the surv e y area, 803 of which ( ∼86 per cent ) 
are associated with extended radio structures (e.g. supernova remnants and H II regions), while 130 ( ∼14 per cent ) are largely 

isolated. We classify filaments as thermal or non-thermal via their associated mid-infrared emission and find that 77/130 

( ∼59 per cent ) of the isolated sources are likely to be non-thermal, and are therefore excellent candidates for the first isolated, 
non-thermal radio filaments observed outside of the Galactic Centre (GC). Comparing the morphological properties of these 
non-thermal candidates to the non-thermal filaments observed towards the GC, we find that the GC filaments are on the whole 
angularly narrower and shorter than those across the SMGPS, potentially an effect of distance. The SMGPS filaments have 
flux densities similar to those of the GC; ho we ver, the distribution of the latter extends to higher flux densities. If the SMGPS 

filaments were closer than the GC population, it would imply a more energetic population of cosmic ray electrons in the GC. 
We find that the filament position angles in the SMGPS are uniformly distributed, implying that the local magnetic field traced 

by the filaments does not follow the large-scale Galactic field. Finally, although we have clearly shown that filaments are not 
unique to the GC, the GC nevertheless has the highest density of filaments in the Milky Way. 

Key words: techniques: interferometric – catalogues – surv e ys – ISM: structure – Galaxy: structure – radio continuum: ISM. 
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 I N T RO D U C T I O N  

ur understanding of the structure of the Milky Way has taken
reat strides in recent years in part due to large surv e ys of our
alactic Plane at a range of wavelengths. Structures of a filamentary
orphology permeate the interstellar medium (ISM) across different

ize scales, environments, and tracers, from low-density dust cirrus
n the infrared (IR; Low et al. 1984 ; Jackson, Werner & Gautier
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tomic H I filaments (e.g. Kalberla et al. 2016 ; Verschuur, Schmelz &
sgari-Targhi 2018 ; Clark & Hensley 2019 ; Kalberla, Kerp & Haud
020 ; Soler et al. 2020 ), and high-extinction star-forming filaments
f dust and molecular gas with a range of scales in the IR and
ubmillimetre (e.g. Schneider & Elmegreen 1979 ; Andr ́e et al. 2014 ;
agan et al. 2014 ; Li et al. 2016 ; Mattern et al. 2018 ; Zucker,
attersby & Goodman 2018 ; Arzoumanian et al. 2019 ; Schisano et al.
020 ). In the radio, tracing the ionized ISM, mysterious filamentary
tructures have been identified towards the Galactic Centre (GC;
usef-Zadeh, Morris & Chance 1984 ; Yusef-Zadeh, Hewitt & Cotton
004 ; Law, Yusef-Zadeh & Cotton 2008 ; Morris, Zhao & Goss 2017 ;
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Figure 1. (a) SMGPS 1.3 GHz moment zero continuum towards a filamen- 
tous region in the G342.5 + 0.0 tile (341 ◦ < l < 344 ◦, −1 . 56 ◦ < b < 1 . 56 ◦). 
(b) The same region as shown in (a), but following the high-pass filter 
technique (see Section 3 ) for removal of diffuse emission on scales larger 
than 2 arcmin. 
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arkov & Lyutikov 2019 ). With observations at 20 cm ( ∼1.5 GHz)
rom the Very Large Array, Yusef-Zadeh et al. ( 2004 ) identified
ore than 80 bright and highly linear filaments (from sub-arcminute 

o almost half a degree in length). Striking images of these radio
laments were recently taken by MeerKAT at 1.28 GHz (MeerKAT 

ollaboration 2018 ; Heywood et al. 2019 , 2022 ). The unprecedented
ensitivity and u, v-co v erage of MeerKAT allowed for one of the
ost comprehensive studies of the GC yet, revealing for the first

ime a population of fainter and shorter filaments (Yusef-Zadeh et al. 
022c , 2023 ). Many of these filaments have non-thermal spectral 
ndices (Yusef-Zadeh et al. 2022c ), and therefore are often referred 
o as non-thermal radio filaments (NRFs). 

Although these NRFs were first disco v ered 40 yr ago, a consensus
s yet to be reached on their nature and origin. Given their non-
hermal emission, they are reasonably supposed to be synchrotron 
mission from either an external or in situ acceleration mechanism 

f relativistic particles (e.g. Barkov & Lyutikov 2019 ; Yusef- 
adeh & Wardle 2019 ). Some postulate that NRFs are magnetic 
ux tubes illuminated by relativistic particles (Yusef-Zadeh et al. 
984 ; Morris & Serabyn 1996 ) from ram pressure-confined pulsar
ind nebulae (PWNe; e.g. Bykov et al. 2017 ; Thomas, Pfrommer &
nßlin 2020 ), supernova remnants (SNRs; e.g. Barkov & Lyutikov 
019 ), or stellar winds from massive stars (Rosner & Bodo 1996 ).
any NRFs are indeed seen to terminate around radio sources 

Yusef-Zadeh et al. 2022b ). The destruction of molecular clouds 
y the gravitational potential of the GC has also been shown to
roduce elongated structures with conditions conducive for particle 
cceleration through magnetic reconnection (Coughlin, Nixon & 

insburg 2021 ). Recent observations with MeerKAT show spatial 
oincidence of GC NRFs with a large-scale radio bubble, the remnant 
f a past energetic explosion, suggesting that they are brightened 
t the bubble edge (Heywood et al. 2022 ). Radio observations of
alaxy clusters have also identified NRFs in the intracluster medium 

ICM; e.g. Ramatsoku et al. 2020 ; Knowles et al. 2022 ). Comparing
he ICM and GC NRFs, Yusef-Zadeh, Arendt & Wardle ( 2022d )
uggest that both populations may have a common origin due to either 
ompression or stretching of magnetic field lines due to turbulence, 
r cloud–wind interactions. Searches for NRFs in the wider Galactic 
lane have so far been negative (Yusef-Zadeh et al. 2004 ), with the
trong implication that to form NRFs in the Milky Way requires the
nique high cosmic ray environment of the GC. 
The high fidelity and sensitivity of the recent SARAO (South 

frican Radio Astronomy Observatory) MeerKAT 1.3 GHz Galactic 
lane Surv e y (SMGPS; Goedhart et al. 2024 ) has rev ealed a popu-

ation of filamentary structures across the Galactic Plane. Some of 
hese filaments are convincing candidates for NRFs and, if so, would 
e the first such observed in the Galactic Plane. Confirming these 
andidates is important for a number of reasons. First, confirming 
hem would immediately call into doubt models for the NRFs that 
re unique to the peculiar properties of the GC (e.g. Yusef-Zadeh &
ardle 2019 ). Secondly, the NRFs can act as tracers of relativistic

articles injected into the ISM – tracing the spatial distribution and 
opulations of Galactic cosmic ray sources for the first time (e.g. 
weibel 2017 ). And lastly, if distances to the NRFs can be assigned

hey can also act as local measures of the magnetic field strength
ithin the Milky Way, assuming equipartition and that they trace 
agnetic flux tubes. 
In this paper, we present a full catalogue of filaments identified 

ithin the SMGPS, including candidate NRFs. In Section 2 , we 
ummarize the pertinent details of the SMGPS observations. Our 
ource extraction method is presented in Section 3 , and the deri v ation
f filament positional and morphological properties is discussed in 
ection 4 . In Section 5 , we conduct a multiwavelength analysis using
rchi v al IR observ ations and compare the source properties to the
roperties of NRFs identified towards the GC. We summarize our 
ndings in Section 6 . 

 OBSERVATI ONS  

he SMGPS (Goedhart et al. 2024 ) carried out a surv e y of a large
ortion of the Galactic Plane co v ering Galactic longitude ranges of
 

◦≤ l ≤ 61 ◦ and 251 ◦≤ l ≤ 358 ◦, and latitude ranges | b| � 1 . 5 ◦,
sing the 64-antenna MeerKAT array in the Northern Cape Province 
f South Africa. As detailed in Goedhart et al. ( 2024 ), the data were
aken using the L -band receiver between 2018 July 21 and 2020

arch 14, co v ering the frequenc y range of 856–1712 MHz with
096 channels and an ef fecti v e frequenc y of 1.3 GHz. Images from
ndividual pointings were combined into 57 spatially o v erlapping 

osaics each co v ering 3 ◦ × 3 ◦. We hereafter call these mosaics
tiles’, labelled by their central coordinates in Galactic longitude and 
atitude. As part of the first data release (DR1), bandwidth-weighted 
zeroth moment’ integrated intensity images derived from these tiles 
ere made available (for details, see Goedhart et al. 2024 ). We
ereafter call these the moment zero tiles (Fig. 1 a shows a zoomed-
n view of one of these moment zero tiles). The work presented
hroughout this paper utilizes these moment zero tiles. We refer the
eader to Goedhart et al. ( 2024 ) for a comprehensive description of
MNRAS 536, 1428–1445 (2025) 
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he data collection, reduction, calibration, imaging, and DR1 data
roducts. 

 M E T H O D  

.1 Source extraction 

ur aim is to identify potential NRF candidates in the Galactic
lane. We have therefore tuned our source extraction techniques to
oncentrate on filamentary structures that are reminiscent of the GC
RF population in their properties, that is those that are bright, highly

inear, and unassociated with known Galactic emission structures
uch as SNRs. Many filament finding techniques exist, each with its
 wn adv antages and disadv antages, and each dif ficult in its o wn way
o tune across a Galactic Plane surv e y with emission as complicated
s that in the SMGPS. Our method was moti v ated by simplicity and
omputational efficiency, is semi-automated, and can be summarized
y four main stages: 

(i) Removal of large-scale diffuse emission via spatial filtering 
(ii) Masking of emission via intensity threshold on filtered image
(iii) Removal of source masks based on their morphology 
(iv) Manual refinement for removal of artefacts 

Large-scale diffuse emission was largely remo v ed by implementa-
ion of a spatial filtering technique (e.g. Yusef-Zadeh et al. 2022c ). An
nitial low-pass filtered image was produced by applying a median
lter to the zeroth moment tile. 1 The median filter is often used
or noise reduction and edge enhancement in images, and is an
ppropriate approach here since our aim is to best identify the
rests/ridges of filaments, which may be considered similar to edges.
 final high-pass filtered image was produced by subtraction of

he low-pass filtered image from the original unfiltered image. The
indow size of the median filter was chosen by eye as that which best

nhanced the filamentary features, and was equal to 15 beamwidths
n size (2 arcmin). The high-pass filtered images therefore have
mission on scales larger than 2 arcmin remo v ed. The effect of this
ltering is illustrated in Fig. 1 , which shows a filamentous region
f the surv e y where e xtended emission is ef fecti v ely remo v ed. All
emaining structure extraction steps were conducted on these high-
ass filtered images. 
Structures were identified from the high-pass filtered images via

hresholding, where a mask was created of all emissions abo v e 3 ×
he rms background brightness – we refer to these as source masks.
oedhart et al. ( 2024 ) found the rms background brightness to be
0–15 μJy beam 

−1 in tiles not limited by dynamic range. After initial
esting, we settled on σ = 20 μJy beam 

−1 for the structure extraction
cross all tiles, which we found to be a decent middle ground between
iles with better and worse rms noise. 

By definition, the thresholding stage highlights any and all struc-
ures present in the filtered images abo v e the set threshold, including
adio galaxies, point sources, and spurious diffuse emission in higher
ms noise regions, for example. We thus perform morphological
lassification of the source masks to enable automated mask removal.
irst, structures with an area less than 20 synthesized beam areas
ere remo v ed ( ∼2 . 7 arcmin, a threshold judged by eye to best

emo v e some artefacts and small sources). The SMGPS point source
atalogue (Mutale et al., in preparation) considers sources less
han 5 synthesized beam areas, while the SMGPS extended source
atalogue (Bordiu et al., under re vie w) considers ev erything abo v e 5
NRAS 536, 1428–1445 (2025) 

 Using the scipy.ndimage.median filter function. 

b
m
b

ynthesized beam areas.All catalogues are therefore complementary
nd represent a combined effort to understand all of the complex
missions in the SMGPS. Secondly, we used the J-PLOTS algorithm
Jaffa et al. 2018 ), which from a structure’s brightness distribution
nd shape calculates its principal moments of inertia (named I 1 and
 2 ) along its two principal axes. Jaffa et al. ( 2018 ) construct the
 -moment metric as 

 i = 

I 0 − I i 

I 0 + I i 
, i = 1 , 2 , (1) 

here I 0 is the principal moment of inertia of a reference structure,
hich is a circular disc with uniform surface brightness (which has

qual principal moments of inertia along both its principal axes). In
omparison to the reference value I 0 , an elongated filament would
ave a smaller I 1 but larger I 2 , while a curved filament would have
oth I 1 and I 2 increased. Therefore, for the selection of elongated
lamentary structures, we select only the masks that have J 2 < 0
for more details, see Jaffa et al. 2018 ). 

The final morphological criterion placed on the masks is on the
spect ratio; defining the aspect ratio as the ratio of the mask major
o minor axis, we select the masks with aspect ratio ≥4 (similar to the
efinition of a filament used in star formation studies; e.g. Andr ́e et al.
014 ). 2 Our final manual refinement stage was conducted via visual
nspection of all extracted structures, which allowed the removal
f persistent artefacts that could not be remo v ed by our cuts. Our
nal catalogue contains a total of 933 elongated structures (see 
ig. 2 ). 
We stress that our filament identification process is highly con-

erv ati ve in that we apply stringent cuts on morphology, size, and
rightness in order to identify the most isolated and elongated
tructures in the SMGPS images. We have identified structures that
ie abo v e an intensity threshold of 3 σ ( ∼60 μJy beam 

−1 ), are greater
han 20 beam areas in size, have mask aspect ratio >4, and have
 2 < 0. Therefore, our sample of 933 radio filaments is highly
ikely to be an underestimate of the total number of filaments in
he Galactic Plane (as may be seen in comparison with the GC in 
ection 5.2 ). 

.2 Cr oss-corr elation to extended sources 

he SMGPS extended source catalogue (Bordiu et al., under re vie w)
dentified o v er 16 000 e xtended and diffuse sources, of which 24
er cent were matched to already known Galactic sources such as
 II regions, SNRs, and planetary nebulae. In order to confirm that
ur sample of filaments are isolated structures, we cross-referenced
ur filaments to SMGPS extended source catalogue members with
adii > 0.1 ◦. This was done by eye – a filament was considered
o be part of an extended structure if it visually o v erlapped with
he SMGPS extended source catalogue members. We found that
6 per cent (803/933) of filaments o v erlapped with extended radio
ontinuum structures, with the majority corresponding to SNRs
also new SNR candidates in the SMGPS SNR catalogue; Anderson
t al. 2024 ) and H II regions, while some corresponded to objects
agged by Bordiu et al. (under re vie w) as unclassified. We refer
o these as non-isolated filaments . The location of the remaining
4 per cent (130/933) of relatively isolated filaments in relation
o known Galactic sources is varied. Many were found to be
e an underestimation of the aspect ratio of the underlying source, since the 
ask minor axis will be broader than the underlying structure due to the 

lanket inclusion of all surrounding emission >3 σ . 
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Figure 2. Positions of all identified filaments across the surv e y area, with their major axes marked by coloured markers (these major axes are referred to as 
‘spines’ from Section 4 onw ards). Mark ed in blue and orange are filaments classed as isolated and non-isolated, respectively (see Section 3.2 ). Grey shaded 
regions indicate areas not covered by the survey (see Section 2 ), and the horizontal grey dashed line marks a Galactic latitude of 0 ◦ for reference. 
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M

Figure 2. ( cont. ) Caption as on previous page. The dashed black box marks the region presented in the SMGPS o v erview paper (Goedhart et al. 2024 ). The 
shift in latitude for panels with l < 300 ◦ marks the shift in the SMGPS co v erage to account for the Galactic warp. 
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elatively isolated in their neighbourhood, others were found to lie 
ust outside the catalogued radii of known Galactic sources, while a 
andful were found to reside within structures of both a relatively 
solated and filamentary nature that were tagged as unclassified by 
ordiu et al. (under re vie w). We refer to these filaments as isolated
laments . 

 RESULTS  

e present catalogues of isolated filaments and non-isolated fil- 
ments, and make these available as part of the SMGPS DR1
see the Data Availability statement for details, and Appendix A 

or details on the catalogue entries). The catalogues include both 
ositional and morphological source parameters. For the deri v ation 
f these parameters, we reduced our filament masks to 1-pixel 
ide ‘skeletons’ using the SCIKIT-IMAGE routine skeletonize 
ith the ‘Lee’ method (Lee, Kashyap & Chu 1994 ). Extraneous 
ff-shoots (or branches) in the skeletons were pruned using the 
nalyze skeletons function of the FILFINDER package (Koch & 

osolowsky 2015 ), and we hereafter refer to the pruned skeleton as
he source ‘spine’. 3 By definition, the filament spine traces the central 
rest of the filament mask. In this section, we describe the e v aluation
f our catalogued source parameters from their spines and present 
ur results from an analysis of these parameters across the surv e y
rea. We will present detailed analyses of individual sources in future 
ublications. 

.1 Source position and distribution 

e define the source positions as the geometric centroid position 
f a source’s spine pix els. We pro vide these source positions in
he catalogues in Galactic coordinates, pixel coordinates of the tile 
n which the source was identified, and in J2000 coordinates. Fig. 2
hows the distribution of the source spines across the surv e y area, and
ig. 3 shows examples of extracted filaments. The isolated filaments 
re coloured in blue, and are quite sparsely distributed across the 
urv e y area. Filaments that are associated with extended structure
re marked in orange, and indeed many clusters of these source 
pines are noticeable across the surv e y area (such as towards SNR
3.1 −0.6, top left of Fig. 3 ; Hurley-Walker et al. 2019 ). As seen

n Fig. 3 , not all the filamentary structure within SNR G3.1 −0.6
s identified by our algorithm, and this is likely to be a result of the
arious stringent morphological cuts applied during source extraction 
see Section 3.1 ). 

Fig. 4 shows the distributions of Galactic longitude and latitude of
ource centroid positions. The density of all filaments across Galactic 
ongitude averages to 1.8 filaments per square degree; ho we ver, 
t is clear from Fig. 4 that it is not a homogeneous distribution.
ilament density tails off considerably around l < 280 ◦ (towards 

he third Galactic quadrant). This can be attributed to geometrical 
onsiderations, as our line of sight towards the inner Galaxy is
nown to pass through a higher density of spiral arms (e.g. Dame,
artmann & Thaddeus 2001 ; Hou & Han 2014 ; Reid et al. 2019 ).
he same is true when considering the two filament populations 
eparately, with source densities averaging at 1.6 and 0.2 deg −2 

cross the surv e y area for non-isolated and isolated filaments, 
espectively. Across the first and fourth Galactic quadrants, the 
umulative distribution of source Galactic longitude for non-isolated 
 The filament spines are made available as part of the SMGPS DR1. See the 
ata Availability statement for details. 

s
T  

a  

F  
laments appears relatively uniform on the whole, while there appear 
o be two sharp increases in the isolated filament population around
 = 312 ◦ (corresponding to the sub-sample shown in Goedhart et al.
024 ) and l = 22 ◦. Running the two-sample Kolmogoro v–Smirno v
K–S) null hypothesis test (choosing a 95 per cent confidence level
f p = 0 . 05) on the two cumulative Galactic longitude distributions
eturns p = 0 . 0004, indicating that we may reject the null hypothesis
hat the two distributions are drawn from the same parent distribution. 
he distribution of Galactic latitudes of non-isolated filaments 
ppears normally distributed about b = 0 ◦, while there are hints of a
mall decrease in the number of isolated filaments around b ∼ 0 ◦. A
–S test on the cumulative distributions of Galactic latitude returns 
 = 0 . 04, suggesting that we may only marginally reject the null
ypothesis. Having said this, it is possible that the decrease in the
solated filaments around the mid-plane may be a result of the
ifficulty in separating sources from extended Galactic emission, 
hich is particularly bright and complex near the mid-plane. 

.2 Source morphology 

.2.1 Length, width, and length-to-width ratio 

e define the length of the filamentary structures as the length along
onsecutiv e pix els of the 1-pix el wide filament spine (see also e.g.
ucker & Chen 2018 ). A spine point that only varies in its either x or
 coordinate by 1 compared to the previous spine point’s coordinate
ontributes 1 pixel width ( θpix ) to the e v aluation of the length, while
 spine point that varies by 1 pixel in both its x and y coordinate (i.e.
ies diagonally to the previous spine point) contributes 

√ 

2 × θpix to 
he length. 

We estimate the source width as the full width at half-maximum
FWHM) of a Gaussian fitted to the mean transverse intensity 
rofile of the source. The e v aluation of this profile is, ho we ver,
omplicated by the position angle (PA) of the source on the sky
see Section 4.2.2 for more on the PA). We therefore implemented
 straightening algorithm to ef fecti v ely remo v e sources of their non-
ero PA. Using the straighten filament interp function 
f the FRAGMENTPYTHON package (Clarke et al. 2019 ; Clarke, 
illiams & Walch 2020 ); an n th order polynomial was fitted through

ll the filament spine points (from testing, the best results were
btained when n = 10). The gradient of the polynomial at each
pine point defines the normal direction of the spine (i.e. pointing
long the local direction of the spine); thus, the orientation of the
ransverse direction to the spine is defined as being perpendicular 
o that. Along the transverse path to each spine point, the intensity
rofile was e v aluated via interpolation using the second-order Taylor
xpansion out to 2.5 arcmin either side of the spine (examples of the
nterpolation paths are shown in red in Fig. 5 a). In repeating this
rocess for every spine point, and aligning each transverse intensity 
rofile along the x-axis with consecutive transverse intensity profiles 
tacked along the y-axis, a ‘straightened’ 2D intensity profile of the
ource is achieved (where the x-axis corresponds to the radial offset
rom the spine, and the y-axis corresponds to the filament length). The
traightened source is ef fecti vely re-aligned from having a locally
ariable PA to having a global PA of 0 ◦. The result of this procedure is
hown in Fig. 5 (b), which shows the 2D transverse intensity structure
f a straightened filament. Fig. 5 (c) shows the mean transverse
ntensity profile, along with the fitted Gaussian. We deconvolve the 
ource width from the beamwidth ( θbeam 

) by taking 
√ 

θ2 
source − θ2 

beam 

. 
he filament shown in Fig. 5 has a length of 4.63 arcmin, PA = 21 ◦,
nd is resolved with a fitted FWHM of 11.2 arcsec, and a deconvolved
WHM of 7.8 arcsec. Interestingly, this filament is one of very few in
MNRAS 536, 1428–1445 (2025) 
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Figure 3. SMGPS 1.3 GHz moment zero continuum (unfiltered) towards examples of identified filaments. Filaments found within extended structures are 
plotted in orange (i.e. non-isolated), while those found to be isolated are plotted in blue. Dashed black box/circles represent the bounding box or circle of known 
structures in the SMGPS extended source catalogue (Bordiu et al., under re vie w). 

Figure 4. Distribution of (a) Galactic longitude and (b) Galactic latitude, of 
non-isolated filaments (orange) and isolated filaments (blue). The distribution 
is shown both as a histogram (coloured bins, left y -axis) and as a cumulative 
probability (solid coloured lines, right y -axis). The bin widths of the 
histograms are 2.5 ◦ and 0.1 ◦ in Galactic longitude and latitude, respectively. 
Vertical grey lines in (a) delineate the three zones on the plot that correspond 
to the first, fourth, and third Galactic quadrants (from left to right). 
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he catalogue to have a point source almost half way along its length
t Galactic longitude and latitude of 342.716 ◦ and −0.442 ◦. This
reviously unidentified point source is catalogued for the first time
NRAS 536, 1428–1445 (2025) 
y the SMGPS point source catalogue (Mutale et al., in preparation),
ppearing under the name of G342.7160 −0.4417 with an observed
ngular diameter of 18.9 arcsec. 

Fig. 6 shows the distributions of (a) the filament lengths, (b) the
tted FWHMs, and (c) the length-to-width ratios (defined as the
atio of the filament length to the fitted FWHM). The histograms are
onstructed separately for the isolated and non-isolated filaments, to
llow inspection of whether the properties differ between the two
ource populations. The distributions of isolated versus non-isolated
lament lengths (Fig. 6 a) by eye appear indistinguishable from each
ther, though a handful of non-isolated filaments are seen to extend to
onger lengths. Running the K–S test on the cumulative distributions
f filament lengths (Fig. 6 d) returns p = 0 . 85, implying that the two
ay be drawn from the same distribution. 
Fig. 6 (b) shows the distribution of filament widths. At the lower

nd of the plot, the distributions appear similar to the eye; ho we ver, it
s clear that the distribution for non-isolated filaments exhibits a tail
hat extends to broader widths. In fact, none of the isolated filaments
ave widths larger than 0.57 arcmin. The handful of broader non-
solated filaments may be attributed to regions of extended emission
eing brighter and more crowded (such as the SNR region shown in
ig. 3 ), which contributes to more complicated transverse intensity
rofiles and potentially skewed fitted widths. Despite these visual
ifferences, a K–S test run on the full range of filament widths (Fig.
 e) returns p = 0 . 15, implying that the two distributions may be
rawn from the same parent distribution. The 8 arcsec FWHM of
he MeerKAT beam is marked in Figs 6 (b) and (e). All isolated
laments appear resolved. Only one non-isolated filament is at best
arginally resolved, with a fitted FWHM of 7 . 5 ± 0 . 5 arcsec – this
lament is seen to reside within SNR G343.1 −0.7 (Whiteoak &
reen 1996 ). 
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Figure 5. (a) High-pass filtered 1.3 GHz continuum image of an isolated 
filament shown in Fig. 1 . The spine is marked by the black line. The red lines 
show four example transverse slices interpolated out to ±2.5 arcmin in the 
perpendicular direction from four spine points. (b) High-pass filtered 1.3 GHz 
continuum image of the filament in (a) having undergone the ‘straightening’ 
procedure (see Section 4.2.1 ). The vertical black line marks the position of 
the spine at a radial offset of zero, and the dashed white line marks the 
outline of the source mask. Panels (a) and (b) are both on the same linear 
colour scale. (c) The mean profile of all the transverse intensity profiles 
shown in panel (b). The dashed blue line is the Gaussian fit made to the 
profile, and the grey dashed line represents the beam shape with an FWHM of 
8 arcsec. 
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During filament extraction, the aspect ratio of the source mask 
defined as the mask major-to-minor axis ratio) was used as a criterion
n the morphology of extracted sources (see Section 3.1 ). Here,
e recalculate the aspect ratio as the ratio of the filament length

o the fitted FWHM. This gives the aspect ratio of the underlying
laments within the structure masks, and we hereafter call this the

ength-to-width ratio. By definition, the length-to-width ratio of the 
lament will be larger than the aspect ratio of the mask due to

he filament width being smaller than the mask outline. We have
herefore selected the most elongated sources across the surv e y. Fig.
 (c) shows the distribution of filament length-to-width ratios. Since 
he distributions of filament lengths and widths each appear similar at
he lower end of the distributions across the two source populations,
t is unsurprising that the distributions of length-to-width ratios also 
ppear largely similar to each other. Both peak around a median
alue of 14, and have standard deviations of 9. A K–S test on their
umulative distributions (Fig. 6 f) shows that with p = 0 . 28 we may
ot reject the null hypothesis and the two distributions may be drawn
rom the same parent distribution. All isolated filaments have length- 
o-width ratios greater than 4, while only a handful of non-isolated
laments have length-to-width ratios less than 4. This is attributed 

o these non-isolated filaments being in more crowded environments 
esulting in poorly constrained fitted widths. 

.2.2 Position angle 

he filament PA is calculated as the arctangent of the ratio of the
hange in x and y pixel coordinates between the first and last points
f the filament spine. By this definition, the PA is measured from
alactic North (where PA = 0 ◦). PAs of ±90 ◦ are filaments lying
arallel to the Galactic Plane, where positive and negati ve v alues go
owards the clockwise and anticlockwise directions, respectively. 

Fig. 7 (a) shows the normalized histograms of the PA distribution
or both the isolated filaments (blue) and non-isolated filaments 
orange). Both distributions extend the full range of angles, from 

90 ◦ to + 90 ◦. To the eye, ho we ver, there are slight differences
etween the two distrib utions. For instance, the PA distrib ution for the
on-isolated filaments appears relatively flat, while the distribution 
or isolated filaments appears to exhibit a slight peak in numbers
round ±45 ◦. This apparent difference is more clearly seen in
igs 7 (b) and (c) of the cumulative distribution functions (CDFs), a
isualization of the two distributions free from any biases introduced 
y histogram binning. A K–S test of the two CDFs, ho we ver,
oes not corroborate these visual differences, with p = 0 . 16 instead
ndicating that the two distributions may be drawn from the same
arent distribution. 
We further compare the two CDFs to that of a uniform distribution.
e randomly draw 1000 uniform distributions and conduct a K–S 

est between each of these realizations and both PA CDFs. In each
ealization, the number of randomly drawn points is matched to 
he filament sample size; that is, we draw 803 random points for
ealizations compared to the non-isolated filaments, and 130 points 
or realizations compared to the isolated filaments. The CDFs of all
andomly drawn uniform distributions are shown in grey in Figs 7 (b)
nd (c), where it is clear that there is more noise present in the
andom uniform distributions in Fig. 7 (c) where a fewer number
f data points were drawn. In Fig. 7 (d), we show the distribution
f resulting K–S test p -values, plotted using the Gaussian kernel
ensity estimation (KDE) technique. 4 The p -value distribution for 
MNRAS 536, 1428–1445 (2025) 

 Using the scipy.stats.gaussian kde function. 
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Figure 6. Normalized histograms of (a) the filament lengths in arcminutes, (b) the fitted FWHMs in arcseconds, and (c) the length-to-width ratios, of non- 
isolated filaments (orange) and isolated filaments (blue). The corresponding cumulative distributions are shown in panels (d), (e), and (f). In panels (b) and (e), 
the vertical dashed line marks the synthesized SMGPS beamwidth of 8 arcsec. 

Figure 7. (a) Normalized histogram of PA (in degrees) of non-isolated filaments in orange and isolated filaments in blue. (b) CDF of the PAs of non-isolated 
filaments. Plotted in grey are 1000 realizations of randomly drawn uniform distributions between −90 ◦ and + 90 ◦ (each realization draws 803 data points, i.e. 
the same number as the non-isolated filament sample size). (c) CDF of the PAs of isolated filaments. As in (b), grey shows the 1000 randomly drawn uniform 

distributions (each realization draws 130 data points, i.e. the same as the isolated filament sample size). (d) Gaussian KDE of the p -values resulting from a 
K–S test between each of the 1000 randomly drawn uniform distributions and the same corresponding filament sub-sample as coloured in the other panels. The 
vertical dashed grey line marks the 95 per cent confidence level at p = 0 . 05. 
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he relatively isolated sources is broad, peaking around p = 0 . 22,
ith both a high- p tail and an extension down to low p-values below

he critical value of 0.05. Therefore, in the majority of realizations,
e cannot reject the null hypothesis, and the PA distribution of the

solated filament population may be said to be drawn from a uniform
NRAS 536, 1428–1445 (2025) 
arent distribution. On the other hand, the non-isolated filaments
eak at a p -value of 0.035, however exhibit a high-powered tail to
arge p-values. Therefore, we do not have the statistical power to say
ither way whether the PA distribution of the non-isolated filaments
s distinguishable from a uniform distribution or not. 



SMGPS filamentary source catalogue 1437 

Figure 8. Normalized histograms of (a) the filament lengths in arcminutes, (b) the fitted FWHMs in arcseconds, (c) the length-to-width ratios, and (d) PAs, of 
isolated filaments. Those in red have coincident MSX 8.3 μm IR emission, while those in blue do not. Both source populations together would produce the blue 
histograms in Figs 6 and 7 . The corresponding cumulative distributions are shown in panels (e), (f), (g), and (h). In panels (b) and (f), the vertical dashed line 
marks the synthesized beamwidth of 8 arcsec. 

5

A  

i  

C  

u
w
fi
t
p  

(

5

A  

u

w
b  

K
t
a  

e
t  

T  

r

t
t
t
c

G  

w
p
M  

a
t  

v  

s
o
s  

M  

a  

c  

c  

o
t  

t  

r  

t  

N  

I  

i  

a  

i  

a
c
i

f
w

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/536/2/1428/7917625 by guest on 10 January 2025
 DISCUSSION  

s discussed in Section 1 , isolated NRFs have so far only been
dentified towards the GC (Yusef-Zadeh et al. 1984 , 2004 ; MeerKAT
ollaboration 2018 ; Heywood et al. 2019 ), and were thought to
niquely occur there due to environmental factors. With the SMGPS, 
e identify candidate isolated radio filaments outside the GC for the 
rst time. In this section, we cross-reference the isolated sources 

o IR emission (Section 5.1 ) and compare their morphological 
roperties to those of the GC population as derived using our methods
Section 5.2 ). 

.1 Thermal versus non-thermal filaments 

s discussed in Goedhart et al. ( 2024 ), despite MeerKAT’s excellent
, v-co v erage, there is a frequency-dependent minimum baseline, 
hich affects the sensitivity to bright extended emission across the 
and (this has also been noted in other works across L band; e.g.
ansabanik et al. 2024 ). While the high-pass filtering we applied 

o the moment zero images (to enhance the filamentary structures 
gainst the local background) is ef fecti ve in removing the offending
xtended emission, the filtered images suffer significantly from nega- 
i ve bo wl features, which af fect the zero-le vel surrounding emission.
hese ne gativ e bowls tend to worsen with higher frequencies, which

esults in an artificial steepening of the spectrum with frequency. 
Due to these limitations in deriving a radio spectral energy distribu- 

ion from the SMGPS data, we relied on a multiwavelength analysis 
o classify filaments as being thermal or non-thermal in nature. Non- 
hermal radio emission is typically signposted by the absence of 
orresponding mid-IR (MIR) emission (e.g. Cohen & Green 2001 ; 
reen 2014 ; Anderson et al. 2017 ), unlike thermal radio emission,
hich is characterized by bright MIR emission, typically from 

olycyclic aromatic hydrocarbons. We used observations from the 
idcourse Space Experiment (MSX; Price et al. 2001 , with 20 arcsec

ngular resolution) to identify candidate NRFs (or candidate NRFs) 
hat were found not to be coincident with bright MIR emission upon
isual inspection of the 8.3 μm image. We concentrated our analysis
olely on the isolated filament population, since our cross-matching 
f sources to the SMGPS extended source catalogue already allowed 
e gre gation of sources known to belong to SNRs and H II regions.
oreo v er, it is the isolated filaments that have the best potential as

nalogues of those found in the GC. Filaments that were spatially
oincident by eye with some bright MIR emission were classed as
andidate thermal radio filaments. Ho we ver, it is possible that the
bserved MIR emissions are merely features that are present along 
he line of sight (e.g. Par ́e, Lang & Morris 2022 ; Par ́e et al. 2024 ). We
herefore stress that without distance information in the MIR nor the
adio we can only speculate on the coincidence of the MIR emission
o the filaments. In all, we identified 77/130 ( ∼59 per cent) candidate
RFs, and 53/130 ( ∼41 per cent) candidate thermal radio filaments.

n order to firmly designate the nature of these filaments, their spectral
ndex should be measured, but as previously stated in this section we
re unable to do this with our current data. Given the uncertainty
n the MIR classification it is possible that some candidate NRFs
re misclassified as candidate thermal radio filaments – both the 
andidate thermal and candidate non-thermal filaments are included 
n the filament catalogue detailed in Appendix A . 

Figs 8 (a)–(d) show the distribution of morphological properties 
or candidate thermal and NRFs. The distributions of source length, 
idth, length-to-width ratio, and PA all appear largely similar across 
MNRAS 536, 1428–1445 (2025) 
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Figure 9. Distribution of (a) Galactic longitude and (b) Galactic latitude, of 
the isolated SMGPS filaments expressed as a histogram (coloured bins, left 
y -axis) and as a CDF (solid coloured lines, right y -axis). Red corresponds 
to filaments that are spatially coincident with MSX 8.3 μm emission on the 
sky, and blue corresponds to those lacking in IR emission on the sky. The 
histogram bin widths are 2.5 ◦ and 0.1 ◦ in Galactic longitude and latitude, 
respectively. 
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he two sub-populations. This is reflected by K–S tests run on their
umulative distributions (Figs 8 e–h) returning large p-values in all
our cases ( p = 0 . 35, 0.11, 0.31, and 0.31, respectively, for length,
idth, aspect ratio, and PA). Therefore, in the isolated filament
opulation presented here, both the probable thermal and non-
hermal filaments may have their properties drawn from the same
espective parent distributions. We also examined the distributions of
ux density between the candidate thermal and non-thermal filaments
nd found that there is no significant variation between the two sub-
amples; a K–S test returns a p -value of 0.93. 

Fig. 9 shows the distribution of filament centroid positions for can-
idate thermal and non-thermal filaments. Considering the Galactic
ongitude distribution (Fig. 9 a), the longitude dependence seen in
ig. 4 appears less pronounced, possibly due to the smaller sub-
ample size involved. Considering the Galactic latitude distribution
Fig. 9 b), it is clear that the candidate non-thermal filaments extend
arther abo v e and below the Galactic Plane, while the majority of
hose coincident with IR emission lie around the Galactic Plane.
his is reflected in the slope of the CDF between Galactic latitudes
f ±0 . 5 ◦ around the mid-plane being three times steeper for filaments
ith coincident IR emission (0 . 94 ± 0 . 05) compared to those without

0 . 31 ± 0 . 01). Conducting a K–S null hypothesis test, the returned
 -value of 0.003 indicates that the null hypothesis of the two
istributions being drawn from the same parent distribution can be
ejected. This behaviour follows expectation, since IR emission is
nown to be more concentrated towards the Galactic Plane (e.g.
olinari et al. 2016 ) as are the massive stars and H II regions, which

re likely to be responsible for thermally ionizing radio filaments. 

.2 Comparison to the Galactic Centre 

s discussed in Section 1 , NRFs have until now only been seen
owards the GC (Yusef-Zadeh et al. 2004 ; Heywood et al. 2022 ).
ur sample of candidate NRFs found in the SMGPS described in
NRAS 536, 1428–1445 (2025) 
ection 5.1 is likely to contain the first NRFs to be seen outside of
he GC. Comparing the morphological properties of our candidate
on-thermal filaments to the NRFs of the GC may shed light on the
rigin of these filaments. 
F or consistenc y, we e xtracted filaments from the GC total-intensity
osaic (see Fig. 10 ; Heywood et al. 2022 ) using exactly the same
ethods as applied across the SMGPS (as detailed in Section 3.1 ). At
 arcsec, the synthesized beamwidth of the GC mosaic is half that of
he SMGPS. 5 We conducted the spatial filtering of extended emission
sing the same 2 arcmin size median filter that was applied to the
MGPS data (corresponding to 30 GC-mosaic beamwidths). As with

he SMGPS, we thresholded the GC mosaic to three times the rms
oise, which was measured in largely emission-free regions of the GC
osaic to be ∼40 μJy beam 

−1 . We applied the same morphological
uts on J -moments and mask aspect ratio as detailed in Section 3.1 ,
nd conducted a final by-eye visual inspection of the source masks
or removal of radio galaxies and spurious sources. We also removed
laments seen to reside within known Galactic structures such as
NRs and classified the thermal/non-thermal nature of the remaining
laments using MSX 8.3 μm emission as in Section 5.1 . As noted in
ection 5.1 , ho we ver, we caution that without distance information

n the MIR nor the radio, the classification of these filaments as
hermal or non-thermal may be affected by line-of-sight confusion
e.g. Par ́e et al. 2022 , 2024 ). These last two steps are in addition to the
rocedure used by Yusef-Zadeh et al. ( 2023 ), but are implemented
ere to enable consistent cross-comparisons between GC NRFs and
ur SMGPS sample of candidate NRFs. 
Despite the differences in our and Yusef-Zadeh’s filament reco v ery

rocedures, Fig. 10 of our extracted GC filament spines shows that
e nevertheless recover the majority of the bright and long NRFs

rom Yusef-Zadeh et al. ( 2023 ). Significant differences arise for
i) filaments associated with bright extended emission, which are
emo v ed by our mask aspect ratio criteria, and (ii) the short and
redominantly faint filament population, which fails our thresholding
nd background criterion. For instance, we do not identify the
ajority of the Radio Arc filaments, a bundle of bright NRFs

elonging to the Radio Arc bubble surrounding Sgr A ∗ that traverse
he Galactic Plane through regions of extended emission. We also do
ot identify a significant population of the fainter filaments around
he Sgr C and E regions. We do, ho we ver, identify well-kno wn radio
laments such as the Snake (Gray et al. 1991 ), Harp (Thomas et al.
020 ), and Pelican (Lang et al. 1999a ), which is encouraging as
his is what our method was specifically tailored to do. In total, we
dentify 69 radio filaments, of which 43 lack spatially coincident IR
mission. In the remainder of this section, we compare the properties
f the GC and candidate SMGPS NRF populations. 

.2.1 Filament morphology 

e calculated the morphological properties of the GC filaments in
he same way as detailed in Section 4 , and compared them to the
roperties of the isolated, candidate NRFs (see Section 5.1 ) identified
cross the SMGPS. In Fig. 11 , we show histograms of (a) filament
engths, (b) widths (FWHM), (c) length-to-width ratios, and (d) mean
ux e v aluated along the filament spines. We find that, on the whole,

he GC filaments are shorter in length than the SMGPS population,
ith a median length of 1.8 pc compared to 4.4 pc. We also find the
C filaments to be narrower in width than the SMGPS population,



SMGPS filamentary source catalogue 1439 

Figure 10. MeerKAT 1.28 GHz total-intensity mosaic of the GC (Heywood et al. 2022 ). Overlaid in green are the 1-pixel wide spines of filaments extracted 
using the same method as applied to the SMGPS in this work (detailed in Section 3.1 ). Three named NRF regions that are mentioned in the text are labelled. 

Figure 11. Normalized histograms of (a) the filament lengths in arcminutes, (b) the fitted FWHMs in arcseconds, (c) the length-to-width ratios (i.e. the ratio 
of the length to the fitted FWHM), and (d) the mean flux along the source spines in mJy beam 

−1 , of the candidate non-thermal SMGPS filaments (blue) and 
the IR-dark GC filaments identified using the method outlined in Section 3.1 (green). The corresponding cumulative distributions are shown in panels (e), (f), 
(g), and (h). In panels (b) and (f), the vertical dotted line marks the SMGPS beam FWHM of 8 arcsec, and the vertical dashed line marks the GC mosaic beam 

FWHM of 4 arcsec. 
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Figure 12. (a) Normalized histogram of PA (in degrees) of isolated, candidate non-thermal SMGPS sources in blue and IR-dark GC filaments in green. (b) CDF 
of the PAs of IR-dark GC filaments. Plotted in grey are 1000 realizations of randomly drawn uniform distributions between −90 ◦ and + 90 ◦ (each realization 
draws 69 data points, i.e. the same number as the IR-dark GC sample size). (c) CDF of the PAs of candidate non-thermal SMGPS filaments. As in (b), grey 
shows the 1000 randomly drawn uniform distributions (each realization draws 77 data points, i.e. the same as the candidate non-thermal SMGPS filament sample 
size). (d) Gaussian KDE of the p -values resulting from a K–S test between each of the 1000 randomly drawn uniform distributions and the same corresponding 
filament sub-sample as coloured in the other panels. The vertical dashed grey line marks the 95 per cent confidence level at p = 0 . 05. 

w  

o  

e  

c  

fi  

t  

f  

t  

T  

(  

G  

p  

s
 

n  

<  

G  

s  

h  

p  

i
 

i  

e  

M  

a  

1  

2  

a  

c  

r  

2  

p  

C  

N  

S  

a  

c  

t  

f  

b  

p  

w  

r  

I

5

W  

m  

i  

fl  

c  

w  

m  

i  

t  

fi  

I  

w  

(  

N  

G  

e  

r  

(

5

F  

G  

S  

f  

t  

i  

(  

w  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/536/2/1428/7917625 by guest on 10 January 2025
ith a median width of 12.4 arcsec compared to 20.2 arcsec. A total
f five GC filaments have widths greater than 40 arcsec, and these
 xclusiv ely belong to those in more crowded regions such as the
losely spaced Harp filaments where the transverse intensity profile
tting is confused (Yusef-Zadeh et al. 2022a ). Running K–S tests on

he cumulative distributions of source length and width (Figs 11 e and
) returned vanishingly small p-values in both cases, indicating that
hese trends may not be drawn from the same parent distributions.
he distributions of filament length-to-width ratios on the other hand

Figs 11 c and g) appear largely similar to the eye across both the
C and the SMGPS sources; ho we ver, a K–S test with a returned
-value of only 0.05 does not strongly corroborate these visual

imilarities. 
Short filaments have been identified towards the GC in large

umber – Yusef-Zadeh et al. ( 2023 ) identify hundreds of filaments
 66 arcsec in length, lying predominantly within ±0 . 4 ◦ of the
alactic mid-plane. Though our method does not identify this

ame filament population (only three filaments in our extraction
ave lengths less than 66 arcsec), it is interesting that the filament
opulation we identify indeed consists of relatively short filaments
n comparison to the SMGPS. 

Either the GC filaments are indeed shorter and narrower than those
dentified across the SMGPS or the difference could merely be an
ffect of distance in which more distant filaments appear smaller.
any of the external mechanisms proposed for NRFs in the GC

re related to stellar winds from massive stars (e.g. Rosner & Bodo
996 ), PWNe, and SNRs (e.g. Bykov et al. 2017 ; Barkov & Lyutikov
019 ), and other radio sources (e.g. Yusef-Zadeh et al. 2022b ; see
lso Section 1 ). Assuming that the same may be true of the SMGPS
andidate NRFs, it is therefore reasonable to assume that they may
eside related to Galactic spiral arms (e.g. Roman-Duval et al. 2009 ,
010 ; Reid et al. 2019 ; Rigby et al. 2019 ). Were the SMGPS filament
opulation located between us and the 8.2 kpc distant GC (Gravity
ollaboration 2019 ), and assuming that the intrinsic widths of the
RFs are broadly the same everywhere, the distributions of GC and
MGPS filament widths would imply that the SMGPS filaments
re a factor of 3 closer than the GC filaments. We, ho we v er, hav e no
onstraint on where the candidate NRFs across the SMGPS reside and
herefore cannot say with any confidence that distance is responsible
NRAS 536, 1428–1445 (2025) 
or the varying filament morphological properties. It could instead
e an indication of a true difference between the two populations,
robably due to the more extreme properties of the GC environment,
hich is known to have stronger magnetic field strengths and cosmic

ay ionization rates (e.g. Chuss et al. 2003 ; van der Tak et al. 2006 ;
ndriolo et al. 2015 ). 

.2.2 Mean filament flux 

e examined the distribution of mean filament flux (e v aluated as the
ean flux along the filament spines) of GC and SMGPS filaments

n Fig. 11 (d). As can be seen, the GC filaments have a tail to higher
uxes than compared to the SMGPS filaments. A K–S test on their
umulative distributions (Fig. 11 h) returns p = 0 . 005, meaning that
e may reject the null hypothesis and say that the two distributions
ay not be drawn from the same parent distribution. If the differences

n length and width between the GC and SMGPS populations are due
o the greater distances of the GC filaments, this implies that the GC
laments are much more luminous than the SMGPS population.
t is difficult to derive the total energy of synchrotron radiation
ithout underlying knowledge of the local magnetic field strength

which is notoriously unconstrained in the GC; Crocker et al. 2010 ).
evertheless, assuming equipartition, an intrinsically more luminous
C filament population would imply greater cosmic ray electron

nergies, consistent with the order-of-magnitude increase in cosmic
ay ionization rates seen in the GC versus local molecular clouds
e.g. Tak et al. 2006 ; Indriolo et al. 2015 ). 

.2.3 Position angle 

ig. 12 (a) shows the distribution of filament PAs for both the IR-dark
C and candidate non-thermal SMGPS populations. The PAs of the
MGPS filaments were shown in Section 4.2.2 to likely be drawn
rom a uniform distribution. The PAs of the IR-dark GC filaments on
he other hand appear clearly peaked around PA = 0 ◦. Ho we ver, as
n Section 4.2.2 , a K–S test on the two cumulative distributions
Figs 12 b and c) does not corroborate these visual differences,
ith p = 0 . 13 instead indicating that the two distributions may be



SMGPS filamentary source catalogue 1441 

Figure 13. Distribution of filament PA against length for (a) the IR-dark 
GC filaments and (b) the IR-dark SMGPS filaments (see Section 5.1 ). The 
v ertical gre y dashed line marks PA = 0 ◦. 
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rawn from the same parent distribution. We repeated the analysis 
resented in Section 4.2.2 , and compared the distributions of PAs 
o 1000 randomly drawn uniform distributions (see Fig. 12 b). As in
ection 4.2.2 , the number of data points that were randomly drawn
ere matched to the filament sample size; that is, we drew 69 random
oints for realizations compared to the IR-dark GC sample, and 
7 points for realizations compared to the candidate non-thermal 
MGPS sample. These random uniform realizations are shown in 
igs 12 (b) and (c). A K–S test was conducted between each of the
000 random realizations and their corresponding filament sample, 
nd the resulting p-values are plotted in Fig. 12 (d). The distributions
f p-values of the candidate non-thermal SMGPS filaments sit firmly 
bo v e the critical p-value of 0.05, meaning that the two distributions
ay be drawn from the same parent distribution (i.e. that of a uniform

istribution). Though the distribution of p-values of the IR-dark GC 

laments peaks at 0.04, ∼70 per cent of the 1000 K–S tests returned
 p-value > 0.05, with a median p-value abo v e 0.05 of 0.13. 

Yusef-Zadeh et al. ( 2023 ) present an analysis of the PAs of GC
laments with respect to their lengths. They show that the short
lament population (with lengths < 1 arcmin) has a largely uniform 

istribution of PAs with respect to Galactic North, while the longest 
laments exhibit PAs largely perpendicular to the Galactic Plane. 
s shown in Fig. 13 (a), we also reco v er this behaviour, despite

he smaller sample of filaments that our method was able to extract.
o we ver, the SMGPS candidate NRFs do not show the same relation
etween the PA and their length (see Fig. 13 b). 

The Milky Way has an ordered large-scale magnetic field in the 
orm of an axisymmetric or bisymmetric spiral, which is similar to 
hat of other nearby galaxies (Han & Wielebinski 2002 ). Filaments 
racing this large-scale magnetic field should be expected to be 
entred around PAs of ±90 ◦, i.e. parallel to the Galactic Plane.
he magnetic field towards the GC is known to be bimodal and
tronger than that of molecular clouds in the Galactic disc (e.g. 
huss et al. 2003 ; Morris 2006 ; Ferri ̀ere 2009 ). While IR and sub-
m studies of the GC have shown the presence of a large-scale
agnetic field oriented parallel to the Galactic Plane (e.g. Nishiyama 

t al. 2010 ; Mangilli et al. 2019 ; Guan et al. 2021 ; Butterfield
t al. 2024 ; Par ́e et al. 2024 ), radio studies have shown the GC
RFs that are oriented perpendicularly to the Galactic Plane trace an 
rdered, vertical magnetic field (e.g. Tsuboi et al. 1986 ; Yusef-Zadeh, 
ardle & Parastaran 1997 ; Lang, Morris & Eche v arria 1999b ). Gi ven

he SMGPS filaments have an apparently uniform distribution of 
As from −90 ◦ to + 90 ◦, we suggest that the local magnetic field
he SMGPS filaments trace does not follow the large-scale Galactic 
eld. 

.2.4 Filament Galactic distribution 

inally, we compared the angular distribution of the GC and SMGPS
andidate NRFs to each other. Fig. 14 shows histograms of the GC
nd SMGPS candidate NRFs in both Galactic longitude and latitude. 
mmediately, one can see in the upper panel that the GC has a much
igher density of filaments than the rest of the Galactic Plane. NRFs
ay not be unique to the GC, but the unusual properties of the GC

ertainly have resulted in a much greater density of filaments. 
The lower panel of Fig. 14 shows the Galactic latitude distribution

f both filament populations. The GC filaments tend to lie closer to
 = 0 ◦ than their SMGPS counterparts, although there is a deficit at
 = 0 ◦ in both populations. A K–S test suggests that it is unlikely that
oth samples are drawn from the same population (with p = 0 . 002).
he deficit in both populations at b = 0 ◦ may be due to source
onfusion and the difficulty in identifying filaments in the complex 
mission near the mid-plane. Ho we ver, the significant difference 
n latitude distribution between the two populations is likely to 
e a real effect as both samples were extracted with the same
echniques. Heywood et al. ( 2022 ) speculate that the GC filaments
re causally connected to a large-scale radio bubble associated with 
gr A ∗ (Heywood et al. 2019 ). We suggest that the greater density
f filaments towards b = 0 ◦ in the GC provides supporting evidence
or this hypothesis. 

.2.5 Correlation of SMGPS versus GC filament morphological 
arameters r egar dless of mid-infrar ed classification 

n Sections 5.1 and 5.2 , we classified our SMGPS and GC filament
opulations as candidate thermal and candidate non-thermal based 
n the by-eye coincidence (or lack thereof) of 8.3 μm MIR emission
bserved with MSX. Widespread MIR emission of both the GC and
MNRAS 536, 1428–1445 (2025) 
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M

Figure 15. Normalized histograms of (a) the filament lengths in arcminutes, (b) the fitted FWHMs in arcseconds, (c) the length-to-width ratios (i.e. the ratio 
of the length to the fitted FWHM), (d) the mean flux along the source spines in mJy beam 

−1 , and (e) PAs, of all isolated SMGPS filaments (blue, i.e. the same 
distributions shown in Figs 6 and 7 ) and all GC filaments identified using the method outlined in Sections 3.1 and 5.2 (green, i.e. without considering the MIR 

analysis). The corresponding cumulative distributions are shown in panels (f), (g), (h), (i), and (j). In panels (b) and (g), the vertical dotted line marks the SMGPS 
beam FWHM of 8 arcsec, and the vertical dashed line marks the GC mosaic beam FWHM of 4 arcsec. 
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Table 1. p-values returned by running K–S tests on the cumulative distribu- 
tions of the morphological parameters of SMGPS filaments and GC filaments. 
Column 2 pertains to tests run on only the candidate non-thermal isolated 
filament populations (i.e. the distributions shown in Figs 11 and 12 ), while 
column 3 shows the tests run on all the isolated filaments (including both 
candidate non-thermal and candidate thermal filaments, i.e. the distributions 
shown in Fig. 15 ). 

Parameter Candidate NRFs only All isolated filaments 
(Sections 5.2.1 , 5.2.2 , and 5.2.3 ) (Section 5.2.5 ) 

Length 1 . 4 × 10 −7 1 . 9 × 10 −9 

Width 1 . 2 × 10 −7 2 . 0 × 10 −15 

Length-to-width ratio 0.05 0.13 
Mean flux 0.005 1 . 5 × 10 −6 

PA 0.13 0.03 
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inner) Galactic Plane may result in a large number of filaments
eing misidentified as candidate thermal filaments due to line-of-
ight confusion (e.g. Par ́e et al. 2022 , 2024 ). We therefore present
 comparison of the distributions of morphological parameters for
he full isolated filament populations extracted across the SMGPS
in Section 3 ) and towards the GC (in Section 5.2 ) regardless of the

IR classification (see Fig. 15 ). 
The correlations discussed in Sections 5.2.1 and 5.2.2 are un-

hanged. We find that the filaments, regardless of our MIR classifi-
ation, remain both shorter and narro wer to wards the GC than across
he SMGPS (Figs 15 a, b, f, and g). We continue to find the distribution
f length-to-width ratios similar across both the GC and SMGPS
amples (Figs 15 c and h), and that the distribution of mean fluxes
xtends to larger values in the GC population than across the SMGPS
Figs 15 d and i). K–S tests run on the cumulative distributions of
lament lengths, widths, length-to-width ratios, and mean fluxes all
orroborate the correlations found towards the candidate non-thermal
laments in Sections 5.2.1 and 5.2.2 . In fact, the returned p-values

ndicate a strengthening of the noted correlations (see Table 1 ), likely
ttributable to the increased sample size of filaments considered
ompared to the candidate non-thermal only filaments shown in
ig. 11 . 
In Section 5.2.3 , the PA distribution of the candidate non-thermal

laments across the SMGPS and the IR-dark GC filaments were visu-
lly dif ferent (Fig. 12 a); ho we ver, this was not strongly corroborated
y a K–S test, which returned a p-value of 0.13. An analysis of the
wo distributions in relation to randomly drawn uniform distributions,
o we ver, re vealed that while the SMGPS population may be drawn
rom a uniform distribution that the GC distribution could not. Now,
egardless of the MIR classification (Figs 15 e and j), we find that the
NRAS 536, 1428–1445 (2025) 

–S test run on the cumulative distributions of isolated SMGPS and a
C filaments returns a smaller p-value of 0.03, corroborating those
isual differences and indicating that they may not be drawn from
he same parent distribution. This change in p-value is also likely
ttributable to the increase in sample size. 

In sum, we conclude that our discussion of the properties of the
MGPS filaments in relation to the GC filaments is robust to the
ncertain MIR classification. 

 C O N C L U S I O N S  

ere, we present a catalogue of 933 filamentary structures observed
n the 1.3 GHz continuum SMGPS. Our filament identification
rocess is tuned to identify a conserv ati ve catalogue of the brightest,
ost extended, and unconfused filaments in the images and includes
 final visual refinement to remo v e artefacts. 
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We divide our sample into 803 non-isolated filaments that are 
ssociated with extended radio sources in the SMGPS Extended 
ource Catalogue (Bordiu et al., under re vie w) and 130 isolated
laments. Non-isolated filaments are predominantly associated with 
NRs and H II re gions. A multiwav elength analysis reveals that 77
f the isolated filaments are excellent candidates for NRFs like those 
een towards the GC (Heywood et al. 2022 ; Yusef-Zadeh et al. 2023 ).
f so, these are the first NRFs observed outside the GC, calling into
uestion theories of their formation that rely on the unique properties 
ithin the GC. 
Using the same extraction process as we used for the SMGPS, we

xtracted a consistent comparison sample of non-thermal filaments 
rom the MeerKAT GC mosaic published by Heywood et al. ( 2019 ).

e compare the two populations of filaments in detail to ascertain 
heir similarities and difference. In summary, we find that 

(i) The GC filaments are found to be predominantly shorter and 
arrower than the SMGPS population, with many GC filaments only 
arginally resolved by the synthesized beam. The morphologies 

f the two populations are different to each other, with K–S tests
ndicating that it is statistically unlikely that the two samples are 
rawn from the same parent distribution. We speculate that this could 
e an effect of distance were the GC filaments more distant. However,
ithout accurate distances to the SMGPS filaments we cannot be 

ertain. 
(ii) The mean flux densities of GC filaments have a brighter 

ail to the distribution, although the bulk of both populations have 
imilar mean flux densities. We suggest that the GC filaments are 
ntrinsically more luminous than the SMGPS population, implying 
 more energetic cosmic ray population in the GC; ho we ver, in the
bsence of distance information we cannot conclusively say. 

(iii) We find no evidence for the PA distribution of the longest 
MGPS filaments being preferentially aligned perpendicular to the 
alactic Plane, in contrast to that found by Yusef-Zadeh et al. ( 2023 ).
e confirm Yusef-Zadeh’s result for the GC with our independent 
C filament extraction. Considering the overall large-scale magnetic 
eld structure of the Milky Way, it is probable that the local field

raced by the SMGPS filament population does not follow the global 
agnetic field. 
(iv) Lastly, we compare the o v erall Galactic distribution of fila- 
ents and show that the GC has a much greater density of known
laments than the Galactic Plane. Although NRFs are not unique to 

he GC, the unusual properties within the GC have certainly resulted 
n a greater number of filaments. We detect a significant difference in
he latitude distribution of GC and SMGPS filaments, which supports 
he causal connection with Sgr A ∗ already suggested by Heywood 
t al. ( 2022 ). 

In summary, we have identified a population of candidate NRFs 
ithin the SMGPS, the first such population identified outside the 
C. While a detailed analysis of the filament radio spectral indices 
as not possible in this work, these candidate NRFs warrant future 

tudies to confirm their nature and associate them with individual 
osmic ray emitters. We will present studies of individual filaments 
n future publications. 
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PPENDI X  A :  C ATA L O G U E S  

e present two filament catalogues, one of filaments identified to re-
ide within mostly known Galactic sources (non-isolated filaments),
nd a second of comparatively isolated filaments (see Section 3.2 ).
he isolated filament catalogue contains both the candidate thermal
nd candidate non-thermal filaments classified by our MIR analysis
see Section 5.1 ). Both catalogues follow the structure detailed in
able A1 . 
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Table A1. Format of the catalogue of filamentary structures. 

Column name Unit Description 

ID – Filament ID number, unique within the isolated catalogue, and unique within the non-isolated catalogue. 
tile – The first four characters of the name of the image tile. 
lon deg Galactic longitude of the centroid position of the source skeleton. 
lat deg Galactic latitude of the centroid position of the source skeleton. 
x coord pix x pixel coordinate within the tile of the centroid position of the source skeleton. 
y coord pix y pixel coordinate within the tile of the centroid position of the source skeleton. 
RA 

h m s (J2000) Right ascension of the centroid position of the source skeleton. 
Dec. ◦′ ′′ (J2000) Declination of the centroid position of the source skeleton. 
bbox x1 pix x pixel coordinate of the bottom left corner of the source bounding box. 
bbox y1 pix y pixel coordinate of the bottom left corner of the source bounding box. 
bbox x2 pix x pixel coordinate of the top right corner of the source bounding box. 
bbox y2 pix y pixel coordinate of the top right corner of the source bounding box. 
peak flux mJy beam 

−1 Peak flux of the source along the skeleton pixels only. 
mean flux mJy beam 

−1 Mean flux of the source along the skeleton pixels only. 
length arcmin Length of the source skeleton. 
width fwhm arcsec Fitted FWHM of the source derived from Gaussian fitting. 
width deconv arcsec Width of the source deconvolved from the 8 arcsec MeerKAT beam. 
width err arcsec Statistical error on the FWHM from the Gaussian fitting. 
aspect – Aspect ratio of source mask, derived during source extraction as the ratio of the mask major and minor axes e v aluated 

using the PYTHON function skimage.measure.regionprops . 
l to w ratio – Length-to-width ratio of the source, derived from the calculated length and fitted width (column length / width fwhm). 
angle deg Orientation of the source skeleton with respect to Galactic North (i.e. 0 deg is perpendicular to the Galactic Plane, positive 

values tend clockwise, and ne gativ e values tend anticlockwise). 
J1 – J 1 moment. 
J2 – J 2 moment. 
assoc source – The name of the associated extended sources (if any) as it appears in the SMGPS extended source catalogue (Bordiu et al., 

under re vie w). 
MSX emission – Only for the isolated filament catalogue, a flag denoting whether the source is coincident with IR 8.3 μm MSX emission. 
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