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Abstract

The Galactic center (GC) is an extreme region of the Milky Way that is host to a complex set of thermal and
nonthermal structures. In particular, the GC contains high-density gas and dust that is collectively referred to as
the Central Molecular Zone (CMZ). In this work, we study a subset of HNCO filaments identified in Band 3
Atacama Large Millimeter/submillimeter Array (ALMA) observations of the GC obtained by the ALMA CMZ
Exploration Survey that are comparable to high-density filaments identified in the Galactic disk. We compare the
orientation of the magnetic field derived from 214 pum Stratospheric Observatory for Infrared Astronomy and
850 pum James Clerk Maxwell Telescope observations with the filament orientation to determine which
mechanisms dominate the formation of these filaments. We observe a large range of magnetic orientations in our
observed filaments indicating the complex environments the filaments are located in. We also compare the
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observational results to synthetic datasets created using an MHD model of the GC. Our analysis reveals that the
dominant mechanisms local to the HNCO filaments vary throughout the GC with some filaments being dominated
by supersonic turbulence and others by subsonic turbulence. The comparison to synthetic observations indicates
that the observed filaments are in magnetically dominated environments that could be supporting these filaments
against collapse. Our results on the CMZ filaments are also compared to results obtained on similar filaments
located in the Galactic disk, and we find that the filaments studied here are possible CMZ analogs to the dense
filamentary “bones” observed previously in the Galactic disk.

Unified Astronomy Thesaurus concepts: Interstellar medium (847); Galactic center (565); Interstellar magnetic
fields (845); Dense interstellar clouds (371); Interstellar filaments (842); Polarimetry (1278)

1. Introduction

The Galactic center (GC) is the dynamic center of the
Galaxy where material from the Galactic disk is channeled
inward along the Galactic bar (M. C. Sormani & A. T. Barnes
2019; H. P. Hatchfield et al. 2021; R. G. Tress et al. 2024). The
molecular material within radii of 100-300 pc in the GC is
collectively referred to as the Central Molecular Zone (CMZ).

The CMZ is comprised of roughly 5% of the total molecular
gas in the Galaxy and 80% of the dense molecular gas with
column densities > 10> cm ™2, with star formation rate (SFR)
estimates indicating it is 10% that of the entire Milky Way
(K. Immer et al. 2012; S. N. Longmore et al. 2013; A. T. Barnes
et al. 2017; E. A. C. Mills 2017; M. R. Morris 2023). This SFR
is lower than expected, however, given the high densities in the
region (see, e.g., J. D. Henshaw et al. 2023, for a recent review).
The reason for the low CMZ SFR remains unclear, though there
are multiple possible explanations such as the strength and
driving of turbulence (J. M. D. Kruijssen et al. 2014; C. Federrath
et al. 2016) or that the region is in a period of inactivity
(J. M. D. Kruijssen et al. 2014; J. M. Rathborne et al. 2014;
M. R. Krumholz & J. M. D. Kruijssen 2015; J. D. Henshaw
et al. 2023). Alternatively, the strong magnetic field in
the region could suppress star formation (e.g., M. Morris &
E. Serabyn 1996).

One way to enhance our understanding of what mechanism
is regulating star formation in the CMZ is through the study of
different morphological structures in the region. One such
population of distinct morphological structures is molecular
filaments. The largest of these filaments (with lengths > 10 pc)
in the Galactic plane are high-density (~10* cm ) objects that
trace the spiral structure of the Galaxy (A. A. Goodman et al.
2014; M. J. Reid et al. 2014). These structures are known as
the “bones,” since they trace the highest density regions of the
Milky Way spiral arms (C. Zucker et al. 2015, 2018). The
Stratospheric Observatory for Infrared Astronomy (SOFIA)
legacy survey named Filaments Extremely Long and Dark: A
Magnetic Polarization Survey (FIELDMAPS) is analyzing the
bones using polarimetric 214 pm High-resolution Airborne
Wideband Camera Plus (HAWC+) observations to determine
the role of the magnetic field in supporting the filaments
against gravitational collapse (I. W. Stephens et al. 2022;
S. Coudé et al. 2026). FIELDMAPS finds that the magnetic
field tends to be perpendicular to the bone G47.064-0.26 (G47)
at its highest densities with a more complex field at
lower densities (I. W. Stephens et al. 2022). More recently,
FIELDMAPS presents results on a larger sample of 12 bones,
finding that the field tends to be perpendicular in this larger
sample as well (S. Coudé et al. 2026). They conclude that the
magnetic field is important in preventing cloud collapse
against gravity for G47 and the larger bone sample in general.
G47 and the other bones studied by FIELDMAPS are all well

removed from the GC (Table 2 of S. Coudé et al. 2026). It is
therefore important to study whether filamentary structures
with similar morphologies exist and, if so, if they exhibit
similar magnetic field properties. The CMZ is the perfect
region to search for similar filamentary structures because of
its high densities and extreme properties.

Recently, HNCO filamentary structures similar to the bones
were identified in C. Battersby et al. (2026) using the Atacama
Large Millimeter/submillimeter Array (ALMA) CMZ
Exploration Survey (ACES) observations. C. Battersby et al.
(2026) classified the HNCO filaments into small-scale
filamentary structures with lengths of ~1 pc and large-scale
filamentary structures (LFs) with lengths of ~10 pc, similar
lengths to the bones. Three of each type of filament were
studied in detail in C. Battersby et al. (2026), though several of
each filament class are identified in the CMZ. The LFs
observed in C. Battersby et al. (2026) mainly trace large-scale
orbital structures in the GC, similar to how the bones are found
to trace the spiral arms of the Galaxy. The three LFs studied in
C. Battersby et al. (2026) show a remarkable range of
magnetic field orientation with respect to filament orientation,
having variously a parallel, perpendicular, or mixed magnetic
field alignment.

In this work we focus on an expanded subset of HNCO LFs
to deepen our understanding of the connection between high-
density filaments and magnetic fields. Figure 1 shows a three-
color image of the complex distributions of thermal and
nonthermal structures in the GC. The 1.28 GHz MeerKAT
observations are shown in yellow, which trace the hot plasma
pervading the region (I. Heywood et al. 2022), the cyan shows
the cool dust traced by the 250 ym Herschel-SPIRE observa-
tions (S. Molinari et al. 2011), which reveals a figure-eight
pattern that characterizes the large-scale structure of the CMZ
(J. M. D. Kruijssen et al. 2015; D. L. Walker et al. 2015;
C. Battersby et al. 2025a, 2025b; D. Lipman et al. 2025;
D. L. Walker et al. 2025), and the purple shows the ACES
HNCO moment 0 emission, which reveals the HNCO filaments
(S. N. Longmore et al. 2025, submitted; D. L. Walker et al.
2025, submitted). The LFs studied in this work are extracted
from the ACES HNCO distribution shown in Figure 1, which
largely traces the cool dust emission in the region at column
densities above 10** cm 2.

In Section 2 we detail the observations used in this work. In
Section 3 we describe how we isolate the HNCO LFs and how
we study the alignment of the magnetic field with these
structures. We then detail the properties of the MHD model we
use to compare to our observations in Section 4 and the
synthetic data that are created based on this model in
Section 5. We present our results in Section 6, discuss our
findings in Section 7, and summarize our results in Section 8.
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Figure 1. A three-color view of the GC with 20 cm (1.28 GHz) MeerKAT radio emission tracing hot plasma in yellow (I. Heywood et al. 2022), 250 pm cool dust
observed by Herschel in cyan (S. Molinari et al. 2011), and the 3.4 mm (87.9 GHz) ACES HNCO 4-3 moment 0 distribution observed in ALMA Band 3 in purple

(S. N. Longmore et al. 2025, submitted; D. L. Walker et al. 2025, submitted).
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Figure 2. The ACES HNCO moment 0 distribution (S. N. Longmore et al. 2025, submitted) saturated to show the fainter filamentary features in the CMZ. Far-
Infrared Polarimetric Large Area CMZ Exploration (FIREPLACE) 214 um and B-fields In Star-forming Region Observations (BISTRO) 850 pm magnetic field
orientations are overlaid as blue and yellow dashes, respectively (D. Paré et al. 2024; J. Karoly et al. 2025). The CMZ cloud regions and northern extent of the ACES

coverage that have been masked out are indicated with red boxes.

2. Observations

In this section we describe the different data products used
to perform the analysis described in this work.

2.1. ACES HNCO

ACES is a Cycle 8 Band 3 large program on ALMA
(2021.1.00172.S, PI: S. Longmore). This survey observed
most of the molecular gas in the CMZ at 3 mm with a
0.21 km s~ velocity resolution (S. N. Longmore et al. 2025,
submitted; A. Ginsburg et al. 2025, submitted; D. L. Walker
et al. 2025, submitted; X. Lu et al. 2025, submitted; P.-Y. Hsieh
et al. 2025, submitted) at an angular resolution of ~3" (or 0.1 pc
at the assumed GC distance used throughout this work of
8.2 kpc; Gravity Collaboration et al. 2019). We primarily use
the ACES HNCO 4(0, 4)-3(0, 3) spectral line which has a
frequency of 87,925.237 MHz as described in detail in
D. L. Walker et al. (2025, submitted). This line is thought to

trace dense molecular gas and low-velocity shocks (S. Martin
et al. 2008; J. D. Henshaw et al. 2016; G. Kelly et al. 2017).
We display the moment 0 ACES distribution of the HNCO
emission line in gray scale in Figure 2, saturated to show the
fainter HNCO filaments. We note that the negative emission in
the HNCO map is a result of imaging artifacts caused by the
edge of the ALMA primary beam and the imaging reconstruc-
tion method. The red boxes indicate the locations of prominent
CMZ molecular clouds, which are masked out to identify only
filaments that are separate from molecular clouds as detailed in
Section 3. We also mask out the northern spur of the dataset
where structures may not be local to the CMZ, as shown with
the northernmost red box. We note that there is a significant
asymmetry in the ACES HNCO emission of the GC, where
more HNCO emission is observed in the eastern half
of the GC. This asymmetry reflects the general asymmetry
observed in the GC where a greater number of high-density
clouds are observed in the eastern half of the GC (such as



THE ASTROPHYSICAL JOURNAL, 1000:37 (19pp), 2026 March 20

Sgr B2, the dust ridge, and the Brick) than in the western half
(e.g., J. D. Henshaw et al. 2023).

2.2. FIREPLACE Dust Polarization

The FIREPLACE survey observed the cool dust in the CMZ
at 214 pm using SOFIA/HAWC+. These observations have a
pixel size of 479 (beam size of 1976; N. O. Butterfield et al.
2024; D. Paré et al. 2024). Since nonspherical grains
preferentially align with their long axes perpendicular to the
magnetic field orientation (B-RAT alignment; A. Lazarian &
T. Hoang 2007; C. S. Anderson et al. 2015), the emission from
FIREPLACE is polarized. This polarization enables the
orientation of the magnetic field local to the grains to be
inferred (by rotating the polarization angle by 90°).

We employ the same significance cuts used by D. Paré et al.
(2024) to only consider the polarization on lines of sight
that satisfy h4/0,,> 200, p,14/0p, > 3.0, and pg,(214) < 50
where 1,14 and oy,,, are the 214 pm emission and uncertainty,
P24 and o, =~ are the 214 pm polarization intensity and
uncertainty, and p¢(214) is the percentage polarization
(p214/I214 x 100). These significance cuts align with standard
SOFIA /HAWC+ practices (D. A. Harper et al. 2018).

The plane of sky magnetic field orientation derived from the
214 pm FIREPLACE observations is shown as blue dashes in
Figure 2. The dashes shown are beam sampled to the 196
FIREPLACE beam size and are shown with a constant length.

The FIREPLACE magnetic field is argued to be mostly
tracing CMZ structures since the magnetic field orientation
largely traces the orientations of the CMZ clouds (D. Paré
et al. 2024; D. M. Paré€ et al. 2025); however, we note that in
the lower-density regions of the CMZ the FIREPLACE
magnetic field is possibly tracing a foreground structure in
the central kiloparsec of the Galaxy (D. Paré et al. 2024).

2.3. BISTRO Dust Polarization

The BISTRO survey (D. Ward-Thompson et al. 2017)
observed the CMZ at 850 ym (J. Karoly et al. 2025) using the
SCUBA-2/POL-2 instrument on the James Clerk Maxwell
Telescope (JCMT). The JCMT has a beam size of 1476 at
850 pm (S. Mairs et al. 2021) which corresponds to /0.6 pc at
8.2 kpc.

The details of the observations and data reduction are given
in J. Karoly et al. (2025). The data are reduced onto a 4” pixel
grid and separate Stokes I, Q, and U maps are produced with
an rms of ~10, 7, and 7 mJy beam ™, respectively. These maps
are then binned to 12” to compensate for the JCMT beam size
and to match the magnetic field orientations presented in the
BISTRO papers to facilitate comparison with those publica-
tions (e.g., J. Karoly et al. 2025).

We follow the selection criteria of J. Karoly et al. (2025) and
analyze only the 12” BISTRO vectors from lines of sight that
satisfylgso/ 07,,> 50, Pgso/0pe,> 3.0, and pg,(850) < 20 where
Igsp and oy, are the 850 pm Stokes / emission and uncertainty,
pgso and o, are the 850 pum polarization intensity and
uncertainty, and p¢(850) is the percentage polarization
(psso/Isso % 100). The plane of sky magnetic field orientation
derived from the 850 yzm BISTRO observations at 12 resolution
is shown as yellow dashes in Figure 2 with a constant length.

As with the FIREPLACE observations, the BISTRO
observations are observed to largely trace the orientations of
the CMZ clouds (J. Karoly et al. 2025). Furthermore, BISTRO

Paré et al.

lacks sensitivity to the fainter CMZ regions where the
FIREPLACE magnetic field possibly traces a foreground
magnetic field system. The BISTRO orientations studied in
this work are therefore likely local to the CMZ rather than
being some other field component along the line of sight.

After implementing the FIREPLACE and BISTRO signifi-
cance cuts described above we then need to associate polarization
orientations to the specific LFs we study in this work. To do so
we associate each significant orientation that is within one
FIREPLACE or BISTRO beam size to an LF as an orientation
associated with that LF. These sets of vectors are then used to
determine the relative orientations of the polarization angles to
the different LF structures, as presented in Section 6. We note
that because of the fewer JCMT vectors that are associated with
the fainter HNCO structures, the JCMT observations are more
restrictive and significant orientations are only obtained for the
central three filament regions as indicated in Figure 3.

3. Methods

Here we describe the methods used to identify the HNCO
filament and study the alignment of the magnetic field.

3.1. Identification of HNCO Filaments

To analyze the properties of the filaments with similar
morphologies to those observed in the Galactic disk and in
C. Battersby et al. (2026) we first masked out the HNCO
emission that coincides with prominent CMZ molecular clouds.
We identified the footprint of these prominent clouds using the
SMA CMZoom 1.3 mm dust continuum observations of the GC
(C. Battersby et al. 2020) and using an N(H,) column density
cut of >1.0 x 10> cm ? to identify the densest clouds in the
CMZ, where we used the column density derived from Herschel
dust continuum emission observations of the GC (S. Molinari
et al. 2011; E. A. C. Mills & C. Battersby 2017). This masking
isolates the HNCO emission coinciding with the stream
structures in the CMZ but that are distinct from the molecular
clouds, which allows us to prioritize the longer LFs that are
more comparable to the bones in the Galactic plane. This
masked distribution is then convolved to the 12” and 19'6 beam
sizes of the BISTRO and FIREPLACE datasets. We then apply
the RHT algorithm to these convolved HNCO distributions to
identify filamentary features (S. E. Clark et al. 2014). This
identification builds on the work of C. Battersby et al. (2026),
by revealing more molecular filaments throughout the CMZ.
The RHT parameters were chosen based on characteristic
filament lengths and widths as determined in C. Battersby et al.
(2026). The window size was 540" (22 pc) and the smoothing
diameter was 13” (0.5 pc). The RHT threshold parameter was
set to 0.7. An RHT threshold parameter < 1.0 allows the RHT
to identify filaments that are physically coherent even if not
connected visually. A range of RHT parameters was explored
by varying the window size from 250" to 750” (~10-30 pc) and
the smoothing diameter from 6”-51" (0.25-2.0 pc), and the
above set of parameters was best able to extract the HNCO
filamentary structures.

C. Battersby et al. (2026) noted the LFs are largely oriented
parallel to the larger CMZ structure that is thought to be orbital
streams or an ellipse that the molecular clouds travel along
(J. M. D. Kruijssen et al. 2015; D. L. Walker et al. 2025).
C. Battersby et al. (2026) determined that the LFs are local to
the GC using scale length relations and velocity profiles. The
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Figure 3. The final rolling Hough transform (RHT) distribution used to identify filamentary structures in the ACES HNCO distribution. We show the RHT
distribution obtained from the HNCO distribution that has been convolved to the 19.6 FIREPLACE beam size. The black contour traces the cool dust traced by the
FIREPLACE 214 ;im observations at a level of 6 Jy pixel ' and indicates the CMZ molecular clouds that have been masked out. The boxes indicate the locations of
the filaments that are targeted for a detailed analysis in this work. Blue boxes indicate filaments that coincide with only FIREPLACE magnetic field orientations and
green boxes indicate filaments that coincide with both FIREPLACE and BISTRO magnetic field orientations. In addition, red and orange boxes indicate the filaments
previously studied in C. Battersby et al. (2026) where the red boxes coincide with only FIREPLACE magnetic field orientations and the orange box coincides with

both FIREPLACE and BISTRO magnetic field orientations.

LFs are the particular filamentary structures we want to focus on
in this work and they do not coincide with CMZ molecular
clouds.

We identify the same filamentary features in the 12"
BISTRO and 196 FIREPLACE resolutions. We keep both
datasets at these separate resolutions to enable a beam-sampled
comparison to both the FIREPLACE and BISTRO magnetic
field orientations (presented in Section 6). These filamentary
structures are observed in the integrated velocity maps, ruling
out the possibility of velocity crowding in thin velocity
channel maps (Y. Hu et al. 2023). We inspected the resulting
filamentary distributions and removed any filaments at the
edge of the ACES field of view where the primary beam
response of the ALMA observations falls below a normalized
response of 0.2. The edge region of the ACES mosaic is
dominated by noise, and filamentary features found there
likely result from the elevated noise level at the edge of the
ACES mosaic. The final RHT distribution obtained from this
procedure is shown in Figure 3. This figure also marks the
extents of the masked molecular clouds as a black contour to
indicate where we have masked the HNCO emission
coinciding with the CMZ molecular clouds. Because of the
masking of the clouds, there is an asymmetry in the
distribution of LFs identified in the CMZ where more LFs
are identified in the western extent of the CMZ.

Numerous filamentary structures (~30) are identified from
this procedure. In this work we choose to focus on the LFs that
have lengths 2 10 pc in the distribution shown in Figure 3.
These LFs are found within the regions marked with boxes in
the figure, resulting in 12 LFs that are studied in detail in this
work. The blue boxes indicate LFs coinciding with only
FIREPLACE magnetic field orientations, while the green
boxes indicate LFs coinciding with both FIREPLACE and
BISTRO magnetic field orientations. The orange and red boxes
indicate the LFs that were previously presented in C. Battersby
et al. (2026). We inspected the 12 LFs in the HNCO velocity

cubes to verify that they are coherent velocity structures and to
determine the central velocities and velocity dispersions of
each of these LFs. Table 1 lists key properties of the LFs such
as their lengths, widths, and velocities. We note that these
properties are determined using the HNCO distributions that
have been smoothed using the 13” RHT smoothing kernel.
Analysis and discussion of these properties is presented in
Section 7.1, but we emphasize here that the LFs generally have
lengths > 10 pc with velocity dispersions of ~10 km s '
indicating that they are located in the GC. We note that three
LFs studied in C. Battersby et al. (2026) are part of our
sample of LFs, where we match the numbering of the LFs in
C. Battersby et al. (2026), those being Regions 1, 2, and 3. We
then number the remaining LFs from Galactic east to west.

3.2. Alignment Measure

To quantitatively analyze the relative orientations between
the magnetic field and the LFs we apply the histogram of
relative orientation (HRO) method developed by J. D. Soler
et al. (2013). Originally designed to characterize the relative
orientations between magnetic fields and density structures in
MHD simulations (e.g., J. D. Soler et al. 2013), the HRO
method has revealed that the relative orientation transits from
parallel to perpendicular above a critical column density of
21.7 logio cm ° in Galactic disk molecular structures (e.g.,
Planck Collaboration et al. 2016a; L. M. Fissel et al. 2019;
J. D. Soler 2019). This transition reflects the changing balance
between magnetic, turbulent kinetic, and gravitational energies
(C.-Y. Chen et al. 2016; J. D. Soler & P. Hennebelle 2017).
However, this transition is not observed in the GC, possibly
indicating the dominance of shear in the CMZ, which could
prevent cloud collapse (C. Federrath et al. 2016; D. M. Paré
et al. 2025). In this study, we adapt the HRO method to
compare the magnetic field orientation with that of the LFs,
which can shed light on the role of magnetic fields in filament
formation and evolution.
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Table 1
HNCO Large-scale Filamentary Structure Properties
ID Gal. Lon. Gal. Lat. Length Width HNCO Mom. 0 Vel. Vel. Disp. log;o N(H,)
(deg) (deg) (pc) (pc) (Jy beam ™' km s~ ") (kms™h (km s~ (cm™?)

Region 1

LF la 0.37 —0.07 10.1 0.3 337 0.35 84 20 22.6
LF 1b 0.43 —0.08 22.8 0.4 57.0 0.18 88 10 227
Region 2

LF 2a 0.10 0.00 7.7 0.4 19.3 1.80 —10 25 22.5
LF 2b 0.13 0.02 9.8 0.5 19.6 1.20 75 28 22.6
Region 3

LF 3 359.54 0.018 27.6 0.5 55.2 0.75 —100 15 227
Region 4

LF 4a 0.18 0.00 14.4 0.6 24.0 0.76 28 40 22.6
LF 4b 0.22 —0.03 18.4 0.4 46.0 0.57 25 35 227
Region 5

LF5 0.03 —0.03 8.8 0.7 12.6 1.05 —-17 32 22.6
Region 6

LF 6a 359.90 0.05 12.0 0.5 24.0 0.30 —60 20 22.4
LF 6b 359.98 0.03 9.4 0.5 18.8 0.52 -30 30 224
Region 7

LF 7a 359.70 —0.13 16.2 0.5 324 0.65 —20 18 22.6
LF 7b 359.70 —0.15 9.3 0.5 18.6 0.40 =5 20 227

Note. For each row, the first column indicates the region (with regions shown in Figure 3) and the LFs within that region (as indicated in Figures 8 and 9). The
central Galactic longitude and latitude for each LF are listed in the second and third columns. The lengths and widths of each LF (in parsecs) are in the fourth and
fifth columns, with the corresponding aspect ratio (AR) presented in the sixth column. A representative HNCO moment 0 intensity for each filament is displayed in
the seventh column, with the average velocities and velocity dispersions listed in columns eight and nine. Column ten displays the average N(H,) column density for

each LF as derived from the Herschel dust continuum emission (S. Molinari et al. 2011).

Following S. E. Clark et al. (2014), the orientation of LFs
identified by RHT can be determined by

[ sin20)R(0)do

£ - 1
[ cos20)R(6)d0 W

(OruT) = %arctan

where R(0) is the RHT intensity as a function of angle 0,
calculated at each point along the LF. Then, the relative angle
(¢) between the LF and magnetic field is defined as

¢ = sin~! (sin(|(Orur) — O5))), ()

where 03 is the position angle of the magnetic field and
¢ € [0, w/2]. The use of sin~! sin in Equation (2) ensures that
¢ is limited to the angle range 0°-90°. We use the normalized
alignment measure (AM) parameter introduced by A. Lazarian
& K. H. Yuen (2018) to characterize the relative orientation
(results presented in Section 6 and Table 3):

AM = (cos2¢). (3)

The uncertainty in AM is calculated following J. Liu et al.
(2023, see their Appendix B):

SAM = \/(<(Cos 20)%) — AM? + Y (2sin(2¢)5¢)? ) /', (4)

where n' is the number of independent data points within each
intensity bin. Here, AM > 0 indicates that the magnetic field is
parallel to the LF, AM < 0 indicates that the magnetic field is

perpendicular to the LF, and AM ~ 0 suggests no preferred
orientation between the magnetic field and LF.

4. Magnetohydrodynamics Model

We performed a set of numerical MHD simulations to
understand the dynamical origin of filamentary structure in the
dense interstellar medium (ISM) of the CMZ. In particular, we
are interested in exploring if and how the Galactic shear and
the strong magnetic fields in the region can generate the LFs
seen in observations. To this end, we designed simulations
similar to the ones described in R. G. Tress et al. (2024).

We follow the ISM evolution in the entire barred region of
the Milky Way, under the influence of an externally imposed
barred background potential. Magnetic fields are included but
the self-gravity of the gas is not considered. This way, the
dynamical impact of the Galactic potential and magnetic fields
can be separated from star formation and feedback effects on
the ISM, which instead can be addressed in a follow-up study.

Compared to R. G. Tress et al. (2024), the background
potential and initial gas density profile are updated to represent
better the Milky Way mass distribution. For the Galactic
potential we take the model introduced by G. H. Hunter et al.
(2024), where the initial gas distribution of our MHD model
follows their Equation (14). This results in a CMZ with a
diameter of ~300 pc and a total mass of ~2 x 10" M, in
much better agreement with observations.

To resolve the critical density of HNCO, a mass resolution
of 1 M, is imposed for cells in the central 500 pc of the
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Figure 4. Face-on (left panel) and edge-on (right panel) H, column densities of the simulated CMZ from this work (Section 4). The projections of the total H, gas is
shown in gray scale, while the dense (n > 10° cm™>) molecular gas is highlighted in color scale. A zoom-in view of box A can be seen in Figure 5.

simulation domain (D. Lipman et al. 2025, submitted). To also
study the inflow from the dust lanes, the mass resolution for
cells in the barred region is set to 100 M. The rest of the
domain is followed at a resolution of 1000 M. The central
supermassive black hole Sgr A* is modeled as an accreting
sink particle of mass Mgypy = 4 X 10° M., and an accretion
radius of 0.2 pc.

A gas density projection map of a snapshot of the simulation
can be seen in Figure 4. A plethora of filamentary and
turbulent structures is observed in the dense molecular gas,
highlighted in color scale in the figure. A zoom-in view into
one such structure is shown in Figure 5, where the magnetic
field has been estimated using a mass-weighted average from
the total gas density. This example filament is formed as a
molecular cloud, which is sheared apart by the strong Galactic
shear as it approaches apocenter of its x2 orbit around the GC.

5. Synthetic Data

We use the radiative transfer software POLARIS, specifically
designed for MHD analysis and synthetic observations, to
postprocess the MHD model (S. Reissl et al. 2016, 2019;
R. Brauer et al. 2017). POLARIS uses a Monte Carlo approach
to calculate the polarization from thermal dust emission and
ray tracing to generate molecular line emission maps. We
apply the code to a cutout of the MHD simulation described in
Section 4, corresponding to the central cubic region with a
length of 350 pc. This choice ensures that the entire CMZ
region is included with minimal line-of-sight contamination
from the bar dust lanes. The grid is oriented so that the
observer is placed at the position of the Sun, taking into
account the orientation of the dust lanes and a distance of
8.2 kpc from the center of the Galaxy. We use the simulation
snapshot to extract a list of parameters for each of its grid cells,
such as coordinates, dust temperature, gas number density,
gas velocity (V,, V,, and V), and magnetic field strength
(By, By, and B;). We calculate the gas temperature from the gas
number density and the internal energy per cell provided by
the simulation, assuming a helium-to-hydrogen abundance of
0.01. Similarly, we calculate the dust number density assuming
it is 1% of the gas number density. This information is
converted into a POLARIS-readable input grid.

The ranges of parameter values we obtain for all grid cells
are shown in Table 2. The simulation dust temperature is

Figure 5. Example filament taken from Figure 4 as marked with the red box in
that figure. Magnetic field lines are shown in red and are estimated by
performing a mass-weighted average along the line of integration using the
total gas density. Gas clouds are stretched and sheared as they approach the
apocenter of their orbit, generating their filamentary aspect.

Table 2
Synthetic Data Properties
Property Min. Value Max Value
Dust temperature (K) 6.2 152
Dust density (cm ) 82 x 107° 3.0 x 10°
Gas temperature (K) 8.8 49 x 10°
Gas density (cm ™) 53 x 107* 3.0 x 10°
Velocity (kms™") 6.3 x 10° 3.1 x 10°
Magnetic field (#G) 0.1 300

Note. For each row the first column indicates the name of the physical
property and the unit of measure in parentheses, the second row indicates the
minimum value for the property, and the third column indicates the maximum
value for that property.

comparable to that of cool CMZ clouds inferred from Herschel
observations (~20 K; M. Etxaluze et al. 2011; S. N. Longmore
et al. 2012; A. Ginsburg et al. 2016; J. Kauffmann et al. 2017).
The observed gas density of the CMZ is around 10°-10* cm >
(e.g., E. A. C. Mills 2017; L. Colzi et al. 2024), similar to the
maximum values in the simulation seen in Table 2. The
simulations have higher temperatures of 10° K and velocities
of thousands of kilometers per second in less dense areas,
while the majority of temperatures and velocities in the main
dust lanes are similar to the observed CMZ values of ~10% K
(A. Ginsburg et al. 2016; L. Colzi et al. 2024) and ~10 km s
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Figure 6. The modeled HNCO 4(0, 4)-3(0, 3) spectral line moment 0 emission generated from POLARIS. The magnetic field vectors shown were calculated from the
Q and U Stokes parameter emission maps at 214 pym and are mass weighted along the lines of sight using the total gas density.

The temperatures at densities comparable to those local to the
HNCO filaments correspond to more reasonable temperatures
of ~10 K comparable to cool CMZ clouds. The magnetic field
strength in the simulation is a few hundred microgauss in the
higher-density regime representative for the HNCO LFs,
corresponding to the high magnetic field strengths generally
inferred for the CMZ (T. Pillai et al. 2015; A. Mangilli et al.
2019; I. Heywood et al. 2022; X. Lu et al. 2024; D. M. Paré
et al. 2025).

We use POLARIS to calculate the magnetic field orientation
and a synthetic line emission map of HNCO. We first run the
POLARIS grain alignment with the magnetic field mode to get
polarization emission maps of the Stokes parameters I, Q, U,
and V. POLARIS uses radiative torque alignment to simulate the
dust grains aligning with the magnetic field orientation due to
the torques induced by interactions with photons in the
radiation field. The dust composition is assumed to be made up
entirely of silicate grains with an oblate shape and radii
ranging from 5 x 107 to 2 x 107® m. The electric field
polarization angle is calculated at each pixel from the Q and U
emission maps, and it is then rotated by 90° to create the
magnetic field orientation.

To generate line emission maps, POLARIS uses molecular
data from the Leiden Atomic Molecular Database (F. L. Schoier
et al. 2005). We use the HNCO 4(0, 4)-3(0, 3) spectral line for
the synthetic emission maps in order to match the ACES
observations. We assume a constant abundance for HNCO for
the whole region of 3 x 107® with respect to the total gas
density, which is consistent with observational measurements
for the CMZ (D. Riquelme et al. 2018). When running the line
emission radiative transfer, we make use of the large velocity
gradient approximation (V. Sobolev 1957) due to the significant
velocity changes throughout the molecular clouds in the CMZ.
This allows radiative transfer calculations to be done over
shorter distances, as photons do not interact with gas in distant
cells and escape the grid. The final HNCO moment O emission
map is integrated over 101 velocity channels ranging from
—400 to 400 km s_l, with a velocity resolution of 8 km sl
This is a lower velocity resolution than the 0.21 km s !

resolution of the ACES Band 3 observations. However, since
the LFs studied in the observations are coherent velocity
structures with large velocity dispersions, filamentary structures
found in the synthetic data can still be compared to the
observed LFs.

Figure 6 shows the final results of the synthetic data
pipeline. The synthetic magnetic field orientation at 214 pm is
plotted over the synthetic HNCO moment O line emission, and
these magnetic field lines were estimated using a mass-
weighted average along the lines of sight using the total gas
density.

6. Results

We describe the results of our study in this section.

6.1. Observational Results
6.1.1. HAWC+ 214 pm

We find a bimodal distribution of relative angles ¢
(Equation (2)) between the orientations of the LFs and the
FIREPLACE magnetic fields, as shown in the left panel of
Figure 7. It exhibits one peak near 30°, indicating filaments
that are roughly parallel to the magnetic field, and another peak
near 90°, indicating filaments that are approximately perpend-
icular to the field. This bimodal distribution is consistent with
other observational studies working on comparisons between
filaments and the local magnetic field (e.g., K. Sugitani et al.
2011; H.-b. Li et al. 2013). Observational studies (e.g.,
Q. Zhang et al. 2014; Planck Collaboration et al. 2016b) have
shown that projection effects can significantly influence 2D
relative orientation analyses. To examine whether the bimodal
distribution of ¢ observed in the CMZ is intrinsic, we simulate
pairs of randomly oriented vectors uniformly distributed in 3D
space. We select all pairs with 3D relative angles of 20°-60°
and 75°-90°. The distributions of their projected angles are
shown in the left panel of Figure 7. It is clear that a single
simulated distribution cannot reproduce the observed pattern.
However, combining the two simulated distributions in a 7:3
ratio (red histogram in Figure 7) yields a shape that closely
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Figure 7. The relative orientation (left panel) and AM (right panel) distributions obtained for the full set of targeted LFs studied using the 214 ym FIREPLACE
observations. In the left panel, dashed and dotted lines show projected relative angles for intrinsic 3D angles of 20° to 60° and 75° to 90°, respectively. The red
histogram is a 7:3 mix of these distributions, matching the bimodal pattern in the data.

matches the observations. A Kolmogorov—Smirnov test
comparing the combined simulation with the data gives a
p-value of 0.16. This value does not provide strong evidence to
reject the null hypothesis that the two distributions come from
the same population, supporting the interpretation that the
observed distribution is bimodal, with peaks near 30°and 90°.

To investigate how the relative orientation changes with
HNCO intensities, we apply the HRO analysis to all identified
LFs. The right panel of Figure 7 presents the AM (as defined in
Equation (3)) as a function of the integrated HNCO intensity.
Following Planck Collaboration et al. (2016b), we use an equal
number of data points per bin to ensure consistent statistical
analysis across intensity bins. Each intensity bin contains
480 pixels (corresponding to approximately 30 independent
measurements), which balances the need for reliable statistics
with sufficient resolution to capture trends in high-intensity
regions. We confirm that varying the number of independent
measurements per bin by a factor of 2 does not significantly
alter the observed trend between the relative orientation and
intensities. Here, we find a decreasing trend of AM with
increasing intensity, indicating that in regions with faint
HNCO emission, magnetic fields tend to align with the LFs. In
contrast, at regions showing strong HNCO emission, magnetic
fields tend to exhibit no preferential orientation with AM
values ranging from —0.25 to 0.25.

Some LFs are located near the molecular streams in the
CMZ that trace out the figure-eight pattern of the molecular
clouds. To examine the relative orientations between the
magnetic fields and the LFs in these regions, we select seven
areas that lie along or cross the streams, each containing one or
more LFs. In Figures 8 and 9 we show the relative orientation
between the SOFIA/HAWCH magnetic fields and the LFs
across the seven selected regions shown in Figure 3. Regions 3
and 5 show only one LF, while we identify two LFs within all
the other regions. In Region 2, LFs 2a and 2b intersect on the
plane of the sky but exhibit a velocity difference of over
80 km s~ ' (see Table 1), suggesting that they may be unrelated
components along the line of sight. Therefore, we separate
them using the kinematic information. We integrate the HNCO
data over the velocity ranges of —40—20 km s~ for LF 2a and
55-95km s~ for LF 2b and derive the evolution of AM based

on the integrated intensity for these different velocity ranges. It
is interesting to note that even though in some regions (e.g.,
Regions 6 and 7), the two LFs are close to each other, they
show distinct distributions of relative orientations. For
example, LF 6a tends to be aligned with the magnetic field
while LF 6b tends to be perpendicular to the magnetic field.
The second column of Table 3 summarizes the relative
orientation for each LF with the third column indicating the
range of AM values obtained from the FIREPLACE
observations.

6.1.2. BISTRO/POL-2 850 pm

In Figure 3 we show the three regions where we have good
spatial coverage of the magnetic field at 850 pm and identified
LFs, with green and orange boxes. We see a predominantly
parallel magnetic field alignment in all of the filaments studied
with good spatial coverage of the 850 pm magnetic field. The
JCMT, ground-based observations at 850 pm preferentially
trace the densest regions and do not recover extended emission
well (P. Friberg et al. 2016). Much of the identified LFs, after
removal of the molecular clouds, lie in regions of diffuse dust
emission and, therefore, there is not sufficiently high signal-to-
noise ratio observations with POL-2. The JCMT results do not
exhibit the bimodal magnetic field orientation that is seen from
the SOFIA/HAWC+ results presented in Figure 7. Rather,
only the parallel magnetic field component (that corresponds to
the peak at ~30° in the left-hand panel of Figure 7) remains.
The LFs with JCMT orientations and their corresponding HRO
and AM distributions are shown in Figure 10 and the range of
AM values obtained for these LFs are displayed in column
four of Table 3.

6.2. Synthetic Data Results

To compare to the observational results presented in
Section 6.1 we create two synthetic datasets, one at 214 pm
and one at 850 pm. These datasets were made using the
magnetic field strengths derived from the MHD model
described in Section 4, meaning these synthetic datasets
represent the regime where the magnetic field likely dominates
over other mechanisms like turbulence. We then identify
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Figure 8. Observed relative orientation and AM results obtained for individual LFs compared to the FIREPLACE (214 ;zm) magnetic field in the CMZ located in
Regions 1-4. Left column: the HNCO intensity of the LFs with the nonfilamentary emission surrounding the LFs masked out. Red dashes indicate the FIREPLACE
magnetic field orientations. Middle column: histogram of relative orientations between the FIREPLACE magnetic field orientation and the LF orientation. Right

column: the AM measure results obtained for each LF studied.

HNCO filaments in these synthetic datasets by employing the
same filament identification strategy described in Section 3.1.
Examples of the distributions of identified filaments in the
synthetic datasets are shown in Figure 11.

We first inspect the global relative orientation and AM
distributions obtained for the full RHT distributions obtained
for the different wavelengths. We show these distributions in
Figure 12. We find that at both wavelengths the magnetic field
is predominantly oriented parallel to the HNCO filament
orientation. This result is in agreement with what is observed

10

by the 850 pm relative orientation results shown in the right
column of Figure 10.

We isolate two filaments that are identified in both the 214
and 850 pum RHT distributions. These filaments have >10 pc
lengths making them similar in morphology to the LFs studied
in the HNCO observational data. We study the relative
orientation and AM distributions corresponding to these
individual filaments in Figure 13 for the 214 pm synthetic
dataset and Figure 14 for the 850 pm synthetic dataset. We
again find a predominantly parallel magnetic field orientation
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Figure 9. Same as for Figure 8 but for Regions 5-7.

for both synthetic filaments at both wavelengths, as shown in
Table 4.

7. Discussion

In this section we discuss the properties of the HNCO
filaments and the magnetic field orientations found from the
observational and synthetic datasets.

7.1. Characterization of the Identified Large-scale
Filamentary Structures

Table 1 indicates key properties of the LFs such as their central
coordinates, lengths, widths, and representative HNCO moment O
intensities. These LFs generally have lengths of ~10 pc or longer.
All of the LFs have widths of ~0.5 pc, where the widths were
determined through inspection of the masked HNCO moment 0
distribution that has been smoothed to the 13” RHT kernel size.
The lengths and widths of the LFs make them comparable to the
LFs studied in C. Battersby et al. (2026), which were thought to
be components of larger CMZ orbital structures. This thought is
supported by the fact that the LFs generally trace the molecular
stream structures observed in the CMZ. Furthermore, the ARs of
these structures (>12) make them comparable to the Galactic
plane bones studied by FIELDMAPS and other investigators
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(e.g., A. A. Goodman et al. 2014; C. Zucker et al. 2018;
I. W. Stephens et al. 2022; S. Coudé¢ et al. 2026).

Based on the morphological and velocity properties of the LFs
studied in C. Battersby et al. (2026), they concluded that these
structures were likely in the CMZ rather than being foreground
structures. We have performed a similar analysis in this work and
again identify that the targeted LFs have broad line widths of tens
of kilometers per second and are generally oriented along the
larger orbital structures in the CMZ, justifying the conclusion that
these are structures local to the CMZ. The tendency of the LFs to
trace the orbital structures in the CMZ matches the behavior
observed for the large Galactic disk filaments that trace the spiral
structure of the Galaxy (A. A. Goodman et al. 2014; M. J. Reid
et al. 2014). The LFs observed in this work also align with a
population of thermal, short filaments identified in MeerKAT 1
GHz observations of the CMZ (F. Yusef-Zadeh et al. 2023). The
LFs studied here are much longer than the short filaments in
F. Yusef-Zadeh et al. (2023), but do appear to be generally parallel.

We argue that the LFs studied in this work are comparable
to the larger filaments studied in the Galactic disk (such as the
bones studied by FIELDMAPS). The LFs studied here are all
velocity coherent with ARs > 10. Furthermore, the LFs trace
the molecular streams that are thought to connect to the
Galactic bar whereas the bones trace the spiral arms of the
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Table 3

Observed Large-scale Filamentary Structure Magnetic Field Properties
ID HROSY, 4550 AMIAWCH AMERL2 Dominant Mechanism
Region 1
LF la L —0.48 to —0.32 Supersonic turbulence/shock compression
LF 1b L —0.69-0.05 Supersonic turbulence/shock compression
Region 2
LF 2a I 0.30-0.53 —0.17-0.16 Subsonic turbulence/shear
LF 2b I 0.72-0.89 0.35-0.95 Subsonic turbulence/shear
Region 3
LF3 L —0.49-0.01 Supersonic turbulence/shock compression
Region 4
LF 4a || to L —0.32-0.37 0.38-0.60 Supersonic turbulence/shock compression
LF 4b Il 0.52-0.71 0.31-0.65 Subsonic turbulence/shear
Region 5
LF5 L —0.68 to —0.03 —0.47-0.37 Supersonic turbulence/shock compression
Region 6
LF 6a Il 0.50-0.64 Subsonic turbulence/shear
LF 6b L —0.83 to —0.48 Supersonic turbulence/shock compression
Region 7
LF 7a I 0.07-0.79 Subsonic turbulence/shear
LF 7b € —0.62-0.09 Supersonic turbulence/shock compression

Note. For each row the first column indicates the region (with regions shown in Figure 3) and the LFs within that region (as indicated in Figures 8 and 9). The HRO
(HROSE ¢ 50) from the observed FIREPLACE and BISTRO observations is shown in the second column, where “||” indicates that the magnetic fields are parallel
with the LFs, “_L” denotes that the magnetic fields are perpendicular to the LFs, and “|| to L” represents that the relative orientation between magnetic fields and LFs
transits from parallel to perpendicular. The AM from the observed FIREPLACE observations is shown in the third column, and the AM from the observed BISTRO
observations is shown in the fourth column. The fifth column indicates the dominant mechanism likely dictating LF formation.

Galactic disk. We do note, however, that the velocity and FIREPLACE (19’.’6, 0.8 pc) observations are larger than the

dispersions of the LFs are large (being >10 km s~ '), since widths of the LFs observed. These observations might therefore
they are within the GC, and many of them are farther from the not be sensitive to the magnetic field within the filament itself,
Galactic midplane than the larger filaments in the Galactic but could rather be tracing the field in the environment
disk. Because of the parallels between the LFs in the CMZ and surrounding the filament. Follow-up observations with smaller
the bones in the Galactic disk we propose the use of the term angular resolution (~1") are needed to probe any field variations
“ribs” to refer to the CMZ LFs as an extension of the skeletal that may be occurring immediately local to the LFs.

structure analogy used to define the larger filaments (‘“bones”) Nonetheless, we can make some inferences from the
in the Galactic disk. observations studied here. The filaments coinciding with

significant BISTRO vectors are located in the center of the
GC, with other filament regions studied using the 214 pm

7.2. Comparing the 214? and 850 pm Magnetic Field observations at the edge of the GC not covered. The 90°
Alignments magnetic field component observed at 214 pm could therefore
The BISTRO/POL-2 observations largely coincide with the be originating from this outer regime of the GC. Alternatively,
dense CMZ molecular clouds which are masked out for this the 90° component could originate from warm dust, which the
work. However, several of the LFs targeted in this study do 214 pm observations would be more sensitive to than the 850 m
have significant BISTRO polarization orientations, specifically BISTRO observations.
Regions 2, 4, and 5. The differences in AM observed between the 214 and 850 um
The LFs in these regions show a ubiquitously parallel magnetic fields could be a result of the complex magnetic
orientation with the magnetic field inferred from the 850 pum field geometry observed toward the GC. The FIREPLACE
BISTRO observations as can be seen in Figure 10. This and BISTRO datasets are most sensitive to different dust
parallel orientation indicates that the bimodal distribution temperatures, with the 214 pm FIREPLACE observations
observed at 214 pm is not present at 850 pm. In particular, the being more sensitive to warmer dust than the 850 pm
90° orientation component observed in the left-hand panel of BISTRO observations.
Figure 7 is not present in the comparison to the BISTRO To help illustrate this point regarding the different magnetic
magnetic field presented in Figure 10. field systems we present a sketch of a representative magnetic
An important note regarding the magnetic fields studied in field geometry for a typical LF in Figure 15. Both the

this work is that the beam sizes of both the JCMT (12", 0.5 pc) FIREPLACE and BISTRO magnetic fields are density

12
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Figure 10. Observed relative orientation and AM results obtained for individual LFs compared to the 12” BISTRO (850 pm) magnetic field in the CMZ located in
Regions 2, 4, and 5. Left column: the HNCO intensity of the LFs with the nonfilamentary emission surrounding the LFs masked out. Thicker red dashes indicate the
BISTRO magnetic field vectors used to calculate the AM values. Middle column: histogram of relative orientations between the BISTRO magnetic field orientation
and the LF orientation. Right column: the AM measure results obtained for each LF studied.

weighted, but the BISTRO observations are possibly tracing
the high-density gas that is more local to the HNCO filaments.
Figure 15 represents this by showing the 850 pm field traced
by BISTRO located in a cloud structure local to the HNCO
filament. For the 214 pym FIREPLACE magnetic field the
location of the high-density component likely varies through-
out the GC, which is illustrated by the two scenarios shown in
the sketch. In the first scenario (labeled 1 in Figure 15), the
FIREPLACE magnetic field is tracing a foreground gas
structure (though this foreground structure is likely still
located in the central kiloparsec of the Galaxy), which is
where the 90° field component identified in Figure 7 possibly
originates from. In the lower scenario (labeled 2 in Figure 15),
the FIREPLACE magnetic field traces the dust local to the
HNCO filament, resulting in the parallel field enhancement
observed in Figure 7.

We can also compare our results to the Galactic disk bones
studied by FIELDMAPS (I. W. Stephens et al. 2022; S. Coudé
et al. 2026). FIELDMAPS finds a generally perpendicular
magnetic field for the bones, although there is evidence in
some of the bones, like in G47, that a parallel or mixed field is
also present in the lower-density portions of the bones
(I. W. Stephens et al. 2022). The generally perpendicular
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orientations seen in the FIELDMAPS bones agrees with the
perpendicular field orientations exhibited by LFs 1a, 1b, 3, 5,
and 6b. However, the remaining LFs studied here demonstrate
a parallel or mixed magnetic field orientation that parallels
what is observed in the lower-density portions of the
FIELDMAPS bones.

We also analyze how the magnetic field and filament
orientations compare to the velocity field direction within the
CMZ. Table 1 displays the HNCO velocities recovered for the
LFs as observed by ACES (D. L. Walker et al. 2025,
submitted). From this table we can see that the filaments that
are in the Galactic east of the CMZ generally have positive
velocities of a few tens of kilometers per second, whereas
those in the western extent of the CMZ generally have
negative velocities of tens of kilometers per second. This
agrees with the CMZ-wide HNCO moment 1 distribution
presented in D. L. Walker et al. (2025, submitted) where they
observe positive velocities in the eastern portion of the CMZ
and negative velocities in the western portion. We do not,
however, observe a strong dependence on the magnetic field
orientation with respect to the HNCO velocity. The pre-
dominant magnetic field orientation is shown in column 2 of
Table 3, and the filaments with positive velocities in the
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Figure 11. The RHT distributions obtained from the 214 ym (top) and 850 um (bottom) synthetic Stokes I distributions. The contour level roughly indicates the

extent of the Galactic plane with a contour value of 0.15 Jy pixel .

eastern extent of the CMZ (Regions 1, 2, and 4) show a
roughly even mixture of parallel and perpendicular magnetic
field orientations. We see the same mixing of magnetic field
alignment for the remaining regions that are in the western
portion of the CMZ. The major takeaway of the analysis
presented here is that the different field systems observed for
the LFs could indicate different physical conditions local to the
different LFs that do not necessarily connect to the larger
geometry of the CMZ.

7.3. Comparison to Synthetic Data

The ubiquitously parallel AM results obtained for the
synthetic filaments agree with what is observed for some
observational LFs like those in Region 4 shown in Figures 9
and 10. However, the perpendicular and mixed field systems
identified in other LFs are not reproduced by the synthetic data
at either wavelength.

We note that the synthetic dataset analyzed here is produced
from an MHD model, which is imbued with a high magnetic
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field strength (Table 2). These large field strengths allow us to
probe what the orientation of the B-field is in magnetic-field-
dominated filaments. Such an environment is representative
for the CMZ, which has elevated magnetic field strengths
relative to the Galactic disk (M. Morris & E. Serabyn 1996).

Parallel magnetic field alignment is generally observed in
LFs that are dominated by subsonic turbulence or shear
(Table 3). It has been argued previously that mechanisms like
subsonic turbulence and shear could inhibit cloud collapse
(e.g., M.-M. Mac Low & R. S. Klessen 2004). Specific to the
CMZ, shear-dominated driving of turbulence has been argued
to significantly inhibit star formation for some CMZ clouds
(C. Federrath et al. 2016; A. T. Barnes et al. 2017; D. M. Paré
et al. 2025). Our results therefore indicate that the magneti-
cally dominated synthetic filaments studied exhibit similar AM
and HRO distributions for LFs dominated by subsonic
turbulence. We therefore argue that this finding supports the
possibility that magnetic-field-dominated field systems are also
supported against cloud collapse.
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Figure 15. A sketch illustrating the representative magnetic field geometry
along the line of sight toward one of the GC HNCO LFs studied in this work.
In the upper row (scenario 1), the FIREPLACE magnetic field traces a
foreground high-density medium that is not local to the HNCO LF, whereas
the BISTRO magnetic field traces a high-density medium local to the LF. In
the lower row (scenario 2), the foreground structure that FIREPLACE was
tracing in scenario 1 is lower density along this line of sight, and so both
FIREPLACE and BISTRO trace the same high-density structure that is local
to the HNCO filament in this case, causing the BISTRO and FIREPLACE
observations to trace the same field system.

An alternative scenario we consider is that of cloud—cloud
collisions. In regions where the magnetic field dominates,
dense gas would form at the collision fronts of the clouds.
These fronts would host the brightest HNCO and dust
emission when observed edge on. In the case of cloud—cloud
collisions, the largely parallel magnetic fields could indicate
converging flows from above and below the Galactic plane.
Converging flows like this would be expected in environments
with significant stellar feedback, like the CMZ. There is ample
evidence of previous starburst events and outflows from the
CMZ (1. Heywood et al. 2019; G. Ponti et al. 2021), and with
the steep gravitational potential of the CMZ much of this
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Note. For each row the first column indicates the filament identified within the
larger synthetic dataset. The range of AM values found for this filament from
the 214 pm synthetic data is shown in the second column and for the 850 ym
synthetic data in the third column.

material could fall back to the Galactic plane. Such converging
winds could serve as an alternative origin for the formation of
the LFs.

The magnetic field alignment is not ubiquitously parallel to
the HNCO filaments, however. The filaments that have a
perpendicular alignment to the magnetic field could have been
formed through shock compression (Y. Hu et al. 2019). This
shock compression could have been introduced by supersonic
turbulence, facilitating cloud compression and star formation
(M.-M. Mac Low & R. S. Klessen 2004; C. Federrath &
R. S. Klessen 2012). The range of magnetic field alignment
seen throughout the LFs is further evidence of the changing
local conditions within the CMZ.

Further work using MHD models made with lower magnetic
field strengths will be an important future comparison to test
possible LF formation scenarios like the ones discussed here.

8. Conclusions

In this work we have studied the relative orientation between
a subset of large HNCO filaments (LFs) identified in the ACES
observations (3.4 mm) and the magnetic field inferred from
cool dust observations made using SOFIA/HAWC+ (214 pm;
FIREPLACE survey) and JCMT/POL-2 (850 wm; BISTRO
survey). We employ the AM and HRO methods to study how the
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orientation of the magnetic field compares to the orientations of the
identified LFs. We then compare our results to synthetic datasets
made from an MHD model of the CMZ (Sections 4 and 5).
We summarize our findings here.

1. We focus our analysis on the LFs that do not coincide
with CMZ molecular clouds. These LFs have character-
istic lengths of ~10 pc and velocity magnitudes and
dispersions generally >10 km s~ '. They are morpholo-
gically similar and are seen throughout the GC. Their
properties make them likely to be structures local to
the GC.

2. We find a range of relative orientations in the LFs as seen
in Table 3. The relative orientation of the LFs and the
FIREPLACE 214 pm magnetic field exhibits a bimodal
distribution with peaks at 30° and 90°. These bimodal
components reveal potential connections to the horizon-
tal and vertical magnetic fields previously inferred in the
region. This bimodal distribution disappears at 850 pm,
where only a magnetic field component at 0° is observed
as can be seen in the panels of the right column of
Figure 10.

3. The comparison to the synthetic datasets generated from
the MHD model described in Section 4 allows us to
probe the properties of large filaments in magnetically
dominated environments. We find that magnetically
dominated filaments exhibit similar AM and HRO
distributions to what is observed in LFs dominated by
subsonic turbulence and shear. Subsonic turbulence and
shear are possible mechanisms that could inhibit star
formation. The result obtained from the synthetic
observations therefore tentatively indicates that clouds
and filaments in magnetically dominated environments
could also be supported against collapse.

4. We observe differences in the relative orientations of
individual LFs between the 214 and 850 pum magnetic
fields. These differences could be a result of complex
magnetic field or dust geometry along the lines of sight
toward these filaments. The 850 um BISTRO observa-
tions also mostly cover LFs in the central region of the
CMZ, and so the change in magnetic field orientation
could indicate how the magnetic field structure changes
throughout the GC.

5. The different mechanisms dominating in the LFs indicate
the changing role of turbulence where it is variously
assisting in cloud collapse (supersonic turbulence and
shock compression) and hindering gas compression
(subsonic turbulence and shear). These results agree
with previous studies that indicate that the physical
conditions in the CMZ vary throughout the region (e.g.,
D. M. Paré et al. 2025). These changing conditions help
explain the range of SFRs seen in the CMZ, and in
particular the generally low SFR seen in the region.

6. The LFs studied in this work are comparable to the
“bones” studied in the Galactic disk and we propose the
label of “ribs” for these structures as the CMZ analogs of
the Galactic disk bones. The range of magnetic field
orientations derived for the LFs studied in this work
contrasts with the generally perpendicular field orienta-
tions derived for the Galactic disk bones (T. Pillai et al.
2015; I. W. Stephens et al. 2022; S. Coudé€ et al. 2026).
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