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Abstract

We present the detection of a magnetized dust ring (M0.8-0.2) in the central molecular zone (CMZ) of the Galactic
center. The results presented in this paper utilize the first data release of the Far-Infrared Polarimetric Large Area CMZ
Emission (FIREPLACE) survey (i.e., Paper I of this series). The FIREPLACE survey is a 214 um polarimetric survey
of the Galactic center using the SOFIA /HAWCH telescope. The M0.8-0.2 ring is a region of gas and dust that has a
circular morphology with a central depression. The dust polarization in the M0.8-0.2 ring implies a curved magnetic
field that traces the ring-like structure of the cloud. We posit an interpretation in which an expanding shell compresses
and concentrates the ambient gas and magnetic field. We argue that this compression results in strengthening of the
magnetic field, as we infer from the observations toward the interior of the ring.

Unified Astronomy Thesaurus concepts: Dust continuum emission (412); Galactic center (565); Polarimetry

(1278); Interstellar medium (847)

1. Introduction

Feedback from massive stars, in the form of strong stellar
winds, radiation, and ultimately, supernovae, can inject energy
and momentum into the surrounding interstellar medium
(ISM). These phenomena can drive turbulence in the region,
compress the surrounding gas, and propagate shocks. Such
energetic sources of feedback in the central molecular zone
(CMZ) can produce shell-like structures in the surrounding gas
and dust (Tsuboi et al. 1997, 2009, 2015; Oka et al. 2001;
Butterfield et al. 2018). Therefore, investigating the polariza-
tion of the thermal emission from magnetically aligned dust
grains in such regions can provide insight into how the
feedback from massive stars has locally affected the magnetic
field in the CMZ.

Figure 1, left, shows a three-color image of the eastern 125 pc
(assuming a distance of 8.2 kpc to the Galactic center (GC);
Gravity Collaboration et al. 2019) of the CMZ (roughly the area
covered by Data Release 1 (DR1) of the SOFIA/HAWC+
Far-Infrared Polarimetric Large Area CMZ Emission (FIRE-
PLACE) survey, presented in Butterfield et al. 2024), at 3 mm
(green; Mustang Galactic Plane Survey (MGPS); Ginsburg et al.
2020), 160 pum (red; Hi-GAL survey; Molinari et al. 2016), and 8
pm (blue; GLIMPSE 1T survey; Churchwell et al. 2009). In this
figure the cool dust, highlighted in red, traces the dense
molecular clouds; the green emission highlights the thermal
bremsstrahlung (free—free; e.g., SgrB2, Sickle), bright non-
thermal synchrotron emission (e.g., Radio Arc), and cool dust;
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and the blue color represents polycyclic aromatic hydrocarbon
emission caused by the UV emission from high-mass stars. The
eastern region of the CMZ contains numerous dense molecular
clouds and the well-known massive star-forming complex,
SgrB2. Southeast of the SgrB2 complex is the GC M0.8-0.2
cloud (white box in Figure 1, left; Pierce-Price et al. 2000;
Tsuboi et al. 2015; Mills & Battersby 2017), located ~30 pc in
projection from Sgr B2.

The M0.8-0.2 structure has the morphology of a ring, with
the center of the cloud showing a depression in the emission
(Figure 1, right). The M0.8-0.2 ring is roughly 4'—6' across
(9-14 pc) and its periphery is 1’-2’ thick (2-4.5 pc, as
measured from the inner to the outer radius). As shown in
Figure 1, right, most of the cold gas and thermal radio emission
(green) is concentrated toward the south and eastern region of
the cloud. The warmer dust (red) is concentrated toward the
north and western region of the cloud. Located within the
cavity of M0.8-0.2 are two 8 pum point sources, shown in blue.
There is also a bright radio point source, shown in green,
toward the left inner edge of the M0.8-0.2 ring. As we will
show in Section 4.4, this point source is thermal in nature
(Heywood et al. 2022) and is also detected at mid- and far-
infrared wavelengths (4.5-70 pm).

The M0.8-0.2 ring was first discussed by Pierce-Price et al.
(2000), in their SCUBA data (identified as PPR G0.8-0.18),
who argue the source could be a wind-blown feature or a
supernova remnant (SNR). Follow-up observations of the
kinematics and properties of M0.8-0.2 were investigated in
detail by Tsuboi et al. (2015) using H'>*CO™ (1-0) and SiO
(2-1) data, obtained using the 45 m Nobeyama telescope. The
kinematics presented in Tsuboi et al. (2015) confirmed the
Pierce-Price et al. (2000) hypothesis that M0.8-0.2 is an
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Figure 1. Three-color image of the eastern 125 pc of the GC (left) and the M0.8-0.2 cloud (right). These images show Green Bank Telescope (GBT) + MUSTANG
3 mm (90 GHz) microwave emission (MGPS, 9” angular resolution; Ginsburg et al. 2020) in green, far-infrared 160 ym emission from Herschel (Hi-GAL survey,
PACS instrument, 12” angular resolution; Molinari et al. 2016) in red, and 8 xm emission from Spitzer (GLIMPSE II survey, IRAC4 band, 1 ) angular resolution;
Churchwell et al. 2009) in blue. Labeled on the left are several prominent features in the CMZ. The white dashed box at the far left shows the location of the M0.8-0.2
cloud detailed in the right panel. Labeled on the right are the compact sources discussed in Section 4.4: the radio point source (green) and the two IR point

sources (blue).

expanding shell. Tsuboi et al. (2015) also showed that the
MO0.8-0.2 ring is one of several shells they detected in this
region near SgrB2. Tsuboi et al. (2015) measured the kinetic
energy of the expansion to be 4 x 10* erg and argued that the
expansion was caused by a supernova. They also estimate the
age of the M0.8-0.2 ring to be 1.8 x 10° yr and the mass to be
2.7 x10° M.,

The 3 mm molecular line survey of the CMZ presented in
Jones et al. (2012) and Mills & Battersby (2017) shows that the
cloud is rich with many molecular species that are commonly
detected in CMZ clouds (e.g., HCN, HCO™, etc). Additionally,
several of these detected spectral lines are known to trace
shocks (e.g., HNCO and SiO), indicating that M0.8-0.2 could
be undergoing shocks. These shocks could be produced by
supernova interaction, as argued by Tsuboi et al. (2015).

Ginsburg et al. (2016) conducted a 218 GHz survey of
H,CO across the CMZ using the 12 m APEX telescope. They
measure a gas temperature of 50-200 K in the cloud using the
p-H,CO 3¢ 3-2¢, and 3, -2, ¢ lines (see their Figure 7). This
gas temperature in the M0.8-0.2 cloud is consistent with
gas temperature measurements for other CMZ clouds. The
gas kinematics for the M0.8-0.2 cloud, from these spectral
line studies, show the cloud has a central velocity of around
+40 km s~ consistent with velocities of other clouds in the
GC, which can range from —150 to +150 km s~ '(e.g., Bally
et al. 1987, 1988; Morris & Serabyn 1996; Kruijssen et al.
2015). The similar gas temperatures and velocities indicate
this cloud is likely embedded in the CMZ.

In interstellar dust clouds similar to those shown in red in
Figure 1, spinning nonspherical dust grains can become aligned
with their long axis perpendicular to the local magnetic field
direction in the presence of an anisotropic radiation field
(i.e., B-RAT theory). In the far-infrared, the measurement of
polarized emission from these grains can therefore be used to
infer the plane-of-sky (POS) projected magnetic field direction;
the direction of the inferred field in this widely accepted
hypothesis is perpendicular to the direction of the polarized
electric field vector (see the review on dust polarization and
B-RAT theory by Andersson et al. 2015).

This magnetic alignment of grains is the best-studied
alignment mechanism, though there is still much work to be

done for a complete understanding of dust grain physics. Other
mechanisms for aligning interstellar dust grains have been
posited. These include mechanical and radiative alignment
(Lazarian & Hoang 2007). However, a recent paper by
Akshaya & Hoang (2023) investigated the dust grain alignment
in the CMZ and found that the polarization observations at
214 pm can best be explained using B-RAT theory (see their
paper for a thorough investigation of grain alignment in this
region).

A deep consideration of grain physics is beyond the scope of
this paper. Though the various alternative alignment mechan-
isms are gaining attention, most of the literature to date
involving polarimetric measurements of dust emission con-
cludes that the predominant alignment direction of dust grain
angular momentum corresponds to the direction of the
magnetic field. This paper adopts magnetic alignment in its
interpretation of the polarization data; if this paradigm shifts
due to new tests of grain physics, results such as those
described in this work would need to be revisited.

In this paper we present the detection of polarized 214 pm
dust emission associated with the CMZ source M0.8-0.2 using
data from the recent FIREPLACE survey (FIREPLACE I;
Butterfield et al. 2024). An overview of the FIREPLACE
survey is discussed briefly in Section 2. We present the
magnetic field structure and strength of the M0.8-0.2 ring in
Section 3 and discuss the implications of these findings in
Section 4.

2. Observations

The results presented in this paper utilize DR1 of a recent
SOFIA/HAWC+ legacy survey of dust polarization in the
CMZ: the SOFIA/HAWC+ FIREPLACE Survey (i.e., FIRE-
PLACE I, see Butterfield et al. 2024 for a full discussion of the
reduction methods for the data shown in this paper). The
FIREPLACE survey is a 214 pm study taken with the SOFIA
telescope and HAWC+ polarimeter. The complete survey
(FIREPLACE III; Paré et al. 2024) covers the inner 1°5 of the
CMZ with a spatial resolution of 1976 (0.7 pc at the GC),
comparable to the size scales of small clouds in the CMZ. For
the data shown here, we used conservative SOFIA/HAWC+
threshold criteria for inclusion: polarization signal-to-noise
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Figure 2. The 214 ym magnetic field pseudovectors in the M0.8-0.2 ring
(white pseudovectors; for I514,m > 5000 MJy st~ ', spatial Nyquist sampling),
overlaid on the FIREPLACE total 214 pum intensity. Red contours show the
smoothed 18" resolution MGPS data (2% the native 9” resolution) at 100, 150,
and 200 (for an rms value of 0.5 mJy beam™'; Ginsburg et al. 2020). This
MGPS emission is shown, at the native resolution, in Figure 1 in green. The
white arrow indicates the location of the radio point source, also annotated in
Figure 1. The white “x” symbol marks the location of the central (r = 0, 6 = 0)
position used in the polar coordinate system, shown in Figure 3 and discussed
in Section 3. This polar coordinate system (r, 6) is centered at [ = 078051,
b = —0°1836. The reference pseudovector is shown in the bottom left corner.

ratio (p/ op) > 3, fractional polarization, p < 50%, and signal-
to-noise ratio of the total intensity (Stokes 1), I/o;> 200 (see
Gordon et al. 2018 for additional discussion on these selection
criteria).

As mentioned in the Introduction, we assume that the
conditions in the MO0.8-0.2 ring are such that the B-RAT
alignment mechanism dominates. As such, in this paper, we
will be considering only the inferred magnetic field pseudo-
vectors. These are represented by rotating by 90° the
polarization pseudovectors that are shown in Butterfield et al.
(2024, see their Figure 3).

3. M0.8-0.2: A Magnetized Dust Ring in the Central
Molecular Zone

One of the more intriguing sources observed in the
FIREPLACE survey is the M0.8-0.2 ring. Figure 2 shows
the structure of the 214 pm magnetic field pseudovectors
corresponding to the brightest continuum emission in the
MO0.8-0.2 rin%, employing the additional cut of Ipj4,m >
5000 MJy sr™ " above the standard SOFIA data cuts described
in Section 2. We employ this additional cut in this figure to
highlight vectors associated with the brightest emission. The
observed dust polarization is the integrated polarization along
the line of sight (LOS), weighted by intensity. Therefore, the
lower-intensity regions are potentially more influenced by
unrelated background and foreground contributions. Analysis
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Figure 3. The 214 im emission in the M0.8-0.2 ring. Overlaid are the 214 ym
magnetic field pseudovectors in the M0.8-0.2 ring, including the lower-intensity
pseudovectors (i.e., pseudovectors with Stokes /1 14,,m < 5000 MJy sr"). The
polar coordinate system (r, #) is overlaid on the M0.8-0.2 ring, centered at
1 =0°8051, b = —0°1836. The = 0° direction is oriented in the direction of
Galactic north and 6 increases in the counterclockwise direction, conforming
to the IAU polarization standard. This polar coordinate grid is discussed in
Section 3 and used in Figures 4-9, with the inner- and outermost radii (2.2 pc
and 9.1 pc, respectively) representing the radial range for Figures 8 and 9.
The two thicker grid lines, at r ~3 pc and r ~ 7 pc, delineate the three
different radial regions (Regions I-III, indicated by their Roman numeral)
indicated in Figure 4. The two white circles show the general locations of the
two nodes observed in Figure 4. The reference pseudovector is shown in the
bottom left corner.

of the polarization pseudovectors in this lower-intensity regime
was conducted for the FIREPLACE I survey (Butterfield et al.
2024). They found a relatively uniform distribution of
orientation angles for the field directions when compared with
the higher-intensity regimes, indicating that there could be
source confusion due to multiple field directions along the LOS
in the higher-intensity regimes. Figure 3 shows all 214 um
pseudovectors from the FIREPLACE I survey that satisfy
the standard SOFIA criteria, discussed in Section 2, including
the lower-intensity vectors that are associated with
emission < 5000 MJy sr~'. Most of these lower-intensity
vectors can be observed toward the extreme interior and
exterior peripheries of the M0.8-0.2 ring, when comparing
Figures 2 and 3.

The magnetic field has an approximately circular structure
(azimuthal orientation) that generally follows the curvature of
the M0.8-0.2 ring. The bright 214 pm emission (i.e., L4;m >
5000 MJy sr') has fractional polarization values of 1%—5%,
comparable to those of other CMZ clouds in the FIREPLACE
survey (Butterfield et al. 2024). These fractional polarization
values tend to increase toward the center of the circular struc-
ture (10%—20%; see Figure 3), suggesting grain alignment could
be more efficient in this inner region. There are also four locations
in M0.8-0.2 that show relatively low (<0.5%) fractional polari-
zation values: [=0°784, b =—0°207; | =0°827, b=—0°191;
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[=07821, b=—0°141; and [=02845, b=—0°193. The low
fractional polarization at these locations could be caused by a few
different scenarios: (1) the field is tangled below our resolution,
(2) the high density in the regions could be causing B-RAT to be
less effective, or (3) there are multiple field components along our
LOS that are causing the depolarization. Since we are seeing this
depolarization in small regions of the source, and not in larger,
global sections of the M0.8-0.2 ring, this is likely not the case.

The fainter 214 pm emission (i.e., >14,m < 5000 MJy st h),
generally located toward the periphery of the cloud, shows a
localized well-ordered field. For example, the southeast region
of the field shows a relatively uniform magnetic field direction
that is oriented roughly 20°-30° to the Galactic plane. A similar
magnetic field orientation is observed toward the northwest
region of the field. This magnetic field orientation could be
indicative of the large-scale field direction detected in Mangilli
et al. (2019). The northeast and southwest regions of the
MO0.8-0.2 ring show more variation in the magnetic field
directions; however, neighboring pseudovectors are oriented in
similar directions, which could be indicative of a coherent
large-scale field.

To better understand the circular structure of the magnetic
field, we performed a coordinate transformation on the 214 ym
data to regrid the data from Galactic coordinates (/, b) into
polar coordinates (r, #). Overlaid on Figure 3 is this polar
coordinate grid, which is centered at [ = 028051, b = —071836
((J2000) = 17"48™14$331, 6(J2000) = —28°20/35”14). In the
following sections we will use this polar coordinate grid to
discuss the orientation of the magnetic field in relation to the
structure of the M0.8-0.2 ring (Section 3.1) and measure the
magnetic field strength in M0.8-0.2 and how it varies across
the entire structure (Section 3.2).

3.1. Structure of the Dust Polarization

Using this new polar coordinate reference frame, shown in
Figure 3, we can determine how well the magnetic field traces a
ring-like structure. In an ideal case (i.e., if the magnetic field is
perfectly circular) then the magnetic field orientations,
expressed in polar coordinates, would be oriented perpend-
icular to the radial direction.

To do this coordinate transformation to the polar coordinate
reference frame we recentered the zero-point of the reference
frame to be at the center of the ring (I = 078051, b = —071836)
and averaged the data into bins of A#=4° and Ar=5"7
(~0.2 pc). We specified an azimuthal angle of § =0° to be
oriented vertically (i.e., Galactic north) in Figure 3, conforming
to the IAU polarization standard. To regrid the polarization
pseudovectors, we calculated the orientation of the tangential
angle (¢) at each azimuthal angle (f) on the polar coordinate
system. We then calculated the difference between the
polarization angle (i.e., the pseudovectors plotted in Figure 3)
and this tangential angle and recorded the values as A¢. The
resulting image for the M0.8-0.2 ring in polar coordinates is
shown in Figure 4. Here, A¢ = 0° indicates the magnetic field
line is aligned with the azimuthal direction and a A¢ =90°
indicates the magnetic field line is aligned with the radial
direction. The orientations of the A¢ directions are shown at
the top of Figure 4 for reference.

We have divided this plot into three radial zones (see
annotations on the right side of Figure 4). We have defined
Region I as the interior of the M0.8-0.2 ring (» < 3 pc). Region

Butterfield et al.

IT is defined as the emission associated with the MO0.8-0.2
ring 3 pc <r<7 pc). Region III is defined as the exterior
of the M0.8-0.2 ring (r=7 pc). A significant number of
vectors in Regions I and IIl are associated with low-level
emission (i.e., lj4um <5000 Mly srfl). Therefore, the
magnetic field orientation in these zones is likely more heavily
influenced by contamination from foreground /background dust
continuum.

We find that in Region I, the field is well organized into arc-
like structures that appear to converge at two locations: r| =
3.2pc, 6;=110° and r,=4.3 pc, 6,=220°. These con-
vergence locations correspond with two of the low fractional
polarization regions discussed in Section 3 and can be
discerned in Figure 3 (i.e., white circles). Most of the emission
in Region I is relatively faint (<5000 MJy sr™'). However, this
emission shows a relatively high fractional polarization (up to
20%) compared with other regions in M0.8-0.2 (see Figure 3).

Region II corresponds to the brightest 214 pm emission in
MO0.8-0.2. This emission appears clumpy in the polar
coordinate system, containing at least five main clumps around
the structure. These clumps are also visible in Figure 3. The
two clumps on the eastern side (§ = 0°-180°) are brighter and
more extended than the three clumps on the western side
(# = 180°-360°). In Region II we find that the field is also
organized, containing large regions of coherent emission that
have magnetic fields oriented perpendicular to the radial
direction of the ring (i.e., A¢ =~ 0°). Most of these regions that
show a horizontal magnetic field orientation in Figure 4 is
associated with the brightest 214 pm emission (e.g., § ~ 135°
r~5-6 pc). We note, however, that there are locations in
Region II where we observe A¢=0. For example, at an
azimuthal angle of 6 ~70° we observe a tilt in the magnetic
field of roughly A¢ >~ 45°. There are roughly four sections in
Figure 4 which show this deviation: 6~ 0°, 70°, 180°, and
310° (see Figure 4). Most of these deviating regions are
between the bright clumps. We also note that in Region II there
is one azimuthal angle where the magnetic field is oriented in
the radial direction (i.e., A¢ >~ 90°): r~4 pc, 6 ~ 100°.

In Region III the field is less coherent than that observed at
smaller radii (» < 7 pc). While individual portions of Region III
appear to have their own organized field shapes, as a whole, the
larger-radii regions do not appear to be organized in the same
circular pattern as observed at smaller radii. When observing
the magnetic field orientation at radii larger than ~7 pc (see
Figure 3), the field appears to be well organized in a manner
consistent with the local field orientation surrounding
MO0.8-0.2. Therefore, we can conclude that the ring-like
structure in the magnetic field appears to decrease to value
around 0.5 mG at radii larger than ~7 pc, as indicated in
Figure 4.

Using the coordinate system shown in Figure 4, we plot
percent polarization values for each data point at it is
corresponding radius (Figure 5). This plot illustrates a clear
trend in the distribution of polarization values as a function of
radius. Here we observe that the polarization is lowest in
Region II when compared with Regions I and III. Furthermore,
we note a steady decrease in the polarization from the
innermost radii to a radius ~ 4 pc where all polarization values
are <5%. At larger radii, the polarization appears to show a
wider distribution of values, ranging from 1% to 17.5%.
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the same scaling as shown in Figure 2). The zero-point for the polar grid is centered at = 0°8051, b = —0°1836 (white “X” in Figure 2). An azimuthal angle () equal
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directions, discussed in Section 3.1, are indicated at the top of this figure for reference. The three radial zones (Regions I-III), also discussed in Section 3.1, are
annotated on the right side of the figure. The two white “+” signs show the convergence locations of the magnetic fields discussed in Section 3 and marked as white
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Figure 5. Percent polarization vs. radius in the ring using the polar coordinate
system from Figure 4. The colors of the data points correspond to the 214 ym
intensity (shown in Figures 2 and 4 using the same color scale). The vertical
black lines mark the three radial regions discussed in Section 3.1 (Regions
I-1I).

3.2. Magnetic Field Strength in M0.8-0.2

The strength of the POS component of the magnetic field in
the polarized M0.8-0.2 cloud can be estimated by using the
Davis—Chandrasekhar—Fermi (DCF; Davis 1951; Chandrasekhar
& Fermi 1953) method. The DCF method relies on three

measurements: mass density (p,,), velocity dispersion of the gas
(0,), and the angular dispersion of the polarization vectors (o).
These three variables are combined according to the following
equation for the magnetic field strength in the POS:
Bros = \[4mp, —-. )
%

Typically, p,, values are estimated from the column density
while o, is inferred from the line width of a molecular tracer,
assuming isotropic turbulence.

The angular dispersion, o4, on the other hand, can be
estimated in different ways. We follow the angular dispersion
analysis developed by Hildebrand et al. (2009) and Houde et al.
(2009), which has been successfully applied to HAWC+ data
(Chuss et al. 2019; Guerra et al. 2021; Lopez-Rodriguez et al.
2021). This approach allows a more appropriate estimation of
0, by separating the contribution to the measured dispersion
attributable to the geometry of the large-scale field from the
contribution arising from small-scale turbulent motions. In this
way, values of Bpog calculated with Equation (1) are accurate
(within the limitations of the DCF approximations; see
discussion below) and no correction factor is needed (e.g.,
Ostriker et al. 2001). More formally, the angular dispersion is
quantified by the structure function 1 — (cos[A¢(£)]), which
accounts for the difference A¢ between all pairs of ¢ separated
by distance ¢. This dispersion function can be modeled as:

1 — efe2/2(52+2wz)

(87) ]*‘
1 B
ik
where the second term on the right describes the large-scale

contribution while the first term describes the small-scale,
Gaussian turbulent component, which accounts for the LOS and

1 — (cos[A¢(0)]) = +axt?, (2
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Figure 6. Dispersion analysis results: (a) two-point dispersion as a function of £* calculated for the entire M0.8—0.2 ring, out to a radius ~ 9 pc (blue circles). The red
solid line corresponds to the best fit for the large-scale contribution—the second term in Equation (2). (b) The same as (a) but as a function of ¢. (c) Autocorrelated
turbulent component (blue circles). This part of the dispersion function is described by the first term in Equation (2). The best-fitting model is shown with a solid red
line in panels (a)—(c). The gray line in panel (c) corresponds to the autocorrelated beam profile. The plots on the right, panel (d), present the posterior distributions for
the best-fit parameters obtained with the Markov Chain Monte Carlo (MCMC) solver.

in-beam signal integration. In Equation (2), 6, W, and (B?)/(Bg)
correspond, respectively, to the turbulence correlation length, the
observing beam’s radius, and the ratio of turbulent-to-ordered
magnetic energy. N, where N = A(82 + 2W2)/\2r63, is
the number of turbulent cells along the LOS. The cloud’s
effective depth, A, is estimated from the width of the auto-
correlation function of the polarized flux, assuming that the
distribution of the gas density along the LOS is similar to that in
the POS.

First, we apply this dispersion analysis to the polarization
data for the entire ring structure, excluding those pixels with
intensity < 5000 MJy sr~ " and limiting the analysis to a radial
distance ~ 9 pc from the ring center position. The result from
this analysis are shown in Figures 6 and 7. The constructed
dispersion function is shown in the left panels of Figure 6
(panels (a)—(c)), while the right panel (panel (d)) shows a
corner plot of the best-fit parameters from Equation (2). In
Figure 6(a), blue circles correspond to the dispersion as a
function of 2. The red solid line shows the best-fit large-scale
contribution to the dispersion—the term oc/” in Equation (2).
Figure 6(b) is very similar to Figure 6(a) but as a function of ¢
rather than £*. The relevance of Figure 6(a) lies in clearly
identifying the best range of ¢ values that corresponds to the
large-scale field contribution since in this version of the plot
such a range corresponds to the region of the dispersion
function that is clearly linear. For this dispersion function, that
range is identified for £ > 2'.

Figure 6(c) displays the autocorrelated turbulent part of the
dispersion function. That is, the remainder of the dispersion
function at small scales (f/ < 2') arises from turbulent motions
of the magnetic field. This contribution is modeled by the first
term in Equation (2). Blue circles correspond to the measured
dispersion function while the red line is the best-fit model.
Fitting of the dispersion function was performed through a
Markov Chain Monte Carlo approach using the python package

1.0 HWHM = 1.426+0.058’
0.8
g
o
Q
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<
g
—
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Figure 7. The M0.8-0.2 ring’s autocorrelation function. This one-dimensional,
isotropic function (blue symbols) is calculated from the two-dimensional
autocorrelation of the polarized flux, by averaging in the azimuthal direction.
Blue bars correspond to the standard error of the average value. The half-width
half-max distance (where the vertical green line intersects the horizontal red
line) corresponds to the estimation of & = 1743 + 0/ 06.

emcee (Foreman-Mackey et al. 2013). In Figure 6(c) it is clear
that the autocorrelated turbulent function is wider than the
autocorrelated beam (gray solid line). Because § > /2 W, the
polarimetric observations resolve the turbulence and the
dispersion is not underestimated by subbeam structure. In this
case, 6 =39739 > 10”790 (Figure 6(d)).

While 6 can be determined directly from the fit of
Equation (2), in order to determine the value of (B?)/(B¢),
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we need to also estimate the value of 2. This value is obtained
from the width of the autocorrelation function of the polarized
flux in the ring (Figure 7). In this figure we see that the half-
width half-maximum value corresponds to 1/43 40706, or
3.44 +£0.14 pc. This depth value appears consistent with the
observed thickness of the ring in 214 pm intensity. Using this
value of A, we determined (B?)/(B¢)= 0.090 & 0.001. Since
(B})/(B$) < 1, the energy corresponding to the large-scale,
ordered magnetic field is larger than that of the turbulent
magnetic field. In fact, from the value of (B?)/(BZ), we can
estimate that the LOS-averaged magnitude of the turbulent
component is ~1/3 the magnitude of the large-scale, ordered
magnetic field. This supports the interpretation of a clear ring-
like structure of the magnetic field with local deviations due to
turbulence in the gas.

According to this dispersion analysis, to calculate the values
of the POS magnetic field strength, the DCF approximation can
be reexpressed as:

n 1172
Bpos = 1;4»7'('pm(7'v|: < t2> ] . (3)
(Bg)

To evaluate this expression for the entire ring, the mass
density is calculated as p,, = umyn(H,), where p(=2.8) is the
mean molecular weight, my(=1.67 x 10°** g) is the hydrogen
mass, and the number density n(H,) =N(H,)/L is calcula-
ted from the average column density map presented in Marsh
et al. (2015, 2017) assuming a cloud depth L=1.06 +0.04 x
10" cm (or 3.44 +0.14 pc, corresponding to a value of A=
1/43+0!06 at a distance of 8.3 kpc). The average column
density is calculated over the same group of pixels considered
for the dlspersmn analysis. We obtain N(H,) = (1.46 +0.01) x
10%

The ve10c1ty dispersion value is calculated from previous
HNCO (4-3) observations (Jones et al. 2012; further analysis
of the HNCO kinematics is discussed in Section 4.2). First, we
calculate the second spectral moment map of the HNCO
emission and then transform it to dispersion by taking its
square root. Before applying the pixel cut, it is necessary to
adjust the o, values to account for the differences in angular
resolution between the HNCO and HAWC+ measurements.
Thus, according to the Larson relation (Larson 1981; Heyer
et al. 2009), we multiply the o, map by the factor
L = (Wiawcs 214 um/Wopra 3mm)' /2, where  Wiawc s 214m
and Wyiopra3mm are the beam sizes of the HAWCH 214 pym
and Mopra 3 mm data, respectively. We thereby find the
average velocity dlspersmn for the DCF analysis to be
0,=191+£0.01 km s~ . Using all of the values above, and
Equation (3), we calculate Bpos =572 £ 12 uG."°

Equation (1) above, known as the “classical” DCF approx-
imation, is derived from the assumption of Alfvénic turbulence
alone in the gas. Under this assumption the dominant energy
term that balances the kinetic energy perturbations is due to
magnetic field fluctuations. Thus, using the classical-DCF often
results in a misestimation of the POS magnetic field strength in
clouds where compressional turbulence might be important
(i.e., Skalidis & Tassis 2021) or where large-scale and/or
sheared flows are prominent (i.e., Lopez-Rodriguez et al. 2021;

19 The uncertainties reported for the Bpog values correspond to the propagation
of variable uncertainties through the DCF expression and it does not indicate
the systematic error associated with the use of the DCF approximation, which
is typically 20%—-70% depending on the turbulence regime (see the discussion
in Skalidis & Tassis 2021).

Butterfield et al.

Guerra et al. 2023). Clouds in the GC have been reported to
have incompressible turbulent motions, according to measured
scaling exponents of power spectra calculated using velocity
measurements of HI emission, HI absorption, and CO
emission (Elmegreen & Scalo 2004). However, the particular
conditions of the M0.8-0.2 ring, specifically the possibility of
interaction with shock fronts, suggest that in some regions of
the M0.8-0.2 ring, compressible turbulence might develop
(see, e.g., Inoue et al. 2009). In such cases, the use of the
compressional-DCF approximation might be applicable.

The compressional-DCF POS magnetic field strength (Bgos)
can be calculated from the classical-DCF approximation (Bpos)

as:
BPCOS = 4/0.50'¢,Bp03. (4)

Which, using the values from above, results in Bfog = 221+
5 pG. Thus, the most likely POS magnetic field strength for the
MO0.8-0.2 ring is 572 + 12 uG with values of 221 £5 uG in
some locations. These two Bpos values we are reporting
strongly depend on which physical conditions of the turbu-
lence are operating at the point of interest. Further observa-
tions are necessary to determine whether and where shocks
are present within the cloud, thereby highlighting the
regions where this compressional-DCF method might best be
applied.

An important caveat to mention at this point is the
importance of properly determining the dispersion due to the
large-scale, ordered magnetic field on the value of Bpps. As
shown in Figures 6(a)-(b), the best fit for the large-scale
contribution determines the overall shape of the autocorrelated
turbulent part (Figure 6(c)). Such a large-scale contribution is
described, according to Equation (2), by the term oc/?. This
approximation appears to work well for large-scale, ordered
fields that do not display a specific geometry. Thus, in the case
of MO0.8-0.2, this approximation might not be sufficient
because of the ring-like shape—which could result in the
model misidentifying some structure as turbulent dispersion,
thus resulting in an underestimate of the magnetic field
strength. Therefore, performing the dispersion analysis in
“wedges” (Ar, Af), where the large-scale contribution is better
described by the £* term, might be more appropriate and allow
for more accurate values of Bpgg to be determined.

Motivated by the argument exposed above, we examine
variations of Bpgg in both the radial and azimuthal directions.
To do so, we first performed the dispersion analysis for the
polar grid shown in Figure 3. That is, for a particular value of
(r, ), a dispersion function is calculated for all pseudovectors
in the range r—Ar/2<r<r+Ar/2 and 60— Af/2<
0 <0+ AG/2, where Ar is 0.63 pc and Af is 40°."" Each
dispersion function was then fitted with the model of
Equation (2) assuming the same depth value (&) as used
above. The results of this analysis are parameters in two-
dimensional, polar coordinates: (B2)/(BZ) (r, 0), ax(r, 0), and &
(r, ) (in addition to p(r, ), the nonlinear correlation
coefficient, which measures the goodness of fit). Here we
present these results separately by averaging over one of the
coordinates. Figure 8 presents the radial (left) and azimuthal

' These values of Ar and Af were chosen to guarantee that enough pairs of
pseudovectors are available inside the analysis subregions for constructing a
dispersion function with a good fit. Smaller values were tested, however they
resulted in many dispersion functions with poor fits. See Guerra et al. (2021)
for a similar analysis.
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Figure 8. M0.8-0.2 radial (left) and azimuthal (right) profiles for the parameters derived from the polarization-angle dispersion analysis (from top to bottom):
(B?)/(B3), as, 6, and p. Solid lines correspond to median values and the shaded area around them represents the 5th (lower edge) and 95th (top edge) percentiles.

(right) profiles of the parameters derived from the dispersion
analysis. On each side of Figure 8, four panels are shown (from
top to bottom): (B?)/(Bg), a,, 6, and p. The step-like curves in
these panels correspond to median values while the shaded area
represents the 5th (lower edge) and 95th (upper edge)
percentiles of their distributions. Only fits with p > 0.7 were
considered for these profiles. We see in the profiles of Figure 8
that there is more variation of the dispersion analysis
parameters with the azimuthal coordinate than with the radial
one. In both cases, the p values (bottom panels) are very close
to 1 on average, implying that our fits describe well
the dispersion function and thus the determined parameters
are more accurate. Moreover, the values of & exceed
J2W =10”90, which imply that the polarization-angle
dispersion is well constrained for all radii and azimuths. The
radial profile of (B?)/(B{) shows relatively constant values
across the entire ring (Figure 8, left top panel). However, for
the majority of radial values, the spread of values can approach
unity. On the other hand, the azimuthal profile of (B?2)/(BZ)
shows relatively low values for most angles across the ring,
with the exception of 6 ~ 240°, where the ratio of turbulent-to-
ordered magnetic energy ((B?)/(B3)) increases by an order of
magnitude compared with neighboring azimuthal bins
(Figure 8, right top panel).

Figure 9 presents the radial (left) and azimuthal (right) profiles
of the POS magnetic field (Bpps, panel (a)), column density
(N(H,), panel (b)), and velocity dispersion (o,, panel (c)) used in
the DCF calculation (see Equation (3), along with the (B?)/(Bg)
profile shown in Figure 8). Two values of Bppg are presented in
both the left and right panels of panel (a) of Figure 9: the solid
line corresponds to the classical-DCF approximation while the
dotted line corresponds to the compressional-DCF approx-
imation. The column density radial profile shows a structure
consistent with a ring of gas and dust, which peaks around » ~ 4 pc,
while the velocity dispersion profile shows a constant value
~2.0 km s~" up to r~6 pc, before gradually decreasing to a

value of 1.5 km s~'. Both Bpog profiles display very similar
behavior with radius; i.e., an overall decreasing tendency with
increasing radius: Bpogs(r~2 pc)/Bpos(r~9 pc)=1.75 (1.55
for the dotted line). However, we note a slight increase from
~750 uG (~220 pG) at the inner radii (2-3 pc) to ~1000 pG
(~300 pG) at r=4-5 pc. For larger radii, the magnetic field
strength decreases to ~500 pG (~140 uG) at ~8-9 pc.

On the other hand, both azimuthal profiles (Figure 9, right)
show some variation with respect to the azimuthal angle. The
Bpos profile shows a fairly consistent magnetic field strength—
with typical values around 500-750 uG (160-205 pG)—with
the exception of around 6 ~ 240°, where we measure a decrease
in the field strength to ~250 uG (~100 pG). This decrease is
produced by the increase in the (B?2)/(B¢) value observed at that
azimuthal angle. The velocity dispersion also shows some
variation in the azimuthal direction showing two main peaks
around 6~ 100° and 6~ 300°. These peaks in the velocity
dispersion will be discussed again briefly in Section 4.2. The
column density values do not show much variation, ranging from
1.0 to 1.5 x10* cm ™2 across all azimuthal angles.

One of the most prominent sources of error in the calculated
Bpos values is the assumed depth of the cloud. In evaluating the
DCF expression, we assume a constant depth for all radii and
azimuthal angles. If the ring structure is almost entirely in the
POS, we can expect a depth profile that slowly decreases away
from the ring’s radial midpoint. Such varying values of depth will
affect the measured (B?2)/(B¢) and mass density but the resulting
Bpps might not be much different than those here presented.
However, if the observed ring corresponds to the two-dimensional
projection of a spherical dust shell, then the depth radial profile
should decrease from the inner to the outer radius. In such a case,
the resulting radial profile of Bpog might be different from the one
here presented. Therefore, a more thorough determination of the
geometry in M0.8-0.2 is needed to provide a more realistic radial
profiles of the magnetic field strength.
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Figure 9. Left: radial profiles of M0.8-0.2: (a) POS magnetic field strength, (b) column density, and (c) gas velocity dispersion. The values of ¢, and N(H,)
correspond to averages calculated over concentric annuli centered at (/ = 078051, b = —071836). Right: angular profiles of M0.8-0.2; similar to the left panels, but for
angular wedges measured east of north, as shown in Figure 3. In both the left and right panels of (a), the solid and dotted lines correspond to the POS magnetic field
strength calculated using the classical and compressional-DCF approximations, respectively.

4. Discussion

In the following sections we compare the 214 pum
observations from the FIREPLACE survey to 23 multi-
wavelength observations of the M0.8-0.2 ring from 90 cm
(350 MHz) to 0.25 nm (1200 PHz) to investigate the nature
of the source (Section 4.1). We also compare the magnetic
field pseudovectors to the gas kinematics, using previous
observations of the HNCO (4-3) transition (Section 4.2) and
argue that the magnetic field in M0.8-0.2 is being compressed
by a driven radial expansion (Section 4.3). Finally, we explore
potential point-source candidates that could be associated with
the driver of such an expansion (Section 4.4).

4.1. Nature of the M0.8-0.2 Ring

The circular morphology of M0.8-0.2 suggests the nature of
the source is some type of bubble, probably either an HII
region or an SNR (e.g., Pierce-Price et al. 2000). Tsuboi et al.
(2015) investigated the kinematics of the source, using SiO and
H'?CO", to measure the energy needed to produce the
expansion velocities observed in their data and argue that a
supernova explosion is needed to power the expanding shell.
We further explore the nature of M0.8-0.2 by undertaking a
multiwavelength approach using the numerous surveys con-
ducted on the CMZ (Table 1).

Figure 10 shows the emission from the ring across 19 different
wavelengths, from 90 cm (350 MHz) to 0.25 nm (1200 PHz).
The information for the images shown in Figure 10 is listed in
Table 1, including the angular resolution (column (2)), telescope
(column (3)), and publication (column (4)). We also include
additional surveys of the region in Table 1 that are not shown in
Figure 10, either due to redundancy with other similar
observations (e.g., 870 yum ATLASGAL and 850 um SCUBA2
images) or because they are nondetections (e.g., Two Micron All
Sky Survey (2MASS) observations).

The MO0.8-0.2 ring, shown in Figure 1, is detected in the
microwave and far-infrared continua between 3 mm and 160 ym
(Figure 10). Large-scale emission from the M0.8-0.2 ring is
not observed at wavelengths shorter than 160 pm, indicating
that the emitting dust is relatively cold. Indeed, Marsh et al.
(2015, 2017) and Molinari et al. (2016) measured the dust
temperature across the CMZ and found that the dust
temperature in M0.8-0.2 is ~17 K.

Between 70 pym and 3 mm, there is a depression in the
continuum intensity toward the center of the cloud, with a
radius of 1!5 (3.5 pc). However, as shown in many of the
observations in Figure 10 (e.g., 2 mm, 250 um, and 160 pum),
this depression is not entirely a vacated cavity. Similarly, this is
true for the molecular line emission as well; as discussed in
Section 4.2, faint molecular emission can be observed toward
the center of the M0.8-0.2 ring.

At radio wavelengths of 3 and 2 mm, there is more extended
emission toward the southeast region of the cloud that is not as
prominent in the shorter far-infrared wavelength data sets (i.e.,
214 and 160 pm observations). This extended emission is also
visible in Figure 1, which could be associated with thermal free—
free emission associated with an HII region. Future analysis
using higher-resolution data from ongoing CMZ surveys (e.g.,
ACES and JACKS) may give insight on the nature of this radio
emission (e.g., M. Nonhebel et al. 2024, in preparation).

There is a large clump of IR emission toward the northeast
region of the cloud (labeled as the “stone” in the top left panel
of Figure 10). This region contains relatively low fractional
polarization in the 214 pm emission (Figure 2). Relatively low
fractional polarization, toward a brighter 214 pum emission
region, is observed toward other clouds in the FIREPLACE I
survey (e.g., SgrB2, CloudE/F, and Sgr B2NW). The low
fractional polarization in these other CMZ sources is argued to
be due to (1) superposition of multiple field directions; (2) grain
alignment in the cloud interior may be less efficient; and/or (3)
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Table 1
List of Survey Data Sets That Cover the M0.8-0.2 Ring
Wavelength Resolution Telescope Publication Notes
90 cm 43" x 24" VLA LaRosa et al. (2000) 350 MHz
Radio 20 cm® 47 MeerKAT Heywood et al. (2022) 1 GHz
6.0 cm 9" x 4" VLA White et al. (2005) GPS, C band, 5 GHz
1.3 cm 26”2 x 17"8 ATCA J. Ott (private communication) SWAG, K band, 25 GHz
3.0 mm 97 GBT Ginsburg et al. (2020) 90 GHz, MUSTANG, MGPS
2.0 mm 21" IRAM-30 m Arendt et al. (2019) GISMO, 150 GHz
Microwave 1.1 mm 337 Bolocam Bally et al. (2010) ~220 GHz, (BGPS)
870 pm 1872 APEX-12 m Schuller et al. (2009) ATLASGAL, LABOCA
850 pum 13 JCMT Parsons et al. (2018) SCUBA2, 347 GHz
500 pm 3570 Herschel Molinari et al. (2010, 2011, 2016) SPIRE, Hi-GAL
450 pm 8" JCMT Parsons et al. (2018) SCUBA2, 664 GHz
350 pm 2470 Herschel Molinari et al. (2010, 2011, 2016) SPIRE, Hi-GAL
Far-infrared 250 pm 1870 Herschel Molinari et al. (2010, 2011, 2016) SPIRE Hi-GAL
214 pm 1872 SOFIA Butterfield et al. (2024) HAWC+, Band E
160 pom 12”70 Herschel Molinari et al. (2010, 2011, 2016) PACS, Hi-GAL
70 pm 6”70 Herschel Molinari et al. (2010, 2011, 2016) PACS, Hi-GAL
70 pm 18”70 Spitzer Carey et al. (2009) MIPSGAL
24 pm 6”0 Spitzer Carey et al. (2009) MIPSGAL
22 pm 127 WISE Wright et al. (2010) ‘W4 band
21 pm 20" MSX Egan et al. (1998) Band E
Mid-infrared 15 pm 6" 1SO Omont et al. (2003) ISOGAL, DENIS
15 pm 20" MSX Egan et al. (1998) Band D
12 pym 20" MSX Egan et al. (1998) Band C
12 pm 6”5 WISE Wright et al. (2010) W3 band
8.3 um 20" MSX Egan et al. (1998) Band A
8.0 pm 172 Spitzer Churchwell et al. (2009) GLIMPSE II, IRAC4
7.8 pm 6" 1SO Omont et al. (2003) ISOGAL, DENIS
5.8 pum 172 Spitzer Churchwell et al. (2009) GLIMPSE 11, IRAC3
4.6 pm 6”4 WISE Wright et al. (2010) W2 band
Near-infrared 4.5 pm 172 Spitzer Churchwell et al. (2009) GLIMPSE II, IRAC2
3.6 pm 172 Spitzer Churchwell et al. (2009) GLIMPSE 11, IRAC1
3.4 um 6”1 WISE Wright et al. (2010) W1 band
2.159 um 2"0 2MASS Skrutskie et al. (2006) 2MASS, Band K
1.662 pm 270 2MASS Skrutskie et al. (2006) 2MASS, Band H
1.235 ym 2”0 2MASS Skrutskie et al. (2006) 2MASS, Band J
1.0 nm 0”5 Chandra Wang (2021) 1-4 keV
X-ray 0.25 nm 0”5 Chandra Wang (2021) 4-6 keV
0.12 nm 0”5 Chandra Wang (2021) 6-9 keV

Notes. The wavelengths shown in bold font correspond to the data sets included in Figure 10. Key: Atacama Pathfinder Experiment (APEX), Australia Telescope
Compact Array (ATCA), Bolocam Galactic Plane Survey (BGPS), Very Large Array (VLA), Wide-field Infrared Survey Explorer (WISE), Midcourse Space

Experiment (MSX), and Infrared Space Observatory (ISO).
 This data set, shown in Figure 10, has been smoothed to 772.

tangling of the field lines below our resolution (Butterfield et al.
2024). The low fractional polarization in the “stone” could be
an indication that similar phenomena are happening here.

There is also a small gap in the far-infrared emission around
6 =300° (Figure 3). This could be caused by a blowout (a
“champagne flow;” e.g., Deharveng et al. 2010) or potentially a
disruption in the structure. This region also shows relatively
higher emission in the 8 pm Spitzer data than other LOSs
toward MO0.8-0.2. This relatively higher emission observed in
the Spitzer data is also observed in other mid-infrared and near-
infrared panels, covering a wavelength range ~ 4-15 pm.

At wavelengths shorter than 70 pm the ring is observed to be
IR-dark (bottom two rows in Figure 10), in that the emission
toward M0.8-0.2 is lower than other regions in the field of
view. The notion that MO0.8-0.2 is an IR-dark cloud is

10

consistent with Tgue < 20 K reported in Molinari et al. (2011).
Figure 11 shows a comparison of the Spitzer 8 ym emission
(gray scale) to the Herschel 160 pim emission (contours). The
MO0.8-0.2 ring, as shown by the contours, generally traces the
extent of the dark cloud (gray scale), indicating M0.8-0.2 is
optically thick at mid- and near-infrared wavelengths.

4.1.1. Radio Emission

At radio wavelengths (90—1 cm; top row of Figure 10), there
is very little emission associated with the M0.8-0.2 ring. The
recent GC MeerKAT data release (Heywood et al. 2022) shows
two diffuse emission regions around the northeastern and
southern regions of the cloud. These emission regions are
located in the same general direction as the extended emission
in the millimeter wavelengths (i.e., the 3 and 2 mm panels),
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Figure 10. Emission toward the M0.8-0.2 ring from 90 cm (350 MHz) to 0.25 nm (1200 PHz, 5 keV). The imaging parameters and citations for the data shown here
are included in Table 1. The top left panel, labeled as “Features,” shows the PACS 160 pm image with annotated features that are discussed in Section 4.1.

discussed above. We could also be observing these emission
regions in the 90 cm panel, however, the resolution of these
observations is very course (~25"-45").

The 1.28 GHz study by Heywood et al. (2022) reported the
spectral indices of the detected radio sources across their observed
bandwidth. Figure 12 shows the spectral index of the ring at radio
wavelengths using the data set from Heywood et al. (2022).'* As
shown, the spectral index for M0.8-0.2 is a ~ —0.8 (S ox ),
with values ranging from —0.4 to —1.2, with the southern

'2 hitps: //archive-gw-1.kat.ac.za/public/repository /10.48479 /fyst-hj47 /
index.html: link to the Heywood et al. (2022) MeerKAT data set.
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region of the source containing a steeper spectral index. This
relatively steep spectrum in the diffuse emission is consistent
with the other radio observations of this source (Figure 10).
The lowest-frequency observations (90 cm, 350 MHz; LaRosa
et al. 2000) show radio emission from MO0.8-0.2 that is
relatively brighter toward the southern region compared to the
northeastern region. This negative spectral index is consistent
with the nondetection of diffuse emission in the 6 and 1 cm
observations. The negative spectral index at radio wavelengths
suggests the emission observed at longer radio wavelengths
(90 and 20 cm) is likely associated with nonthermal synchro-
tron radiation. Synchrotron emission is commonly associated
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Figure 11. Spitzer 8 pm emission (Churchwell et al. 2009), scaled (linearly)
from 30 to 75 MJy st~ ' and shown in gray scale. Overlaid are blue contours
showing the Herschel + PACS 160 pm emission at 4.0, 4.5, and 5.0 x 1 Jy
pixel™" (Molinari et al. 2016). The locations of several prominent point sources,
discussed in Section 4.4, are marked. The two red star markers highlight the
two featured IR sources, which are visible in this image. The red circle shows
the location of the radio point source. The 8 xm emission from the radio point
source is also visible in this figure. The two red diamonds show the locations of

wy

the two X-ray point sources nearest to the ring center. The white “x” symbol
marks the (r = 0, = 0) location used in the polar coordinate system, presented
in Figure 4.

with SNRs, which produce the relativistic electrons needed to
produce the radiation. The detection of synchrotron emission at
radio wavelengths implies that M0.8-0.2 is likely an SNR,
consistent with the suggestion by Tsuboi et al. (2015).
Assuming the emission observed in the MeerKAT 1 GHz
radio continuum is synchrotron radiation, as suggested by the
negative spectral index, we can calculate the lifetime (7) of the
cosmic-ray electrons producing this radio emission. Here we
can estimate the lifetime 7= E/P, where E=m.”y is the
relativistic electron energy and P = (4/ 3)caTU372 (with o the
Thomson cross section and Up is the magnetic field energy
density) is the power radiated by the synchrotron-emitting
electrons. We make the simplifying assumption that radiation
observed at some frequency v is radiated by electrons with
Lorentz factor v = (16um,c/3eB)'/?. Since we know B
(Section 3.2), this allows us to estimate +. The result is:

-3/2 —1/2
r—14x 102 _ ( e ) yr,
100G GHz

where B and v, are the magnetic field in units of 100 uG and
observed frequency in units of GHz, respectively.

Using the average magnetic field strength from the SOFIA/
HAWC+ observations derived in Section 3.2 (B = Bpos =
572 £12 uG), and v, =1.28 GHz from the Heywood et al.
(2022) MeerKAT observations (see Figures 10 and 12), we
calculate a lifetime of 0.9(+ 0.03) x 10° yr using Equation (5).
This lifetime estimate, derived from the synchrotron emission,

®)
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Galactic Latitude

0.80° 0.75°

Galactic Longitude

Figure 12. MeerKAT 1 GHz radio emission from Heywood et al. (2022)
showing the radio spectral index, «, from —2 to +2, in color scale, where
S o v, overlaid on the total intensity S (Stokes /, gray scale). The Stokes /
image has been smoothed to an angular resolution of 7//2. The white contours
show the Herschel + PACS 160 um emission at 4.0, 4.5 and 5.0 x 1 Jy pixel™
(Molinari et al. 2016). The radio point source is annotated in the figure with the
white arrow. The locations of several other prominent point sources, discussed
in Section 4.4, are also marked. The two white star markers highlight the two
featured IR sources. The two white diamonds show the locations of the two
X-ray point sources nearest to the ring center. The white “x” symbol marks the
(r=20, 0 =0) location used in the polar coordinate system, presented in
Figure 4.

0.85°

is roughly within a factor of 2 of the estimate of Tsuboi et al.
(2015), who argue that the upper limit for the age of M0.8-0.2
is 1.8 x 10° yr, based on calculations from the gas kinematics.
The indication that M0.8-0.2 is an evolved SNR is consistent
with the dust temperature measurement derived by Molinari
et al. (2011). They estimate a relatively cold dust temperature
of <20 K in MO0.8-0.2—which is consistent with other
similarly aged SNRs and suggestive of radiative IR cooling
(e.g., Chawner et al. 2020; Wang et al. 2022). We note,
however, that our lifetime estimate, calculated above, does not
include bremsstrahlung losses, which could be significant at the
characteristic energies of the radiating electrons (e.g., see
Figure 2 of Yoast-Hull et al. 2013). Therefore, we suggest that
our estimate of the lifetime be regarded as an upper limit.

4.1.2. X-Ray Emission

Using archival observations from Chandra (Wang 2021), we
examined the diffuse X-ray emission around the M0.8-0.2 ring
but find no indications of structure across the 1-9 keV band
(4-6 keV is shown in the bottom right panel of Figure 10). To
put limits on the extended surface brightness of X-ray emission
from the ring and its interior, such as might arise from an SNR,
we focused specifically on the integrated 2—4 keV emission.
This band was chosen because SNR X-ray emission is
relatively soft (e.g., Vink 2017), especially from older
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remnants, and because foreground Galactic absorption cuts the
spectrum off rapidly below 2 keV (e.g., Baganoff et al. 2003).
For this analysis we use the three regions defined in Section 3:
(I) a region interior to the ring, (II) an annular region matching
the “band” structure of the ring identified in the mid-infrared
images, and (II) an exterior annular region extending ~1’
beyond the ring. Integrating the 2—4 keV X-ray fluxes in these
regions after removing all significant point sources, and then
converting to surface brightness, we find for (I) the inner region
(4.37 £0.06) x 10%8 erg s ! arcsec?, for (II) the ring
4.6 +0.1) x 1028 erg s~ ! arcsec ™%, and for (III) the outer
region (4.8 4+ 0.6) x 10?® erg s ' arcsec 2. We therefore find
no excess surface brightness in the region corresponding to
MO0.8-0.2 or its interior beyond the local ambient X-ray
background, which is comprised of a population of X-ray point
sources below the detection threshold, the cosmic X-ray
background, and any extended hot plasma emission that may
be present in this region. The lack of excess X-ray emission
within and interior to the M0.8-0.2 ring suggests that if it is an
SNR, it must be old enough to no longer have appreciable
X-ray emission (e.g., Ou et al. 2018). The suggestion that
MO0.8-0.2 is an old SNR is consistent with the previous
calculations of the synchrotron radio emission, and with the age
estimates calculated in Tsuboi et al. (2015), discussed
previously in Section 4.1.1.

4.2. Comparison of the Magnetic Field Structure to the Gas
Kinematics

The ring-like morphology of the M0.8-0.2 cloud is observed
in molecular emission as well. Relatively bright SiO (2-1)
emission in the ring was detected by Tsuboi et al. (2015,
identified as Shell 5 in their work). The SiO molecule is a
known tracer of shocked gas and has been previously detected
toward other SNRs (e.g., Abelldn et al. 2017; Matsuura et al.
2017; Cosentino et al. 2022), indicating the SiO detection in
Tsuboi et al. (2015) may also have originated from similar
phenomena. Similar to SiO, as a known shock tracer, HNCO is
also known to trace low-velocity shocks (Yu et al. 2018). The
MO0.8-0.2 ring is also known to have relatively elevated HNCO
emission compared to other clouds in the CMZ (Mills &
Battersby 2017), indicating the cloud could have elevated
shock activity relative to other CMZ clouds. Most of this
elevated emission in the HNCO emission, relative to the HCN
emission, is located at smaller radii (see Figure 2 in Mills &
Battersby 2017), indicating that the shocked material is
predominantly at the smaller radii. This is consistent with the
hypothesis that the ring could be the result of an expanding
shock front that is propagating radially outward and is
sweeping up material. We further explore the HNCO emission,
which is used to derive the magnetic field strength in
Section 3.2, to investigate the magnetic field structure in
relation to the gas kinematics.

Figure 13 shows channel maps of the HNCO (J=4-3)
emission from the 3 mm Mopra survey (Jones et al. 2012; Mills
& Battersby 2017), overlaid with the magnetic field pseudo-
vectors from the FIREPLACE survey (Butterfield et al. 2024).
To reduce the number of pseudovectors in the image, and allow
for a better visual inspection of the data, we have reduced the
number of vectors plotted in the image by a factor of 2.5. This
approximately corresponds to one pseudovector for each
HAWC+ beam at 214 pm. These channel maps, identified
by the velocity in the top left corner, show the clear central
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depression in the cloud at all velocities represented in the
cloud. Furthermore, this structure is coherent in velocity space,
indicating this morphology is associated with a unified
structure, rather than an LOS arrangement of distinct velocity
components. HNCO emission is brightest toward the southeast
region of the cloud, where we also observe some of the
brightest emission in the 214 pm continuum.

The kinematics shown in Figure 13 also provide a
consistency check on the o, radial and azimuthal profiles
shown in Figure 9(c), which are based on this data set for the
DCF analysis (o, parameter in Equation (3)). The radial profile
shows a generally decreasing velocity dispersion at larger radii.
The azimuthal velocity dispersion profile, however, shows two
main peaks at ~100° and ~270° (corresponding to the east and
west regions of the cloud, respectively). This can be discerned
from Figure 13, which shows excess emission toward the
western side of the cloud at lower velocities and excess
emission toward the eastern side of the cloud at higher
velocities, resulting in a higher velocity dispersion at these
azimuthal angles, as observed in Figure 9(c).

The magnetic field pseudovectors appear to closely follow
the morphology of the HNCO emission and clearly highlight
the LOS velocity components contributing to the integrated
polarization. The morphology of the HNCO emission shows a
gap in the ring-like structure near the radio point source
(marked by the white circle) at velocities between 25 and 35
km s~ '. At velocities of 35-40 km s~ ' the distribution of
molecular emission appears to arc around the point source. At
the higher velocities in the ring (i.e., 45-55 km s~ ! second row
from the bottom in Figure 13) the HNCO emission is compact
and associated closely with the position of the point source. We
discuss the possible interaction between M0.8-0.2 and nearby
point sources in Section 4.4.

4.3. Compression of the Magnetic Field in M0.8-0.2

Flux freezing occurs when the conductivity in the material is
sufficiently high that the diffusion time is larger than the
dynamical time of the system (i.e., magnetic Reynold’s
number: Ry, > 1; e.g., Mestel 1966). As the source material
is displaced through an external force (e.g., gravity) the
magnetic field lines are dragged along with the displaced
material. This frozen-in flux phenomenon is commonly
observed in the ISM and could favor the formation and the
internal pressure support of molecular clouds (see Hennebelle
& Inutsuka 2019 for a recent review on magnetic fields in
molecular clouds).

Feedback effects from massive stars can compress uniform
fields, resulting in an enhanced field strength and bubble-like
morphologies (e.g., Vrba et al. 1987; Milne 1990). Vrba et al.
(1987) showed that as a magnetic field is compressed,
presumably through a shock encounter, the original orientation
of the field is shifted from the original B, direction toward an
orientation that is perpendicular to the radial direction (see the
schematic in their Figure 6). This is due to the perpendicular
field component being continuous (i.e., VB = 0), whereas the
parallel field component is amplified by the shock compression
(Vrba et al. 1987). Milne (1990) also showed a schematic of
shock compression of a magnetic field near an SNR in their
Figure 1. In their figure, they show the propagation of the
shock front stretching and compressing the magnetic field lines,
as the ISM itself is compressed, and highlight regions of X-ray
emission located within the SNR.
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Figure 13. Channel maps of the HNCO (4—3) emission from the Jones et al. (2012) 3 mm Mopra survey, covering a velocity range of 10.2-63.5 km s~ '. The spatial
resolution at the frequency of the HNCO line is 36”. The spectral resolution of the HNCO (4—3) line is 1.84 km s~ . The velocity of each channel is annotated in the
top left corner of each panel. Overlaid on the HNCO background are the magnetic field pseudovectors shown in Figure 2, using Nyquist sampling at the HNCO beam
size, and only the 214 ym pseudovectors for which the intensity is above 5000 MJy sr'. The locations of several prominent point sources, discussed in Section 4.4,
are marked. The two white star m: s highlight the two featured IR sources. The white circle shows the location of the radio point source. The two white diamonds
show the locations of the two X-ray point sources nearest to the ring center. The white “x” symbol marks the (r = 0, § = 0) location used in the polar coordinate

system, presented in Figure 4.

A ring feature similar to M0.8-0.2 was investigated by Chen
et al. (2017), who observed a curved magnetic field morph-
ology toward the N4 bubble, using near-infrared polarimetry.
The N4 bubble is a shell structure projected as a ring on the
POS. It encloses the H1I region G11.898+-0.747 identified by
Lockman (1989). Figure 5 in Chen et al. (2017) shows the N4
bubble, plotted in polar coordinates, similar to our Figure 4,

which shows an analogous distribution of the magnetic field
orientations, aligned largely perpendicular to the radial
direction. They measure the field outside of the shell and
argue for an enhancement in the field strength due to
compression. Similarly, Bracco et al. (2020) saw an enhance-
ment in the field strength in the Corona Australis molecular
cloud that is twice that of the surrounding material. They used
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Planck polarimetry data (Planck Collaboration et al. 2011) and
H1 data from GASS (McClure-Griffiths et al. 2009) to
investigate the magnetic field strength at an intersection of
two HT shells in the cloud and argue that field compression is
causing this enhancement.

We observe a similar field enhancement in the M0.8-0.2
ring. The magnetic field strength in the ring increases and then
decreases as a function of radius (see Figure 9(a), left). The
field strength at the inner radius, Region I (<3 pc; ~220-750
1G), is lower than the field strength in Region II (~4-5 pc;
~300-1000 pG), which is higher than the strength at the
largest radii (~8-9 pc; ~140-500 pG). The observed field
strengths at these largest radii are comparable to magnetic field
estimates for other clouds in the CMZ (e.g., Ferriere 2009).
Assuming the magnetic field strength at the largest radii is
similar to the ambient CMZ field strength, we measure a
factor ~ 2 increase in the field strength due to this compression
of the magnetic field in Region II (e.g., see Figure 9). This
doubling of the field strength due to the compression is similar
to the findings by Bracco et al. (2020), who also saw a factor of
2 increase in their magnetic field strength estimates.

The structure of the magnetic field in polar coordinates
(Figure 4) also supports this idea of field compression. The
field shows a well-organized structure at short radii (Regions I
and II), and is less organized at larger radii (Region III, 27 pc).
In regions where the ring-like structure is most prominent
(Region II, ~3-7 pc), the field lines are generally perpendicular
to the radial direction, indicating that the field lines have a ring-
like structure. The presence of a ring-like structure in the
magnetic field, combined with the ring-like structure in the dust
morphology, is consistent with our scenario in which the
magnetic field is being swept up and compressed by the gas
and dust in M0.8-0.2.

We can further compare the orientation of the magnetic field
in polar coordinates to the schematic presented in Vrba et al.
(1987, their Figure 6). For an expanding shell, this shock front
would be propagating outward in the radial direction from a
central location. In general we find this to be true for the
magnetic field vectors associated with Region II. There are,
however, lower-density regions in this radial range where we
observe a deviation from this orientation (e.g., 6 ~0°, 70°,
180°, and 310°; Figure 4). These regions, where we observe the
field to deviate from being flat, could represent regions where
the field is being influence by the ambient field or by expansion
of the shell past a relatively dense, preexisting gas clump.

The inner radii of the ring, Region I (<3 pc), show a higher
magnetic field compared to the ambient CMZ field strength, but
not as high as in Region II. Despite the low column density in
Region I (N(H,) panel in Figure 9(b), left), we observe a factor
of 1.5 increase in the field strength compared to the ambient
field at larger radii (Region III, ~8-9 pc). This inner region of
MO0.8-0.2 also shows relatively high fractional polarization
values, up to 20% (see Figure 5), suggesting any dust in this
inner region is well aligned with the magnetic field. Akshaya &
Hoang (2023) observed highly polarized 214 pm emission in
regions with low column densities, high temperatures, and low
magnetic field tangling.

4.4. Potential Sources Powering the M0.8-0.2 Ring

There are several point sources that could be associated with
the mechanism producing the expansion of the M0.8-0.2 cloud.
Observations of the region at radio wavelengths (1-90 GHz)
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reveal a relatively bright point source located near the
inner eastern edge of the shell («(J2000) = 17"48™18%7, &
(J2000) = —28°19’48"; 1 = 09825, b = —0°191; see Figures 1
and 10-13). This point source is clearly detected in the
MeerKAT, VLA, ATCA, and GBT data sets (see Figure 10),
and it is also detected at mid- and far-infrared wavelengths,
8-70 pm. We note that the point source could be emitting
radiation at wavelengths shorter than 8 um, however, the
source confusion in the Spitzer data sets (3.6-5.8 ym) and the
course sensitivity in the ISOGAL data set make identifying
the radio point source challenging. The emission from the
radio point source is not detected at X-ray wavelengths (see
Chandra panel in Figure 10; Wang 2021). We also note the
presence of roughly a dozen other compact radio sources in
the vicinity of M0.8-0.2 that are observed in the MeerKAT
data set (Figure 10). However, due to the relative faintness of
these sources, we will not be discussing them in this paper.

The MeerKAT 1 GHz data show the featured point source
has a rising spectral index of 40.7, suggesting it is thermal in
nature (Heywood et al. 2022, see Figure 12). This observed
rising spectral index in the MeerKAT data is consistent with the
3 mm detection in the GBT observations. The spectral index of
the point source suggests that the radio emission is likely
associated with free—free (bremsstrahlung) emission. The
detection of this source at mid-infrared wavelengths (8-70
pm) suggests there is warm dust that is also associated with the
thermal radio point source (see Figure 11).

This radio point source is located near one of the
convergence locations in the magnetic field lines (see
Section 3.1 and Figures 2-4). This location also shows
relatively low fractional polarization in the 214 pm emission
(see Figure 2), which could be indicative of an interaction
between the point source and the M0.8-0.2 ring.

The diffuse radio emission also observed in the 1 GHz
MeerKAT observations (Figure 10) is predominately located
near, in projection, the radio point source. This could be an
indication that this radio point source is producing the 1 GHz
emission observed here. Additionally, the extended 90 GHz
GBT emission (shown in green in Figure 1) is also
predominantly located toward this region of M0.8-0.2, and is
not observed at far-infrared wavelengths, which could be an
indication that this emission is being influenced by the radio
point source. This superposition of the radio point source and
the diffuse 1 and 90 GHz emission hints that this point source is
spatially colocated within M0.8-0.2 instead of being just a
projection effect.

Furthermore, the morphology in the HNCO channel maps,
shown in Figure 13, supports the argument that the radio point
source is physically interacting with the M0.8-0.2 ring. As
discussed in Section 4.2, the morphology of the HNCO
emission shows a gap in the ring-like structure at the location
of the radio point source around velocities of 25-35 km s ' and
arcs around the point source at velocities of 35-40 km s~'. At
the highest velocities of M0.8-0.2, 45-55 km s~ ! the emission
is compact and colocated with the radio point source.

Additionally, there are two IR point sources that are located, in
projection, near the center of the ring (see Figure 1, and the star
markers in Figures 11-13). These two sources are located at «
(J2000) = 17"48™13%09, §(J2000) = —28°19/42”2 (I=0°815,
b=—0°172) and «(J2000)= 17"48™17:31, §J2000)= —28°
212474 (1= 09799, b = —02200). The two IR point sources are
located at the center of each of these depressions. The projected
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locations of these two IR point sources makes them candidate
sources for the expansion of the M0.8-0.2 ring. We note,
however, that these point sources could easily be a chance
alignment due to the low emission toward the center of the ring.

There are also two X-ray point sources that are located, in
projection, within the interior of the M0.8-0.2 ring (see the
diamond markers in Figures 11-13). These X-ray point sources
are located at [=0°816, b= -0°192 and [=0°811,
b= —07188. These X-ray sources could be clumps associated
with the interior of M0.8-0.2, assuming it is an SNR, as
indicated in Milne (1990, see their Figure 1). Follow-up
analysis of these X-ray, IR, and radio point sources is necessary
to determine whether they are interacting with or produced by
the M0.8-0.2 ring. Distance determination of each is critical for
identifying them as GC sources. This follow-up analysis would
also be beneficial to understanding the physics of these sources
to determine if they could produce the energy needed to drive
the expansion, as derived in Tsuboi et al. (2015).

5. Summary

We present the detection of a polarized dust ring (M0.8-0.2)
in the GC as part of the FIREPLACE DRI legacy survey
(Butterfield et al. 2024). The survey was taken with the 214 pm
band of the HAWC+ instrument (19”6 angular resolution) on
board SOFIA. This region contains a circular magnetic field
that generally traces the ring-like structure of the cloud
(Figure 2).

We illustrate the azimuthal nature of the magnetic field by
plotting the vectors in a polar coordinate system (see Figure 4
and Section 3.1). Using the DCF method, we measure the
magnetic field strength as a function of radius and a function of
azimuthal angle and observe that the field strength generally
decreases as a function of larger radii (see Section 3.2).
However, the magnetic field strength locally increases at
r~4-5 pc (see Figure 9). These locations correspond to radii
where the column density also increases, suggesting the
magnetic fields are compressed.

We further compare our results to a multiwavelength
analysis of the source by utilizing the many surveys of the
CMZ (see Table 1 for this listing of surveys, Figure 10 for a
visual subset of these data sets, and Section 4.1 for the
corresponding discussion). We investigate the identity and
nature of the driving source using this multiwavelength
approach, combined with the kinematic analysis presented in
Tsuboi et al. (2015), who argue the M0.8-0.2 ring is an SNR.
The multiwavelength analysis and the spectral index results
from Heywood et al. (2022), which show a falling spectral
index (Figure 12), support this argument that M0.8-0.2 is
an SNR.

We also compare the 214 pm magnetic field pseudovectors
to the HNCO emission, a known shock tracer, illustrated as
channel maps from 10.2 to 63.5 km s ' (Figure 13). The
magnetic field generally follows the gas kinematics and
morphology, suggesting the circular-like nature of the magnetic
field is produced by the expansion of the SNR. Furthermore,
this expansion of MO0.8-0.2 may also be compressing the
magnetic fields, causing the enhanced field strengths observed
in the cloud (Sections 4.2 and 4.3).

Lastly, we explore potential sources that could be producing
this expansion (Section 4.4). In particular, the featured radio
point source is a strong candidate for a possible interaction with
MO0.8-0.2. The HNCO emission appear to follow an arc
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geometry around the location of the point source at lower
velocities (v <45 km s~ ') and show a brightening at higher
velocities (v >45 km s~ '), suggesting a possible interaction
with the molecular gas (Figure 13). The magnetic fields at this
location also show lower factional polarization values and
appear to curve around the location of the point source, which
could indicate an interaction between the point source and
magnetic fields. While the radio point source suggests a
possible interaction with M0.8-0.2 there are several other
potential candidates that cannot be ruled out (Section 4.4).
Follow-up observations of the radio point source, and other
nearby point sources, are needed to identify the source(s) or
phenomena that have led to the expansion of M0.8-0.2.
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