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A B S T R A C T 

We present the stability analysis of two regions, OMC-3 and OMC-4, in the massive and long molecular cloud complex of Orion 

A. We obtained 214 μm HAWC + /SOFIA polarization data, and we make use of archi v al data for the column density and C 

18 O 

(1–0) emission line. We find clear depolarization in both observed regions and that the polarization fraction is anticorrelated with 

the column density and the polarization-angle dispersion function. We find that the filamentary cloud and dense clumps in OMC-3 

are magnetically supercritical and strongly subvirial. This region should be in the gravitational collapse phase and is consistent 
with many young stellar objects (YSOs) forming in the region. Our histogram of relative orientation (HRO) analysis shows that 
the magnetic field is dynamically sub-dominant in the dense gas structures of OMC-3. We present the first polarization map of 
OMC-4. We find that the observ ed re gion is generally magnetically subcritical e xcept for an elongated dense core, which could 

be a result of projection effect of a filamentary structure aligned close to the line of sight. The relative large velocity dispersion 

and the unusual positive shape parameters at high column densities in the HROs analysis suggest that our viewing angle may be 
close to axes of filamentary substructures in OMC-4. The dominating strong magnetic field in OMC-4 is unfa v ourable for star 
formation and is consistent with much fewer YSOs than in OMC-3. 

Key words: methods: numerical – techniques: polarimetric – ISM: clouds – ISM: kinematics and dynamics – ISM: magnetic 
fields – ISM: structure. 
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 I N T RO D U C T I O N  

ow important magnetic fields are in star formation is one of the main
uestions towards a complete picture of star formation theory. With
he current increase in polarization mapping of molecular clouds,
here stars form, available in the last decade, we can also address the
uestion on how dynamically important the magnetic fields are in the
ormation of molecular clouds. The current consent is that magnetic
elds are dynamically significant in molecular clouds. This result

s based on (a) the comparison of the mean field orientation inside
olecular clouds to that of large-scale field in the diffuse interstellar
edium (ISM; e.g. Li et al. 2009 , 2011 ), and (b) the histogram of

elative orientations (HRO) analysis (e.g. Soler et al. 2013 , 2017 ;
issel et al. 2019 ) that reveals the change of alignment of magnetic
elds with respect to the filamentary structures as column density

ncreases. 
Polarization observations of magnetic fields around filamentary
olecular clouds show that magnetic fields are mostly perpendicular

o the long axis of large, ≥ few pc, filamentary molecular clouds (e.g.
hapman et al. 2011 ; Andr ́e et al. 2014 ; Planck Collaboration XXXV
016 ; Liu et al. 2018 ; Sugitani et al. 2019 ). There are also evidences
hat magnetic fields are mostly perpendicular to the dense filamentary
 E-mail: psli@berkeley.edu 

o
 

p  

Pub
ubstructures inside molecular clouds (e.g. Soler et al. 2013 , 2017 ;
issel et al. 2019 ; Seifried et al. 2020 ), while low column density
laments are mostly observed parallel to the magnetic field lines (e.g.
almeirim et al. 2013 ; Planck Collaboration XXXV 2016 ). Andr ́e
t al. ( 2014 ) proposed that this is a result of gas accretion through
he modulation of magnetic field on to dense structures, as seen in
umerical simulations with moderately strong magnetic field (e.g.
asu et al. 2009 ; Li et al. 2010 ; Li, McKee & Klein 2015 ; Inoue
t al. 2018 ). The three mechanisms for filament formation identified
y Abe et al. ( 2021 ), including the fast shock wav e, compressiv e
ows, and gravity, effectively function in the presence of moderately
trong magnetic field when gas flows easier along the field and results
n magnetic field perpendicular to the filament axis. 

Recent observational results from BLASTPol (e.g. Fissel et al.
019 ) show that high resolution small-scale magnetic field structures
nside the molecular cloud Vela C is more complex than the large-
cale external magnetic field. The orientations of the small-scale
agnetic fields depend on the orientations of dense substructures

nside the cloud. Gravity of dense structures and gravity-driven
urbulence become important in competing with magnetic field and
trongly perturb the magnetic field, which is shown in numerical
imulations (e.g. Li & Klein 2019 ) and has been seen in recent
bservations (e.g. Pillai et al. 2020 ; Arzoumanian et al. 2021 ). 
Long filamentary structures, especially those more than several

arsec long, are expected to be unstable in the highly turbulent
© 2022 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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u/ sites/ default/ files/2022-02/hawc users revJ 0.pdf
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nterstellar medium (e.g. Li & Klein 2019 ). Ho we ver, these filamen-
ary clouds are commonly seen in giant molecular clouds (GMCs) 
sing Herschel and Planck observations, and they appear not to 
e short-term transient objects. Li & Klein ( 2019 ) show that with
 moderately strong large-scale magnetic field with Alfv ́en Mach 
umber M A ≈ 1, long and slender filamentary clouds can exist for at 
east 0.9 Myr. With strong turbulence flows from different directions, 
ong filamentary gas will be easily sheared or buckled. The key 
eason for the longevity of the filamentary cloud in the simulation 
s the presence of the moderately strong large-scale magnetic field. 
he strong field reinforces filamentary gas from quick destruction 
nd helps the continuous feeding of gas to the cloud along the
eld. The simulation shows that magnetic fields play an important 
ole in the formation and maintenance of long filamentary clouds. 
n the simulation, fragmentation happens in the small filamentary 
ubstructures of less than a parsec long and the width � 0.1 pc
nside the molecular clouds, where gravity and turbulence are playing 
qually important, if not more important, roles at the scales of dense
lumps and cores. 

Orion A is a well-studied part of a large molecular cloud complex.
arge rings of dust are revealed in the mapping of Orion cloud
omplex by Schlafly et al. ( 2015 ). Orion A may be a part of an
ncient bubble of about 100 pc in diameter in the interstellar medium.
isually, Orion A is one of the long molecular clouds near the edge
f the bubble and composed of many filament structures. Recent 
lamentary structure identification is attempted by Zheng et al. 
 2021 ). They identified 225 fibre-like filaments from an H 2 map
onstructed using 12 CO, 13 CO, and C 

18 O observations. The northern 
art of the Orion A cloud, including regions OMC-1 to OMC-4,
ppears as an integral shape. The H 2 column density map recently 
btained by Kong et al. ( 2018 ) showed that the column density is
ot uniform along the cloud and there are many well-defined clumps 
t different locations along the cloud. The local velocity dispersions 
hey obtained from the 12 CO(1–0), 13 CO(1–0), and C 

18 O(1–0) are 
ostly between 0.5 and 1.5 km s −1 and can be as high as 2 km s −1 .
sing N 2 H 

+ (1–0) emission map from ALMA mosaics with previous 
RAM 30m observations, Hacar et al. ( 2018 ) identified 55 dense
bre-like structures in the northern integral-shaped-filamentary part 
f Orion A. About 50 per cent of the fibers could be gravitationally
nstable and have the ratio of mass per unit length to the critical value
f an infinite filament in hydrostatic equilibrium between 0.5 and 1.5. 
he other half are stable with the ratio < 0.5. Ho we ver, Hacar et al.
 2018 ) and Zheng et al. ( 2021 ) do not have information on magnetic
eld of the substructures they identified. Support by a perpendicular 
agnetic field and thermal/turbulent motions can allow a larger line 
ass for a gravitational stable filamentary cloud (e.g. Kashiwagi & 

omisaka 2021 ; Li et al. 2022 ). 
Orion A with rich filamentary structures allows us to investigate 

he role of magnetic field in filamentary structure formation and 
ragmentation. Polarization observations have been carried out at 
ifferent locations in Orion A before (e.g. Matthews, Wilson & 

iege 2001 ; Houde et al. 2004 ; Matthews et al. 2005 ). Pattle et al.
 2017 ) obtained the polarization map of the OMC-1 and estimated the
agnetic field strength on the plane-of-sky (POS) B POS = 1.9 −11.3 
G, using the classical Davis–Chandrasekhar–Fermi (DCF) method 

Davis 1951 ; Chandrasekhar & Fermi 1953 ; Guerra et al. 2021 ).
he large range of their results is coming from a conserv ati ve
stimation of uncertainty and it is consistent with estimation from 

ther measurement techniques (Cohen et al. 2006 ; Hildebrand et al. 
009 ; Tang et al. 2010 ) at the order of a few milligauss. Using
 variant of the DCF method based on the structure function of
olarization map (DCF/SF method), Houde et al. ( 2009 ) estimated 
n B -field strength of B POS = 0.76 mG for OMC-1. Matthews et al.
 2001 ) did not estimate the field strength of the OMC-3 region but

atthews et al. ( 2005 ) used the DCF method and estimated the
agnetic field strength of the MMS 6 core of OMC-3 to be B POS =

.64 mG. There is no polarization mapping for OMC-4 region yet. 
In this paper, we present our polarization observations of OMC-3 

nd OMC-4 using the High-resolution Airborne Wideband Camera- 
lus (HAWC + ; Vaillancourt et al. 2007 ; Dowell et al. 2010 ; Harper
t al. 2018 ) on-board the 2.7-m Stratosphere Observatory for Infrared
stronomy (SOFIA). With the optical depth mapping of Orion A 

y Lombardi et al. ( 2014 ) and the recent publicly released CO
bservation data by Kong et al. ( 2021 ), we investigate the physical
nvironment in OMC-3 and OMC-4 regions and determine how 

agnetic field is shaping the formation of the filamentary clouds 
nd dense clumps in these two regions. In Section 2 , we present
he HAWC + polarization mapping method and results, as well 
s the archi v al data for column density and velocity dispersion.
n Section 3 , we use DCF and DCF/SF methods to estimate the
agnetic field strengths of the two regions and determine their 

hysical conditions. We also compare our estimation with previous 
eld strength estimations. We present our HRO analysis results in 
ection 4 and discuss our study on the depolarization in the two
bserv ed re gions in Section 5 . Section 6 is our conclusions on this
ork. 

 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

.1 Polarization mapping using HAWC + /SOFIA 

MC-3 (G208.68-19.20) and OMC-4 (G209.29-19.65) were ob- 
erved (ID: 08 0027; PI: Li, P.S.) using HAWC + /SOFIA.
AWC + polarimetric observations simultaneously measure two or- 

hogonal components of linear polarization arranged in two arrays of 
2 × 40 pixels each. Both objects were observed at 214 μm, where
AWC + has a detector pixel scale of 9.37 arcsec pixel −1 , and beam

ize (full width at half maximum, FWHM) of 18.2 arcsec. For a
istance to Orion A ∼400 pc (e.g. Menten et al. 2007 ; Schlafly et al.
015 ; Kounkel et al. 2017 ), the beam size corresponds to ∼0.035 pc.
e shall use 400 pc for the distance to OMC-3 and OMC-4 in the

nalysis. 
All observations were performed using the on-the-fly-map 

OTFMAP) polarimetric mode and high-level data products were 
elivered by the SOFIA Science Center. 1 The OTFMAP polarimetric 
ode has been successfully applied to L1495/B211 (Li et al. 

022 ). We point out the reader to Lopez-Rodriguez et al. ( 2022 )
or the full characterization of the OTFMAP polarimetric mode 
f HAWC + . Data were reduced by the SOFIA Science Center
sing the HAWC DRP V2.5.0 pipeline. In summary, the OTFMAP 

olarimetric observations are performed using a sequence of four 
issajous scans, where each scan has a different halfwave plate 
osition angle in the following sequence: 5 ◦, 50 ◦, 27.5 ◦, and 72.5 ◦.
he telescope is driven to follow a parametric curve with a non-

epeating period whose shape is characterized by the relative phases 
nd frequency of the motion, i.e. Lissajous pattern. Each scan is
haracterized by the scan amplitude, scan rate, scan angles, and scan
uration. A summary of the observations are shown in Table 1 .
he Stokes IQU parameters using the double difference method in 

he same manner as the standard chop-nod observations carried by 
MNRAS 514, 3024–3040 (2022) 
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M

Table 1. Summary of OTFMAP polarimetric observations. From left to right: Object name, date of observations, flight ID, altitude during observations, speed 
of scan, amplitude of individual scans, duration of exposure of individual scans, number of sets per night, total on-source time per night. 

Object Date Flight Altitude Scan Scan Scan #Sets t 
rate amplitude duration 

(YYYYMMDD) (kft) ( 
′′ 
/sec) (EL × XEL; 

′′ 
) (s) (s) 

OMC-3 (G208.68-19.20) 20200923 F689 43-44 200 100 × 100 120 6 2880 
20200924 F690 43-44 200 100 × 100 120 3 1440 

OMC-4 (G209.29-19.65) 20200923 F689 43-44 200 150 × 150 90 3 1080 
20200924 F690 43-44 200 150 × 150 120 5 2400 
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AWC + described in Section 3.2 by Harper et al. ( 2018 ). The degree
P) and polarization angle (PA) of polarization were corrected by
nstrumental polarization (IP) estimated using OTFMAP polarization
bservations of planets is the polarization uncertainty. To ensure the
orrection of the position angle of polarization of the instrument
ith respect to the sky, the scans were taken with a fixed line of

ight (LOS) of the telescope. The Stokes QU were rotated from
he instrument to the sky coordinates. The polarization fraction

as debiased, i.e. p 

′ = 

√ 

P 

2 − σ 2 
p , where σ p is the polarization

ncertainty, and corrected by polarization efficiency. Final images
f OMC-3 and OMC-4 have a total on-source time of 4320s and
480s, respectively, and the observing logs are shown in Table 1 .
he delivered reduced data have a pixel scale of 3.70 arcsec pixel −1 ,
hich corresponds to 1/4 beam size, and smoothed using a 2D
aussian profile with an FWHM equal to the beam size of the 214
m. The pixels within the beam size are correlated and polarization
aps are shown using Nyquist sampling. Our analysis is performed

sing the half-beam measurements, i.e. Nyquist sampling. Figs 1 and
 show the final reduced images of OMC-3 and OMC-4, respectively,
ith their polarization measurements rotated by 90 ◦ to display the
-field orientation. Our observations have a sensitivity of σ I =
.044 mJy sqarcsec −1 and σ PI = 0.056 mJy sqarcsec −1 in total and
olarized flux density , respectively , for OMC-3. OMC-4 observations
ave a sensitivity of σ I = 0.056 mJy sqarcsec −1 and σ PI = 0.068
Jy sqarcsec −1 in total and polarized flux density , respectively .
nly polarization measurements with P ≤ 30 per cent are used,
hich upper-limit is given by the maximum polarized emission of
25 per cent found by Planck observations (Planck Collaboration
I 2013 ). 

.2 Archi v al data 

o support the analysis of the velocity dispersion, we make use of
bserv ations of se veral molecular lines. We use the CARMA-NRO
rion high-resolution surv e y data from Kong et al. ( 2018 ) with a
eam size of 10 arcsec × 8 arcsec for 12 CO(1 −0) and 8 arcsec ×
 arcsec for 13 CO(1–0) and C 

18 O(1–0), better than the resolution
f the HAWC + polarization map. The velocity channel widths are
.25 km s −1 for 12 CO(1–0) and 0.22 km s −1 for 13 CO(1–0) and
 

18 O(1–0). The rms noise per channel is 0.86, 0.64, and 0.47 K
or 12 CO(1–0), 13 CO(1–0), and C 

18 O(1–0), respectively (see table
 in Kong et al. 2018 ). We convolve and reproject the molecular
ine data to the same resolution as the HAWC + data. Specifically,
he integrated emission line (moment 0) and velocity dispersion
moment 2) maps were smoothed using a Gaussian profile with
n FWHM equal to the resolution of the HAWC + observations.
inally, the smoothed images were projected to the HAWC + pixel
rid (Fig. 3 ). We only use the same LOS molecular line mea-
urements associated with the polarization measurements shown in
ig. 1 . 
NRAS 514, 3024–3040 (2022) 
To support the analysis of the column density, we infer the density
rom the optical depth measurements by Lombardi et al. ( 2014 ). They
sed the Planck and Herschel dust-emission data and 2MASS NIR
ust-extinction data to obtain the optical depths of the entire Orion
omplex. The resolution of their map of optical depth is 36 arcsec.
ollowing Lombardi et al. ( 2014 ), we adopt �/A K 

� 183 M 	 pc −2 ,
here � is the surface density and A K is the K -band extinction, so

hat the hydrogen column density is 

(H) = 

� 

μH 
= 1 . 634 × 10 22 × A K 

cm 

−2 , (1) 

here μH = 2.34 × 10 −24 g is the mass per hydrogen nucleus.
ombardi et al. ( 2014 ) fitted a linear relationship between optical
epth τ 850 and A K , and obtained A K = γ τ 850 + δ, where γ = 2640
ag and δ = 0.012 mag for Orion A. We construct the column density
ap based on their τ 850 data. For reference, Schuller et al. ( 2021 )

ublished their latest observation of the northern part of Orion A
ith higher resolution at 8 arcsec. We find that their column density
ap matches the map by Lombardi et al. ( 2014 ) well, but Schuller

t al. ( 2021 ) did not co v er the OMC-4 re gion. F or consistenc y, we
ave decided to use the results from Lombardi et al. ( 2014 ). 

 PHYSI CAL  STATES  O F  O M C - 3  A N D  O M C - 4  

.1 Magnetic field estimation using DCF methods 

he original DCF method for estimating the magnetic field strengths
n the ISM is based on the assumptions that the medium is isotropic
nd that variations in the orientation of the field are due to Alfv ́en
av es. F or Alfv ́en wav es the equation of motion implies 

v = ± δB 

(4 πρ) 1 / 2 
, (2) 

here δv and δB represent the wave amplitude in the POS. In the
inear regime, it implies equipartition between the turbulent kinetic
nergy of motions normal to the mean magnetic field in the POS, B 0 .
he corresponding field energy in the waves is ρδv 2 ⊥ 

/ 2 = δB 

2 
⊥ 

/ 8 π ,
here the POS quantities δv ⊥ 

and δB ⊥ 

are perpendicular to the
ean POS field. Under the assumption that the turbulent velocities

re isotropic, the rms value of δv ⊥ 

is the same as the LOS velocity
ispersion, σ V . We use a version of this method that is valid for larger
ispersions of PAs than the original method (F alceta-Gon c ¸alv es,
azarian & Kowal 2008 ; Li et al. 2022 ), 

 0 = f DCF 
(4 πρ) 1 / 2 σV 

tan σθ

, (3) 

= 0 . 0857 
√ 

n 5 (H) 
σV 

tan σθ

mG , (4) 

here n 5 (H) is the number density of hydrogen nuclei in units of
0 5 cm 

−3 , σ V is the non-thermal velocity dispersion measured in
m s −1 , and σ θ is the dispersion of the PAs. We have set the factor
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Figure 1. Magnetic field orientation map of OMC-3. Total surface brightness (colourscale) at 214 μm within 7 arcmin × 10 arcmin region using the OTFMAP 
observations. Contours are plotted at log I (mJy sqarcsec −1 ) = 1 to 2.4 with a step of 0.2. The starting contour is about 109 σ , with σ = 0.092 mJy sqarcsec −1 . 
Polarization measurements at the Nyquist sampling (green lines) have been rotated by 90 ◦ to show the inferred magnetic field orientation. The length of 
polarization measurements is proportional to the degree of polarization. Only polarization measurements with P / σP ≥ 3, P ≤ 30 per cent , and I / σ I ≥ 100 
are shown. The legends of 5 per cent polarization and spatial scale of 0.1 pc are shown at the bottom right. The beam size of 18.2 arcsec is shown at the 
bottom left. 
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 DCF , which corrects for the approximations made in deriving the DCF 

elation, to be 0.5 based on the results of Ostriker, Stone & Gammie
 2001 ). Comparison with numerical simulations confirms that this 
ormula (with tan σ θ replaced by σ θ in radians under the assumption 
hat σ θ is small) is valid when σ θ ≤ 25 ◦ (Ostriker et al. 2001 ).
he latter relation (with σ θ ) is often used for larger dispersions,
o we ver. Since PAs are restricted to lie in the range −90 ◦ < θ ≤ 90 ◦,
heir values depend on the orientation of the coordinate system. We 
hoose the coordinate system that minimizes σ θ , as recommended 
y Padoan et al. ( 2001 ). 
The turbulent component of the POS field perpendicular to the 
ean field is 

 t⊥ 

= B 0 tan σθ , (5) 
hich was denoted σδB ⊥ by Li et al. ( 2022 ). The errors in the
pproximations that went into equation ( 5 ) are (a) of order ( B t ⊥ 

/ B 0 ) 4 

nd (b) less than 11 per cent for θ < 90 ◦. It is also based on the
ssumption that the true field angles are approximately equal to the
As, which is assumed in all DCF treatments. The net effect of the
pproximations is corrected by the factor f DCF , which is set from
imulations. If the turbulent field is isotropic, the total POS turbulent
eld is B t = 

√ 

2 B t ⊥ 

and the total 3D turbulent field is 
√ 

3 B t ⊥ 

. 
We estimate σ θ as the weighted standard deviation of PAs in each

ase: 

2 
θ = 

N 

N − 1 

1 

w 

N ∑ 

i= 1 

w i 

(
θi − θ̄w 

)2 
, (6) 
MNRAS 514, 3024–3040 (2022) 

art/stac1527_f1.eps
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Figure 2. Magnetic field orientation map of OMC-4. Total surface brightness (colourscale) at 214 μm within 7 arcmin × 10 arcmin region using the OTFMAP 
observations. Contours are plotted at log I (mJy sqarcsec −1 ) = 0.8–1.8 with a step of 0.2. The starting contour is about 73 σ , with σ = 0.086 mJy sqarcsec −1 . 
Polarization measurements at the Nyquist sampling (green lines) have been rotated by 90 ◦ to show the inferred magnetic field orientation. The length of 
polarization measurements is proportional to the degree of polarization. The legends of 5 per cent polarization and spatial scale of 0.1 pc is shown at the bottom 

right. Only polarization measurements with P / σP ≥ 3, P ≤ 30 per cent and I / σ I ≥ 100 are shown. The beam size of 18.2 arcsec is shown at the bottom left. 
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here N is number of pixels in the region, w i = 1 /σ 2 
i the weight of

easurement i given the measurement error in PA σ i , w = 

∑ N 

i= 1 w i ,
nd θ̄w = (1 /w) 

∑ N 

i= 1 w i θi is the weighted mean PA in the region.
he dispersion of the column density, N (H), and velocity dispersion,
NRAS 514, 3024–3040 (2022) 
V , are obtained using the same weighting as in equation ( 6 ) and
hown as the uncertainties for the means in Table 2 . 

In the classical DCF method, the mean field is assumed to be
niform. Hildebrand et al. ( 2009 ) introduced the structure function
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Figure 3. Top three panels are the 0-moment maps of molecular lines (a) 12 CO(1 −0), (b) 13 CO(1 −0), and (c) C 

18 O(1 −0) of OMC-3 region from Kong et al. 
( 2018 ) with contours of Stokes I from HAWC + polarization observation. The same for the bottom three panels are the 0-moment maps of molecular lines (d) 
12 CO(1 −0), (e) 13 CO(1 −0), and (f) C 

18 O(1 −0) of OMC-4 region. 
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ariant of the DCF method, which allows for a smooth variation 
n the orientation of the mean field (see also Li et al. 2022 ). The
tructure function is defined as 

 �� (  ) 2 〉 ≡ 1 

N (  ) 

N(  ) ∑ 

i= 1 

[ � ( x ) − � ( x + � )] 2 , (7) 

here � ( x ) is the PA at position x , � is the displacement, and
 (  ) is the number of PA pairs with separation  . When applying

he DCF/SF method, it is common to restrict the angle difference, 
� = | � ( x ) − � ( x + � ) | , between any pair of vectors to be in the

ange [0, 90 ◦], although this can lead to errors (Li et al. 2022 ). The
ispersion in the PAs in the observed OMC-3 and OMC-4 regions 
nder consideration here is small enough that the effect of restricting
he angles is negligible. The differences of the fitted �� 0 using
estriction or not are within the fitting uncertainties. The DCF/SF 

alue of the mean POS field is 

 0 , SF = 0 . 5 σv 

√ 

4 πρ
(
2 − �� 

2 
0 

)
/�� 0 , (8) 

here �� 0 = 〈 �� (  → 0) 2 〉 1/2 is in radians. The rms value of the
urbulent component of the POS field is 

 t⊥ 

= B 0 , SF �� 0 / 

√ 

2 − �� 

2 
0 . (9) 
i et al. ( 2022 ) noted that the approximations made in the deri v ation
f the DCF/SF method are equi v alent to assuming that the turbulent
eld is perpendicular to the mean field. 

.1.1 Volume density and velocity dispersion 

o apply the DCF method, we need the values of both the volume
ensity and the velocity dispersion. To compute the mean volume 
ensity of a filamentary cloud, we assume that the mean depth of the
loud is the same as the mean projected width (or diameter), D =
 / L , where A is the pixel area occupied by the HAWC + vectors
nd L is the length of the cloud. The mean value of volume density
s approximated by n (H) = N (H)/ D . For dense clumps, we compute
he mean radius on the POS by r = 

√ 

A/π . We use a diameter of
 = 0.14 pc for the main cloud to be the depth of the dense clump

o compute n (H) in OMC-3. We use D = 0.30 pc for the main cloud
n OMC-4. The physical sizes of clouds and dense clumps in the
wo regions are listed in Table 2 . We do not know exactly the 3D
tructures of the filamentary clouds and dense clumps. Therefore, the 
ean volume density estimation could have a large uncertainty. This 
ay actually be the case for the observed OMC-4 region discussed

n Section 3.3.1 . 
Fig. 3 shows the 0-moments of the three CO lines with the contours

f the Stokes I from dust emission obtained using HAWC + for the
MNRAS 514, 3024–3040 (2022) 
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Table 2. Summary of HAWC + measurement, derived physical properties from Lombardi et al. ( 2014 ) and Kong et al. ( 2018 ) data, and magnetic field estimation 
using DCF method for the two regions OMC-3 and OMC-4. 

Region OMC-3 
Entire map Main cloud Dense clump 

– – C1 C2 C3 C4 

D (pc) a 0.37 0.14 – – – –
r (pc) b – – 0.09 0.07 0.03 0.05 
L (pc) c 1.27 0.98 – – – –

M (M 	) d 662.2 290.4 68.1 47.9 6.3 16.3 
M  (M 	 pc −1 ) e 521.4 296.3 – – – –

N (H) ( × 10 23 cm 

−2 ) 1.27 ± 0.91 f 1.86 ± 0.82 2.38 ± 0.60 2.70 ± 0.60 1.51 ± 0.07 1.85 ± 0.28 
n (H) ( ×10 5 cm 

−3 ) g 1.11 ± 0.80 4.25 ± 1.87 5.44 ± 1.38 6.16 ± 1.36 3.45 ± 0.16 4.23 ± 0.64 
σ θ ( ◦) 25.8 ± 0.5 13.7 ± 0.4 6.3 ± 0.6 13.6 ± 1.6 2.7 ± 0.6 20.5 ± 3.3 

σV (km s −1 ) 0.36 ± 0.09 0.40 ± 0.11 0.43 ± 0.06 0.35 ± 0.03 0.36 ± 0.06 0.24 ± 0.04 
B 0 (mG) 0.067 ± 0.030 0.292 ± 0.096 0.775 ± 0.143 0.309 ± 0.047 1.21 ± 0.21 0.112 ± 0.023 

B t⊥ ( mG ) h 0.033 ± 0.015 0.071 ± 0.024 0.086 ± 0.019 0.074 ± 0.017 0.057 ± 0.022 0.042 ± 0.014 
M A / cos γ i 1.67 ± 1.05 0.84 ± 0.37 0.38 ± 0.10 0.84 ± 0.18 0.16 ± 0.04 1.30 ± 0.35 
αvir , αvir, f 

j 0.16 ± 0.08 0.33 ± 0.19 0.36 ± 0.13 0.30 ± 0.09 1.13 ± 0.39 0.38 ± 0.14 
μ�, POS 

k 5.1 ± 4.2 2.2 ± 1.2 1.1 ± 0.4 3.0 ± 0.8 0.5 ± 0.1 5.0 ± 1.2 
M  /M , crit 

l 4.0 ± 2.1 1.8 ± 0.7 – – – –

Region OMC-4 

Entire map Main cloud Dense clump 

– – C1 C2 C3 C4 

D (pc) 0.31 0.30 – – – –
r (pc) – – 0.06 0.03 0.09 0.11 
L (pc) 1.21 0.75 – – – –

M (M 	) 272.8 197.0 9.2 2.2 23.1 43.6 
M  (M 	 pc −1 ) 225.5 261.4 – – – –

N (H) ( × 10 23 cm 

−2 ) 0.64 ± 0.26 0.77 ± 0.24 0.76 ± 0.04 0.70 ± 0.01 0.79 ± 0.07 1.01 ± 0.23 
n (H) ( × 10 5 cm 

−3 ) 0.67 ± 0.27 0.82 ± 0.25 0.81 ± 0.04 0.74 ± 0.01 0.84 ± 0.07 1.08 ± 0.25 
σ θ ( ◦) 14.8 ± 0.3 13.6 ± 0.4 5.5 ± 0.8 4.3 ± 1.1 8.8 ± 0.8 11.5 ± 0.8 

σV (km s −1 ) 0.49 ± 0.17 0.53 ± 0.17 0.80 ± 0.04 0.55 ± 0.05 0.72 ± 0.07 0.45 ± 0.11 
B 0 (mG) 0.129 ± 0.053 0.171 ± 0.066 0.644 ± 0.036 0.547 ± 0.053 0.367 ± 0.038 0.199 ± 0.052 
B t ⊥ (mG) 0.034 ± 0.014 0.041 ± 0.016 0.062 ± 0.013 0.041 ± 0.017 0.057 ± 0.009 0.040 ± 0.011 
M A / cos γ 0.92 ± 0.53 0.84 ± 0.44 0.33 ± 0.03 0.26 ± 0.03 0.54 ± 0.08 0.71 ± 0.26 
αvir , αvir, f 0.59 ± 0.48 0.59 ± 0.42 5.1 ± 0.5 5.53 ± 1.01 2.63 ± 0.54 0.76 ± 0.39 
μ� , POS 1.7 ± 0.9 1.5 ± 0.7 0.4 ± 0.0 0.5 ± 0.1 0.8 ± 0.1 1.9 ± 0.6 

M  / M  , crit 1.2 ± 0.6 1.1 ± 0.5 – – – –

Notes. a The mean projected width, D = Area/ L , of the gas cloud when it is approximated as a filamentary cloud. The Area is the area co v ered by the pixels 
shown in Figs 5 and 8 . 
b The mean projected radius, r = 

√ 

( Area / π) , of the gas cloud when it is approximated as a spherical cloud. 
c The length of the cloud when it is approximated as a filamentary cloud. 
d The mass of the cloud. 
e The mass per unit length, M  = M / L , of a filamentary cloud. 
f The dispersions of N (H) and σV are the weighted standard deviation using PA measurements error for weighting. The uncertainty for σ θ is estimated as 
σθ / 

√ 

N p , where N p is the number of polarization measurements (cf. Pattle et al. 2021 ). The uncertainties of other derived results are obtained from the 
propagation of uncertainties. 
g For filamentary clouds, mean volume density, n = N (H)/ D , where the LOS depth of the cloud is assumed to be the mean projected width D . It is the same for 
dense clumps but using the LOS depth of the main cloud. 
h B t ⊥ = B 0 tan( σ θ ) (equation 5 ). 
i 3D Alfv ́en Mach number, 

√ 

3 σV / ( B 0 / 
√ 

4 πρ), based on the mean POS field, B 0 , and assuming isotropic turbulence. γ is the inclination angle between the 3D 

mean field direction and the POS. 
j For filamentary clouds (the entire maps of OMC-3 and OMC-4 and the main cloud of region OMC-3), the virial parameter is αvir, f = 2 σ 2 

V , tot L/ ( GM). For 

spherical clouds, such as the main cloud of OMC-4 and all the dense clumps, αvir = 5 σ 2 
V , tot r / ( GM ). The velocity dispersion, σV , tot , includes the thermal 

component of gas with an assumed temperature of 15 K. 
k For filamentary clouds (the entire maps of OMC-3 and OMC-4 and the main cloud of region OMC-3), the POS mass-to-flux ratio in units of the critical value is 

based on the total magnetic field strength 
√ 

B 

2 
0 + B 

2 
t estimated on the POS. For clump-like cloud, such as the main cloud of OMC-4 and all the dense clumps, 

μ� 

= 7 . 6 × 10 −21 N (H 2 ) / 
√ 

B 

2 
0 + B 

2 
t , where B 0 and B t are in μG. 

l The ratio of line mass to the critical value for filamentary clouds, M  /M crit , = ( μ−2 
�, POS + α2 

vir, f ) 
−1 / 2 , using the μ� , POS on POS. 
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MC-3 and OMC-4 regions. See Section 2.2 for detailed information 
bout the archi v al CO moment maps. The correlation coefficients of
he 0-moment and Stokes I maps are 0.28, 0.55, and 0.55, for 12 CO(1-
), 13 CO(1-0), and C 

18 O(1-0) respectively in the OMC-3 region. 
he correlation is poor for 12 CO(1-0) but also not particularly good 

or 13 CO(1-0) and C 

18 O(1-0). In the OMC-4 region, the correlation 
oefficients are 0.44, 0.74, and 0.84, respectively. The C 

18 O(1-0) has 
he best correlation with HAWC + Stokes I data. Shimajiri et al.
 2014 ) used the Nobeyama 45-m telescope, with a resolution of
5 . ′′ 8 ( ∼0.05 pc), to obtain 13 CO(1-0) and C 

18 O(1-0) maps of Orion
. They estimated that the optical depths are 0 . 05 < τ13 CO < 1 . 54

nd 0 . 01 < τC 18 O < 0 . 18. Therefore, the optically thin molecular
ine C 

18 O(1-0) is suitable for determining the column density and 
he velocity dispersion. The velocity dispersion in the observed 
MC-3 and OMC-4 regions are in the range of 0.3-0.8 km s −1 , the

orresponding line width, �v = 2.355 σ v , is about 0.7-1.9 km s −1 .
he channel width of 0.22 km s −1 is sufficient to resolve the lines.
e discuss the results for OMC-3 and OMC-4 separately below. 

.1.2 Self-gravity and turbulence 

he DCF method is based on the premise that the turbulent motions
re in equipartition with the fluctuations in the magnetic field and 
hat self-gravity does not dominate the dispersion in the orientation 
f the magnetic field. The importance of self-gravity in a cloud is
easured by two dimensionless parameters, the virial parameter, 
vir , and the mass-to-flux ratio relative to the critical value, μ� 

. 
he virial parameter measures the strength of thermal and turbulent 
otions relative to that of self-gravity. For ellipsoidal clouds, the 

irial parameter is αvir = 5 σ 2 
V , tot r /GM , where σ 2 

V , tot = σ 2 
V + c 2 s is

he 1D turbulent plus thermal velocity dispersion and c s is the 
sothermal sound speed (Bertoldi & McKee 1992 ). The conditions 
or gravitational collapse depend on the shape of the cloud and 
he internal density distrib ution, b ut clouds with αvir < 1 are
enerally subject to collapse in the absence of magnetic support. 
or filamentary clouds, the virial parameter is αvir, f = 2 σ 2 

V , tot /GM  , 
here M  is the mass per unit length (Fiege & Pudritz 2000 ). 
The relative importance of self-gravity and the magnetic field is 
easured by the ratio of the mass-to-flux ratio relative to the critical
 alue, μ� 

. As sho wn in the Appendix of Li et al. ( 2022 ), the value
f μ� 

is the same for a spherical cloud and a filamentary cloud
hreaded by a perpendicular magnetic field, μ� 

= 2 π�/ B , where for
 filamentary cloud � is measured normal to the filament. The value
f the magnetic field that enters this relation is the total 3D field.
sing the DCF method, we can measure only the POS value of the
ormalized mass-to-flux ratio, 

�, POS = 2 πN (H) μH /B POS . (10) 

ere B POS = ( B 

2 
0 + B 

2 
t ) 

1 / 2 = ( B 

2 
0 + 2 B 

2 
t⊥ 

) 1 / 2 is the total POS field,
nd the second expression applies if the turbulent field is isotropic
see the discussion below equation 5 ). If a filamentary cloud is
nclined to the plane of the sky by an angle γ f , then the actual

ass-to-flux ratio is related to the POS value that we can measure
y 

� 

= μ�, POS cos γf 

(
B POS 

B 3D 

)
(11) 

Li et al. 2022 ). For a spherical cloud, the same relation holds without
he factor cos γ f . The median value of B POS / B 3D is 

√ 

3/2 if the 3D field
s dominated by the uniform component, which would give a median 
alue of μ� 

= 0.87 μ� , POS for a spherical cloud. For a filamentary 
loud, the median value of cos γ f is also 
√ 

3/2; if B POS / B 3D also has
ts median value, then μ� 

= 0.75 μ� , POS . 

.2 Results for OMC-3 

n order to better visualise the inferred magnetic field orientation, 
e replot the polarization measurements in Figs 1 and 2 but with

onstant length on top of the column density map from Lombardi
t al. ( 2014 ) in Fig. 4 . We can see a well-defined main filamentary
loud outlined with some other filamentary-like gas structures at the 
pper-left and lower-right sides of the cloud. We want to estimate
he magnetic field strengths on different size scales in this region, (1)
he entire map, (2) the main cloud, and (3) the dense clumps in the

ain cloud. 
The mean values and derived physical properties of these three 

egions are given in Table 2 . The entire map includes all the
AWC + detections, shown in Fig. 4 as marked by the orange squares

n Fig. 5 (a). The threshold column density, 0.2 × 10 23 cm 

−2 , is
uch less than the mean column density, 1.27 × 10 23 cm 

−2 , because
he column density in each pixel is weighted by the error in the
olarization measurement and the error is smaller at higher column 
ensities. The black curve shows the location of the peak column
ensity at each declination; it has a length of 1.27 pc. The column
ensity thresholds for the main cloud ( N (H) = 0.8 × 10 23 cm 

−2 )
nd the dense clumps ( N (H) = 1.4 × 10 23 cm 

−2 ) were chosen to
tudy the physical conditions of the central main filamentary cloud 
nd the dense clumps at different density and size scales. The main
lamentary cloud is shown in Fig. 5 (b); the black curve showing

he location of the peak column density has a length of 0.98 pc.
our dense clumps along the main filamentary clouds are shown in
ig. 5 (c). In both cases, only the polarization measurements at pixels
bo v e the density threshold are included in computing the dispersion
n PAs. 

The PA distributions for the entire map and the main cloud in the
MC-3 region are shown in Figs 6 (a) and (b). The two groups peak at

bout −65 ◦ and 35 ◦ East of North, about 100 ◦ apart from each other.
hen using the DCF method, we shift the PAs so that the angular

ispersion is a minimum (Padoan et al. 2001 ). The corresponding
hifted PA distributions are shown in Figs 6 (e) and (f), respectively.
n Fig. 6 (e), we can see a two distinct groups of PAs but not in
ig. 6 (f), in which only pixels with N (H) ≥ 0 . 8 × 10 23 cm 

−2 are
lotted. This means that the smaller group of PAs (centered at θ =
5 ◦ in Fig. 6 e) comes mostly from pixels with lower column densities.
ithout the PAs from low column-density regions, the dispersion of 

he PAs, σ θ = 13.7 ◦, in the main cloud is smaller than that in the
hole region of 25.8 ◦, as indicated in the figure. 
The estimated field strengths in each region using the standard 

CF method are presented in Table 2 and are compared with those
rom DCF/SF method in Table 3 . We do not apply the DCF/SF
ethod to individual dense clumps due to the small numbers of

olarization vectors in the dense clumps precludes statistically 
eliable fitting. From Table 3 , we can see the field strength estimated
sing the DCF/SF method is slightly larger than that using the DCF
ethod. The reason is straightforward: In the classical DCF method, 

he total dispersion of the PAs σ θ is used to determine the field
trength of the mean field, B 0 , whereas in the DCF/SF method, the
arger-scale variation in the direction of the mean field is excluded
rom the dispersion. Because the two estimates of the field strength
re close, we shall use only one, the DCF estimate, in the following
iscussion of the physical properties of the cloud structures. 
The measured and derived physical properties of the structures in 

MC-3 are listed in Table 2 . In the case of entire map of OMC-3,
MNRAS 514, 3024–3040 (2022) 
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Figure 4. The polarization map of OMC-3 (left) and OMC-4 (right) on top of the column density (colour scale) map from Lombardi et al. ( 2014 ). The inferred 
magnetic field orientations are shown in constant length and only a quarter of Nyquist sampled vectors (14 . ′′ 8 spacing) are plotted for visualisation clarity. 
Contours are at N (H) = 0.2, 0.4, 0.8, 1.2, 2, 2.6, and 3.2 × 10 23 cm 

2 for OMC-3 and N (H) = 0.28 × 10 23 cm 

2 to 1.48 × 10 23 cm 

2 , with a step of 0.2 × 10 23 cm 

2 

for OMC-4. YSOs (Furlan et al. 2016 ) in the observed regions are plotted as blue circles. Prestellar cores (Salji et al. 2015 ) are plotted as blue triangles. Spatial 
scale is shown on the bottom right of the figures. 

Figure 5. (a) Entire map of OMC-3: All pixels (orange squares) that have HAWC + signal detection as shown in Fig. 1 are included in magnetic field estimation. 
Column density contours are at N (H) = 0.2, 0.4, 0.8, 1.2, 2, 2.6, and 3 . 2 × 10 23 cm 

2 . (b) Main cloud of OMC-3: Only pixels (orange squares) on the main 
filamentary cloud with HAWC + signal detection and column density N ( H ) ≥ 0.8 × 10 23 cm 

−2 are included in the magnetic field strength estimation. (c) Dense 
clumps of OMC-3: Four dense clumps, labeled from top to bottom as C1 to C4, along the main filamentary cloud with N ( H ) ≥ 1.4 × 10 23 cm 

−2 (orange squares) 
are identified for magnetic field strength estimation. 
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here are more structures than a simple single filament cloud assumed
n the field strength estimation. HAWC + is basically looking at a
egion with at least two different field structures associated with
everal filamentary structures. The field strength estimated for the
ntire region, ∼67 μG, is much lower than the main cloud and the
ense clumps. Also, because the measurement error of PA is slightly
NRAS 514, 3024–3040 (2022) 
maller for higher column density pixels, the mean column density
 (H) in Table 2 is generally smaller than the mean column density
ithout weighting. The differences are a few per cents for the dense

lumps to about 20 per cent for the main cloud. The largest difference
s in the case of entire region of OMC-3, about 40 per cent. Without
eighting, the total mass in the case of the entire map of OMC-
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Figure 6. Top four panels are the PA distributions of (a) Entire map of OMC-3 region, (b) main cloud of OMC-3 region, (c) entire map of OMC-4 region, and 
(d) main cloud of OMC-4. The bottom four panels are the corresponding PA distributions after shifting the PAs so that the dispersions of angles are minimum. 
The error-weighted angle dispersions are marked in the bottom panels. 

Table 3. Comparison of magnetic field strength estimations using DCF and 
DCF/SF methods for OMC-3 and OMC-4 regions. 

Region OMC-3 

DCF/SF entire map main cloud 
�� 0 ( ◦) 33.3 ± 1.6 18.2 ± 0.6 
B 0 , SF ( mG ) a 0.072 ± 0.019 0.312 ± 0.056 
B t⊥ ( mG ) b 0.033 ± 0.009 0.071 ± 0.013 

DCF 

B 0 (mG) 0.067 ± 0.030 0.292 ± 0.096 
B t ⊥ (mG) 0.033 ± 0.015 0.071 ± 0.024 

Region OMC-4 

DCF/SF entire map main cloud 
�� 0 ( ◦) 15.5 ± 0.5 18.4 ± 0.5 
B 0 , SF ( mG ) 0.175 ± 0.062 0.178 ± 0.058 
B t ⊥ (mG) 0.034 ± 0.012 0.042 ± 0.013 

DCF 

B 0 (mG) 0.129 ± 0.053 0.171 ± 0.066 
B t ⊥ (mG) 0.034 ± 0.014 0.041 ± 0.016 

Notes. a Magnitude of the spatially varying mean field (equation 8 ). 
b Turbulent component of the POS field strength normal to the mean field 
(equation 9 ). 
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 is about 403 M 	. With a smaller mass, αvir, f will be larger and
� , POS is smaller correspondingly. Ho we ver, this does not change 

he conclusion that the entire region is subvirial and magnetically 
upercritical. 

The mass per unit length, M  , of the main filamentary cloud is
stimated to be 296 M 	 pc −1 . Schuller et al. ( 2021 ) found the average
  ∼ 200 M 	pc −1 . The main reason of the difference between our

alue and theirs is due to the error measurement weighting that we
dopted in computing the mean column density. Using αvir, f and 

� , POS , M  /M crit , = 

(
μ−2 

� 

+ α2 
vir, f 

)−1 / 2 ∼ 1 . 3, if cos γ f = 1. The
ain cloud is expected to be unstable with fragmentation. In fact,
here are prestellar cores (Salji et al. 2015 ) and many young stellar
bjects (YSOs) (Furlan et al. 2016 ) found in the main cloud (see
ig. 4 ). Dense clump C1 is about magnetically critical and only the
mall dense clump C3 is clearly magnetically subcritical. All the 
ther gas structures are magnetically supercritical. Provided that the 
eld is not too far from the plane of the sky ( γ � 45 ◦), the majority
f the gas structures in OMC-3 are trans-Alfv ́enic and sub-Alfv ́enic.
he average field strength of the dense clumps is about 0.6 mG, albeit
ith a large dispersion of 0.49 mG that larger than the uncertainties
f field strengths of dense clumps. We conclude that all the dense
lumps are subvirial, which indicates that gravity is dominant in the
MC-3 region. Turbulence and magnetic forces will not be able to
revent the gas structures from undergoing gravitational collapse to 
orm dense cores and stars. 

Morphologically, the inferred magnetic field orientation is mostly 
erpendicular to the main filamentary cloud, except when the cloud 
urns almost south near the dense clump at the bottom of the map.
or the main filamentary cloud from near the top-right corner of the
ap down to the dense clump C3, the mean of the angle differences

etween the cloud axis and the field vectors within 0.075 pc from
he axis is 86.8 ◦ ± 14.7 ◦. Ho we ver, when we look at the low column
ensity gas around the main cloud, the fields appear to have a large
hange in orientation. The angle difference is about 100 ◦ as shown in
ig. 6 (e). It appears that there is a magnetic field structure associated
ith the dense filamentary cloud and another magnetic field structure 

ssociated with lower density gas as a background. The field has
mall distortions at dense clumps C2 and C4. Unfortunately, the 
ense clump C4 is close to the edge of the FOV of HAWC + and we
o not have complete coverage of polarization of the entire dense
lump. Therefore, the estimation for dense clump C4 will have a
arger uncertainty. Since these two dense clumps are trans-Alfv ́enic 
ased on the LOS velocity dispersion and the POS field strength
stimate, the larger distortion in the magnetic fields (i.e. larger σ θ )
MNRAS 514, 3024–3040 (2022) 

art/stac1527_f6.eps


3034 P. S. Li et al. 

M

o  

a  

t  

c  

a
c  

s  

d  

b

3

O  

i  

(  

p  

f  

t  

T  

e  

 

o  

W  

o  

m  

c  

i  

T  

o  

c  

o  

s  

t  

p  

t  

d  

i
r  

d  

h  

e  

a  

W

3

T  

i  

fi  

i  

t  

I  

o  

d  

w  

i
 

s  

w  

c  

s  
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panel of the fig. 1 in Zielinski & Wolf ( 2021 ) for comparison. The inferred 
magnetic field orientations are shown in constant length for visualization 
purposes. (b) The PA distribution of inferred magnetic field vectors in the 
region shown in (a). The error-weighted dispersion of PAs is marked in the 
figure. 
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f these two dense clumps is probably due to self-gravity. Recent
nalysis by Liu ( 2021 ) using ALMA and JVLA data suggest that
he magnetic field in the inner 100 au of OMC-3/MMS6, which
orresponds to the dense clump C2, has a magnetic field pointing
long the main filament cloud. If so, that corresponds to about 90 ◦

hange in the magnetic field orientation from a scale ∼0.1 pc to a
cale ∼10 −4 pc. High resolution polarization mapping of these two
ense clumps is needed to determine how the magnetic field changes
elow 0.1 pc size scale. 

.2.1 Comparison with previous results 

ur estimate of the field strength in dense clump C2, B 0 = 0.31 mG,
s somewhat less than the 0.64 mG obtained by Matthews et al.
 2005 ) for the same dense clump (labeled MMS6) using much less
olarization measurements. Poidevin, Bastien & Matthews ( 2010 )
ound a mean field strength of MMS1 to MMS7, corresponding to
he main cloud in our study, to be 0.19 mG using the DCF/SF method.
heir estimate of the field strength is lower than our estimations using
ither the standard DCF method or the DCF/SF method (see table 3).

Zielinski & Wolf ( 2021 ) recently reported the polarization results
f OMC-3 using HAWC + in Band D and Band E during cycle 7.
e only have Band E data and therefore our discussion is based

nly on their Band E results. They used the chop-nod observing
ode and their field of view is smaller than ours in Band E. To

ompare with their results, we extract the same FOV region as shown
n the right-hand panel of their fig. 1 and plot our map in Fig. 7 .
heir plots, using E-vectors, indicate that the inferred magnetic field
rientation is almost perpendicular to the filamentary cloud. It is
onsistent with our polarization map in Fig. 7 (a). The histogram
f PAs in this region is shown in Fig. 7 (b). Our PA distribution is
lightly different from theirs, which is shown in the bottom panel of
heir figure 2. Visually, we can see that our map (Fig. 7 a) has more
olarization measurements that have larger angular dispersion near
he left and bottom edges of the map. This is reflected in the small
ifference in the shape of our PA histogram and theirs. Ho we ver,
n their magnetic field estimation, they only use PAs inside the 1 σ
egion around the mean PA to compute the angle dispersion. This
ifference produces that their angle dispersion is only 8.68 ◦, less than
alf of the dispersion, 20.5 ◦, shown in our map (Fig. 7 b). Thus, our
stimated magnetic field strength for this smaller region is 128.7 μG,
bout 63 per cent of the estimated value of 205.4 μG by Zielinski &
olf ( 2021 ). 

.3 Results for OMC-4 

he gas distribution of the observed region by HAWC + in OMC-4
s very different from that in OMC-3. Instead of any well-defined
lamentary clouds as in OMC-3, we see the observed OMC-4 region

s clumpy with some possible filamentary-like connections among
he dense clumps. One elongated gas structure appears like a hook.
n the right-hand panel of Fig. 4 , we plot the inferred magnetic field
rientation with constant length from HAWC + o v er the column
ensity map for the observed OMC-4 region. Similar to OMC-3, we
ant to find out the magnetic field strengths at different size scales

n OMC-4. 
We again use three different column densities to restrict the

ubregions to be examined, as shown in Fig. 8 . For the entire map,
e approximate the observed OMC-4 region as a thick filamentary

loud running from top to bottom. For the dense main cloud, by con-
idering pixels only have column density N (H) ≥ 0 . 5 × 10 23 cm 

−2 .
NRAS 514, 3024–3040 (2022) 
e still approximate the gas cloud as a filamentary cloud similar
o the entire map. For dense clumps, we consider the pixels with

(H) ≥ 0 . 68 × 10 23 cm 

−2 . There are four dense clumps identified.
hree out of four dense clumps have lower column density than those

n OMC-3 region. If we use the same column density threshold for
ense clumps in OMC-3, we shall have only one dense clump in the
bserved OMC-4 region. 
When looking at a larger scale, the gas structures of Orion A

asically runs from North to South roughly vertically (see figures in
.g. Kong et al. 2018 ). In OMC-4, the gas distribution is more
omplex and it is possible that several low-density filamentary and
lumpy structures o v erlap or entangle in this re gion. The observ ed
MC-4 region by HAWC + is only a portion of OMC-4. From Kong

t al. ( 2018 ) C 

18 O(1–0) data, the velocity dispersion of the dense
lumps in OMC-4 is about double of those in OMC-3 as shown
n Table 2 . Ho we ver, HAWC + sho ws that the inferred magnetic
eld in Fig. 4 is even more uniform than that in the OMC-3 region.
ig. 6 (c) shows the PA distribution of the observed region OMC-4
nd the distribution of the shifted PAs is shown in Fig. 6 (g). The
rror-weighted dispersion of PAs in OMC-4 region is only 14.8 ◦. 
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Figure 8. (a) Entire map of OMC-4: All pixels (orange squares) that have HAWC + signal detection are included in magnetic field estimation. Contours are at 
column density N(H) from 0.28 to 1.48 × 10 23 cm 

−2 with a step of 0.2 × 10 23 cm 

−2 . (b) Main cloud of OMC-4: Only pixels (orange squares) in the region with 
HAWC + signal detection and column density N(H) ≥ 0.5 × 10 23 cm 

−2 are included in the magnetic field strength estimation in this case. (c) Dense clumps of 
OMC-4: Four dense clumps, labelled from top to bottom as C1 to C4 with N(H) ≥ 0.68 × 10 23 cm 

−2 (orange squares), are identified for magnetic field strength 
estimation. 
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The measured and derived physical properties of the gas structures 
n OMC-4 region are listed in Table 2 . We estimate the physical
roperties of the gas structures in three different size scales, as shown
n Fig. 8 . In the case of the entire map, the mean projected width of the
loud is 0.31 pc using all the pixels marked in Fig. 8 (a). By treating the
ntire map as a filamentary structure, the M  / M crit,  ∼ 1.2, if cos γ f =
. The region is slightly magnetically supercritical and gravitationally 
table. We note that in the OMC-4 region, the difference between the
ean column densities computed with and without the measurement 

rror weighting is less than 12 per cent, smaller than that in OMC-3
egion. The physical properties of the denser main cloud are similar
o the entire map. For the four dense clumps, only C4 is magnetically
upercritical. The others are highly magnetically subcritical. The 
eason that the main gas cloud is supercritical is mainly from the
ontribution of dense clump C4 in computing μ� , POS . Since the αvir 

f the three clumps C1 to C3 are much higher than unity, the influence
rom gravity is small in this region. Magnetic field is dynamically 
ominating the turbulence and gravity except in the elongated dense 
lump C4. The average field strength of the dense clumps in OMC-
 is about 0.44 mG, a little smaller than the average field strength
f the dense clumps in OMC-3 region. We cannot find magnetic 
eld strength estimation on OMC-4 by others to compare with. The 
stimated field strengths using the DCF/SF method are close to the 
alues using DCF method and are listed in Table 3 . We also do not
pply DCF/SF method for dense clumps in this region. 

The average σ V of dense clumps in OMC-3 and OMC-4 are 0.35 
nd 0.63 km s −1 , respectiv ely. The y are different by about a factor of
. If the linewidth–size relation σ NT ∝  1/2 holds at this size scale, the
ize of OMC-4 dense clumps are expected to be about 3.2 times that of
he dense clumps in OMC-3. Ho we v er, the av erage projected radius
f the dense clumps in OMC-3 region is about the same as those in
MC-4 region. This implies that the LOS depths of dense clumps 

n OMC-4 regions could be significantly larger than the projected 
iameters in our assumption of spherical dense clumps in OMC-4. Is
t possible that the linewidth–size relation is significantly different for 
he dense clumps in Orion A? Caselli & Myers ( 1995 ) point out that

assive cloud cores in Orion A and B have a linewidth–size relation
NT ∝  q with q = 0.21 ± 0.03, significantly smaller than 0.53 ± 0.07
or low-mass cloud cores. This does not solve the large discrepancy
een among the dense clumps in OMC-3 and OMC-4 regions because
 smaller q means an even larger LOS depth for dense clumps in
MC-4. A possible explanation is that in the observed OMC-4 re-
ion, the dense clumps are actually a number of filamentary structures
ying close to the LOS. When viewing close to the long axis, a not
ery dense filament will appear like an elongated dense clump similar
o the dense clump C4 in Fig. 8 (c). The projected column density will
e higher than if it is a sphere at the same volume density. The other
hree lower density clumps could also be compose of several low-
ensity filamentary substructures. The larger-than-e xpected v elocity 
ispersion in the observed OMC-4 region may be explained if our
iew is close to the long axes of several filamentary substructures.
his interpretation will be discussed in the following section. 

.3.1 Projection effect on interpreting the physical states of OMC-4 

o demonstrate that projection effect can substantially change the 
ngle between the orientation of magnetic field with respect to a
lamentary cloud long axis on the POS, we use the simulation
ata from the infrared filamentary dark cloud simulation by Li &
lein ( 2019 ). The isothermal ideal MHD simulation is a driven

urbulence simulation with gravity. The system is maintained at 
hermal Mach number of 10 all the time after gravity is turned on,
ith an initial Alfven Mach number of 1 and virial parameter of 1.
 long filamentary cloud forms and remains intact to the end of the

imulation about 900 000 yr after gravity is turned on. The large-
cale magnetic field near the filamentary cloud is about perpendicular 
o the cloud long axis. The details on the simulation methods and
esults can be found in Li & Klein ( 2019 ). Here, we use a snapshot
ata from the simulation at about 4.2 × 10 5 yr after gravity is turned
n for comparison. Fig. 9 (a) shows the column density map of the
lamentary cloud with the magnetic field orientations. We use this 
ata snapshot because the column density of the cloud is similar
o the observed region of OMC-4. The filamentary cloud becomes 
enser in time from gravitational collapse. The viewing direction is 
long the y -axis. The inferred magnetic field vectors on the projection
lane are created using the definition of Stokes parameters in Zweibel
MNRAS 514, 3024–3040 (2022) 
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M

Figure 9. (a) The column density map of a simulated filamentary cloud. The viewing direction is along the y -axis. The black lines show the magnetic field 
mostly perpendicular to the filamentary cloud long axis. The first contour is at N (H) = 0 . 4 × 10 23 cm 

−2 . Only the magnetic field lines at those pixels within the 
first contour are plotted. (b) Same as panel (a) but the viewing direction is along x -axis, a 90 ◦ counter clockwise rotation about the z -axis from the panel (a). The 
elongated dense structure near the middle is the projected image of the filamentary cloud in panel (a). Magnetic field lines are still quit uniform but pointing 
close to the long axis of the elongated gas structure, resembling similar field orientation appearance of the dense clump C4 in Fig. 4 . 
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 1996 ) based on the 3D components of magnetic field and density in
he simulation 

 + i U = 1 /N 

∫ 
f ( y ) 

( B x + i B z ) 2 

B 

2 
x + B 

2 
z 

cos 2 γ d y , (12) 

= 

1 

2 
arctan 

U 

Q 

. (13) 

ere, N = 

∫ 
f ( y )d y is the column density, Zweibel ( 1996 ) assumed

os 2 γ to be 1, and φ is the PA. Grains are assumed to be perfectly
ligned with magnetic field. 

Only vectors in the pixels that have column density N (H) ≥ 0 . 4 ×
0 23 cm 

−2 are shown in the figure for visual clarity. The magnetic
eld on the POS is closely perpendicular to the filamentary cloud long
xis, with an angle of 83.9 ◦ ± 15.4 ◦ between the axis of filamentary
loud and the mean field vectors shown in Fig. 9 (a). In Fig. 9 (b), the
iewing angle is rotated by 90 ◦ about the vertical axis that we are
ow looking along the x -axis. In this orientation, the long filamentary
loud axis is making an inclination angle of about 23 ◦ with the LOS.
he chance of viewing a filamentary cloud in this orientation is
bout 8 per cent. Ho we ver, Zheng et al. ( 2021 ) have shown that there
re a significant number of filamentary substructures identified in
rion A making an angle close to the horizontal orientation on the
OS (see their fig. 8). Therefore, it is possible that some filamentary
ubstructures in OMC-4 have small inclination angles between the
OS and their axes. 
We can see a denser elongated dense clump near the middle of

he Fig. 9 (b) with lower density gas extending further to the upper
ight and the lower left. We assume that the cloud is optically thin
nd that we can see through the cloud along the LOS in the plotting.
his structure is the new projection of the main filamentary cloud

n Fig. 9 (a). The projected magnetic field is still highly uniform but
ow pointing close to the long axis of the elongated dense clump.
oi et al. ( 2020 ) showed that there is a probability of 14 per cent to
bserve a parallel B -field with the filament after assuming a random
rientation between both of them in a 3D space. The picture in Fig.
 (b) resembles the polarization map of OMC-4 in Fig. 4 . Since the
imulated filamentary cloud has several dense clumps, the projection
n Fig. 9 (b) appears to have more structures than the dense clump C4
n Fig. 8 (b). Therefore, the filament, where C4 is located, may not be
NRAS 514, 3024–3040 (2022) 
ery long and may have only one dense clump. The larger than unity
ass-to-flux ratio in the observed region is mainly the result of the

longated dense clump C4. If the volume density of C4 is actually
ower than expected, the mass-to-flux ratio of this region could be
maller and the entire observed region is near magnetically critical
r even subcritical. In fact, the number of YSOs in this region is
ubstantially fewer than that in the OMC-3 region (see Fig. 4 ). Using
he data from Furlan et al. ( 2016 ), the total mass of the envelops
round 2500 au of YSOs in the observed OMC-3 region is 12 . 3M 	,
ignificantly larger than the 0 . 55M 	 in OMC-4, even though the total
as mass in the observed OMC-3 region is only 1.66 times of that
n OMC-4 region. No YSOs are located inside the dense clumps and
o prestellar cores (Salji et al. 2015 ) are located in the main cloud in
MC-4. These evidences point to the conclusion that the observed
MC-4 region is stable from gravitational collapse, in contrast to the
hysical state in OMC-3. 

.4 Comparison with Zeeman obser v ations 

CF measurements of the magnetic field are less accurate than
eeman measurements, so comparison is worthwhile. Unfortunately,

here are no Zeeman observations of OMC-3 or OMC-4, so we must
ompare with an average Zeeman value. Based on the Zeeman data
f Crutcher et al. ( 2010 ), Li et al. ( 2015 ) determined that the average
eld in molecular clumps is 0 . 19 n 0 . 65 

5 mG. The corresponding
edian POS field is 0 . 16 n 0 . 65 

5 mG (Li et al. 2022 ). By comparison,
he average value of B 0 /n 

0 . 65 
5 in the main cloud and dense clumps in

MC-3 is 0.11 mG, a little smaller than the Zeeman value. On the
ther hand, the average value of B 0 /n 

0 . 65 
5 in the main cloud and four

ense clumps of OMC-4 is 0.19 mG, quite close to the expected value.
iven the small sample size, the fact that the Zeeman value is based
n an average over molecular clouds in very different conditions, and
he uncertainties in the DCF method, the Zeeman and DCF values of
he field are in reasonably good agreement. 

 H RO  ANALYSI S  

istogram of relative orientations (HROs; Soler et al. 2013 , 2017 )
rovide additional information on how dynamically important the
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Figure 10. The top rows of panels are the HROs of the angles φ between the inferred magnetic field vectors and the tangents of the column density contours 
for (a) the entire map of region OMC-3, (b) main cloud of region OMC-3, (c) entire map of region OMC-4, and (d) main cloud of region OMC-4. The bottom 

row of figure panels are the corresponding relations of shape parameter ξ as the function of column density. Best χ2 -fitting parameters are shown at the top of 
the panels. 
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agnetic field is in the formation of filamentary molecular clouds. 
et φ be the angle between a inferred magnetic field orientation and 

he tangent of the column density contour so that 0 ◦ ≤ φ ≤ 90 ◦. In
igs 10 (a) and (b), the histograms of these angles in the entire map
nd the main cloud of region OMC-3 are sho wn, respecti vely. There
re more pixels at larger φ. Figs 10 (c) and (d) show the histograms of
he entire map and the main cloud of the observed region in OMC-4.
he distributions of φ are significantly different from that in OMC-3. 
here are more pixels at smaller φ. As defined in Soler et al. ( 2017 ),

he shape parameter is 

= 

A 0 − A 90 

A 0 + A 90 
, (14) 

here A 0 is the area under the histogram of φ values for 0 ◦ ≤ φ

22.5 ◦ and A 90 is the area for 67.5 ◦ ≤ φ ≤ 90 ◦. A ne gativ e value
f ξ means that the magnetic field vectors tend to be perpendicular 
ather than parallel to the surface contours. Physically, it is easier for
as to flow along the field than perpendicular to the field when the
eld is dynamically important. Furthermore, a long, slender filament 
an accrete gas more easily on its sides than at its ends when the
eld is roughly perpendicular to the long axis as observed in many
lamentary clouds. This accounts for the observation that the dense 
egions in many molecular clouds show magnetic fields that tend to be 
erpendicular to contours of the surface density (Planck Collabora- 
ion XXXV 2016 ). In the bottom row of panels in Fig. 10 , we plot the
unctions of ξ versus N (H) in the corresponding cases as in Figs 10 (a)
o (d), respectively. Using the same convention of symbols in Planck 
ollaboration XXXV ( 2016 ), the best χ2 -fitted slope, X HRO , and

ntercept, C HRO , of ξ versus N (H) relation for each available column
ensity ranges are shown at the top of the figure panels. 
For the entire map of region OMC-3, all the ξ are negative. 

his indicates that there are more pixels having magnetic fields 
erpendicular than parallel to the column density contours. The 
agnetic field is sub-dominant. There is a trend that ξ becomes 
ore ne gativ e at higher density, indicating that the magnetic field is

ynamically important during the formation of dense structures in 
MC-3. The slope X HRO is −0.23. If we treat the third data point

o be an outlier and exclude the point in the fitting, X HRO is −0.37.
his trend is more clear in the main cloud of the region OMC-3
ith a steeper slope of −0.97. Ho we ver, for the entire map and the
ain cloud of the observed region in OMC-4, most of the ξ are

ositive. Also, ξ increases with column density until log N (H) ≈
2.8. Fluctuation in ξ as a function of column density is commonly
een in many molecular clouds (e.g. Planck Collaboration XXXV 

016 ; Soler et al. 2017 ). What is shown in Figs 10 (g) and (h) could
e just the result of capturing such fluctuation. Ho we ver, the positi ve
alues of ξ as large as + 0.46 indicate that the magnetic fields are
ore parallel to the column density contours. Such large ξ would be

een at low column density at log N (H) � 21 . 5 in molecular clouds
e.g. Planck Collaboration XXXV 2016 ; Pattle & Fissel 2019 ). The
arge ξ at log N (H) � 22 . 8 in the observed region in OMC-4 is quite
nusual. This unusual situation may be related to the viewing angle
n the observation. When the LOS is close to a filamentary cloud
ong axis as discussed in Section 3.3.1 , we could see elongated high
olumn density structure aligned with the uniform magnetic field. 
n that case, we shall see more pixels with the projected component
f the magnetic field parallel to the tangents of the column density
ontours. 

 DEPOLARI ZATI ON  EFFECT  

epolarization effect in molecular clouds, which is a trend of the
ecrease in polarization fraction as the column density or intensity 
MNRAS 514, 3024–3040 (2022) 
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Figure 11. (a) Polarization fraction p versus column density N (H), (b) polarization-angle dispersion function S versus column density N (H), and (c) polarization 
fraction p versus polarization-angle dispersion function S for region OMC-3. The bottom panels (d), (e), and (f) are the same as (a), (b), and (c) but for region 
OMC-4, respectively. The best-fitting relations are marked at the top of the panels. 
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ncreases, have been commonly found in polarization observations
n molecular clouds (e.g. Alves et al. 2014 ; Kwon et al. 2018 ).
epolarization effect has been found by Matthews et al. ( 2001 ) and
thers (e.g. Houde et al. 2004 ; Poidevin et al. 2010 ) for different
egions in Orion A. The depolarization effect can be described by
he polarization parameter α in the power-law relation 

og p = α log N (H) + C, (15) 

here p is the polarization fraction, the power-law index α is the
olarization parameters, N (H) is the column number density, and
 is a constant. Figs 11 (a) and (d) show the polarization fraction
s a function of column density in the regions OMC-3 and OMC-
, respectiv ely. All pix els in the high resolution HAWC + data are
ncluded. The best fitting power-law relations are shown at the top
f the panels in the figure. The depolarization effect is clear. The
olarization parameters for the observed OMC-3 region is −0.7 from
he χ2 -fitting, very close to the −0.65 obtained by Matthews et al.
 2001 ) for the OMC-3 clouds. Poidevin et al. ( 2010 ) find a shallower
olarization parameter of −0.4 for OMC-3. By looking at Figs 11 (a)
nd (d), it seems that there could be two different populations which
an be fitted with different slopes. Note that the observed OMC-3
egion by HAWC + does not co v er all the dense clouds in OMC-
 as in Matthews et al. ( 2001 ) and Poidevin et al. ( 2010 ). Also,
he polarization v ectors the y obtained are located at higher column
ensity clouds, which will be similar to our case of main cloud
n OMC-3 region. If we limit the χ2 -fitting to only pixels in the
ain cloud at N (H) ≥ 0 . 8 × 10 23 cm 

−2 , the best-fitting polarization
arameter will be −0.62. It is not much different from the fitting
sing all pix els. F or the observed OMC-4 region, the polarization
NRAS 514, 3024–3040 (2022) 
arameter is −0.89, not too different from the OMC-3 region. There
s no report on polarization parameter for OMC-4 region by others
o compare with. 

Depolarization effect can be a result of increasing field disorder
t higher density. Local turbulence can be enhanced by gravitational
ollapse of dense regions. Helical structure of magnetic field around
lamentary structures is also proposed to explain the depolarization
f fect (Matthe ws et al. 2001 ). Other possible reasons for depolar-
zation are suspected to be the magnetic reconnection (Lazarian &
ishniac 1999 ) and/or from weak radiative alignment torques (RATs;
azarian & Hoang 2007 ) due to weak radiation field in dense

egions. Also, dust grains can change shape at higher density due
o accretion of icy mantles (Whittet et al. 2008 ) and results in the
ecrease in the degree of polarization. The tangling of field lines
ue to the turbulence in the region can also be a plausible cause of
eduction in polarization fractions (Planck Collaboration XII 2015 ;
lanck Collaboration XXXV 2016 ). Similar results are found in the
tatistical analyses of ALMA investigations, at higher spatial scales
Le Gouellec et al. 2020 ). In a recent study by Hoang et al. ( 2019 ),
t is suggested that RATs from the intense radiation fields can spin
rain at extremely fast rotation rate. This can result into centrifugal
tress which exceed the maximum tensile strength of grain material,
ausing the disruption of large grains into smaller fragments. Hoang
t al. ( 2020 ) presents the detailed modelling of grain disruption
owards dense cores. In the absence of the field tangling, the
epolarization effect observed towards protostars are inconsistent
ith the RAT alignment theory but can be explained by the combined

ffects of grain alignment and rotational disruption by RATs. The
arge scattering in the relation between p and N (H) of many different

olecular clouds (e.g. Fissel et al. 2016 ; Arzoumanian et al. 2021 )
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an be the combined result of the abo v e mechanisms operating under
ifferent conditions. 
To reveal if depolarization is caused by magnetic field disorder at 

igher density, we can plot the relations between the polarization- 
ngle dispersion on the beam-size (18.2 arcsec) scales and the column 
ensity, S versus N (H), and p versus S . Dispersion function S is
efined (Planck Collaboration XII 2015 ) as 

 ≡ [
�ψ 

2 ( x , δ) 
]1 / 2 = 

[ 

1 

N 

N ∑ 

i = 1 

�ψ 

2 
xi 

] 1 / 2 

, (16) 

here �ψ xi is the angle difference between the position angles of
ny two polarization vectors. N is the number of pairs (or ‘counts’)
f polarization vectors in an annulus. In computing the dispersion 
unction S, we sum o v er �ψ 

2 
xi inside an annulus of radius δ = | δ| (the

lag’) and width δ around the central pixel at x . The lag we use is the
eam size of HAWC + at Band E in the observation. In Figs 11 (b),
c), (e) and (f), the relations between S versus N (H) and p versus S
re plotted for the two regions. We can see that there is basically no
orrelation between the dispersion function and column density in 
oth regions. The correlation is still non-existed even when we only 
onsider the high density pixels in the main clouds of both regions.
 or p v ersus S , we see an anticorrelation between polarization fraction
nd the dispersion function, with adjusted r -squared of 0.22 and 
.29 in the fitting in OMC-3 and OMC-4 re gions, respectiv ely. This
ndicates that the depolarization effect is also caused by the dispersion 
n magnetic field along the LOS, if the dispersion is about the same
n the POS. Future higher resolution polarization mapping of the two 
egions are required to find out if magnetic fields inside the dense
louds will have larger dispersion than the current HAWC + data 
hat we have. 

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

e presented the results of our recent polarization observation in 
egions inside OMC-3 and OMC-4 using HAWC + onboard SOFIA 

o investigate the physical environment and the stability of the 
olecular filamentary and clumpy structures in the popular Orion 
 region. In order to estimate the magnetic field strengths of the two

egions using the classical DCF and the variant DCF/SF methods, we 
se the map of optical depth from Lombardi et al. ( 2014 ) obtained by
sing a combination of Planck dust-emission maps, Herschel dust- 
mission maps, and the 2MASS NIR extinction maps for density 
stimation. We examine the high-resolution 12 CO(1–0), 13 CO(1–0), 
nd C 

18 O(1–0) molecular lines surv e y data of Orion A from Kong
t al. ( 2018 ) for velocity dispersion estimation. We have performed
 correlation analysis of the intensities of these three molecular lines
ith the polarization intensities from HAWC + of the two regions 

nd found that C 

18 O(1–0) line has the best spatial correlations with
olarization intensities. In addition, the study by Shimajiri et al. 
 2014 ) shows that the C 

18 O(1–0) line is al w ays optically thin in
he Orion A. Therefore, we use the velocity dispersion data from
 

18 O(1–0) for velocity dispersion estimation. 
From the column density maps, the two observ ed re gions in

MC-3 and OMC-4 are already very different. There is a well- 
efined massive and dense filamentary cloud in the OMC-3, but the 
as structures in the observed region of OMC-4 are clumpy. The 
elati vely lo wer density clumps in OMC-4 appear to have e ven lo wer
ensity filamentary-like connections. The polarization maps obtained 
y HAWC + of these two regions are also quite different. 
For the OMC-3 region, we find two distinct groups of distribution

f PAs. The smaller group is found to be mostly at the lower
olumn density. The peaks of the two groups are separated by about
00 ◦. It appears that there is a magnetic field associated with the
ense filamentary clouds superimposed on another magnetic field 
ssociated with lower density gas. The magnetic field associated with 
he main filamentary cloud is mostly perpendicular (86.8 ◦ ± 14.7 ◦) 
o the cloud long axis. The estimated field strengths on the POS of gas
tructures in the observed OMC-3 region are consistent with previous 
olarization observations. Compare with the recent observation of a 
maller region in OMC-3 by Zielinski & Wolf ( 2021 ) using HAWC + ,
hey deduce a little larger field strength because of using a smaller
ngle dispersion of polarization vectors. The observed region in 
MC-3 is magnetically supercritical and strongly subvirial indicates 

hat gravity is dynamically dominating the region. It is consistent with
he fact that there are many YSOs forming in the region. Although
he region is gravitationally dominant from the virial parameters 
nd mass-to-flux ratios at different size scales, magnetic field is 
ynamically important in the cloud formation process from the HROs 
nalysis. The estimated field strengths on the POS at different size
cales vary by about an order of magnitude as shown in Table 2 . 

From the estimated field strengths of gas structures in the observed
MC-4 region, the cloud is near magnetically critical and subcritical 

ocally inside the cloud, except an elongated dense clump. The 
nferred magnetic field is highly uniform in this region and the
eld appears to be parallel to the dense elongated structure, which

s unexpected from most of the polarization observations of dense 
lamentary clouds that the field is usually roughly perpendicular to 

he long axis of a dense cloud structure. From our HROs analysis,
e find that the shape parameters, ξ , of the HROs have large positive
alues, which is common for low density gas at column density below
og ( N (H)) = 21.5 but not at log log ( N (H)) > 22.5 as in the observed
MC-4 region. In comparison with the dense clumps in OMC-3, 

he larger velocity dispersion of dense clumps in OMC-4 indicates 
hat the LOS depths of the dense clumps may be significantly larger
han the projected width of the dense clumps by a factor of 3.2.
sing our filamentary cloud simulation (Li & Klein 2019 ), we
ropose an explanation that we may be looking closely along the
ong axes of some low density filamentary structures in OMC-4. In
ur experiment, by rotating a simulated filamentary cloud so that 
he angle between the LOS and cloud axis is small (in our case
3 ◦), we can see a dense elongated structure similar to the densest
longated dense clump in the observed OMC-4 region. Using this 
rientation, the field lines are also parallel to the long axis of the
longated structure. In the simulation, the true 3D magnetic field is
ostly perpendicular to the long axis of the filamentary cloud. If this

s the case in the observed OMC-4 region, the volume densities of
he clumpy structures in OMC-4 would be lower. The general nature
f magnetically subcritical or near critical of this region is consistent
ith much fewer YSOs in the region. 
We find a clear depolarization effect in both observed regions. 

n the case of polarization fraction versus column density, the 
olarization parameters are similar in OMC-3 and OMC-4, −0.70, 
nd −0.89, respectively. The polarization parameter of the observed 
MC-3 region is consistent with the result from Matthews et al.

 2001 ) but larger than the result from Poidevin et al. ( 2010 ). Polariza-
ion observations at the OMC-4 region have not been done, thus our
14 μm HAWC + polarization observations represent the first ones 
f this kind. The anticorrelation between the polarization fraction and 
he polarization-angle dispersion function at the HAWC + beam-size 
cales of the two regions indicates that the disorder of magnetic
eld contributes to the depolarization. Future higher resolution 
olarization mapping of the two regions will provide information 
n whether the magnetic fields will have large dispersions in the
lamentary substructures and the dense clumps. 
MNRAS 514, 3024–3040 (2022) 
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