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Abstract We identify 225 filaments from aH, column density map constructed using simultandéG®,
13CO and C®O (J=1-0) observations carried out as a part of the Milky Way Im@gdScroll Painting
(MWISP) project.We select 46 long filaments with lengths\ab.2 pc to analyze the filament column
density profiles. We divide the selected filaments into 393hents and calculate the column density
profiles for each segment. The symmetries of the profilesraestigated. The proportion of intrinsically
asymmetrical segments is 65.3%, and that of intrinsicallypreetrical ones is 21.4%. The typical full
width at half maximum (FWHM) of the intrinsically symmetakfilament segments is 0.67 pc with the
Plummer-like fitting, and~ 0.50 pc with the Gaussian fitting, respectively. The medi&fHVs derived
from the second-moment method for intrinsically symmelrend asymmetrical profiles are 0.44 and
0.46 pc, respectively. Close association exists betwesfiléimentary structures and the YSOs in the region.

Key words: ISM: clouds — ISM: individual objects (Orion A) — ISM: strugte — stars: formation

1 INTRODUCTION through Herschel observations (e.@ndré etal. 2010
Molinarietal. 2010 Arzoumanianetal. 20112019.
Filamentary structures are commonly seen bothrhese observations suggested that there is a “universal
in observations of the interstellar medium (ISM) width”, ~0.1 pc, of the observed filaments regardless
(e.g., Schneider & Elmegreen 1979 Joncasetal. of their central column densitiesArzoumanian et al.
1992 Abergeletal. 1994 Johnstone & Bally 1999 (2011 propose that a uniform filament width should be
Falgarone etal. 2001Myers 2009 Andréetal. 2010 the result of the dissipation of large-scale turbulence.
Molinari et al. 2010 Men'shchikov et al. 2010Hill etal.  Some observations toward molecular filaments in active
201% Arzoumanianetal. 2011 Wangetal. 2015 star-forming regions reveal accretion signatures aloeg th
Arzoumanian etal. 2039and in numerical simulations axis of filaments (e.g.Kirk et al. 2013 Palmeirim et al.
of gravity (e.g., Linetal. 1965 Zel'Dovich 1970  2013. Pon etal.(2011) found that local collapses occur
Burkert & Hartmann 2004Gomez & Vazquez-Semadeni most favorably under filamentary geometry compared with
2014 and interstellar turbulence (e.gRadoanetal. spheres and disks. A possible scenario is that molecular
2003 Pudritz & Kevlahan 2013 Inoue & Fukui 2013  gas is firstly compressed into filamentary structures, and
Chen & Ostriker 2014 Inutsuka et al. 2015 Interstellar  then breaks up into molecular cores that eventually form
filaments are usually defined as elongated overdensgars (e.g.Kainulainen et al. 201.3Takahashi et al. 2013
ISM structures with large aspect ratios-3). They  Andrée etal. 2014 Teixeira et al. 2016Kainulainen et al.
are detected initially through dust extinction by 2017. Lietal. (2016 produced a Galaxy-wide catalog of
Schneider & Elmegreen(1979 and their existence dense filaments and have demonstrated that these filaments

in star-forming regions has been confirmed throughare correlated with the spiral arms and make a significant
observations with other tracers, such as dust emissiogontribution to star formation in the Galaxy.

(e.g., Abergeletal. 1994 and CO line emission (e.g.,

Falgarone etal. 2001 The ubiquitous presence of The definition of “width” for filaments varies in
filamentary structures either in diffuse or in densedifferent studies, e.g., there are two commonly used forms
star-forming molecular clouds has been revealedf functions for the column density profiles of filaments,
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Fig. 1 (a) Declination-velocity map of th#CO .J = 1-0 line emission of the Orion A GMC integrated within theien
observed RA range. (b) RA-velocity map of th&CO J = 1-0 line emission of the Orion A GMC integrated within the
entire observed Declination range.

Arzoumanian et al. 2031 The radius of the inner flat T
core and the exponent of the outside power-law wing of
the Plummer-like column density profile are related to
the dynamical state of the filaments (e @striker 1964
Heitsch 2013 Besides, the typical width of filaments
usually varies with different tracers of molecular gas
and different observational resolutions. For example, the
typical width of molecular filaments traced by*CO

line emission in the Taurus molecular cloud is found
to be ~0.4 pc Panopoulouetal. 20)7 whereas the
filament width derived throughC!®O line emission in
the Orion giant molecular cloud (GMC) is around 0.1
pc (Surietal. 2019 The typical width of the dense {
filaments in the Orion integral-shaped filament region, . ..... L L I
the so called molecular fibers observed with Atacama 5hom  ggm 36™

Large Millimeter/submillimeter Array (ALMA) and traced Right Ascension (J2000)

by NoH™ (1-0) line emission flacaretal. 2018 is  Fig.2 Spatial distribution of thel, column density of
found to be 0.035 pcSmith et al.(2014 and Surietal.  Orion A GMC. Active star-forming regions in the GMC
(2019 suggested that the reported widths of filaments arare indicated with green letters. The 1-pc scale and beam
influenced by the fitting ranges used in the analysis of th&ize are indicated at the upper-left corner of this figure.
column density profiles. Moreover, the morphology of the

column density profiles of molecular filaments can also . . .
y b Menten et al. 2007 The GMC itself is a giant molecular

provide us information about the interaction between th?ilament (.g..Ragan et al. 20)4composed of a dense

filaments and th_elr e_nV|r0r_1me_nt (e geretto efc al. 20.])2 and hot (above- 50 K) integral-shaped filament (ISF)
Therefore, detailed investigations of the radial profilés o. .
) : in the northern part and a relatively extended and cold
molecular filaments are still needed. L
(below ~20 K) tail in the southern part (e.gBally et al.
The Orion A GMC is one of the most studied 1987 Stutz & Kainulainen 2015Kong et al. 2018 The

star-forming regions in the Galaxyd( = 414 pc; northern ISF, which contains the star-forming regions

the Gaussian function and the Plummer-like function (e.g., A B LI "m " <107
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0.12 of two giant filaments. The filamentary constituents of
the GMC have been studied using observations with high
0.10 angular resolutions, such as the ALMA (e.gacar et al.
> 0.08 2018 and CARMA-NRO surveys (e.gSuri et al. 2019
= However, the former investigation is restricted to the ISF
é 0.06 region and is concentrated on small scale fibers, while
o the latter is focused on the properties of filaments traced
= 0.04 by C'0O (J = 1-0) emission. The tracers of column
density utilized in these studies cannot probe the regions
0.02 of medium column densities, and neither of the above two
0.00 studies observed the southernmost part of the Orion A
GMC.
00 02 0406 Tgf Lo LE oL In this study, we use th&€CO and'3CO (J = 1-0)

emission line data frorMa et al.(2020 to investigate the

Fig. 3 Histogram of the optical depth,(13CO), at the  properties of radial profiles of the filaments in the Orion
peak of thel3CO J=1-0 emission line. The bin size is A GMC. The Spatia' coverage of the Survey\i,g_S ded,
0.05. from§ ~ —4.5° to ~ —8.7°. The paper is organized as
follows. The observation is described in Sectidnand
the methods and calculations of the ldolumn density
are presented in Secti@ The identification of molecular
filaments and the analysis of their column density profiles
L5x10% are presented in Section$ and 5, respectively. We

discuss the results in Secti6mand provide a summary in

Section?.

2.0x10%

)

J1.ox10% 'g 2 OBSERVATIONS AND DATA REDUCTION

The data we used in this work are the same as those used by
Ma et al.(2020. We give a brief review of the observations
15.0x10% in this section. The observations were made in June 2011
using the Purple Mountain Observatory (PMO)-13.7 m
millimeter-wavelength telescope which is equipped with a

Declination (J2000)

k. - 7 - . . I nine-beam Superconducting Spectroscopic Array Receiver
Targom aom aem (SSAR) Shan et al. 202The!2CO, **CO andC*80 (J
Right Ascension (J2000) = 1-0) emission lines were observed simultaneously. The

Fig.4 Spatial distribution of estimated standard deviationfontend of the receiver is a two-sideband Superconductor-

of calculatedH, column densities. The 1-pc scale and Insulator-Superconductor (SIS) mixer. TheCO (J =

beam size are indicated at the upper-left corner of thid—0) line emission is contained in the upper sideband,

figure. while the 1*CO and C'80 J = 1-0 line emission is
contained in the lower sideband. A Fast Fourier Transform

OMC 1-4, hosts thousands of protostars and Class I$pectrometer (FFTS) with a total bandwidth of 1 GHz and

sources as revealed by the Spitzer catalog of young stelldi6 384 frequency channels worked as the backend of the

objects (YSOs) Negeath et al. 20122016, while the receiver, which provides a velocity resolution of 0.17 km

southern tail of the Orion A GMC, which contains the s~! at 110 GHz. The half-power beam width (HPBW) of

L 1641 S region, is relatively inactive in star formation. the PMO-13.7 telescope is about’5at 110 GHz and 50

The northern part of the Orion A GMC is exposed toat 115 GHz, which correspond t00.10 pc at the distance

ultraviolet (UV) radiation from the Trapezium stars, which of 414 pc for the Orion A GMC.

are~1 pc in front of the GMC (e.g.yan der Werf et al. Along the direction of right ascension (RA) and

2013 Surietal. 2019 Stutz & Kainulainen(2015 and  declination (Dec), the observations were made in position-

Ma et al.(2020 investigated the column density structure switch on-the-fly (OTF) mode toward twelve ‘30 30

of molecular hydrogen in the Orion A GMC using the cells to cover the Orion A GMC, with a scanning rate of

probability distribution function (PDF) method. They 50" per second and a dump time of 0.3 s. The spectra are

found that the Orion A GMC exhibits an evolutionary trend re-gridded into pixels of size of 30x 30" (~0.06x0.06

in terms of star formation along the main ridge of the GMCpc? at the distance of 414 pc) in the final datacube.

from north to south, and the whole GMC is composedDuring the data reduction processes, we calibrated the
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Fig.5 (a) Histogram of the measurement errors of calculatedolumn densities. The bin sizeiss x 10! cm=2. (b)
Histogram of the relative measurement errors of calculitg@olumn densities. The bin size is 0.01. The red dashed
lines mark the median values, and the green dashed linestherkean values.
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Fig. 6 (a)H, column density map derived fromMCO J=1-0 emission. (b)I, column density map derived from Herschel
observation (multiplied by three). (&), column density map derived from!'80 .J=1-0 emission. The color scales in the
three panels are identical and range fromx 1020 cm=2 to 1.35 x 10?3 cm~2. The grey lines outline the noisy edge of
the surveyed area in the Milky Way Imaging Scroll Painting/M&P) observation that has been trimmed in the analysis.
The white contours correspond to N{(== 1.25 x 1022 cm™2.

antenna temperature accordingltog = 7% /nump. Atthe 3 METHODS AND CALCULATION

12C0O and3CO (J = 1-0) wavelengths, the main beam

efficiencies are 44% and 48%, respectively. We utilized thé.1 Velocity Distribution of the Molecular Cloud
GILDAS/CLASS package to reduce the data, including the

subtraction of a second-order baseline from each spectruffigure 1 gives the integrated position-velocity diagrams
and re-griding of the raw data. The spatial coverage of th&f the ¥CO (J = 1-0) line emission of the Orion A
reduced data is about 4dég2. The spectra at the edges of GMC along the directions of RA (left) and Dec (right).
the surveyed area have higher noise levels and we trim thE"€ integration covers all the observed ranges of RA or
surveyed area to 3deg?. In the reserved area, the median Dec. We only consider the spectra that have at least five
root mean square (RMS) noise level at 115 GHz is 0.61 geontiguous velocity channels with intensities above 1.5

per channel, and the median RMS noise level at 110 GHEMes the RMS noise level for the integration. The most
is 0.37 K per channel. prominent feature in Figuré is that the Orion A GMC

has a systematic velocity gradient, 0.3 km s™! pc!,
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3.2 Calculation of H, Column Density

1 ‘ _
- 10 %Jéto In this work, the calculation process for the ldolumn
o 1072: C180 3 density is the same as Ma et al.(2020. For convenience
g Dustx3 4 and clarity, we describe the method and the used formulae
g 107 as follows. Assuming local thermal equilibrium for the
I i molecular gas and that théCO (J = 1-0) line emission is
,f'zj 107 optically thick, we can obtain thH, column density from
LA the'>CO and'3CO (J = 1-0) data.
x 10 Firstly, we calculate the excitation temperatufg,

1076 from the peak brightness temperature of tR€0 line

20 21 29 23 24 (e.g.,Pineda et al. 201Q.i et al. 2018 Ma et al. 2020,

Ig N(H,) 5.53

Tox = 5.53[In(1 “1o@a
553l + 7 5G0) + 0.819) @)

Fig. 7 Histogram of column densities. The green columns
represent the B column densities from dust emission. where Ti,..x is the peak brightness temperature of the
The grey line represents the;Holumn densities from 12O emission line. Secondly, the optical depth of the
dust emission multiplied by three. The red and bluews ) emission can be derived from the excitation temper-
lines represent the column densities from €O and tureT.. and the brightness temperatufas (*CO), of
C!80 J=1-0 emissions, respectively. The bin size of thesé Pyt [he bng -mp B 7

the ">CO emission line (e.g.Rineda et al. 20%Li et al.

histograms is 0.05. . )
2018 Ma et al. 202D according to the following formula,

13 _ TMB(BCO)
from north to south over its entire extent, which has been 7 =—In {1 " 5.29[J(Tox) — 0.164] } . (@
observed by previous studies with CO or other molecular
or atomic tracers (e.gBally et al. 1987 Nagahama etal. whereJ(T.,) = [e>2?%/Tx—1]~1. Then, thé*CO column
1998 Ikeda et al. 2002Nishimura et al. 2016 The'3CO  density can be calculated through (eRjneda et al. 2010
(J = 1-0) emission line shows significant broadening ofLi et al. 2018 Ma et al. 202
~10 km s™! at the location of the Orion KL region, which T 0.88
corresponds to the horizontal spikedat —5.5° in Figure Nisgo = 2.42 x 1014% /733 dv. (3)
1(a) and the vertical spike at ~ 5"35™ in Figure 1(b). 1 — o529/ Tex
At the southern end of thé — v diagram, we can see a The item T..[r}3dv can be approximated to
bifurcation structure with one velocity component located__= [ Tws(¥CO) du, wherer, is the optical depth

1 1 i 1—e=70
at~3km s and the other at-5.5 km s7°. The velocity o4 0 brightness peak of tHéCO spectra Pineda et al.

splitting is also clear in Figuré&(b) at the eastern end of 2010. We assume that thH,-to-*CO ratio is 7 x 10°
the Orion A GMC. We have checked the spatial Iocation(e g .Solomon & Klemperer 1972Herbst & Klemperer
of this bifurcation and found that it corresponds to the19'7é Wilson 1999 Ma et al 2(’)291 Finally, the H,

merging position of the “fish-tail” structures discovered column density can be written aksi et al. 2018 Ma et al
by Fukui & Mizuno (1997). Their observations reveal that 2020 ' '

the southern end of the Orion A GMC is composed of
two filamentary structures that are nearly perpendicular

to each other and are twisting together into a “rope”Nu, = 1.694 x 102017?_70 ;_2%525;; / Tug('?CO) do.
toward the main ridge of the Orion A GMC. Although (@)

the internal velocity of the Orion A GMC is complex, the

overall distributions of thé2CO and!2CO emission are We only consider the spectra that have at least five

continuous in the position-position-velocity (PPV) spacecontiguous velocity channels with intensities above 1.5
in our data, which indicates the GMC is a coherenttimes the RMS noise level for the calculation. The velocity
structure. The spatial resolution of the observationsim th range utilized to calculate the peak brightness temperatur
work is not high enough to allow investigating the fine of the '?CO emission, T;,c.k, optical depth and the
internal filamentary structures in the PPV space. Thereforéntegrated intensity of*CO emission, [ Tyig(**CO) dv,

it is feasible for us to perform filament identification on is from 0 to 18 kms~!. The spatial distribution of the
the Hy column density map of the Orion A GMC. In the Hs column density of the Orion A GMC is displayed in
following two subsections, we introduce how we calculateFigure2, which is similar to Figure 3 itMa et al.(2020.

the column density and its measurement error from the The optical depth of2CO emission may introduce
BCO data. some uncertainties in the estimation of €éblumn density.
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Fig. 8 (a) Spatial distribution of the 225 filament skeletons idfead in Orion A GMC. Different colors represent different
filament skeletons. The background is the map ofifhecolumn density of Orion A GMC. (b)-(e) are enlarged views of
the red, green, blue and yellow boxes in panel a, respegtivel

For example, if the>CO emission is optically thick, the 3.3 Monte Carlo Estimation for the Measurement
observed'*CO brightness may saturate in regions with Errors of the H 5, Column Density

high column densities. We present the histogram of the

optical depth of'3CO emission in Figure3. We can Since we intend to derive the width of molecular filaments
~0.37, and only 0.1% (23 pixels) of théCO spectra ©f the filaments are analyzed. One significant step is to
have ar higher than unity. Moreover, the effect bfcO ~ average the radial profiles of the filament over a selected
emission optical depth on column density calculation hadength (a few pixels in this work, see Se6tl) to improve

been corrected for through the use of the fagtei= in the signal-to-noise ratio. Therefore, the measurement
—e~ 70 e
Equation 4) (Pineda et al. 2010 ¢ errors of theH, column densities are needed for the

calculation. We adopt a Monte Carlo method to estimate
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N(H2) by dividing a constant of two. For Figui&b) to
have the same scale as Fig@@) and6(c), the N(H)
map in Figure6(b) has been multiplied by a factor of
three. The histograms of column densities from the three
tracers within the same area as indicated by the grey
contours in Figuré are given in Figurg. The H, column
density from G20 data is calculated according to formula
8 in Lietal. (2018. The N(H) distributions from the
13CO and CB0 tracers have similar shapes above their
peaks, while the distribution of N@) traced by dust
emission is systematically shifted toward the lower column
density when compared with the other two tracers. After
0.0 05 1.0 1.5 2.0 multiplying the N(H,) from dust emission by three, the
logig(Lenglh of filaments (pixel)) N(H.) distribution matches well with those frod¥CO

Fig.9 Histogram of the lengths of the 225 filament and_QGSO in the range from~ 10%* cm™? to 3x10*°
skeletons identified in Orion A GMC in logarithmic scale. €M ~. Stutz etal. (2013 and Launhardtetal.(2013
The bin size is 0.2. suggested that a systematic uncertainty could exist when

applying different dust opacity models in the calculation
. . of N(H). Furthermore, the adopted gas-to-dust ratios used
the error in the measurement of thike column density . . .

i y in Stutz & Kainulainen(2019 and Stutz (2018 and the

for each pixel. For each pixel, a set of values of theH 10-13CO ratio utilized in thi K IS0 introd
1200 and '3CO peak brightness temperatures, and the ‘2 o~ ratio utilized In this work may a'so introduce

13CO integrated intensity are extracted randomly from? systematic diﬁerencg between the column densi_t les
the Gaussian distributions centered on the correspondin r_|ve_d from dust emission and_ tho_se from molecular line
measured values of each quantity, and then the extracti ission. The Wthe cgr;tours_ |n_F|guﬁecorrespond to

is repeated 2000 times. The dispersions of the Gaussi (HQ_): _1'25 x 107 em ’Wh'Ch. Is the average column
distributions from which we extracted the quantities are ensity in th_e southern sub-regiortd et al. 202 and

set to be the'2CO and 3CO RMS noise levels, and also approximates the peaks of the blue, red and grey

+(13C0)v/Auvso, where o(13C0) is the 3CO RMS hlsto?ra:ns mtI;lgurIé. (Ijn ?gLf[reG, t-he Hersghfl':\lt(r?b "
noise level,Av is the integrated velocity range aad is map features e cloud structures inmore detall than e

13 8 i i i
the velocity resolutionRipple et al. 2018 Two thousand co a_nd C®0 N(H) maps_bec_ause of its higher spatial
values of Ny, can be generated for each pixel. Then forresolutlon. However, the main bright structures, suchas th
a given pixe2l the dispersion of the two thousang Ns’ ISF, the L1641 regions and the southern filaments in the

considered as the measurement error for the Nerived Onog_IA GMS,fare q;.';fe contstlstent in the thrﬁ%rtn;?fs. ¢
following the method in SectioB.2 Figure4 depicts the aments from ditterent tracers may exnibit diteren

: 3 : BT
spatial distribution of the estimated measurement error&,mpert'es' TheCO line emission is a good tracer of

and Figure5 shows the histogram of the measuremenf®® gotlun:n (_jtf]n;:ty' The g.]am fiature:jsem Fe\;ﬁf:)lare
errors and the histogram of the relative errors, which Onsistent wi ose in Figuré(b) and6(c). With less

in3 i 8
are defined as the ratios between the measurement err undange '.d co t_h'c_m in C°0, the N.(Fb) map from
and the Ni,. From Figure5, we can see the median O emission exhibits much fewer filaments than the

measurement error 3.65 x 102° cm~2, and the mean _'\I(H.2) map from'°CO. Furthermore, the ]@.O filaments
is 3.88 x 1020 cm—2. while the median and mean of the " Figure6(c) usually do not have enough pixels across the

relative errors are 3.58% and 4.50%, respectively. fllamgnts Whlch are essent!al for profile symmgtry analysis
and filament width calculation. Therefore, in this work, we

perform filament identification and property analysis on
the H, column density map derived froMCO data.

10'E

10°

Number

1073

107°

3.4 Column Density Maps from Different Tracers

Before implementing filament identification, we made a
brief comparison between thesHolumn density maps 4 FILAMENT IDENTIFICATION

derived using thé*CO J=1-0 line emission, far-infrared 4 1 pisperSE Algorithm

dust emission and' €0 J=1-0 line emission as the tracers

respectively. These column density maps are presentdlle use the DisPerSE algorithi8dusbie 201)ito identify

in Figure 6 with the same color scale. The column filamentary structures on thH; column density map.
density map in Figuré(b) is converted from the N(H) DisPerSE can be applied to identify persistent topological
map from Herschel observations which is obtained bystructures, such as voids, walls and filamentary structures
private contact withStutz (2018. We converted N(H) to  (Sousbie 201} Its first step of filament identification is
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Fig.10 (a) Spatial distribution of 46 long filament skeletons. Bi#nt colors mark and distinguish different filament
skeletons. The background is the spatial distribution efHh column density of Orion A GMC. (b)-(e) are enlarged
views of the red, green, blue and yellow boxes in panel (apeetively.

Table 1 Observed and Intrinsic Symmetry of Segments

Category Observed symmetry Contamination Intrinsic sytryme  Number Fraction
1 S N S 44 11.1%
2 S P S 25 6.3%
3 S P A 13 3.3%
4 A N/W A 121 30.5%
5 A P S 16 4.0%
6 A P A 125 31.5%
7 S/IA Y not available 49 12.3%
8 not available - not available 4 1.0%

Column (1) gives the indexes of the categories. Cols. (2@ the observed properties, contamination conditiodstamintrinsic properties of the 397
segments, respectively. The total number and the peraeiofagach category in the whole segment sample are listedls &) and (6), respectively.
In the table, S: Symmetrical profile; A: Asymmetrical profid: No contamination; Y: Strong contamination in all slic#g: Weak contamination in
all slices; P: Contamination in some but not all slices.
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Fig.11 (a) lllustration for “axis of symmetry” candidates. The ¢idine marks the column density profile. Three dash
lines represent the “axis of symmetry” candidates. (b)stiation for calculation of degree of symmetry. The red line
marks the “folded” 7-pixel curves. The red dash line is thasaf symmetry”z = x,.;s. The zones in panel (b) filled by
blue slashes and grey shadows 8reandS, sets, respectively.
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Fig. 12 (a) Histogram of the degree of symmeffy ,, .« Of column density profiles before eliminating the contarteaa
slices. (b) Histogram of the degree of symmelty), ... Of column density profiles after eliminating the contamatat
slices. The red dashed lines mark the threshold to deterwtie¢her a profile is symmetrical or asymmetrical. The bin
sizes in the two panels are both 0.02.

to find all critical points in theHs column density map. of a pair consisting of the saddle point and maximum
Critical points are the set of points where the gradienin the filament candidate. The persistence threshold can
of the Hy, column density is null. In a column density be used to eliminate noise and non-physical structures.
map, there are three types of critical points, the maximaRobustness Weinkauf & Guinther 2009 Sousbie 2011

the saddle points and the minim&dusbie 20101 The can be understood as the contrast between the column
second step is to connect the saddle points and the maxindensity of the filament and that of the environment
along the integral lines, which are the curves tangent to theurrounding the filament. The persistence threshold we
gradient field in each point in the maPdqusbie 2011 The  set is3.5 x 10%! cm~2, which corresponds to about nine
parts of integral lines that connect the saddle points antimes the noise level of Hcolumn density. The robustness
maxima are filament candidates in tHe column density threshold is set to b&x 10%! cm~2, which corresponds to
map. approximately twenty times the noise level of Eolumn

density. We choose such high threshold settings to make

Two threshold parameters, the pers[stence_and th§ure that the resulting filaments are real internal strestur
robustness, need to be set for the selection of fllament%f the Orion A GMC

PersistenceSousbie 201)lis the absolute value difference



188-10 Y.-Q. Zheng et al Filamentary Structures in the Orion A GMC

1022 cm™

5 10 15 20 25 30

TT L T T
! ! P,‘/ulmx:: 0.89]
1.2r : i P 410
S 1.0} : .
% : . -
< o8l : b g
o 1 A 400 .
p L | \ ] o 0
£ 0.6 | | 4
0.4F i NG
Eoooos - ez 390
0-2 11 11 1 :

-0.8 -0.4 0.0 0.4 0.8
Distance to skeleton (pc)

@)

Fig. 13 (a) An example of the uncontaminated column density profifesategory 1. The vertical black and blue dashed
lines indicate the boundaries of the fitting range and th& pespectively. The red dot-dashed line is the Plummer-lik
fitting curve, and the green line is the Gaussian fitting cufve error bars are calculated according to Equa@nite
degree of symmetry is indicated at the upper-right cori@iSpatial distribution and the environment of the segniEm.
background is thél; column density map. Blue dots represent the skeleton ofepment in question, while blue crosses
mark the skeleton of other segments. Green triangles margehk positions of the segment. Green boxes represent the
pixels of uncontaminated slices of the segment in questibe.beam size and the 0.1-pc scale bar are indicated at the
lower-left corner.

1.2 : Prjome = 0.92] 1.2 : : P,,/uvmiz 0.967 X
. Lor ~ 1.0F ]
o o B
= = =
z 0.8 Z 08 e
N N E:
o) o) £
g 0.6 g 0.6 -
Z Z
041 0.4f
0.2F . L . B 0.2l 4 L L
-0.8 -04 0.0 0.4 0.8 -0.8 -04 0.0 0.4 0.8 270 280 290
Distance to skeleton (pc) Distance to skeleton (pc) x (pixel)
(@) (b) (©

Fig.14 An example of the profiles of category 2. (a) Observed columnsdy profile. (b) Intrinsic column density
profile after removing the contaminated slices indicatetth Wwiack boxes in panel c. The error bars in panels a and b are
given according to Eq.8]. The vertical black and blue dashed lines indicate the Hdaries of the fitting range and the
peak, respectively. The red dot-dashed line is the Pluniikefitting curve, and the green line is the Gaussian fitting
curve. The degrees of symmetry are indicated at the upgkt-corners of two panels. (c) Spatial distribution and the
environment of the segment under analysis. The backgrautiteiH, column density map. Blue dots represent the
skeleton of the segment in question, while blue crosses tharkkeleton of other segments. Black boxes represent the
pixels of contaminated slices of the segment in questioreGtriangles mark the peak locations of the segment. Green
boxes represent the pixels of uncontaminated slices ofagment in question. The beam size and the 0.1-pc scale are
indicated at the lower-left corner.

4.2 Selection and Partition of Filaments for Analysis depict the overall internal structures of the Orion A GMC.
of Filament Density Profiles According toAndré et al.(20149), flaments are defined as
elongated overdense ISM structures with an aspect ratio

We identified 225 filaments in thél, column density larger thar_l 5-10 ._In molecular clouds such as Taurus
map of the Orion A GMC in total. Figure8 and 9 and Polaris, the filaments have lengths oL pc or
display the spatial distribution and the histogram of theMOre dackson et al. 201@euther et al. 2011Andre et al.
lengths of the 225 identified filaments, respectively. As2014. So, we selected filaments with lengths no less
shown in Figures, the identified skeletons of the filaments han 1.2 pc £ 20 pixels) for further analysis to ensure
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Fig. 15 An example of the profiles of category 3. (a) Observed coluemsdy profile. (b) Intrinsic column density profile
after removing the contaminated slices indicated withlblaaxes in panel c. The error bars are drawn according todkg. (
The blue dashed lines mark the peaks of the profiles. The degfesymmetry are indicated at the upper-right corners of
two panels. (c) Spatial distribution and the environmerihefsegment under analysis. The background igltheolumn
density map. Blue dots represent the skeleton of the segmeestion, while blue crosses mark the skeleton of other
segments. Black boxes represent the pixels of contamirstites of the segment in question. Green triangles mark the
peak locations of the segment. Green boxes represent tbks pixuncontaminated slices of the segment in question. The
beam size and the 0.1-pc scale are indicated at the lowterelafer.

there are no “fake filaments” in our sample. The spatiathe end of a filament, are extracted for calculation of the
distribution of the selected 46 long filament skeletons igadial profile.

depicted in FigurelO. For a selected filament, its local The Hy, column density profile of each slice is
surrounding environment, and physical properties, such asormalized by the value oy, at the skeleton point of
width and central density, are not necessarily invariablethe slice

Therefore, we divide these filaments into 397 segments Nyi = Nyjivaw /No.i vaw (5)

for investigation of the properties of the column denSitywhereNM and N,

profiles to keep the local characteristics of the filamentsH2 column density at position in the ith slice of the
and to avoid the influence of the environment. Amongsegment, respectiveliy ; vy i the value ofVi, at the

the 397 segments, 356 segments haye the qugth of ﬁVs.‘?<eleton.The column density profile of each segmentis the
pixels (~ 0.30 pc, three times the spatial resolution of the

. , average of the profiles of the slices of the segment,
observation) and 41 segments are at the ends of filaments
and therefore have lengths less than five pixels. The 397 N, = ZNm/”v (6)
segments are the targets for detailed analysis of filamgntar i

density profiles.

iraw are the normalized value and the

wheren represents the number of slices of the segment.

N, is the mean of thél, column density at the position
of distancer from the central skeleton point. According

To investigate the width of the identified filaments, we O ITor propagation, the error of the normalized column

calculate the radial, column density profiles for each density,o.;, at positionr in the ith slice can be derived
segment. through Bevington & Robinson 2003

2 2 2 2 1/2
UT,i = T-,i(o-r,i,raw/Nr,i,raw+UO,i,raw/NO,i,raw) / ’ (7)

where o, ; .aw IS the measurement error at the position
For a point in a given skeleton segment, the radiabf distancer from the skeleton point, and ; ;aw iS the
column density profile is extracted from the slice that ismeasurement error of the skeleton point. The error of the
perpendicular to the line that connects the neighboringwveraged normalized column density, at positionr can
skeleton pixels on each side of the point. For each slicehe expressed a8évington & Robinson 2003
because the skeleton point from the DisPerSE algorithm

. . . _ 2 2\1/2

may deviate from the local maxima of the column densities Or = (Z Um'/" )e 8)
within two spatial pixels, 10 pixels along each side of the i
intensity peak of the slice including the peak are seleated twhereo.,. is the error of the normalized column density at
calculate the column density profile. We apply this methodositionr.
to each point in the skeleton segments, which means that Since the filament skeletons are identified in discrete
five, or fewer slices in some cases when the segment is and gridded data, the direction of the extracted slices may

5 COLUMN DENSITY PROFILE ANALYSIS

5.1 Calculation of the Column Density Profiles
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Fig.16 (a) and (c) are examples of the uncontaminated and mildlyacoinated profiles of category 4, respectively.
The error bars are calculated according to B). The blue dashed lines mark the peaks of the profiles. Theeds@f
symmetry are indicated at the upper-right corners of tweefmrib) and (d) are spatial distribution and the environisien
of the two segments respectively. The backgrounddlreolumn density maps. Blue dots represent the skeleton of
segment in question, while blue crosses mark the skeletothef segments. Green triangles mark the peak locations of
the segments. Green boxes represent the pixels of uncoratadislices of the segment in question. The beam size and
the 0.1-pc scale are indicated at the lower-left corneraiofganels.

deviate from the real direction. To find out this influenceGaussian or Plummer-like function, therefore we check
on the filament profiles, we have done a smoothing teghe observational symmetries of each €blumn density
on the ISF skeleton. For each pixel in the ISF skeletonprofile and investigate the influence of the environments
we calculated its smoothed location utilizing the locasion on the observed profile to get the intrinsic symmetry of
of its nearest three pixels on each side and itself. In thishe profile. We check whether the pixels in the slices
way, we can obtain a smoothed skeleton. We find that theref a selected segment are contaminated by any other
is no significant difference between the averaged columfilamentary segments. For this check, we restrict the slice
density profiles obtained from the smoothed skeletoriength to 7 pixels on each side of the peak. If the
and the original skeleton. Therefore, the influence fronslices of a selected segment intersect with other segment
discrete and gridded data is negligible in the followingspines, we regard the profile of the slice as contaminated.
analysis and results, and we use the original profiles in thifhen we re-calculate the column density profile of the
work for simplicity. segment after removing all the slices that are considered
to be contaminated, and again check the symmetry of the

5.2 Symmetries of the Column Density Profiles of the resulting profile.

Segments We have applied a quantitative method to measure the
symmetries of the averaged column density profiles. As
In practice, only the symmetrical column density profilesdisplayed in Figurel1(a), for an average column density
can be fitted well with a selected function, eitherprofile, we have tried three positions for the “axis of
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Fig. 17 An example of the profiles of category 5. (a) Observed coluemsdy profile. (b) Intrinsic column density profile
after removing the contaminated slices indicated with lblaaxes in panel c. The error bars in panels a and b are given
according to Eqg.&). The vertical black and blue dashed lines indicate the Barias of the fitting range and the peak,
respectively. The red dot-dashed line is the Plummer-litedi curve, and the green dot-dashed line is the Gaussian
fitting curve. The degrees of symmetry are indicated at thgenpight corners of two panels. (c) Spatial distribution
and environment of the segment under analysis. The backdrisitheH; column density map. Blue dots represent the
skeleton of the segment in question, while blue crosses tharkkeleton of other segments. Black boxes represent the
pixels of contaminated slices of the segment in questioretriangles mark the peak locations of the segment. Green
boxes represent the pixels of uncontaminated slices ofagment in question. The beam size and the 0.1-pc scale are
indicated at the lower-left corner.
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Fig. 18 An example of the profiles of category 6. (a) Observed coluemsdy profile. (b) Intrinsic column density profile
after removing the contaminated slices indicated withlblaaxes in panel c. The error bars are drawn according todkg. (
The blue dashed lines mark the peaks of the profiles. The éegfesymmetry are indicated at the upper-right corners of
two panels. (c) Spatial distribution and the environmernhefsegment under analysis. The background iitheolumn
density map. Blue dots represent the skeleton of the segmejuestion, while blue crosses mark the skeleton of other
segments. Black boxes represent the pixels of contamirstiters of the segment in question. Green triangles mark the
peak locations of the segment. Green boxes represent tbks pixuncontaminated slices of the segment in question. The
beam size and the 0.1-pc scale are indicated at the uppeedmer.

symmetry”x s flat and it is reasonable to set the axis of symmetry at the
middle of these two points rather than at the peak. Once
Taxis € {Tpeak — 0.5, Tpeak; Tpeak + 0.5}, 9) Taxis 1S Set, the left part, a 7-pixeR 0.42 pc) curve, of

wherez,q.x is the radial coordinate corresponding to thethe column density profile is folded to the right side with

peak of the column density profile, ang..x and 0.5 are respect to%"is’ as illustrated in Figu_rd_l(b). W.ith the
in unit of pixel. This is because, for some profiles, thefOIdeOI 7-pixel curve (red) and the original 7-pixel curve

line connecting the peak and the next highest point is ver§blaCk) of the right part of the profile, we consiruct two



188-14 Y.-Q. Zheng et al Filamentary Structures in the Orion A GMC

10%% cm™

1.2
450
1.0}
° :
Zm 0.8r 3 %‘
~ ‘ X 440
— ' a,
— 0.6 | ~
= ! >
z |
0.4} !
430
0-2 1 : 1
-0.8 -04 0.0 0.4 0.8 260 270 280
Distance to skeleton (pc) x (pixel)
(a) (b)

Fig. 19 (a) An example of the profiles of category 7. The error barsafeulated according to Ec8); The blue dashed
line marks the peak of the profile. The degree of symmetrydicated at the upper-right corner of the panel. (b) Spatial
distribution and the environment of the segment. The bamkupt is theH, column density map. Blue dots represent the
skeleton of the segment in question, while blue crosses tharkkeleton of other segments. Green triangles mark the
peak locations of the segment. Black boxes represent tleéspix uncontaminated slices of the segment in question. The
beam size and the 0.1-pc scale are indicated at the uppeotetr.

1.6 T T T
1.4 7
450
1.2¢ 7
1.0p b

0.8 7] 440

Npa(r)/Ny2(0)
y (pixel)

0.6 7

0.4 b

. | 1 430
-0.8 -04 0.0 0.4 0.8 300 310 320
Distance to skeleton (pc) x (pixel)

@) (b)

Fig. 20 (a) An example of the profiles of category 8. The error bargasen according to Eq8). (b) Spatial distribution

and the environment of the segment. The background isltheolumn density map. Blue dots represent the skeleton of
the segment in question, while blue crosses mark the sketétother segments. Green triangles mark the peak locations
of the segment. Green boxes represent the pixels of uncorated slices of the segment in question. The beam size and
the 0.1-pc scale are indicated at the lower-right corner.

functions slashes, respectively. The bottom line of the sets is the
f1(z) = Max{y:(z), y2(x)}, (10)  MiNiIMuM yy,i, of the union ofy; andy,, as indicated
by the green dashed line in Figuté(b). Then, the area
fa(z) = Min{y:(z), y2(z)}, (11)  ratio of the two zonesPr,, = Sn/Su, is regarded as

a guantitative measurement of the degree of symmetry
of the profile within a selected range (seven pixels in
this work). The value of" , changes when ;s varies
among the three tried positions. For each average column
density profile, we choose the maximum &4, for the
three tries,’ /U, max, 10 represent the degree of symmetry

where y; and y, are the folded left-side 7-pixel curve
and the original right-side 7-pixel curve of the profile,
respectively. The functiong; and f, define two sets
S, and $,, which are the union and intersection of the
zones undey; andys, respectively. Sets Sand $, are
illustrated in Figurell(b) with grey shadows and blue
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Fig. 21 (a) Distribution of segments of different symmetries. Timeinsically symmetrical segments are marked in green.
The intrinsically asymmetrical segments are marked in jguwphile the segments with unknown intrinsic symmetries ar
marked in black. Active star-forming regions in the GMC ardicated with green letters. (b)-(e) are enlarged views of
the red, green, blue and yellow boxes in panel a, respegtiVeke blue plus signs mark the protostars, and the magenta
plus signs represent the disk dominated pre-main-seqstaice

of the profile. Figurel2 features the histograms of the Table 2 Ranges and Initial Values of Parameters for
degree of symmetry for the column density profiles ofPlummer-like Fitting
the 397 segments. The histogram before eliminating the

Parameter Range Initial value
contaminated slices is displayed in Figurg(a) and that P 2<p<4 2
A 2 - Rt (PC) 0< Rpay < 1 0.1
after the ellmlnat!on is shownin Flgg@(b). The crl.ten(-)n e00) 018 < 1o <0.18 o
we set to determine whether a profile is symmetrical is that A 0<A<15 1
Pﬂ/U,max > 0.75. B B20 0

5.2.1 Categories of column density profiles . . .
9 yp the percentage in the total number of segments are listed in

The profiles of the 397 segments can be divided into eighfablel.
categories according to their apparent symmetry and their The first category is the symmetrical column density
environments. The number of profiles in each category angrofiles which are uncontaminated by other segment
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Table 3 Ranges and Initial values of Parameters for 20
Gaussian Fitting
Parameter Range Initial value 15 Beam size Median = 0.67 B
o 0<o<1 01 ;
70 (pC) —0.18 <79 <0.18 0
A 0<A<L15 1
B B>0 0

spines. Figurd 3 displays an example of this category. In
Figure 13(a), the column density profile is symmetrical
while the slices of the corresponding segment used to 00 02 o4 06 08 10 12 14
derive the profile do not overlap with any other segment Plummer FHZV;)W““‘ (pe)
spines, so we consider that there is no contamination in
this profile.

Figure 14 depicts an example of the profiles of

20

I
| Beam size Median = 0.50

Category 2. Figurd4(a) features the observed symmet- o 7
rical column density profile, while Figuré&4(b) gives ‘
profile after removing the contaminated slices, showing 10
that the intrinsic profile is symmetrical. The spatial
distribution of the segment and its environments are 5
presented in Figur&4(c), in which the black boxes mark
the contaminated slices. The inner part of the slices 0
indicated by the black boxes intersects with other filament 0.0 02 04 06 08 10 12 L4
. B . . Gaussian FWHM width (pc)
spines, whereas the other three slices indicated by the (b)
green boxes do not intersect with any other filament spines.
We consider this condition as partly contaminated. sl | i
Figure 15 displays an example of the profiles of !
Category 3. We can see from Figurga) that the observed 6ol | edian — 046 |
column density profile is symmetrical. The slices of the Beam size |}l Median = 0.44
corresponding segment in Figudeéy(c) partly intersect sol- ! |
with other filament spines. However, after removing !
the contaminated slices indicated with black boxes in 20 ]
Figure 15(c), the intrinsic column density profile of this |
segment is asymmetrical as depicted in FigLig). (] S R ;
The profiles in Category 4 are asymmetrical, and A
they are uncontaminated or only weakly contaminated. (c)

Figure16 presents the corresponding examples of the tW(hg.ZZ Histograms of the FWHMs of the (a) fitted

conditions. The column density profile in Figuté(@) is  pjymmer-like function, (b) fitted Gaussian function and (c)
asymmetrical, and the slices of the segmentin Fidé(b)  the calculated second moment. The bin sizes of panels (a)
do not intersect with other filament spines. The columrand (b) are 0.1 pc. The bin size of panel (c) is 0.05 pc.
density profile in Figurel6(c) is also asymmetrical. In panel (c), the distributions of the widths derived from
Although all slices of the segment intersect with anothethe second-moment method for intrinsically symmetrical

segment spine, the contamination is mild. The cases wit"d @symmetrical profiles are shown as blue columns and

weak contamination in Cateqorvy 4 are rare and theirred slashes, respectively. The red dashed lines in panels (a
: gory and (b) mark the median values of the distributions, and
number is only three.

’ o that in panel (c) indicates the median width of intrinsigall
Figure1l7shows an example of the profiles in Categoryasymmetrical profiles. The blue dashed lines in panel
5. The observed column density profile in Figur§a) is  (c) mark the median width of intrinsically symmetrical

asymmetrical. However, similar to Category 3, the slices ofrofiles. The black dashed line indicates the beam size of

the segment partly intersect with other filament spines, a#'e PMO 13.7m telescope in each panel.

indicated in Figurd.7(c). After removing the contaminated

slices, the intrinsic column density profile in Figut&b)

is symmetrical. segment in Figur&8(c) partly intersect with other filament
Figure 18 displays an example of the profiles in spines. After removing the contaminated slices, the column

Category 6. We can see that the observed column densitlensity profile of this segment in Figur8(b) is still

profile in Figure18(a) is asymmetrical. The slices of the asymmetrical.
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Fig. 23 (a) and (b) are examples of the profiles in the southern regfi@rion A GMC, while (c) and (d) are examples of
the profiles in the northern region. The error bars are caledlaccording to Eq8]. The black and blue vertical dashed
lines indicate the boundaries of the fitting range and th& pElae red dot-dashed line is the Plummer-like fitting curve,
and the green line is the Gaussian fitting curve. The fiftpdrameter for the Plummer-like fitting and the baselines for
the two fitting functions are expressed at the top of eachlpwiith red for the Plummer-like fitting and green for the
Gaussian fitting. The degree of symmetry of the profile isdat#id at the upper-right corner.

Figure 19 features an example of the profiles of 5.2.2 Statistics on the profiles of the eight categories
Category 7. All the slices of the segment in Figlu&b)
intersect with other filament spines. The column densities
at the overlapped regions are larger than 70% of the
peak column density of the profile, so all these slices
are significantly contaminated. As all slices are strongly!N€ characteristics of the resulting categories of the

contaminated, the intrinsic symmetry of this segment is nog97 segment radial profiles are provided in Talile
available. Figure 21 shows the distributions of the segments of

different intrinsic symmetry properties. From Figu2é

and Tablel, we can see that 65.3% of the profiles are

intrinsically asymmetrical, and about half of them belong

Figure20shows an example of the profiles in Categoryto Category 6. The intrinsic symmetries of 13.3% of

8. Some of the segments are located at the edge diie 397 profiles remain unknown. The fraction of the
the observational field, so the column density profilegntrinsically symmetrical profiles, i.e., categories 1,rla
of the segments displayed in Figu® are incomplete. 5, is 21.4%, of which the full width at half maxima
Therefore, the observed and intrinsic symmetry propertieSWHMs) are derived by Plummer-like and Gaussian
of these segments are not available. fitting methods in Sectiob.3
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5.3.1 Morphology of the symmetrical radial profiles Fig.27 Relation between the FWHM widths and the
central column densities of the selected segments. Blue

In previous studies (e.g.Arzoumanianetal. 2011 blocks, red dots and green triangles correspond to the

Smith etal. 2014 Suri etal. 2019 both Gaussian and intrinsically symmetrical profiles with widths obtained
Plummer-like functions are utilized to describe thefrom the Plummer-like fitting, G?‘“SS'a” .flttlng an.d the
holoay of the column densitv profiles of molecularsecond—moment_method., respectively, while grey triangles
morp 9y X yp ! to the asymmetrical profiles with widths obtained from the
filaments and to estimate the widths of filaments. Ingecond-moment method.

this work, we fitted the column density profiles of 85

intrinsically symmetrical profiles, which correspond to filamentary structures can be described well by a Plummer-

categories 1, 2 and 5, with the two forms of the function like function

The procedures we used for the extraction of column pe Rt

density profiles and the fittings are written in the IDL Ep(r) = 4p — (12)

programming language. We use the “mpfitexpr” routine [+ (r/Raae)?) 2

in IDL to implement the fittings and the function forms, wherep, is the central density of the segmeRY.; is the

parameters, range and initial values of the parameters anener flattening radius ang is the power-law exponent

all set a priori. at large radii. A, is a constant describing the effect
Arzoumanian et al.(201]) and Clarke etal. (2019  of the inclination angle of the segment with respect to

suggest that the shape of column density profiles othe plane of the sky. In this work, the column density
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profile of each segment has been normalized by the centr&br the Gaussian function, the width (FWHM) can be
column density at the skeleton points of the segmentlerived from

and a zeroth-order baseline is also considered in the wg =20V2In2. (16)
fitting processes (e.gClarke et al. 2019Suri et al. 2013 . - L . .
However, we found that some minor deviations existm_tidf'tlon to f|tt|r:g thlefmtn?smally symlmetrlclal ﬁ)r?fﬂfh
between the skeleton positions derived from the DisPersi?/!t WO symmetrical tunctions, we aiso caiculate the

algorithm and the actual local maxima of the cqumnseCOnd T“O”‘ems of the p_rofiles for both intrinsi_cally
density distribution, which are within two spatial pixels. symmetrical and asymmetrical segments (categories 1-—

Therefore, the Plummer-like function we utilized to fit the 6 344 segmen.tS in total) to estimate the widths of the
column density profiles is written as f|Ianjer1_ts |n_Or|on A GMC. T_he seco_nd moment of.a
profile is derived after subtraction of a first-order baselin
- A B (13) fitted using the next three pixels outside the inner seven
{1+1[(r— To)/Rﬂat]Q}% ’ pixels on each side of the profile. The second moment is

_ ) calculated according to the following formula,
where constantd is the normalized peak value of the

column density profile,3 is the constant defining the ST;(r; — ro)?
baseline and, marks the deviation of the skeleton from m2 = =1 (17)
the peak of the column density profile. The parameters
in Equation (3) should be constrained during the fitting whereT; is the normalized column density at positign
process, since too large values of th@arameter in the in the profile after baseline subtraction, ands the mean
Plummer-like function have no physical meaning in reality.of positionr; with 7} as the weight. The second moment is
Table 2 presents the ranges and the initial values of theonverted to FWHM throughy,,,» = 2v/21n2 x m2.
parameters set a priori for Equatialg}. The distributions of the FWHMs derived applying
The Gaussian function we utilized to fit the columnthe above three methods are displayed in Fig2eFor
density profiles follows (e.g.Arzoumanianetal. 2011 the two profile fitting methods, the median valuesugf
André etal. 2014 Panopoulouetal. 2014Xiongetal. and w, are 0.67 and 0.50 pc, respectively, while the
2017 Clarke etal. 2019 Orkisz etal. 2019 Surietal. mean values are 0.67 and 0.52 pc, respectively. For the
2019 L second-moment method, the median valuesuvgf for
Sp(r) = Ae=(rmr0) /27 4 B (14)  intrinsically symmetrical and asymmetrical profiles are

whereo is the dispersion of the Gaussian function. Teble 0.44 and 0‘46 P, and.the. mean values are 0.43 an-d 0.47
presents the ranges and the initial values of the parametBF’ respeciively. For intrinsically symmetrical .pr.of|les,
set for Equation14). aIthough- the medlan va-lues of,» andw, are similar,

In this work, the fitting range for the two methods the medianw, is ~1.2 tlm_es larger than_va an_d We-
above is determined through searching the column densityagahama etal1999 S_tUd'ed the praperties of f|Iament_s
profile for the lowest values on each side of the peak. Therg the Orion A GM_C using the Nagqya 4m tel_escope with
are two circumstances in this process. The first is that the CO J = 1-0 emission. They obtained a typical width of

lowest value is found within the seven pixels from the peak,Nl‘4, pC iq the-Orion A GMC_’ which is.3 times the widths
in other words, there is a “valley” in the profile on one obtained in this work. This difference may be caused by the

. ) , . .
side of the peak. In this case, the position of the “Va"ey,,lower spatial resolution (2’y of their observation on one

is taken as one end of the fitting range. The second is th&a_nd and the larger distance (480 pc) they adopted for the
the profile keeps dropping, that is, there is no “valley” in Orion A GMC on the other hand\@gahama et al. 1998

the profile. In this case, the seventh pixel from the peak iél'he derived median widt_hs from_the three methods are
taken as one end of the fitting range. much broader than the universal width (0.1 pc) of filaments

obtained from Herschel observatiorZoumanian et al.
2011). Suri et al.(2019 also conducted a detailed study
on the profiles of the filaments in the Orion A GMC
Generally, the fitted results of thBg,. parameter from using data with quite higher angular resolution” (8
the Plummer-like fitting and thesr parameter from corresponding to 0.015 pc at= 388 pc used in their
the Gaussian fitting cannot be compared directly. Fokvork). The typical width derived in their work is-0.13
consistency, we use the FWHMSs of the well-fit Plummer-pC, Which is consistent with the results from Herschel
like and Gaussian functions to characterize the widttPbservations. Whether the characteristic width of the
of a segment. For the Plummer-like function, the widthfilamentary structures obtained by Herschel observations
(FWHM) can be calculated through is universal is still under debate. At the distance of the
Orion GMC, 414 pc, the angular resolution of our data
wp = 2Raae V' 22/(P—1) — 1. (15)  (50”) corresponds to a spatial resolution of 0.1 pc. The

Ep(r)

5.3.2 “Widths” of the segments
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median filament width derived in this work is around 0.5—southern part of the Orion A GMC, whereas profiles in the
0.7 pc. After deconvolution from beam size utilized in northern part of the GMC, for example in Figu28(c) and

this work, the median filament width is 0.49-0.69 pc.23(d), show relatively small baseline difference between
Therefore, we are convinced that the filaments identifiedhe Gaussian and Plummer-like fittings. Thg and w,

in this work are resolved structures. The measured widthare consistent with each other in Figiag&c) (~0.50 pc)

of filaments are found to be influenced either by the mapand23(d) (~0.26 pc). To demonstrate the difference in the
used for identification (velocity channel maps or columninfluence of the “baseline” on the width between the two
density maps) or the adopted fitting method and rangefitting methods, we plot in Figur@4 the relationship of
(Smith et al. 2013 For examplePanopoulou et a(2014  the ratio between the FWHMs obtained from the Gaussian
used the Five College Radio Astronomy Observatoryfunction and the Plummer-like function with the difference
(FCRAO) 13CO emission line data to analyze the widthsbetween the fitted baselines. The FWHM ratios decrease
of the filamentary structures in the Taurus molecular cloudwhen the difference between the baselines increases. We
They identified filaments in both the velocity-integratedcan see that when the Gaussian fitting returns a higher
map and the velocity channel maps, and their resultbaseline than the Plummer-like fitting, it also returns a
did not show any typical filament width of0.1 pc. narrower width.

However, their results indicate that the distributions of  The above results indicate that the filaments cannot
the filament widths derived from the velocity-integratedpe treated as isolated structures from the environments,
map and the velocity channel maps are peaked@#  \vhich is consistent with the results 8mith et al.(2014.
and~0.25 pc, respectively, which is inconsistent with the smith et al. (2014 studied the column density profiles
universal width obtained from Herschel observations. Weyf simulated molecular filaments and suggested that the
identified filaments in the column density map derivedwidths of the filaments are sensitive to the environment of
from the integrated intensity of thECO emission, i.e., filaments.

covering the full velocity range of the Orion A GMC, Figure 25 presents the relation between the applied
while Surietal. (2019 identified filaments in velocity fiiting ranges and the derived widths for the two profile
slices. The different maps used for identification in theﬁtting methods. The Pearson correlation coefficients
two works can result in different filament widths, as potnveen the FHWMs and the fitting ranges for the
suggested irPanopoulou et al2019. Molecular clouds  pjymmer-like and Gaussian fitting are 0.18 and 0.33,

have hierarchical structures on various spatial scaleth Wi respectively, which demonstrates the weak correlation of
higher resolution and denser gas tracers, narrower width&ied widths with the applied fitting ranges.

of flaments can be found. However, the structures on large
scale, such as the filaments identified in this work, shoul%On
still exist. A possible explanation for the difference in
filament widths betweeSuri et al.(2019 and this work
is that the filaments identified b8uri et al. (2019 may
be sub-scale denser structures embedded in the filame
identified in this work.

Thep parameter in the Plummer-like function is often
sidered as an indicator of the presence of an isothermal
cylinder in hydrostatic equilibriumy(= 4) (e.g.,Ostriker
19649 or a filament supported by magnetic fiejd £ 2)
(e.g.,Fiege & Pudritz 200D In our Plummer-like fitting,

%% have found no typical value for theparameter.

6.2 Variation of the Segment Widths with Spatial

6 DISCUSSION .
Locations

6.1 Influence of the Fitting Method and Fitting Range ) ) )
on the Fitted Filament Widths It has long been realized that the Orion A GMC is com-

posed of two parts that have different properties in many
In the fitting processes, we find that there exist someaspects, such as temperature, column density, chemistry
situations like those presented in Figd&a) and23(b). and star formation activity (e.gNagahama etal. 1998
The two fitting methods yield significantly different Ripple et al. 2013Stutz & Kainulainen 2015Kong et al.
widths. The FWHMs given by Plummer fitting for the 2018 Maetal. 202). We present the variation of the
two profiles in Figure23(a) and23(b) are 0.78 and 0.59 filament width along the direction of declination from
pc, respectively, while those given by Gaussian fitting aresouth to north in Figure26. The median widths from
0.44 and 0.46 pc. We note that the two profiles all havehe three methods in every one-degree interval from
non-zero baselines in the Gaussian fittings whereas neardy = —9° to —5° are also given in Figur@6. Across
zero baselines in the Plummer-like fittings. Thederived  the whole extent of the declination, the widths derived
from the Plummer-like fitting may overestimate the actualfrom Plummer-like fitting are the largest, followed by the
width of the profile in Figur@€3(a) and23(b). The profiles widths from the Gaussian fitting, and then those from
with a relatively homogeneous background found in, forthe second-moment method. There is also a trend that
example, Figur@3(a) and23(b), are mostly located in the the widths of the segments derived from Plummer-like
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fitting moderately increase from5° to —7.5° and then filaments are accreting materials from the environments, as
decrease from-7.5° to —9°. The widths derived from proposed byArzoumanian et al(2011).

Gaussian fitting increase from5° to —6.5°, and then

decrease from-6.5° to —9°. The medianv, andw, are 6.3 Spatial Association with YSOs

consistent in the northern ISF region abave~ —6°, ) ) ) _
lying around 0.4 pc. Thev, andw, are~ 0.2 — 0.3 Previous studies suggest that filaments and filamentary

pc in the declination range from5.1° to —5.5° . From  hubs”are the places for the formation of stars and stellar

the second-moment method, the difference in the mediaflusters (e.g.Myers 2009. Li et al. (201§ found that the
width between intrinsically symmetrical and asymmetricalMajority of YSOs in the regions of filaments in the Rosette
profiles in a given declination is negligible, and both MolecularQIoud are@stnbuted along molecular filaments.
values are distributed in a narrow range arow@4 pc  1he YSOs in the Orion A GMC have been surveyed by
from north to south. In addition to the median width, the@ lot of near-far infrared observations (e.§tutz et al.
scatters of the widths at a given declination for the two2013 Furlan et al. 201p Stutz & Kainulainen(2013 and
fitting methods also slightly increase from the northernMa et al.(2029 both referenced a joint catalog of YSOs
to the southern part of the GMC, while the scatters from{"0M Herschel and Spitzer surveys toward the Orion A
the second-moment method almost remain the same froflMC to study the relationship between the star formation
north to south. The distance of the southern part to the Suctivity and the shape of the N-PDF of molecular clouds.
is larger than that of the northern pa@roRschedl etal. N this work, we use the same catalog to investigate the
2018. Considering the distance difference, the widths ofdSsociation between the YSOs and filaments. Figlire

the filaments in the southern part should be larger thafiSPlays the spatial distribution of YSOs in the Orion A
what we calculatedGroRsched! et a{2018 suggest that GMC. We can see that the YSOs are strongly associated
the Orion A GMC consists of a denser and enhancedith the GMC. The majority of the protostars (Class
star-forming northern Head and a lower density and staf, Class | and Flat-spectrum sources) are distributed
formation quieter southern Tail. Our results suggest tha#/ong the filaments, whereas the association between the
different physical properties, such as column densitiels andisk dominated pre-main-sequence stars (Class Il sources)

the intensities of star formations, may lead to differentand the filaments is relatively weaker. The protostars
widths of filaments in the Orion A GMC. are clustered in the conjunctions of filaments, the so-

called “hubs” of filaments, such as the locations of
The relationship between the widths and the centrabyc.2, OMC-4, L1641 N and NGC 1999. Besides, the
column densities of the fitted profiles is presented in Figu“fz)rotostars also show concentration at the positions where
27. The central column density of each segment is thgne filaments turn over, such as the location of the L 1641 S
median of the central column densities of all the slicegjark cloud. In Sectio.3.2 we have obtained the median
(five at most) in that segment. We can see from Figurgyigth of the filaments from Gaussian fitting, 0.50 pc. Here,
27 that the widths of the segments are independent of the yse this characteristic width to determine whether a
central column densities of the segments upM@, ~  ysO is located in a filament. If a YSO is located within
7 x 10?2 cm~2. This independence is consistent with g 25 ¢ (.4 spatial pixels) of a filament skeleton pixel, it
the results oArzoumanian et af2013), Panopoulou etal. s yecorded as “in” the filament. According to this criterjon
(2014 and Suri et al.(2019. However, both the widths \ye find that 72.1% of the protostars are associated with the
and the scatter of the widths slightly decease wh&n  filaments marked in FigurL For the Class Il sources, a
is above~ 7 x 102 _Cm_Q- We have checked the locations ] of 52.5% of them are located in the filaments. These
of the segments witiVy, > 7 x 10 cm™ and found  regyits indicate that the filamentary structures are styong

that all these segments are located in the northern 'Sgoupled with recent and on-going star formation in the
region and the segments with the high&st, correspond  rion A GMC.

to the Orion KL region. The widths of the filaments are

supposed to decrease with the increasing central colump -coNCLUSIONS

density, Xy, of the filaments, since the Jeans length

A1 = 2/(GuuXo) is inversely proportional t&y (e.g., We present a study on the filamentary structures in the
Arzoumanian et al. 20)1wherec; is the sound speed and Orion A GMC with a focus on the symmetry and width
iy is the molecular weight of atomic hydrogen. When theof the filaments. The filaments are identified in the H
central column density of a filament is high enough, itscolumn density map utilizing the DisPerSE algorithm.
width will exceed the Jeans length and the filament willWe apply the Monte Carlo method to estimate the
collapse and fragment under the influence of self-gravitymeasurement errors of thes;Hcolumn densities. We
One possible explanation for the independence betweetlivide the prominent filaments into segments with similar
the widths and the central column densities of the segmentsngths and calculated their column density profiles. The
below Ny, ~ 7 x 10?2 cm~2 is that these segments of the symmetry properties of the column density profiles and the
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symmetry. The symmetrical column density profiles arehe NSFC (Nos. 11503086 and 11503087).
fitted by Plummer-like and Gaussian functions for the
extraction of widths of the segments. We also used th@eferences
second moments to calculate the widths of intrinsically
symmetrical and asymmetrical profiles. We note that theAbergel, A., Boulanger, F., Mizuno, A., & Fukui, Y. 1994, ApJ
13CO emission used in this work may be unable to trace the 423, L59
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