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A B S T R A C T 

The surface-density profiles (SDPs) of dense filaments, in particular those traced by dust emission, appear to be well fit with 

Plummer profiles, i.e. �( b ) = � B 

+ � O 

{ 1 + [ b / w O 

] 2 } [1 − p ]/2 . Here, � B 

is the background surface density; � B 

+ � O 

is the surface 
density on the filament spine; b is the impact parameter of the line-of-sight relative to the filament spine; w O 

is the Plummer 
scale-length (which for fixed p is exactly proportional to the full width at half-maximum, w O 

= FWHM / 2 { 2 

2 / [ p−1] − 1 } 1 / 2 ); and 

p is the Plummer exponent (which reflects the slope of the SDP away from the spine). In order to improve signal to noise, it is 
standard practice to average the observed surface densities along a section of the filament, or even along its whole length, before 
fitting the profile. We show that, if filaments do indeed have intrinsic Plummer profiles with exponent p INTRINSIC 

, but there is a 
range of w O 

values along the length of the filament (and secondarily a range of � B 

v alues), the v alue of the Plummer exponent, 
p FIT , estimated by fitting the averaged profile, may be significantly less than p INTRINSIC 

. The decrease, � p = p INTRINSIC 

− p FIT , 
increases monotonically (i) with increasing p INTRINSIC 

; (ii) with increasing range of w O 

values; and (iii) if (but only if) there is 
a finite range of w O 

values, with increasing range of � B 

values. For typical filament parameters, the decrease is insignificant if 
p INTRINSIC 

= 2 (0.05 � � p � 0.10), but for p INTRINSIC 

= 3, it is larger (0.18 � � p � 0.50), and for p INTRINSIC 

= 4, it is substantial 
(0.50 � � p � 1.15). On its own, this effect is probably insufficient to support a value of p INTRINSIC 

much greater than p FIT � 2, 
but it could be important in combination with other effects. 

Key words: stars: formation – ISM: clouds. 
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 I N T RO D U C T I O N  

n the last decade, it has become clear that filaments play a critical
ole in assembling the material to form stars (e.g. Schneider &
lmegreen 1979 ; Bally et al. 1987 ; Abergel et al. 1994 ; Cambr ́esy
999 ; Myers 2009 ; Hacar & Tafalla 2011 ; Peretto et al. 2012 ; Hacar
t al. 2013 ; Palmeirim et al. 2013 ; Peretto et al. 2013 ; Alves de
liveira et al. 2014 ; Andr ́e et al. 2014 ; K ̈onyves et al. 2015 ; Marsh

t al. 2016 ; Hacar, Tafalla & Alves 2017 ; Ward-Thompson et al.
017 ; Hacar et al. 2018 ; Williams et al. 2018 ; Watkins et al. 2019 ;
adjelate et al. 2020 ; Arzoumanian et al. 2021 ). Even in clouds that
re not apparently forming stars, or forming them very slowly (e.g.
oncas, Boulanger & Dewdne y 1992 ; F algarone, Pety & Phillips
001 ; McClure-Griffiths et al. 2006 ; Ward-Thompson et al. 2010 ),
ncluding The Brick in the Central Molecular Zone of the Galaxy
Federrath et al. 2016 ), the internal structure is still dominated by
laments. 
Filaments are particularly pronounced in maps of thermal dust-

mission, such as those made using the Herschel Space Telescope
e.g. Andr ́e et al. 2010 ; Men’shchikov et al. 2010 ; Molinari et al.
010 ; Hill et al. 2011 ; Hennemann et al. 2012 ; Schneider et al. 2012 ;
chisano et al. 2014 ; Benedettini et al. 2015 ; Wang et al. 2015 ;
ox et al. 2016 ). Given maps of thermal dust emission at a range
 E-mail: anthony.whitworth@astro.cf.ac.uk 
H  

o  

Published by Oxford University Press on behalf of Royal Astronomical Socie
Commons Attribution License ( http://cr eativecommons.or g/licenses/by/4.0/), whi
f different wavelengths, it is possible to derive maps of the dust
ptical depth, τ F at a fiducial far-infrared wavelength, λF , either
y Modified Blackbody fitting (e.g. Hill et al. 2011 ; Peretto et al.
012 ; Schneider et al. 2012 ; Palmeirim et al. 2013 ; Alv es de Oliv eira
t al. 2014 ; Benedettini et al. 2015 ; Wang et al. 2015 ; Cox et al.
016 ; Ladjelate et al. 2020 ), or by more sophisticated techniques
e.g. Howard et al. 2019 , 2021 ) like PPMAP (Marsh, Whitworth &
omax 2015 ; Whitworth et al. 2019 ). Such maps are more accurate

f the range of wavelengths (a) is large, and (b) extends well abo v e
nd well below the peak of the spectral energy distribution. It is also
ecessary that the emission at all the wavelengths used be optically
hin. 

If the mass opacity, κF , of dust at λF is known (and universal),
ne can convert a map of τ F into a map of the surface density of
ust, � D = τ F / κF . If the fraction of dust by mass, Z D is known (and
niv ersal), one can conv ert this map into a map of the total surface
ensity (hereafter simply ‘the surface density’), � = � D / Z D . Finally,
f one assumes that all the hydrogen is molecular, one can convert the
ap of � into a map of the column-density of molecular hydrogen,
 H 2 = X�/ 2 m H . Here, X is the fraction of hydrogen by mass and
 H is the mass of an hydrogen atom. With X = 0.70 this reduces to 

 H 2 = 4 . 4 × 10 19 cm 

−2 

[
� 

M � pc −2 

]
. (1) 

o we ver, this last conversion neglects the fact that on most lines
f sight a significant fraction of the hydrogen is not molecular.
© 2021 The Author(s). 
ty. This is an Open Access article distributed under the terms of the Creative 
ch permits unrestricted reuse, distribution, and reproduction in any medium, 

provided the original work is properly cited. 
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Table 1. The box-car distribution parameters (hereafter simply ‘the distribu- 
tion parameters’). The left hand column gives the fixed values of μX , which 
represents the mean of log 10 ( X ). The right hand column gives the range of 
σX that we explore, where σX represents the standard deviation of log 10 ( X ). 
X stands for [ � B / M � pc −2 ], [ � O / M � pc −2 ] and [ w O / pc ]. 

FIXED MEANS RANGES OF STANDARD DEVIATIONS 

Background surface density, [ � B / M � pc −2 ]: 
μ� B = 1 . 778 0 ≤ σ� B ≤ 0 . 40 

Excess surface density on filament spine [ � O / M � pc −2 ]. 
μ� O = 1 . 778 0 ≤ σ� O ≤ 0 . 40 

Plummer scale-length of filament, [ w O / pc ]. 
μw O = −1 . 523 0 ≤ σw O ≤ 0 . 40 
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1 Strictly speaking, ‘ μX ’ should read ‘ μlog 10 ( X) ’, and ‘ σX ’ should read 
‘ σlog ( X) ’. We use the shorter version for convenience. 
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herefore, in the sequel, we prefer to present our analysis in terms
f �. 

.1 Plummer profiles 

ust-emission filaments are found to have surface-density profiles 
hereafter SDPs) that can be fit with Plummer profiles, 

( b) = � B + � O 

{ 

1 + 

[
b 

w O 

]2 
} −[ p−1] / 2 

, (2) 

e.g. Arzoumanian et al. 2011 ; Palmeirim et al. 2013 ; Cox et al.
016 ; Andr ́e et al. 2016 ; Arzoumanian et al. 2019 ; Howard et al.
019 , 2021 ). In equation (2), � B is the background surface density,
 B + � O is the surface density on the filament spine, b is the

mpact parameter of the line-of-sight relative to the filament spine 
i.e. projected distance from the filament spine), w O is the Plummer 
cale-length relating to the width of the densest part of the filament,
nd p is the Plummer exponent relating to the density gradient in the
uter parts of the filament. 
The full-widths at half-maximum surface density is related to w O 

y 

WHM � 2 w O 

{
2 2 / [ p−1] − 1 

}1 / 2 
, (3) 

o for fixed p , the FWHM is exactly proportional to w O . Implicitly the
lummer exponent is 

 = 1 − LIM b→∞ 

{
d ln ( � − � B ) 

d ln ( b) 

}
. (4) 

Provided that (a) the contribution from the background ( � B )
s uniform, and (b) the filament is cylindrically symmetric, the 
lament’s underlying volume-density profile (VDP) should also 
ubscribe to a Plummer profile, viz. 

( w) = ρB + ρO 

{ 

1 + 

[
w 

w O 

]2 
} −p/ 2 

, (5) 

s shown by Casali ( 1986 ). Here, ρB is the background volume-
ensity, ρO is the excess volume-density on the filament spine, w is
he true (i.e. 3D) radial distance from the filament spine, and w O is
he same Plummer scale-length as invoked in equations (2) and (3).
mplicitly the Plummer exponent is 

 = − LIM w→∞ 

{
d ln ( ρ − ρB ) 

d ln ( w) 

}
, (6) 

nd 

O = 

� O 	( p/ 2) cos ( ψ) 

w O 	 (1 / 2) 	 ( p/ 2 − 1 / 2) 
; (7) 

 is the gamma function and ψ is the angle between the filament
pine and the plane of the sky. 

.2 Longitudinally averaged filament profiles 

hen fitting SDPs with Plummer profiles (i.e. equation 2), it is
 standard practice to first derive a single profile averaged along 
he length of the whole filament or a section thereof (in order
o impro v e signal to noise), and then to estimate the Plummer
arameters that best fit these longitudinally averaged filament profiles 
e.g. Arzoumanian et al. 2011 , 2019 ; Howard et al. 2019 , 2021 ). We
istinguish parameters derived in this way with a subscript ‘ FIT ’. 
� B: FIT and � O: FIT can be determined directly (modulo some 

traightforward interpolation). There are then only two further 
arameters to estimate: w O: FIT (or strictly speaking its angular equiv- 
lent, θO: FIT = w O: FIT / D , where D is the distance to the source); and
 FIT . Values of w O:FIT ∼ 0 . 03 pc (corresponding to FWHM ∼ 0 . 1 pc )
nd p FIT ∼ 2 are commonly reported for the filaments observed in
ocal molecular clouds (e.g. Arzoumanian et al. 2011 ; Palmeirim 

t al. 2013 ; Andr ́e et al. 2014 ; Arzoumanian et al. 2019 ), and
lso for the filaments identified in hydrodynamic and magneto- 
ydrodynamic simulations of turbulent molecular clouds (e.g. Smith, 
lo v er & Klessen 2014 ; Kirk et al. 2015 ; Federrath 2016 ; Priestley &
hitworth 2020 ). 
Ho we v er, P anopoulou et al. ( 2017 ) have pointed out that the

istribution of intrinsic FWHM values for interstellar filaments, 
lthough centred on ∼ 0 . 1 pc , may be significantly broader than
eported, due to the averaging process. 

Here, we show that the intrinsic p values of interstellar filaments
hereafter p INTRINSIC ) may also be larger than reported, i.e. p INTRINSIC 

 p FIT , again due to the averaging process. Specifically, the reduction,
 p = p INTRINSIC − p FIT is larger for larger values of p INTRINSIC . � p is

lso larger if the range of w O values is larger. And finally, provided
here is a finite range of w O values, � p is larger if the range of � B 

alues is larger. 
We define our computational methodology in Section 2. We 

resent our results in Section 3. We summarise our conclusions in
ection 4. 

 C O M P U TAT I O NA L  M E T H O D O L O G Y  

.1 Logarithmic box-car distributions 

n the sequel, SDPs are generated with the Plummer exponent held
xed at p = p INTRINSIC . For each of the other three parameters
efining the Plummer SDP (i.e. X ≡ [ � B / M � pc −2 ], [ � O / M � pc −2 ],
 w O / pc ]; see equations 2 and 3) we assume that log 10 ( X ) has a box-
ar distribution, with mean μX and standard deviation σ X , 1 i.e. 

d P 

d log 10 ( X) 
= 

{ 

d log 10 ( X) 
2 
√ 

3 σX 
, | log 10 ( X) − μX | ≤ √ 

3 σX ; 
0 , | log 10 ( X) − μX | > 

√ 

3 σX . 
(8) 

.2 Filament configurations 

or the purpose of this study, all the means ( μ� B , μ� O , μw O )
av e fix ed v alues, as gi ven in the left hand column of Table 1 .
hese correspond to a median background surface density, � B = 

0 M � pc −2 (equi v alently N H 2 � 2 . 6 × 10 21 cm 

−2 ), a median spinal
MNRAS 508, 2736–2742 (2021) 
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urface density � O = 60 M � pc −2 , and a median Plummer scale-
ength w O = 0 . 03 pc . These choices of μ� B , μ� O , and μw O are
nformed by the results of Arzoumanian et al. ( 2019 ). 

The different filament configurations that we explore, are there-
ore, completely defined by specifying the three standard deviations:
� B , σ� O , and σw O . We consider values for these standard deviations
ithin the limits specified in the right hand column of Table 1 . A

arge standard deviation means that the associated parameter varies
 v er a large range. The maximum standard deviations considered
llow � B and � O to take values between 12 and 300 M � pc −2 ; and
 O to take values between 0.006 and 0 . 15 pc . We are not suggesting

hat such extreme values of � B , � O , and w O are the norm. Large
alues are treated in order to evaluate trends accurately. We discuss in
ppendix A (see Table A1 ), the standard deviations that are actually
bserved. 

.3 Multiple realisations and longitudinally averaged profiles 

or each filament configuration (i.e. each specific combination of
� B , σ� O , and σw O ), we generate c TOT = 10 6 different random
ombinations of � B , � O , and w O . F or e xample, dif ferent v alues
f � O are obtained by generating linear random deviates, L , on the
nterval [0,1], and then setting 

 O = 10 μ� O + 

√ 

3 σ� O [2 L −1] . (9) 

ach combination of � B , � O , and w O allows us to compute an
ndividual SDP, and these individual SDPs are added and normalised
o produce a longitudinally averaged SDP, � FIT ( b ), for that filament
onfiguration. The results presented below involve ∼ 5 × 10 5 differ-
nt filament configurations, and hence ∼ 5 × 10 11 individual SDPs.

.4 Plummer profile fitting 

he average SDP, � CONFIG ( b), for a given filament configuration,
 σ� B , σ� O , σw O ], is fit with a Plummer-profile (equation 2), and the
est-fit parameters, ( � B: FIT , � O: FIT , and w O: FIT ) are established to
ve significant figures. The quality of the fit is measured with the
ractional root mean square error, Q FIT , given by 

 

2 
FIT = 

1 

i TOT 

i= i TOT ∑ 

i= 1 

⎧ ⎨ 

⎩ 

1 

� 

2 
CONFIG ( b i ) 

⎡ 

⎣ � CONFIG ( b i ) − � B:FIT 

−� O:FIT 

{ 

1 + 

[
b i 

w O:FIT 

]2 
} −[ p FIT −1] / 2 

⎤ 

⎦ 

2 ⎫ ⎬ 

⎭ 

. (10) 

ere, the b i ( i = 1 to i TOT = 401) are impact parameters uniformly
paced between b 1 = 0 . 000 pc and b 401 = 0 . 400 pc . 

.5 Correlated Plummer parameters 

rzoumanian et al. ( 2019 ) note that the surface density on the
lament spine is correlated with the background surface density (see

heir fig. 6c and the associated caption). Specifically they find 

 H 2 :O � [0 . 95 ± 0 . 15] N H 2 :B − [0 . 15 ± 0 . 39] × 10 21 cm 

−3 , (11) 

here N H 2 :B + N H 2 :O is the column-density of molecular hydrogen
n the filament spine, and N H 2 :B is the column-density of molecular
ydrogen in the background. We have therefore, repeated our analysis
ith the equation for generating values of � O (i.e. equation 9)

eplaced by the equi v alent equation in terms of surface density: 

 O = 

{
0 . 95 � B − 3 . 4 M � pc −2 

}
10 

√ 

3 σ� O [2 L −1] . (12) 
NRAS 508, 2736–2742 (2021) 
n Appendix A, we discuss the Arzoumanian et al. ( 2019 ) data set
n more detail, and possible reasons for this correlation. We do not
onsider correlations between any of the other pairs of Plummer
istribution parameters. 

 RESULTS  

e are concerned here with the values of p FIT for a longitudinally
veraged SDP when there are significant variations in the background
urface density, � B , and/or the spinal surface density, � O , and/or the
adial scale-length, w O , along the filament or section of filament
eing considered. 
We label w O the primary parameter, because a finite range of
 O values al w ays produces a reduction in p FIT , irrespective of
hether there is variation in � B or � O . The reduction increases
ith increasing range (i.e. increasing σw O ). 
We label � B the secondary parameter, because a finite range of
 B values only produces a reduction in p FIT when there is also a finite

ange of w O values. The associated reduction is relatively small, and
ncreases with both the range of w O values and the range of � B values
i.e. increasing σw O and increasing σ� B ). The reduction associated
ith the range of � B values tends to saturate at large σ� B 

We label � O the null parameter, because whatever the range of
 O values it has no effect on p FIT . 

.1 One parameter at a time 

o demonstrate these dependences, we first consider one parameter
t a time, and increase the range of that parameter while keeping the
ther two parameters fixed. In other words, we vary one of σ� B , σ� O ,
nd σw O in turn, and set the other two to zero. 

If we increase σ� B (i.e. we increase the range of � B ), with σ� O =
w O = 0 (i.e. fixed � O = 60 M � pc −2 and fixed w O = 0 . 03 pc ), this
as no effect on p FIT , which remains exactly equal to p INTRINSIC . 

Likewise, if we increase σ� O (i.e. we increase the range of � O ),
ith σ� B = σw O = 0 (i.e. fixed � B = 60 M � pc −2 and fixed w O =
 . 03 pc ), this too has no effect on p FIT , which remains exactly equal
o p INTRINSIC . 

Ho we ver, if we increase σw O (i.e. we increase the range of w O ),
ith σ� B = σ� O = 0 (i.e. fixed � B = 60 M � pc −2 and fixed � O =
0 M � pc −2 ), p FIT is reduced, as shown on Fig. 1 . w O is therefore,
he primary parameter on the grounds that it is the only parameter
hose variation, on its own, affects p FIT . Moreo v er, it affects p FIT 

trongly if p INTRINSIC is large. 

.2 Two parameters at a time 

ext we consider two parameters at a time, and vary the ranges of
hose two parameters simultaneously while keeping the value of the
hird parameter fixed at its default value. In other words, we vary two
f σ� B , σ� O , and σw O , and set the remaining one to zero. 
If we vary the range of � B (i.e. vary σ� B ) and simultaneously vary

he range of � O (i.e. vary σ� O ), with w O fixed at its default value
i.e. w O = 0 . 03 pc ), the value of p FIT is unaffected, and remains at
 INTRINSIC . 
If we vary the range of � B (i.e. vary σ� B ) and simultaneously

ary the range of w O (i.e. vary σw O ), with � O fixed at its default
alue (i.e. � O = 60 M � pc −2 ), both variations produce a change in
 FIT . Fig. 2 shows contours of constant p FIT on the ( σw O , σ� B ) plane,
or filaments with p INTRINSIC = 4; similarly Figs 3 and 4 show the
nalogous results for p INTRINSIC = 3 and p INTRINSIC = 2, respectively.
n each case, we see that w O is the primary parameter; at fixed σ� ,
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Figure 1. The variation of p FIT with σw O when the other ranges are 
set to zero ( σ� B = σ� O = 0). Results are shown for p INTRINSIC = 

4.0, 3.5, 3.0, 2.5, and 2.0, as labelled. For each curve, 401 profiles have been 
generated and fitted. For the p INTRINSIC = 4.0, 3.5, 3.0, 2.5, and 2.0 curves the 
average fractional root-mean-square error is Q̄ = 0.012( ± 0.011), 0.012( ±
0.010), 0.010( ± 0.008), 0.008( ± 0.005), and 0.006( ± 0.004), respectively 
(see equation 10). 

Figure 2. Contours of constant p FIT on the [ σw O , σ� B ] plane for p INTRINSIC = 

4. The 1.6 × 10 5 profiles generated and fitted for this plot have an average 
fractional root mean square error Q̄ = 0 . 0012( ±0 . 0034) (see equation 10). 
The numbers in square brackets represent the values for filaments in different 
re gions: [0] All re gions; [1] IC5146; [2] Orion B; [3] Aquila; [4] Musca; 
[5] Polaris; [6] Pipe; [7] Taurus L1495; [8] Ophiuchus (see Appendix A for 
details). 
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Figure 3. As Fig. 2 , but for p INTRINSIC = 3; Q̄ = 0 . 0011( ±0 . 0028). 

Figure 4. As Fig. 2 , but for p INTRINSIC = 2; Q̄ = 0 . 0006( ±0 . 0016). 
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 FIT decreases monotonically and relatively rapidly with increasing 
w O , especially for larger p INTRINSIC . � B is the secondary parameter: 
t fixed but finite σw O , p FIT decreases monotonically but relatively 

lowly with increasing σ� B , and tends towards a constant asymptotic 
alue. 

Finally, if we vary the range of � O (i.e. vary σ� O ) and simulta-
eously vary the range of w O (i.e. vary σw O ), with � B fixed at it
efault value (i.e. � B = 60 M � pc −2 ), we find that p FIT is completely
ndependent of the value of σ� O , and depends on σw O in exactly the
ame way as when σw O was varied on its own, i.e. as shown on Fig. 1 .
hus, � O is a null parameter: Under no circumstance does its range
ave an effect on p FIT . 
.3 Effect of correlation between � O 

and � B 

f we include the correlation between � O and � B (i.e. we generate
alues of � O using equation 12 rather than equation 9), the results
re unchanged. This is unsurprising, since � O is the null parameter. 

.4 Comparison with obser v ational data 

he numbers in square brackets on Figs 2 , 3 , and 4 show the values
f σw O and σ� B estimated for the different regions analysed by 
rzoumanian et al. ( 2019 ), as per the key in the caption to Fig. 2 and
able A1 in Appendix A. 
As treated here, the effect we have e v aluated appears insuf ficient

o reduce p INTRINSIC from p INTRINSIC = 4.0 (as appropriate for an iso-
ated, infinitely ong, isothermal filament in hydrostatic equilibrium, 
striker 1964 ) to p FIT ∼ 2 (as reported by e.g. Arzoumanian et al.
011 ; Palmeirim et al. 2013 ; Andr ́e et al. 2014 ; Federrath et al. 2016 ;
rzoumanian et al. 2019 ). Ho we ver, we should note that Howard

t al. ( 2019 ) find – on the basis of high-resolution maps derived
sing PPMAP – that they can obtain a better fit to small local sections
f the L1495 filament in Taurus with p FIT = 4 rather than p FIT = 2. 
A more accurate e v aluation should tak e into account tw o f actors.

irst, the averaging applied by Arzoumanian et al. ( 2019 ) only
nvolves the profiles for individual filaments, and the range of w O 

alues for an individual filament is likely to be lower than the range
MNRAS 508, 2736–2742 (2021) 
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or the ensemble of all the filaments in a particular region. Correcting
or this will decrease � p . Second, the av eraging o v er the ensemble of
laments will reduce the range of w O values, as shown by Panopoulou
t al. ( 2017 ), and correcting for this will increase � p . � p will al w ays
e positive, so p FIT will al w ays be less than p INTRINSIC . 

 C O N C L U S I O N S  

e have shown that averaging filament profiles can reduce the fitted
lummer exponent, p FIT below its intrinsic value, p INTRINSIC , i.e. it
rtificially reduces the slope of the SDS at large distance from the
pine. (It is tempting to speculate that this effect operates even if the
ntrinsic SDP is not well fit by a Plummer profile, but we have not
ro v en this.) 
The amount of reduction is largely determined by the intrinsic

lummer exponent, p INTRINSIC , and the range of Plummer scale
engths, w O , with a small additional contribution from the range
f background surface densities, � B . 
This reduction is not affected by the apparent correlation between

he the spinal surface density, � O and the background surface density,
 B , as reported in Arzoumanian et al. ( 2019 ). In Appendix A, we

xplore the causes of this correlation, and suggest that it may be
argely a selection effect. 

For the ranges reported by Arzoumanian et al. ( 2019 ), the effect
e have e v aluated cannot, on its o wn, support v alues of p INTRINSIC 

ignificantly greater than p FIT = 2. Specifically, it appears that
 INTRINSIC � 4.0 is only reduced to p FIT � 3.0 (see numbers in
quare brackets on Fig. 2 ), and p INTRINSIC � 3.0 is only reduced to
 FIT � 2.5 (numbers on Fig. 3 ). 
Ho we ver, if there were some other effect that operated in tandem

ith the one we have e v aluated, then v alues of p INTRINSIC significantly
reater than p FIT � 2 might be plausible. 
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able A1 gives values of the distribution parameters derived from
he large sample analysed by Arzoumanian et al. ( 2019 ), viz. N 

the number of filaments analysed); μFWHM 

; and σFWHM 

(the mean
nd standard deviation for the logarithm of the full-width at half-
aximum); μ� B and σ� B (the mean and standard deviation for

he background surface density); and μ� O and σ� O (the mean and
tandard deviation for the spinal surface density). The values of

are taken at their face value, although we note the arguments in
anopoulou et al. ( 2017 ) suggesting that they may be underestimates.
Since for a given p INTRINSIC , the FWHM is proportional to w O , we
ake the standard deviation of the logarithm of w O to be the same as
he standard deviation of the logarithm of FWHM .) 

Fig. A1 shows the values of � O and � B for individual filaments.
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igure A1. The distribution of profile parameters on the ( σ� B , σ� O ) plane,
nd the corresponding moment ellipse (see the text for definition). The solid
traight line shows the correlation determined by Arzoumanian et al. ( 2019 ),
nd the dashed line marks the contrast threshold used by Arzoumanian et al.
 2019 ) to define a filament. 

orrelation derived by Arzoumanian et al. ( 2019 ), 

 O = 0 . 95 � B − 3 . 4 M � pc −2 , (A1) 

b) with a dashed straight line the contrast threshold adopted by 
rzoumanian et al. ( 2019 ), 

 O ≡ � O /� B > 0 . 3 , (A2) 

nd (c) with a solid line the ‘moment ellipse’. 
The moment ellipse is the ellipse which, if the same number of

oints were distributed uniformly within its boundary, would have the 
ame centre of mass as the actual points, the same principal moments
nd the same principal axes. This is an alternative way of displaying
 linear correlation between two variables (or their logarithms). It 
as the merit that it treats the two variables equivalently, i.e. it does
ot assume that one is dependent and the other independent. 
igure A2. Moment ellipses on the ( σ� B , σ� O ) plane for the different fields.

There are two key things to note about this plot. First, the column-
ensity contrast threshold that Arzoumanian et al. ( 2019 ) apply,
ccounts for the lower cut-off in values of � O , and is probably
esponsible for a significant part of the observed correlation. Second, 
he empty bit of the ellipse below this threshold is to some extent
ompensated by a concentration of points immediately abo v e the
hreshold. 

Fig. A2 shows the moment ellipses for the individual fields. It
hows that within individual fields, the correlation between � O and 
 B varies. First, it is al w ays steeper than for the ensemble of all

he fields. In general, the spread of � O values is larger than the
pread of � B values. Second, the cases where this is less marked are
hose more affected by the contrast threshold. Third, the extent of
he correlation noted by Arzoumanian et al. ( 2019 ) can be attributed
o systematic changes from one field to another, with Polaris at
ne extreme, Aquila at the other extreme, and Musca and Pipe in
he middle (and having very little overlap with either Polaris or
quila). 
MNRAS 508, 2736–2742 (2021) 
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Table A1. Column 1 gives the name of the field considered, preceded by the number (in square brackets) used 
to represent this field on Figs 2 , 3 , and 4 . Column 2 gives the number of filaments. Columns 3 and 4 give 
the mean, μFWHM 

, and standard deviation, σFWHM 

, of log 10 ( FWHM / pc ), where FWHM is the full-width at half- 
maximum. Columns 5 and 6 give the mean, μ� B , and standard deviation, σ� B , of log 10 ( � B / M �pc −2 ), where 
� B is the background surface density. Columns 7 and 8 give the mean, μ� O , and standard deviation, σ� O , of 
log 10 ( � O / M �pc −2 ), where � O is the spinal surface density. Columns 9 through 11 refer to the moments of the 
distribution of profile parameters on the ( σ� B , σ� O ) plane: Column 9 gives the slope of the principal axis, columns 
10 and 11 give, respectively, the major and minor axes of the moment ellipse. 

FIELD N μFWHM 

σFWHM 

μ� B σ� B μ� O σ� O S a b 

[0] ALL 599 −0.96 0.19 1.77 0.28 1.64 0.29 0.198 0.770 0.295 
[1] IC5146 59 −0.80 0.17 1.49 0.14 1.52 0.32 5.82 0.558 0.225 
[2] ORION B 234 −0.82 0.12 1.70 0.22 1.54 0.33 1.88 0.641 0.250 
[3] AQUILA 71 −1.05 0.15 2.21 0.14 2.11 0.27 3.27 0.488 0.203 
[4] MUSCA 10 −1.10 0.24 1.72 0.10 1.43 0.18 3.86 0.327 0.153 
[5] POLARIS 20 −1.15 0.13 1.26 0.06 1.06 0.17 16.7 0.293 0.108 
[6] PIPE 38 −1.10 0.17 1.66 0.12 1.43 0.24 3.49 0.519 0.269 
[7] TAURUS L1495 110 −1.15 0.20 1.76 0.16 1.67 0.30 5.02 0.519 0.269 
[8] OPHIUCHUS 57 −1.15 0.13 2.03 0.19 1.89 0.32 2.28 0.600 0.257 
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