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ABSTRACT

Context. The origin of the stellar initial mass function (IMF) is one of the most debated issues in astrophysics.

Aims. Here we explore the possible link between the quasi-universal filamentary structure of star-forming molecular clouds and the
origin of the IMF.

Methods. Based on our recent comprehensive study of filament properties from Herschel Gould Belt survey observations, we derive,
for the first time, a good estimate of the filament mass function (FMF) and filament line mass function (FLMF) in nearby molecular
clouds. We use the observed FLMF to propose a simple toy model for the origin of the prestellar core mass function (CMF), relying
on gravitational fragmentation of thermally supercritical but virialized filaments.

Results. We find that the FMF and the FLMF have very similar shapes and are both consistent with a Salpeter-like power-law function
(dN/dlog Mipe o« M3+ in the regime of thermally supercritical filaments (Mji,. > 16 M pc™"). This is a remarkable result since,
in contrast, the mass distribution of molecular clouds and clumps is known to be significantly shallower than the Salpeter power-law
IMF, with dN/dlog M, oc M7

Conclusions. Since the vast majority of prestellar cores appear to form in thermally transcritical or supercritical filaments, we suggest
that the prestellar CMF and by extension the stellar IMF are at least partly inherited from the FLMF through gravitational fragmenta-

tion of individual filaments.
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1. Introduction

The origin of the stellar initial mass function (IMF) is a fun-
damental problem in modern astrophysics which is still highly
debated (e.g., Offner et al. 2014). Two major features of the
IMF are a fairly robust power-law slope at the high-mass end
(Salpeter 1955) and a broad peak around ~0.3 M, correspond-
ing to a characteristic stellar mass scale (e.g., Larson 1985). In
recent years, the dominant theoretical model proposed to account
for these features has been the “gravo-turbulent fragmentation”
picture (e.g., Padoan & Nordlund 2002; Hennebelle & Chabrier
2008), whereby the properties of supersonic interstellar turbu-
lence lead to the Salpeter power law, while gravity and ther-
mal physics set the characteristic mass scale (see Larson 2005).
This picture is deterministic in the sense that stellar masses
are directly inherited from the distribution of prestellar core
masses resulting from cloud fragmentation prior to protostel-
lar collapse, in agreement with the observed similarity between
the prestellar core mass function (CMF) and the system IMF
(e.g., Motte et al. 1998; Alves et al. 2007; Konyves et al. 2015).

In contrast, a major alternative view posits that stellar masses
are essentially unrelated to initial prestellar core masses and
result entirely from stochastic competitive accretion and dynam-
ical interactions between protocluster seeds at the protostel-
lar stage (Class 0/Class I) of young stellar object evolution
(Bonnell et al. 2001; Bate et al. 2003). Here, we discuss modi-
fications to the gravo-turbulent picture based on Herschel results
in nearby molecular clouds, which emphasize the importance of
filaments in the star formation process and potentially the CMF
and IMF (e.g., André et al. 2010).

Herschel imaging observations have shown that filamentary
structures are truly ubiquitous in the cold interstellar medium
(ISM) of the Milky Way (Molinari et al. 2010), dominate the
mass budget of Galactic molecular clouds at high densities
(210*cm™) (Schisano et al. 2014; Konyves et al. 2015), and
feature a high degree of universality in their properties. In par-
ticular, detailed analysis of the radial column density profiles
indicates that, at least in the nearby clouds of the Gould Belt,
molecular filaments are characterized by a narrow distribu-
tion of crest-averaged inner widths with a typical full width at
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Fig. 1. Panel a: differential distribution of crest-averaged masses per unit length for the sample of 599 robust filaments identified by
Arzoumanian et al. (2019) in the Herschel GBS maps of eight nearby molecular clouds (IC5146, Orion B, Aquila, Musca, Polaris, Pipe, Tau-
rus L1495, and Ophiuchus). Above the critical mass per unit length Myecric ~ 16 Mg pc™! (vertical dashed line), the filament sample is estimated
to be more than 90% complete (see text) and the distribution is well fitted by a Salpeter-like power law AN/Alog My, o< M -6*0-1 (solid line seg-

line

ment). Panel b: differential distribution of total masses for the same sample of filaments as in the left panel. At the high-mass end (M, > 15 M),
the distribution of filament masses is well fitted by a Salpeter-like power law AN/Alog My, oc Moi#*%! (solid line segment). In both panels, the

error bars correspond to VN counting uncertainties.

half maximum (FWHM) value W5 ~ 0.1 pc and a dispersion
of less than a factor of ~2 (Arzoumanian et al. 2011, 2019;
Koch & Rosolowsky 2015). Another major result from Herschel
(e.g., André et al. 2010; Konyves et al. 2015; Marsh et al. 2016)
is that the vast majority (>75%) of prestellar cores are found
in dense “transcritical” or “supercritical” filaments for which
the mass per unit length, Mj, is close to or exceeds the
critical line mass of nearly isothermal, long cylinders (e.g.,
Inutsuka & Miyama 1997), Miipecric = 2 cf/G ~16 M, pc‘l,
where ¢, ~0.2kms™! is the isothermal sound speed for molecu-
lar gas at T ~ 10 K. Moreover, most prestellar cores lie very close
to the crests (i.e., within the inner 0.1 pc portion) of their par-
ent filaments (e.g., Konyves et al. 2019; Ladjelate et al. 2019).
These findings support a filamentary paradigm in which low-
mass star formation occurs in two main steps (André et al. 2014;
Inutsuka et al. 2015): (1) multiple large-scale compressions of
cold interstellar material in supersonic magneto-hydrodynamic
(MHD) flows generate a cobweb of ~0.1pc-wide filaments
within sheet-like or shell-like molecular gas layers in the ISM
and (2) the densest molecular filaments fragment into prestel-
lar cores (and then protostars) by gravitational instability near

.. . . t
or above the critical line mass, Miipe crit, cOrresponding to Z;;‘S ~

Miine crit/ War ~ 160 Mg pc‘2 in gas surface density (Ay ~ 7.5)
or ng, ~ 2 X 10*cm™ in volume density. This paradigm differs
from the classical gravo-turbulent picture (Mac Low & Klessen
2004) in that it relies on the anisotropic formation of
dense structures (such as shells, filaments, cores) in the cold
ISM and the unique properties of filamentary geometry (see
Larson 2005).

In the present paper, we exploit the results of our recent com-
prehensive study of filament properties from Herschel Gould
Belt survey (HGBS) observations (Arzoumanian et al. 2019) and
argue that the distribution of filament masses per unit length may
directly connect to the CMF and by extension the IMF. Section 2
presents our observational results on the filament line mass func-
tion. Section 3 discusses potential implications of these results
for the origin of the prestellar CMF. Section 4 discusses the pos-
sible origin of the filament line mass function and concludes the

paper.
L4, page 2 of 8

2. Observations of the filament line mass function

Arzoumanian et al. (2019) recently presented a census of fila-
ment structures observed with Herschel in eight nearby regions
covered by the HGBS: IC5146, Orion B, Aquila, Musca, Polaris,
Pipe, Taurus L1495, and Ophiuchus. Using the DisPerSE algo-
rithm (Sousbie 2011) to trace filaments in the HGBS column
density maps of these eight clouds', they identified a total of
1310 filamentary structures, including a selected sample of 599
robust filaments with aspect ratio (length/width) >3 and cen-
tral column density contrast 0Zg;/Zcouda > 30% (where 0% is
the background-subtracted gas surface density of the filament
and Zjuq the surface density of the parent cloud). Performing
an extensive set of tests on synthetic data, Arzoumanian et al.
(2019, see their Appendix A) estimated their selected sample of
599 filaments to be more than 95% complete (and contaminated
by less than 5% of spurious detections) for filaments with col-
umn density contrast >100%. For reference, the column density
contrast of isothermal model filaments in pressure equilibrium

with their parent cloud is (6Zf1)/Zcioud = 1.18 X 4/ fey1/(1 = fey1),
where foyi = Miine/Miinecrit < 1 (see Fischera & Martin 2012)%.
Thermally transcritical filaments with Miine crit/2 S Miine <
Miinecric (i-€., feyy 2 0.5) are therefore expected to have col-
umn density contrasts >100%, while thermally supercritical fil-
aments with well-developed power-law density profiles reach
column density contrasts >100%. The selected sample of
Arzoumanian et al. (2019) is thus estimated to be >95% com-
plete to thermally supercritical filaments with Miine > Miine crit ~
16 Mo pc.

The differential distribution of average masses per unit
length, or filament line mass function (FLMF), derived from
Herschel data for the 599 filaments of this sample is shown
in Fig. la. It can be seen that the FLMF is consistent with a
power-law distribution in the supercritical mass per unit length

! The corresponding column density maps and derived fila-

ment skeleton maps are available in fits format from http://
gouldbelt-herschel.cea.fr/archives

2 Equilibrium model filaments exist only for subcritical masses per
unit length, i.e., fo1 < 1.
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Fig. 2. Total mass in the form of prestellar cores as a function of background column density (lower x-axis, in units of 10>' H, cm™2) or equivalent
mass per unit length of the parent filament (upper x-axis, in units of My, pc™') for the Aquila cloud (left panel; based on Konyves et al. 2015) and
Orion B cloud (right panel; adapted from Konyves et al. 2019). The vertical dashed line marks the fiducial threshold for the formation of prestellar

cores at a background Ay = 7.5, equivalent to a mass per unit length of ~16 M pc™

regime (above 16 Mo pc™), AN/Alog Myne o M 139007 at
a Kolmogorov-Smirnov (K-S) significance level of 92%. The
error bar on the power-law exponent was derived by perform-
ing a non-parametric K-S test (see, e.g., Press et al. 1992) on
the cumulative distribution of masses per unit length N(>Mijye),
and corresponds to the range of exponents for which the K-S
significance level is larger than 68% (equivalent to 1o in Gaus-
sian statistics). Remarkably, the FLMF function observed above
Miine crit ~ 16 M pc" is very similar to the Salpeter power-law
IMF (Salpeter 1955), which scales as dN/dlog M, o M;'3 in
the same format.

The right panel of Fig. 1 shows the distribution of total
masses, integrated over filament length, for the same sample of
filaments. As can be seen in Fig. 1a, this filament mass function
(FMF) is very similar in shape to the FLMF of Fig. 1a, and is
also consistent with Salpeter-like power-law distribution at the
high-mass end (Myox > 15 M), AN/Alog Mo, oc M 138010 a¢
a Kolmogorov-Smirnov (K-S) significance level of 98%. The
similarity between the FMF and the FLMF is not surprising
since My = Mjne X L and the lengths L of the filaments
in the Arzoumanianetal. (2019) sample have an approxi-
mately lognormal distribution centered at approximately 0.5—
0.6 pc (see Fig. A.1a), with no correlation with My;, (the linear
Pearson correlation coefficient between L and My, is |o| < 8%).
Accordingly, a strong linear correlation exists between M, and
Miine in the filament sample (correlation coefficient >75%; see
Fig. A.1b). We note, however, that the estimated FMF shown in
Fig. 1b should be interpreted with caution and is not as robust
as the FLMF in Fig. la because filament-finding algorithms,
such as DisPerSE used in the present analysis or getfilaments
(Men’shchikov 2013), tend to break up filamentary structures
into small filament segments.

3. Role of filaments in the prestellar CMF

At least in terms of mass, most prestellar cores appear to form
just above the fiducial column density “threshold” at Ay ~ 7.5,
corresponding to marginally thermally supercritical filaments
with M = 16 Mg pc‘1 (Konyves et al. 2019; see also Fig. 2).
In the observationally driven filamentary paradigm of star

!, assuming parent filaments of 0.1 pc in width.

formation supported by Herschel results (see Sect. 1), the dense
cores making up the peak of the prestellar CMF, presumably
related to the peak of the IMF, originate from gravitational frag-
mentation of filaments near the critical threshold for cylindrical
gravitational instability (André et al. 2014). In this picture, the
characteristic prestellar core mass roughly corresponds to the
local Jeans mass in transcritical or marginally supercritical fil-
aments. The thermal Jeans or critical Bonnor-Ebert mass (e.g.,
Bonnor 1956) is Mg ~ 1.18 c/(G¥2PL[?), where P is the
local pressure of the ambient cloud. The latter may be expressed
as a function of cloud column density, X, as P, ~ 0.88 GZzl
(McKee & Tan 2003). Within a critical ~0.1 pc-wide filament at
~10K with Mjjne ® Miinecric ~ 16 Mo pc™' and surface density
T o~ 2~ 160 Mg pc‘2 (see Sect. 1), the local Bonnor-Ebert

gas
mass is thus

4

G22ﬁ1

T \2 o -
M a
~ 03 O><(101{) X(160Mopc2) )

This corresponds very well to the peak of the prestellar CMF at
~0.6 M, observed in the Aquila cloud (Konyves et al. 2015) and
is also consistent within a factor of <2 with the CMF peak found
with Herschel in other nearby regions such as Taurus L1495
(Marsh et al. 2016) or Ophiuchus (Ladjelate et al. 2019).

The fragmentation of purely thermal equilibrium filaments
may be expected to result in a narrow (6-like) prestellar CMF
sharply peaked at the median thermal Jeans mass (see Lee et al.
2017). However, at least two effects contribute to broadening
the observed CMF. First, the filament formation process through
multiple large-scale compressions generates a field of initial den-
sity fluctuations within star-forming filaments (Inutsuka 2001;
Inutsuka et al. 2015). Based on a study of the density fluctu-
ations observed with Herschel along a sample of 80 subcriti-
cal or marginally supercritical filaments in three nearby clouds,
Roy et al. (2015) found that the power spectrum of line-mass
fluctuations is well fitted by a power law, P(k) « k* with a =
—1.6 £ 0.3. This is consistent with the 1D power spectrum gen-
erated by subsonic Kolmogorov turbulence (@ = —5/3). Start-
ing from such an initial power spectrum, the theoretical analysis
by Inutsuka (2001) shows that the density perturbations quickly

Mggm ~ 1.3
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Fig. 3. Comparison of the prestellar CMFs (in AN/Alog M format)
expected in the toy model described in the text (solid curves) with the
prestellar CMFs observed in the Orion B cloud complex (data points and
histograms, adapted from Konyves et al. 2019) at low column densities
(4 < Ab*k < 7.5, in blue), higher column densities (7.5 < A% < 21,
in red), and overall (all A"’,“k, in black). The black dotted line displays
the Salpeter-like power law FLMF, dN/dlog M. o M, assumed in
the toy model and consistent with the observed FLMF in the supercriti-
cal regime (see Fig. 1). The green dashed curve shows the system IMF
(Chabrier 2005, see also Kroupa 2001). The two vertical dashed lines
mark the estimated 80% completeness limits of the Herschel census of
prestellar cores in Orion B at low and high background column densi-
ties respectively (see Konyves et al. 2019). The CMF extends to higher
masses at higher column densities, i.e., higher Mj;,. filaments in both
the toy model and the observations.

evolve (in about two free-fall times or ~0.5 Myr for a critical
0.1 pc-wide filament) from a mass distribution similar to that
of CO clumps (Kramer et al. 1998) to a population of protostel-
lar cores whose mass distribution approaches the Salpeter power
law at the high-mass end. However, this process alone is unlikely
to produce a CMF with a well-developed Salpeter-like power-
law tail since very long filaments would be required.

A second broadening effect is due to the power-law dis-
tribution of filament masses per unit length (FLMF) in the
supercritical regime (Fig. 1a). Given the typical filament width
Wi ~ 0.1pc (Arzoumanian et al. 2011, 2019) and the fact that
thermally supercritical filaments are observed to be approximately
virialized with Myipe ~ Zg X Wai ~ Miipevir = 2 cfeff/G, where
Cs.off 1S the one-dimensional velocity dispersion or effective sound
speed (Fiege & Pudritz2000; Arzoumanian et al.2013)?, the effec-
tive Bonnor-Ebertmass Mgger ~ 1.3 ¢? ./ (G*Zq) scales roughly
as Xg) or M. At the same time, the thermal Bonnor-Ebert mass
Mg scales roughly as X' or M, (see Eq. (1)). Hence, both
higher- and lower-mass cores may form in higher Mj;,. filaments.
In agreement with this expected trend, dense cores of median
mass ~10 Mg, i.e., an order of magnitude higher that the peak of
the prestellar CMF in low-mass nearby filaments (see above and
Fig. 3), have recently been detected with ALMA in the NGC 6334
main filament, which is an order of magnitude denser and more
massive (Mjjne ~ 1000 My pc™!) than the Taurus B211/B213
filament and other Gould Belt filaments (Shimajiri et al. 2019a).
Furthermore, observations indicate that the prestellar CMF tends

3 Assuming rough equipartition between magnetic energy and kinetic

energy, thermally supercritical filaments may also be close to magneto-
. o . LT mag

hydrostatic equilibrium since the magnetic critical line mass M, ° . may

largely exceed Miine crie (S€€ Tomisaka 2014).
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to be broader at higher ambient cloud column densities, i.e., in
denser parent filaments (Konyvesetal. 2019; see also Fig. 3).
Since the characteristic fragmentation mass Mpg ¢ scales linearly
with M., we may expect the Salpeter-like distribution of line
masses observed above Mijye orit (Fig. 1a) to directly translate into a
Salpeter-like power-law distribution of characteristic core masses.
In detail, the global prestellar CMF results from the convolution
of the CMF produced by individual filaments with the FLMF (see
Leeetal. 2017).

Based on the Herschel results and these qualitative consider-
ations, we propose the following observationally driven quanti-
tative scenario to illustrate the potential key role of the FLMF in
the origin of the global prestellar CMF in molecular clouds. We
assume that all prestellar cores form in thermally transcritical or
supercritical (but virialized) filaments and that the outcome of
filament fragmentation depends only on the line mass of the par-
ent filament. We denote by fy,, . (m) = dNy,,./dlogm the differ-
ential CMF (per unit log mass, where m represents core mass) in
a filament of line mass Mji,.. While the exact form of fj,  (m) is
observationally quite uncertain, the foregoing arguments suggest
that it should present a peak around the effective Bonnor-Ebert
mass Mpg .t and may have a characteristic width scaling roughly
as the ratio Mg efr/Mpgm. We thus make the minimal assump-
tion that fy, (m) follows a lognormal distribution centered at
MgE ef(Miine) and of standard deviation oy, . (MBE et /MBE ) 10
log m:

(log m — log Mggerr) .

Iuy,.(m) = A Xexp |- )

2
20—M1ine

We tested various simple functional forms for
O My, (MBE et /MBE,th)andadoptedO'ZZM,Iine = 0.4°+0.3 [log (MpE et/

Mgg.w)]? as an illustrative fiducial form providing a reasonable
good match to the observational constraints (see Fig. 3 and
Appendix B).

Denoting by g(Miine) = dN/dlog My, the differential FLMF
per unit log line mass, the global prestellar CMF per unit log
mass &(m) = dN,,/dlogm may be obtained as a weighted inte-
gration over line mass of the CMFs in individual filaments:

&(m) = ffM"m (m) X w(Miine) X g(Miine) X dlog Miipe, 3)
where w(Mjine) < CFE(Mjjne) X Miine X L represents the relative
weight as a function of M., CFE(Mjine) is the prestellar core
formation efficiency, and L the filament length. The results given
in Sect. 2 suggest that the FLMF is a power law g(Mjine) o« M.~
with @ ~ 1.4. As L and M), are not correlated in the filament
sample of Arzoumanian et al. (2019) (Sect. 2), here we adopt
L=constant~0.55 pc for simplicity (see Fig. A.1). Observation-
ally, CFE(Mj;y.) exhibits a sharp transition between a regime of
negligible prestellar core formation efficiency at Miine < Miine crit
and a regime of roughly constant core formation efficiency ~15—
20% at Miine > Miine orit (s€€ Sect. 1). Following Kényves et al.
(2015), we describe this transition as a smooth step function of
the form CFE(Miine) = CFEnax X [1 = exp (1 — 2 Miine/Miine crit) ]
with CFE,.x = 15%.

The global prestellar CMF expected in the framework of
this toy model, and the CMFs expected in thermally transcrit-
ical filaments and slightly supercritical filaments are shown in
Fig. 3 as a black solid, blue solid, and red solid curve, respec-
tively. For comparison, the black, blue, and red histograms with
error bars represent the corresponding CMFs observed with
Herschel in Orion B (Konyves et al. 2019). A good, overall
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agreement can be seen. More importantly, it can be seen in
Fig. 3 that the global prestellar CMF approaches the power-
law shape of the FLMF at the high-mass end. We note that the
empirical toy model described here is only meant to quantify the
links between the FLMF and the CMF/IMF. It may also provide
useful guidelines that will help develop a self-consistent phys-
ical model for the origin of the CMF/IMF in filaments in the
future.

4. Concluding remarks

Our discussion of the Herschel observations in Sect. 2 indicates
that both the filament line mass function (FLMF) and FMF are
consistent with a steep Salpeter-like power law (dN/dlog M.
M6 and dN/dlog My, < M_}# respectively) in the regime

line tot

of thermally supercritical filaments (M, > 16 Mg pc‘l). This
is a remarkable result since, in contrast, the mass distribu-
tion of molecular clouds and clumps is observed to be sig-
nificantly shallower than the Salpeter power-law IMF, namely
dN/dlog My o« M*7 (Blitz 1993; Kramer et al. 1998). The-
oretically, the latter is reasonably well understood in terms
of the mass function of both “bound objects on the largest
self-gravitating scale” (Hopkins 2012) and non-self-gravitating
structures (Hennebelle & Chabrier 2008) generated by super-
sonic interstellar turbulence. Thus, filamentary structures in
molecular clouds appear to differ from standard clumps in a
fundamental way and may represent the key evolutionary step
at which the steep slope of the prestellar CMF originates (and
by extension that of the stellar IMF) (see Sect. 3).

In the context of the filament paradigm summarized in
Sect. 1, we speculate that the observed FLMF arises from a
combination of two effects. First, a spectrum of large-scale
compression flows in the cold ISM produces a network of
filamentary structures with an initial line mass distribution
dN/dlog M. M];nle, determined by the power spectrum of
interstellar turbulence (Iwasaki, priv. comm.). Turbulence is
known to generate essentially self-similar, fractal structures in
interstellar clouds (e.g., Larson 1992; Elmegreen & Falgarone
1996), and this leads to a mass distribution of substructures
with equal mass contribution per logarithmic interval of mass
(i.e., dN/dlog M o« M~") independent of the fractal dimension
(Elmegreen 1997; Padoan & Nordlund 2002). Second, thermally
supercritical filaments accrete mass from the parent molecu-
lar cloud (Arzoumanian et al. 2013; Shimajiri et al. 2019b) due
to their gravitational potential ocG My, (Hennebelle & André
2013). Therefore, they grow in mass per unit length at a rate
Miine < VG Miine on a characteristic timescale Taee = Miine/ Miine
VMiine, while fragmenting and forming cores on a compara-
ble timescale (see Heitsch 2013). The accretion timescale is on
the order of 1-2Myr for a Taurus-like filament with My ~
50 M pc™! (Palmeirim et al. 2013). As shown in Appendix C,
starting from an initial line mass spectrum dN/dlog Mjj,e o Mﬁ&e,
this accretion process leads to a steepening of the distribution
of supercritical masses per unit length on a similar timescale
(Fig. C.2), and thus to a reasonable agreement with the observed
FLMF (see Fig. C.3b).

Given the empirical toy model of Sect. 3 for the CMF pro-
duced by a collection of molecular filaments and its reasonably
good match to observations (Fig. 3), we conclude that the fil-
ament paradigm for star formation provides a promising con-
ceptual framework for understanding the origin of the prestellar
CMF and by extension the stellar IMF.
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Appendix A: Distribution of filament lengths

a)
HGBS filaments

Nb of filaments per bin: AN/AlogL

1 1

Filament length, L (pc)

b) HGBS filaments

Filament mass, My, (Mp)

-1
10 Il Il 1
o' 10°

10°

Mass per unit length, My,. (Mg/pc)

Fig. A.1. Panel a: differential distribution of lengths for the sample of
599 robust HGBS filaments identified by Arzoumanian et al. (2019).
The red curve shows a lognormal fit to the overall distribution, the
black solid line segment a power-law fit for filaments longer than 0.9 pc.
Panel b: total mass M, against average mass per unit length M,;,. for
the same sample of filaments as in the top panel. A strong linear corre-
lation is observed between log My, and log M, (With a Pearson cor-
relation coeflicient of ~77%). The red line shows the best-fit linear
relation, My, = Mjine X Leg, consistent with a typical effective length
Leg ~ 0.55 pc in the filament sample of Arzoumanian et al. (2019).

In this appendix, we show the distribution of filament lengths in
the Arzoumanian et al. (2019) sample (Fig. A.la) and the lin-
ear correlation between filament mass and filament mass per
unit length (Fig. A.1b), consistent with a roughly uniform length
Leg ~ 0.55 pc independent of M.

Appendix B: Observational constraints on the core
mass function in individual filaments

The form of the prestellar CMF produced by a single filament
of line mass Miine, denoted fy, (m) in the text, is the most
uncertain element of the empirical toy model described in
Sect. 3 for the CMF/IMF. For statistical reasons, observational
estimates of CMFs in individual filaments are difficult owing
to the relatively low number of cores per filament (but see the
promising ALMA results of Shimajiri et al. 2019a for the mas-
sive filament in NGC 6334). Observations nevertheless indicate
that the median prestellar core mass increases roughly linearly
with the line mass of the parent filament and that the dispersion
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Fig. B.1. Median prestellar core mass vs. background column density
as observed in the Orion B region after correction for incompleteness
effects (black triangles, from Konyves et al. 2019), compared to the pre-
diction of the toy model described in Sect. 3 (blue solid line). The error
bars correspond to the inter-quartile range in observed masses for each
bin of background column density. The two dashed blue lines mark
the inter-quartile range expected in the context of the toy model (see
Eq. (2)).

Global /| OO\ N
prestellar ’
CMF

Incomplete
sampling
1

Number of objects per mass bin: AN/AlogM

-1 01
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Fig. B.2. Comparison of the prestellar CMF observed in Orion B (black
triangular data points and histogram from Konyves et al. 2019; see also
Fig. 3) with the global prestellar CMFs expected in the toy model of
Sect. 3, under three assumptions about the shape of the CMF generated
by a single filament of line mass Mj;,.: (i) lognormal fy, (m) distribu-

tion (Eq. (2)) with oy, = \/0.42 +0.3 [log(MBE,eff/MBE,m)]2 (fiducial
case, black curve); (ii) lognormal fj, (m) distribution (Eq. (2)) with
fixed oy, = 0.2 independent of M, (blue curve); and (iii) broken
power law, fy, (m) o m® for m < Mpgn, Sy, (m) = constant for
Mpem < m < Mgper, fuy,, (m) o« m™ for m > Mpger (red curve).
For reference, the black dotted line displays the Salpeter-like power-law
FLMF, dN/dlog My, o M1, observed in the supercritical line mass
regime (see Fig. 1), and the black dash-dotted line shows the typical
mass distribution of CO clumps (Kramer et al. 1998).

in core masses also increases with Mj;,. ((Konyves et al. 2019),
see also Fig. B.1). In agreement with this observational trend,
the qualitative arguments presented in Sect. 3 suggest that the
characteristic prestellar core mass should scale with the effective
Bonnor-Ebert mass Mpges in the parent filament and that the
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dispersion in core masses may scale with the ratio
MpE ef/Mpgm- The blue lines in Fig. B.1 show how the
median core mass and the dispersion in core masses vary
with M, in the toy model of Sect. 3, which assumes
a lognormal shape for fu, (m) with standard deviation

O My, = \/0.42 + 0.3 [log (MBE’eﬁ‘/MBE,th)]Z. The latter expres-
sion for o, corresponds to the quadratic sum of two
terms: the first term represents the intrinsic spread in the
core masses generated by transcritical filaments (which have
MBgE et /MBgm ~ 1), while the second term represents the spread
in characteristic fragmentation masses within supercritical
but virialized filaments (which have Mpg.q/Mpgm > 1; see
Sect. 3). It can be seen in Fig. B.1 that these simple assumptions
about fy, (m) and oy, match the observational constraints
reasonably well.

We also note that the high-mass end of the global prestel-
lar CMF in our toy model is primarily driven by the power-law
shape of the FLMF and depends only weakly on the detailed
form assumed for fyy, .(m) = dNy,, /dlogm. This is illustrated
in Fig. B.2 which shows the model global CMFs for three differ-
ent assumptions about fyy, (m), compared to the prestellar CMF
observed in Orion B (Konyves et al. 2019, see also Fig. 3). It can
be seen that the three model CMFs are consistent with a Salpeter-
like power law at the high-mass end and only differ significantly
at the low-mass end.

Appendix C: Toy accretion model for the filament
line mass function

As mentioned in Sect. 4, thermally supercritical filaments
are believed to accrete mass from their parent molecu-
lar cloud (Arzoumanianetal. 2013; Shimajirietal. 2019b)
owing to their gravitational potential ocG My, (Heitsch 2013;
Hennebelle & André 2013). This leads to an accretion rate
Miine < VG Mine (see Palmeirim et al. 2013), and therefore to a
simple differential equation of the form

dMiine 12
—— =AM,
dt line

where A is a positive constant. This equation can be easily inte-
grated to give the time evolution of the line mass due to gravita-
tional accretion:

(C.1)

A 2
Mine(t) = [ Mine(®)' + S 1| - (€2
If we choose to express time 7 in units of the time needed to
increase the line mass of an initially critical filament by a factor
of 4, Eq. (C.2) can be written in the following form:

(C.3)

12
line,crit ] ’

Mline(i) = [Mline(0)1/2 + M1/2

In these units, the characteristic instantaneous accretion

timescale is

M, line

. 1
Tacc = Mline/Mline =5 V7,
2 Mline crit

1/2
) o VMline- (C4)
In absolute terms, the characteristic accretion timescale is on
the order of 1-2Myr for a Taurus-like filament with My, ~
50 My pc‘1 ~ 3 Miine it (Palmeirim et al. 2013; Shimajiri et al.
2019b). Figure C.1 shows the time evolution Mj;,.(7) predicted
by this simple accretion model for five values of the initial line
mass M. (0).

10° £ _7

' T 1

Line mass (Mgp/pc)
Al
\

1 1 Il 1 1
0 0.2 0.4 0.6 0.8 1
Time (model units)

Fig. C.1. Evolution of the mass per unit length of filaments according
to the toy gravitational-accretion model described in the text, for five
values of the initial line mass at ¢ = 0: Mjy(0) = 1 Mgpc™' (black
solid curve), M, (0) ~ 8 Mg pc™! (half critical, black dashed curve),
Miine(0) ~ 16 M, pc™! (critical, blue solid curve), Miin.(0) ~ 32 M, pc™!
(twice critical, blue dashed curve), My,(0) ~ 100 Mg pc™' (highly
supercritical, blue dash-dotted curve). The red dotted horizontal line
marks the critical line mass of ~16 Mg pc™'. Time is normalized in
such a way that a critical filament with Mjjpe = Mijppecic at £ = 0
has Mjjpe = 4 X Mijneerit at 7 = 1 (solid blue curve), corresponding to
~1-2Myr.
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Fig. C.2. Evolution of the FLMF in the context of the proposed toy
accretion model. The black solid line shows the initial power-law
FLMF (dN/dlog Mjje o< Mﬁnle) determined by interstellar turbulence.
The green, red, and blue solid curves show the model FLMF at three
time steps, 7 = 0.2, 7 = 0.4, 7 = 0.6 after the accretion process is
“switched on” at f = 0, where A7 = 0.4 roughly corresponds to the
time it takes for a critical filament to double its mass per unit length
(~0.5-1 Myr). The median logarithmic slope of the model FLMF for
16 < M < 500 Mypc™' is —1, —1.14, —=1.30, and —1.50 at 7 = 0,
f=02,7=04, and 7 = 0.6, respectively. The vertical red and blue
lines correspond to the line mass Miine crit 72 accreted by filaments with
Miine(0) ~ 0 at 7 = 0.4 and 7 = 0.6, respectively.

In the context of this model, we can derive the time evolution
of the FLMF following an approach similar to that employed
by Zinnecker (1982) in his toy model of the IMF based on
Bondi-Hoyle accretion (for which M, o M2). Mass conserva-
tion implies that the cumulative distribution of line masses at
time 7, N; [>Mjip] is related to the initial distribution of line
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Fig. C.3. Panel a: evolution of the FLMF according to the improved version of our model where filaments accrete in the same way as in Fig. C.2,
but subcritical filaments with My, < 4 M, pc™' decay on a timescale Tdecay = 0.15 at the same time. The black solid line shows the initial power-
law FLMF (dN/dlog My, o< M ! ) determined by interstellar turbulence. The green, red, and blue solid curves show the model FLMF at three

line

time steps, 7 = 0.2, 7 = 0.4, 7 = 0.6 after the accretion process is “switched on” at 7 = 0, where 7 = 0.4 roughly corresponds to ~0.5-1 Myr.
The vertical red and blue lines are the same as in Fig. C.2. The green, red, and blue dashed curves show the same model FLMF taking estimated
incompleteness effects into account in the subcritical line mass regime. Panel b: comparison of the model FLMF including incompleteness effects
at 7 = 0.4 (dashed red curve) with the observed FLMF from Fig. 1a (blue histogram).

masses by

+00 dN() 0

line?

Ni [>Miine] = No [>Mo; (Miine)] = f
' " t ‘ Mo i (Miine) dm)

line

(C.5)

line inocrit | )2 represents the initial
line mass of a filament with line mass Mj;, at time 7. The differ-
ential FLMF at time 7 can then be obtained by taking the deriva-
tive of Eq. (C.5) with respect to Mipe,

where Mo;(Miine) = (Ml/2 - M2

dvy
dMline B

_dN; [>Miine] _ _dNo
dMiipe dM0

line

dMoy
(Mo (Mine)]x 2= (C.0)

which leads to

MY*
[Mo; (Miine)] X {1 - ]:;le/’;m f]- (C.7

line

dN;
dMiine

dNy
dm?

line

(Miine) =

The latter can also be written as

dN; dNy

——— (Miine) = FTY O

12
M, )
Dine ) (C.8)
dMline line

[]MO,t~ (Mline)] X ( MO,f

Starting from an initial power-law FLMF dN/dlog M. o« M

;
determined by interstellar turbulence (Sect. 4), the resultirlilé
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FLMF is shown at three time steps, 7 = 0.2, 7 = 0.4, 7 = 0.6,
and compared to the initial power law at 7 = 0 in Fig. C.2. It
can be seen that the accretion process steepens the model FLMF
with time, making it more consistent with the observed FLMF
of Fig. 1a in the supercritical regime than the initial power-law
FLMEF. In particular, the median logarithmic slope of the model
FLMF in the range of line masses 16 < M, < 500 M, pc’1 is
between —1.5 and —1.3 (i.e., Salpeter-like) at 7 ~ 0.2-0.4, which
is less than 1 Myr after the onset of accretion, in good agree-
ment with the observed FLMF which has a logarithmic slope of
-1.4 + 0.1 (Fig. 1a).

The model FLMF nevertheless quickly diverges near Mjipe =
Miine crit 72, due to an accumulation of filaments with very low
initial masses per unit length (i.e., M;pe(0) ~ 0) whose My (7)
is entirely built up by gravitational accretion. This is not very
physical since filaments that are highly subcritical initially
(Miine(0) << Miine orit/2) are not self-gravitating and are unlikely
to gravitationally accrete mass from the ambient cloud. Instead,
these filaments may disperse on a sound crossing time unless
they are pressure-confined. In Fig. C.3, we present an improved
version of the same accretion model where the number of sub-
critical filaments with Mj,. < 4 Mypc™' decay on a charac-
teristic timescale Tgecay = 0.15, at the same time as the fila-
ments accrete mass on the timescale 7,.. given by Eq. (C.4). It
can be seen that this modified model provides a better match to
the observed FLMF (Fig. C.3b), especially when incompleteness
effects are taken into account in the subcritical line mass regime
(dashed curves in Fig. C.3a).
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