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Herschel has confirmed the 
presence of a ‘universal’ 
filamentary structure in the 
cold ISM  5
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Filaments dominate the mass budget 
of GMCs at high column densities
   cf. Schisano+2014, Könyves+2015
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Nearby filaments have a common inner width ~ 0.1 pc 
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Network of filaments in IC5146 
    

     Possibly linked to sonic scale of turbulence?  
  (cf. Padoan+2001;  Federrath 2016)   

      Challenging for numerical simulations 
           (cf. R. Smith+2014;  Ntormousi+2016) 

            D. Arzoumanian+2011 & 2018 
  [but some width variations along each filament: Ysard+2013] 
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P(k) = AISM k-2.69 + P0  

Noise-subtracted, deconvolved power      
spectrum of Polaris image 
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Is a characteristic filament width consistent with 
the observed power spectrum of cloud images? 

Panopoulou+2017 
          

Tension with scale-free power spectrum 
    SPIRE 250 µm image of Polaris               

 translucent  cloud 
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A simple experiment 
  Injecting a population of synthetic 
 0.1 pc filaments with contrast ~ 50% 
  in SPIRE 250 µm image of Polaris               

 translucent  cloud 

A. Roy et al.  2018 

4 pc 

P(k) = AISM k-2.75 + P0  
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           Power spectrum of image            
with synthetic 0.1 pc filaments 
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Conclusion:  Observed power spectra 
remain consistent with a characteristic 
filament width ~ 0.1 pc for realistic 
filling factors and filament contrasts 
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Assessment of the reliability of derived filament 
widths through extensive tests 

Arzoumanian+2018 
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Populations of synthetic 
Gaussian-shaped or Plummer-
shaped filaments distributed  
in realistic background   
column density map 

  Comparison between measured and input distributions of filament widths 
:  Input distributions of FWHM widths

Color:  Measured distributions
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! No significant bias for high-contrast filaments (C  > 0.5)
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Comprehensive study of HGBS molecular filaments 

Arzoumanian+2018 

   (for 1310 extracted filaments, including 599 `robust’ filaments, in 8 regions of the GB)  

Ø  Confirmation of the main result of 
Arzoumanian+2011 with better statistics 
and better controlled measurements 

 Distribution of mean inner widths for 599 filaments 
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Example of a filament radial profile in Orion B
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 Mean crest-averaged width:    0.1 pc 
 Median crest-averaged width: 0.09 pc 
 Standard deviation:        0.05 pc 
 Inter-quartile range:                 0.07 pc 
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 ~ 75      % of prestellar cores form in filaments,     
above a column density threshold NH2 

> 7x1021 cm-2 
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A census of dense cores in the Taurus L1495 cloud 7

in the range 35 ± 14 M⊙ pc−1. Our mean value is about
a factor of two larger than the value 15 M⊙ pc−1 found
by Hacar et al. (2013) using N2H

+ observations, and the
value 17 M⊙ pc−1 found by Schmalzl et al. (2010) based on
near-infrared extinction measurements. The reason for the
discrepancy is not clear, but it is significant that all three
estimates are greater than or equal to the theoretical value
of 16 M⊙ pc−1 for an isothermal cylinder in pressure equi-
librium at 10 K (Inutsuka & Miyama 1997). This suggests
that all of the prestellar cores in L1495 are located in su-
percritical filaments, in agreement with the HGBS findings
in Aquila (André et al. 2010; Könyves et al. 2015). We note
that none of the above estimates includes the contribution
of the extended power-law wings whose inclusion further in-
creases the estimated line mass. For example, the line mass
integrated over the full filamentary cross section of the B211
filament is 54 M⊙ pc−1 (Palmeirim et al. 2013), and this is
consistent with an aperture-based estimate, ∼ 51 M⊙ pc−1,
obtained from our high-resolution column density map by
dividing the total mass of the filament by its length, after
having subtracted the estimated diffuse background.

6.2 Relationship to unbound starless cores

While the majority of our starless cores are gravitationally
unbound and therefore not prestellar, they nevertheless can
provide some important information relevant to star forma-
tion. For example, they may represent density enhancements
resulting from the interstellar turbulence widely considered
to play a dominant role in the determination of the IMF (see,
for example, Padoan & Nordlund (2002)). The probability
distribution function (PDF) of the gas density produced by
supersonic turbulent flow of isothermal gas is well approxi-
mated by a lognormal form (Elmegreen & Scalo (2004) and
references therein). It is therefore of interest to plot a his-
togram of estimated density values for the L1495 starless
cores, and this histogram is shown in Fig. 8. These densities
are mean values, calculated by dividing the mass of each core
by its total volume, based on the estimated outer radius,
taken to be the deconvolved FWHM of the source. These
densities also correspond to the n(H2) values listed in Table
B2 of Appendix B. For consistency, the same completeness
correction was applied to the starless core histogram as for
the starless CMF in Fig. 5 although, as it turned out, the
correction had negligible effect. It can be seen that, in sharp
contrast to the CMF, the density distribution is accurately
lognormal except for a tail at high densities. Note again
that the difference is not a reflection of incompleteness since
application of the completeness correction discussed in Ap-
pendix A had no appreciable effect.

The variance in log density may provide information on
the kinetic energy injection mechanism, the Mach number,
and the magnetic field (Molina et al. 2012). To compare
Fig. 8 with turbulence models, however, it must be borne
in mind that what we have plotted is essentially a type of
mass-weighted PDF, as opposed to the volume-weighted ver-
sion usually presented in simulations. More quantitatively,
if we make the simplifying assumption that the density is
uniform within an individual core (as would be the case for

Figure 6. The locations of prestellar cores (red circles) with re-
spect to filamentary structure, shown with the same field of view
as for Fig. 1. The image has been rotated such that equatorial
north is 52◦ anticlockwise from vertical. The filamentary struc-
ture represents a limited-scale reconstruction, up to a transverse
spatial scale of 0.1 pc, obtained using the getfilaments algorithm
(Men’shchikov 2013). The greyscale values correspond to the to-
tal (unfiltered) background line densities within the boundaries
of the reconstructed features, based on an assumed characteristic
filamentary width of 0.1 pc, and are truncated at an upper value
corresponding to 16 M⊙ pc−1 (100% on the greyscale). As a re-
sult, the portions in black have a mass per unit length in excess
of the approximate threshold for cylindrical stability.

pressure-confined clumps5 that probably form the bulk of
the unbound core distribution) and assume a mass-radius
law of the form M ∝ Rk, then the core density histogram of

5 We do not, of course, assume that all cores have the same den-
sity. The distribution of core densities would reflect the range of
external pressures.

c⃝ 2002 RAS, MNRAS 000, 1–13

Marsh al. 2016, MNRAS

Taurus B211/3+L1495         Σ  
       > 
150 M�/pc2  

~ getfilaments NH2 map  
� = cores  

= cores  

        Also:
Bresnahan+2017   

(CrA)
Benedettini+2018
                 (Lupus) 
Ladjelate+2018 

(Oph)
Könyves+2018
              (Orion B)          … 
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Sharp transition 
around a fiducial 
value Av ~  7   "              
Σ ~ 150 M� pc-2 " 
M/L ~ 15 M�/pc  

Strong evidence of a column density “threshold” 
for the formation of prestellar cores 

CFE(AV) = ΔMcores(AV) / ΔMcloud(AV)   
Könyves et al. 2018, A&A 

Prestellar CFE as a function of background AV
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Turbulence-regulated 
models of SF (εff  ~ 1%) 
cf. Krumholz+2012

André+2010; Könyves+2015
  

            Interpretation:  
Critical M/L of nearly 
isothermal cylinders (Ostriker 
1964; Inutsuka & Miyama 1997)

Mline, crit = 2 cs
2/G ~ 16 M�/pc 

for T ~ 10 K
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    Core Mass Function (CMF) in Aquila Complex
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Ø  CMF peaks at ~ 0.6 M� ≈ Jeans mass in marginally critical filaments

Filament fragmentation can account for the peak of the  
prestellar CMF and the “base” of the IMF 
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Ø  CMF peaks at ~ 0.6 M� ≈ Jeans mass in marginally critical filaments
Ø  Close link of the prestellar CMF to the stellar IMF: M★ ~ 0.4      × Mcore 

Ø  Characteristic stellar mass may result from filament fragmentation
(see also Motte+1998; Alves+2007) 
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Evolution toward a Salpeter-like 
core mass function with initial 
power spectrum index αobs = -1.6 

Inutsuka 2001  

Implications for the prestellar CMF and the IMF 

A Salpeter IMF can be produced by 
filament fragmentation provided 
turbulence has generated a Kolmo- 
gorov-like power spectrum of initial 
density fluctuations (Inutsuka 2001) 

Inutsuka & Miyama 1992, 1997 
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Given filament properties (cf. Arzoumanian+2011, 2013, 2018): 

Mline ~ Σfil × Wfil ~ Mline, vir ≡ 2cs,eff
2/G with Wfil ~ 0.1 pc 

      MJeans ~ MBE ~ 1.3 cs,eff
4/(G2Σfil) � Σfil � Mline 
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(Salpeter index: -1.35)
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Salpeter-like distribution of characteristic core 
masses from distribution of filament line masses 
Local effective 
Jeans mass in a 
thermally 
supercritical  
filament: 
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Full CMF/IMF results from the 
convolution of the distribution   
of filament line masses by the 
CMF in individual filaments   
(Y.-N. Lee, Hennebelle, Chabrier 2017) 

cf. André+2014 PPVI 
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Median prestellar core mass vs. background column density  
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Dependence of the prestellar CMF           
on background cloud (column) density  

(OrionB) 
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Global prestellar CMF

CMF at AV    < 7 back 

CMF at AV    > 7 back 

Ø  Broader CMF at higher background column densities 
               (i.e. higher Mline filaments)
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Summary: A filamentary paradigm for 
star formation and the IMF? 

Ø Herschel results support a filamentary paradigm for star 
formation and the IMF although many issues remain open and/or 
strongly debated

Ø  Filament fragmentation appears to produce the peak of the 
prestellar CMF and likely accounts for the « base » of the IMF

Ø  Salpeter power law of IMF may arise from a combination of two 
effects: 1) Salpeter power-law distribution of supercritical filament 
M/L (due to accretion ?), 2) differential growth of an initial 
Kolmogorov spectrum of density fluctuations along the filaments
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