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 Low-Mass Case 

Montillaud et al. 2015 Probes various galactic positions and environments 

‘Classical’ Local Star 
Formation  

probing filament formation an 
evolution, sites of on-going star 

formation 

‘Anomalous’ Star Formation  
star formation in diffuse 

environments - high-galactic 
latitudes 

1 - TARGETS AND GOALS

 Relevance  Classic LM  Extreme LM Extreme HM    Results



Toulouse - 08/06/2015

 Low-Mass Case [Filaments] 
 [Rivera-Ingraham et al. 2015; submm] 

2 - LOCAL STAR FORMATION: FILAMENTS

TARGET: The ultimate and final link between the filamentary 
‘environment’ and the cores hosting/forming young stellar 

objects  
(the last step in the hierarchical ladder)

Small scale Large scale filament

Palmeirim et al. 2013
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 Low-Mass Case [Filaments] 
 [Rivera-Ingraham et al. 2015; submm] 

GOAL: Evolution of core-bearing filaments (= SF) in the ISM combining  
observational and theoretical models based  on accretion under different 

conditions 

2 - LOCAL STAR FORMATION: FILAMENTS
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!
Evidence for key role of accretion (mass increase) & 
gravity:  
!
• Direct observations (e.g., Palmeirim et al. 2013): 
• More massive protostellar filaments than prestellar 
filaments (e.g., Schisano et al. 2014). 
• Accreting, supercritical self-gravitating filaments increase 
central density and linear mass at constant width with 
accretion/ collapse (Arzoumanian et al. 2011; 2013)  
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 METHODOLOGY 
!

 GETSOURCES [Men’shchikov et al. 2012] 
• Multi-scale, multi-wavelength source extraction 
algorithm 

!  GETFILAMENTS [Men’shchikov et al. 2013] 
 Extracts and removes (multi-scale) filaments from the 
images (more accurate source detection and 
measurements).  

!
Mline =Mcore+Mwing 

!
!

2 - LOCAL STAR FORMATION: FILAMENTS
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Core

Wing
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Filaments in dense environments 
reach systematically higher  Mcore 

Typical value for supercritical 
filaments: Av~3 mag 
transition to typical turbulent ‘cloud’ 
environment (based on PDF analysis;  
GTKP HOBYS - Rivera-Ingraham et 
al. 2015; submm)

Core

Wing

 OBSERVATIONAL RESULTS 
!

2 - LOCAL STAR FORMATION: FILAMENTS
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CRITICAL

SUBCRITICAL

HB WING LB WING

HB CORE LB CORE
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Core

Wing

a) The wing dominates at later stages of 
evolution 
!
b) ‘Decent’ wings are associated with 
the most massive cores 
!
c) = associated with the highest BKGs

Mline

Evolutionary line

 OBSERVATIONAL RESULTS 
!

2 - LOCAL STAR FORMATION: FILAMENTS
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 OBSERVATIONAL RESULTS 
!

2 - LOCAL STAR FORMATION: FILAMENTS
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!
Width changes within 0.1pc (∼2 range) 
characteristic width for SF-filaments (e.g., 
Gould Belt Studies)

Fischera & Martin 2012

Toulouse - 08/06/2015

subpeaks 
∼0.06pc 
∼0.14pc

 ENVIRONMENTALLY-DEPENDENT GRAVITY-DOMINATED FILAMENT EVOLUTION: 
Towards a complete model of filament evolution in low mass SF

 THEORETICAL RESULTS 
!

2 - LOCAL STAR FORMATION: FILAMENTS
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No filaments at low BKGs can evolve 
into SF-filaments  

!
At intermediate BKG: higher Mcore possible: formation in the turnover point or 
contracting regime. Self-gravitating enough, but still limited.  
!
Not SF-filaments, but capable of localized SF. 
!

At LB: low Mcore, low availability of 
material, leads to self-limited 
accretion, fragmentation, and 
dispersal without SF

 THEORETICAL RESULTS 
!

2 - LOCAL STAR FORMATION: FILAMENTS
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• Faster accretion, shorter accretion timescales> For accretion rate of 10-4 Msun/pc/yr 
(Schisano et al. 2014) -> filament reaches supercritical level in 105 yrs (106 yrs for accretion 
rate of 10-5 Msun/pc/yr; Andre et al. 2013):

- Filament formation as fast as fragmentation timescale  [fragmentation occurs while 
filament still forming] > YSOS in filaments still forming (accreting) 

SF-filaments:  
!
more stable width: collapse stopped due 
to star formation and global collapse[?] 
!
Formed from subcritical filaments close 
to supercritical state at core level: i.e. 
with Mcore>7Msun/pc, + the highest BKGs 
(based on our results = most massive 
cores+availability of material)

 THEORETICAL RESULTS 
!

2 - LOCAL STAR FORMATION: FILAMENTS
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!
•  Key role of environment: 

A&A proofs: manuscript no. final_aa

REGIME 2 REGIME 3

dispersal

Low BKGs
High BKGs

Med-High BKGs

TRIGGERING - EXTERNAL EVENT

(strongly) self-gravitating

SF-filaments

(a) (b)

Fig. 9. (a) Mean filament FWHM as a function of central intrinsic (crest) filament AV. Black solid curve is the model for isothermal pressure-
confined filaments from Fischera & Martin (2012b). Symbols represent the average change of filament width and crest AV for the transition from
a core-dominated subcritical state, to a wing-dominated supercritical one for filaments in di↵erent environments and as a function of filament
Regime. Regime 2, core-dominated subcritical filament at low background and Mline,core< 7.5 M�/pc (blue square) to wing-dominated supercritical
filament in similar environment (green star). Regime 2, core-dominated subcritical filament at high background and Mline,core� 7.5 M�/pc (magenta
circle) to wing-dominated supercritical filament in similar environment (red triangle). Symbol without counterpart (green triangle) marks the
location of Regime 2 wing-dominated supercritical filaments at low background and Mline,core� 7.5 M�/pc, for which there are no core-dominated
subcritical counterparts. Black stars are core and wing-dominated supercritical filaments (Regime 3). Vertical dashed lines mark the approximate
boundaries of Regime 2 and Regime 3 for a filament with FWHM= 0.1 pc. Boundaries would shift to lower AV for larger FWHM. (b) Same as (a),
but showing the 1� standard deviation of the (average) plotted parameters.

the most relevant for investigating an evolutionary scenario lead-
ing to the most massive filaments approaching criticality at core
level. Due to the lack of LB subcritical filaments in similar back-
ground environments as LB wing-dominated supercriticals with
Mline,core� 7.5 M�/pc, Fig. 9 shows instead the average changes
required in the evolution to a LB wing-dominated supercritical
with Mline,corebelow this value.

Changes observed in our tentative evolutionary model agree
well with theoretical predictions, but with a clear distinction in
behaviour for filaments in di↵erent environments.

Filamentary evolution by accretion at low backgrounds is
characterized by an increase in Mline,core(with central column
density) and Mline,wing, and a moderate increase in filament
width. The association of narrow filament with low column den-
sities is also consistent with the predictions from the (magneto)
hydrodynamical theoretical models from Hennebelle (2013).
Similarly to Regime 1, however, the low initial Mline,core and cen-
tral crest column densities for these filaments, combined with the
relatively low background (Pext) and the lack of available mate-
rial, would lead to a weak growth of the central (core) regions
of the filament. Under the assumption of relatively short frag-
mentation timescales relative to accretion (e.g., Heitsch 2013a;
Schisano et al. 2014), such structure will likely tend to fragment
and disperse without undergoing contraction and achieving su-
percritical state. The low central column density of these fila-
ments is indicative of their low potential for star formation de-
spite their apparently high Mline,tot.

Filaments in high backgrounds can be formed with (and
develop) systematically higher core and wing linear masses.
A higher initial central column density (Mline,core), and more
favourable environmental conditions (availability of material),
could then allow the formation of filaments that are significantly
self-gravitating and already in the contracting regime of Fig. 9.
Although more massive than LB filaments, the limitations set by
the background, the initial filament properties, and the (short)

fragmentation timescale could limit the final evolutionary state
of these filaments to a subcritical regime (before dispersal). In-
deed, while with higher final central column densities, the mean
Mline,core⇡ 6.5 M�/pc of the (wing-dominated) HB supercritical
filaments in this regime suggest that, on average, such structures
are not likely to be associated with significant star formation in
their later stages of accretion and evolution. This does not pre-
clude the possibility, however, of segments of such filaments be-
ing capable of collapse and localized star formation.

5.2.3. Dense (cloud) environments: supercritical filaments

and generalized star formation

Characterized by the densest environments, core-dominated su-
percritical filaments in Regime 3 could form already in an unsta-
ble state or evolve from a subcritical core-dominated filament
with Mline,core>⇠ 7 M�/pc. Subcritical filaments formed in the
contracting area in Fig. 9 (with high background, and central
column densities and Mline,core above the mean of the HB super-
critical filaments in Regime 2) have therefore the greatest po-
tential for being the precursors of the star-forming supercritical
filaments that comprise Regime 3.

A Mline,core>⇠ 7 M�/pc corresponds to fcyl = Mline/Mcrit ⇠
0.5 in the pressure-confined models from Fischera & Martin
(2012b), under the assumption that a filament should be core-
dominated (Mline ⇠Mline,core) in order to be relevant for star for-
mation. This result implies that any possible evolution in the
formation of a supercritical filament might require a core com-
ponent itself already relatively close to supercritical state. We
note that the need for a subcritical self-gravitating filament to
be close to supercritical in order to form star-forming filaments
was also suggested in the work of Fischera & Martin (2012b) to
explain the association of supercritical filaments with prestellar
cores and star formation.
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 IMPLICATIONS: THE CASE OF EXTREME STAR FORMATION 

!

2 - LOCAL STAR FORMATION: FILAMENTS

ESA, Andre, Abergel (G. Belt, Evol. Int. Dust) ESA, Rivera-Ingraham (
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 STAR FORMATION AT HIGH-GALACTIC LATITUDES 
!
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3 - EXTREME [LM] STAR FORMATION

!
• Goal: Investigation of star formation process, structural 
properties, and efficiency in the diffuse (accretion-limited) 
environments ( |b|>30 deg; nearby <d>~185 pc, but poorly 
characterized -> the most detailed study up to date.) 
!

• Methodology  
•  Environmental:  

• Clouds & Filaments (NH2) 
• Substructural (Cores and Clumps): Catalog, physical 

characterisation, dynamics [molecular], classification, and 
evolution 

• Comparative analysis with low-galactic latitude fields and 
with/out triggering [HMSF] 

Sample: v31_0035, v31_0037, G128.78-69.46, G130.42-47.07, G91.09-39.46, G171.35-38.28, 
G109.18-37.59, G210.90-36.55, G4.18+35.79, G141.25+34.37, G159.23-34.51, G206.33-25.94	


 [Rivera-Ingraham et al.; in progress] 
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 STAR FORMATION AT HIGH-GALACTIC LATITUDES 
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3 - EXTREME [LM] STAR FORMATION

G91.09-39.46 G171.35-38.28 G109.18-37.59
d~295 pc d~80 pc d~160 pcUn-classified Un-classified Un-classified
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 HIGH-MASS STAR FORMATION 
!
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4 - EXTREME [HM] STAR FORMATION

!
• Goal:  
 Investigation of formation and early evolution of rare  
 dense environments 
 -> Efficiency and modes of HMSF 
!

• Methodology  
•  Environmental and substructural self consistent study of 

regions of HMSF in the Outer Galaxy [Herschel-based + 
multiple collaborations] 

ESA - HOBYS

Cores in IRDCs from l = 300 to 330 ◦ 5

Figure 4. G329.494+0.106. Left panel: 8 µm. Right panel: 250 µm. This is an example of a genuine Spitzer-dark and Herschel-bright IRDC, which contains
an 8-µm point source. The point source is circled in both panels.

be fitted with more than one gaussian, indicating the presence of
more than one dense core. A total of 972 IRDCs fell into the cate-
gory of having one or more dense cores within them.

In the case of 215 IRDCs, cloud emission was seen in the
FIR at 250 µm, but there was no discernible 250-µm peak. These
IRDCs were deemed not to have any dense cores within them. For
18 IRDCs the data were found to be excessively ‘stripy’ at 250 µm,
resulting in no gaussian being able to be fitted. These were dis-
carded. These 233 objects, to which no gaussian could be fitted,
were omitted from further consideration. This left us with a ‘clean’
sample of 972 IRDCs that contain one or more dense cores, on
which we concentrate for the remainder of the paper.

3.3 Protostars within IRDC cores

The 972 IRDCs containing one or more dense cores were studied
closely in the 8-µm data for evidence of an 8-µm point source. The
presence or lack of an 8-µm point source within a core is most
likely to be indicative of the presence or absence of an embedded
protostar. Hence, this is an indication of the evolutionary status of
the core. More evolved cores, namely those already undergoing star
formation, are more likely to have an 8-µm point source within
them.

Every core in all of the 972 IRDCs was searched for an em-
bedded 8-µm point source. An 8-µm point source was defined as
a compact, roughly circular source with an 8-µm peak of greater
than 3σ, where σ is the noise level of the data and was defined
as the standard deviation in flux towards the edge of each region.
The peak of the point source had to be within a radius from the
centre of the core (defined at 250 µm) equal to the FWHM of the
core at 250 µm. It should be noted that, as no distance information
is available for the majority of these IRDCs, it is possible that the
8 µm point sources noted here are, in some cases, not associated
with the IRDC itself but are instead foreground stars contaminat-
ing the field of view (see also Lumsden et al. 2002). 653 out of 972
IRDCs (67 per cent) were found to have at least one 8-µm point

source embedded in one or more of their constituent cores. This
left 319 IRDCs with no 8-µm point source.

These 319 IRDCs without 8-µm point sources were searched
for a 24-µm point source. The search was carried out using the
same criteria as when looking for an 8-µm point source. Of the 319
IRDCs, 149 were found to have one or more 24-µm point sources.

In summary, we found a total of 972 IRDCs that contained one
or more discernable cores at 250 µm. Of these, 653 have an 8-µm
point source. Of the IRDCs with no 8-µm point source, a further
149 have a 24-µm point source. We designate the remaining 170 as
starless IRDCs. These objects could be the high-mass equivalents
of low-mass starless cores. The total number of IRDCs in each cat-
egory is summarised in Table 1.

4 DISCUSSION

4.1 Statistics

The relative numbers of IRDCs with no embedded MIR point
sources, compared to those with 8- and 24-µm point sources (see
lower part of Table 1), can be used for comparison with previous
findings. Chambers et al. (2009) labelled IRDCs with no embedded
MIR point sources as quiescent, those with a 24-µm point source as
active, and those with an 8-µm point source as red cores. They had a
sample of 190 candidate IRDCs, and found ∼21 per cent to be red,
∼25 per cent to be active and ∼54 per cent to be quiescent. These
percentages can be compared to the last three lines in Table 1.

It can be seen that there is a much larger fraction of quiescent
IRDCs in the Chambers sample than in ours. This could be due
to the effect of some fraction of their initial sample of candidate
IRDCs not being genuine, as they had no FIR data. Interestingly,
though, because they see 46 per cent of their candidate IRDCs hav-
ing other star formation tracers, then only a maximum of 54 per cent
(±5 per cent) of their candidate IRDCs could be false, compared to
up to 62 per cent (±1 per cent) in our full sample (although note that
some of their associations could be chance alignments). However,

c⃝ 0000 RAS, MNRAS 000, 000–000

 [Rivera-Ingraham et al. 2015; in prep] 
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3 - EXTREME [LM] STAR FORMATION

G210.90-36.55-1 G159.23-34.51-1
d~140 pc d~360 pc

LDN 1642 (MBM 20) LDN 1457 (MBM 12)
- Member of Orion 
outlying clouds

High Latitude Clouds 19

Figure 5. The left panel shows the locations of MBM 12A 1–11 marked on an
IRAS 100 µm image of the MBM 12 cloud (from Luhman 2001). On the right
(from Moriarty-Schieven, Andersson, & Wannier 1997) is a depiction of a possible
triggered star formation scenario due to an external supernova.

verified members having masses down to 0.1 M⊙. The age of the MBM 12 association
is estimated as 2+3

−1 Myr on the basis of relative Li I strengths and on H-R diagrams
(Luhman 2001).

Figure 5 depicts the IRAS 100 µm image of the MBM 12 cloud with the positions
of the young stars (MBM 12A 1–12). MBM 12A 2 and 3 (LkHα 262 and 263) are
a wide binary system. MBM 12A 12 (StHA 18) is projected against the MBM 13
molecular cloud, 2.5◦ southeast of MBM 12. MBM 12A 12 is a likely member of this
association.

Chauvin et al. (2002) obtained adaptive optics observations with the Canada-
France-Hawaii Telescope discovering six binaries, LkHα 264, E 0255+2018, RX
J0255.4+2005, StHA 18, MBM 12A 10, RX J0255.3+1915, and confirming the binary
nature of HD 17332 (see Figure 6). In addition they detected a possible quadruple sys-
tem composed of the close binary LkHα 263AB (separation of ∼0.41′′), LkHα 262 lo-
cated ∼15.3′′ from LkHα 263A, and of LkHα 263C, located ∼4.1′′ from LkHα 263A.
The latter is a nebulous object interpreted as a disk oriented almost perfectly edge-on
and seen in scattered light. These results suggest that the binary fraction in MBM 12 is
high compared to the field and to IC 348.

Broeg et al. (2006) report periodic variability in four MBM 12 TTS attributed to
rotational modulation of photospheric features. The inferred rotational period ranged
from 3.36 to 7.4 days, although for the CTTS LkHα 264 the observed period differed
from results obtained during previous epochs suggesting a more complex mechanism
for variability. The WTTS 1E 0225.3+2018 showed strong variability, but poor sam-
pling in this study rendered determination of an accurate period impossible. Pinzón et
al. (2006) find the computed mass accretion rates based on U -band veiling for GSC
01230-01002 (RXJ0255.4+2005), LkHα 264, and 1E 02553+2018 to be in the range
10−8 to 10−7 M⊙ yr−1, consistent with results from other star formation regions of
similar age.

Moriarty -
Schieven 
et al. 1997

!
Taking SF to the extreme: The Key Role of 
Triggering and External Events

 [Rivera-Ingraham et al.; in progress] 
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4 - EXTREME [HM] STAR FORMATION

 Dynamic SF key for dense environment formation [quick, effective cf. bypass limitations of 
accretion-models]  e.g., Schneider et al. 2010; Hill et al. 2011; Hennemann et al. 2012 
Peretto et al. 2012; and high-mass star and cluster (c.f., isolated) formation (e.g., CCF - 
Rivera-Ingraham et al.  2013).

 …the environmental factor in Galactic Star Formation 
 [Rivera-Ingraham et al 2015.; in prep] 

!
• Identified all structures above 
column density threshold  
• Extracted all sources and filaments 
• Identified triggered structures as a 
function of various criteria 
!

!
Taking SF to the extreme: The Key Role of 
Triggering and External Events
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5 - CONCLUSIONS

!
• (Sub)critical filaments increase their total linear mass by increasing that of their 
core and wing components. Both appear to be linked to local environment, with 
filaments at higher background levels systematically reaching more massive core 
and wing components. The distribution of core and wing-dominated filaments 
suggests a wing origin linked to accretion, driven by the gravity exerted by the 
mass of the core and the local availability of material.   

!
• Results constrain a tentative accretion-based evolutionary process in which 
supercritical filaments are formed from subcritical, contracting, self-gravitating 
filaments with a minimum core component greater than 7Msun/pc (half Mcrit). 
Formation of such star-forming filaments would be aided by a dense environment 
with Av∼3mag

!
•  Need for high BKG emphasises the need of triggering and active SF modes (coll 
flows vs turb) as alternative methods to bypass the limitations of gravity at early 
stages/formation and form (or strengthen) core-dominated structures by sweeping/
compression: Diffuse environments, or birthplaces of HMS

 [Completed] Filament Analysis 
!

 [On-going] Extreme Environments: High-Galactic Latitude and HMSF 
!


