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Old joke
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I am Trying to 
understand  
how stars 
form

Do they form
As single 
Stars, here?

No, Most 
stars form In 
cluster,
Over there.

Then why do 
you look at 
single stars?

Because 
They are 
closer and
Easier to 
Observe.

Old science
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Which fraction of stars form in clusters with high-mass 
stars?

Probability of star coming from a cluster with N members

N between 1 (single star) and 106 (globular cluster)

⇒ 50% of all stars come from a cluster with at least                 
    1000 stars,

     which contain at least a 10 M
⊙
 star 

⇒  a significant amount of stars form in an 
      environment with at least one high-mass star

       We are interested in the early stages, so for this               
       purpose it does not matter if the cluster is bound or not. 

(following Adams 2010)
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Why does it matter?     Interaction!

● Close encounters between all stars and protostars

– influence the binarity properties

– eject stars from the mass reservoir

– truncate disks and thus affect accretion
● Radiation feedback by high-mass stars

– influences the Jeans Mass 

– photoevaporate disks Poster by Megan Reiter

Talk to Asmita Bhandare

Talks by
Rainer Köhler
Richard Parker 
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Low mass stars forming in high-mass clusters have 
received little observational attention
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NGC 6334
Distance 1.3 kpc

G327.3-0.6
Distance 3.3 kpc
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NGC 6334
Distance 1.3 kpc

G327.3-0.6
Distance 3.3 kpc

In the context of high-mass sources, these are nearby!
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NGC 6334 Small scale structure

Pioneering work by Sandell 2000, Hunter et al. 2014, 2017, 2018, Brogan et al. 2016

ALMA data shown: PI Baobab Liu, PhD Mahya Sadaghiani, Master Atefeh Aghababaei
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NGC 6334 I/I(N)

NGC 6334 V
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NGC 6334 I/I(N) NGC 6334 V

I

I(N)

V
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NGC 6334 I

NGC 6334 I (N)

Mahya Sadaghiani
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NGC 6334 I

NGC 6334 I (N)

Most massive sources NOT
at junction of filaments

Mahya Sadaghiani
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Subclusters

Subclusters determined 
by machine learning 
clustering algorithms
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Cumulative Core Mass Function

Uncertainty due to 
unknown temperatures

No drastic departures 
from Kroupa IMF 
apparent, although I 
might be a bit top-heavy 
(but low numbers)

no dearth of low mass 
stars as in Zhang et al. 
2015 toward 
G28.34+0.06 P1
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Cumulative Core Mass Function

Uncertainty due to 
unknown temperatures

No drastic departures 
from Kroupa IMF 
apparent, although I 
might be a bit top-heavy 
(but low numbers)

no dearth of low mass 
stars as in Zhang et al. 
2015 toward 
G28.34+0.06 P1

Disclaimer

I am completely agnostic about any physical 
meaning of the CMF and relationship to the 
IMF. Here, the IMF just serves as a reference.  

But whatever the CMF represents, it is a metric 
of the observations and models of star 
formation have to reproduce it.
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Cluster No. Mean 
distance
    [pc]      

(lower limit)

   Median        
distance

 [pc]       
(lower limit)

NGC 6334-I 20 0.039 0.032

NGC 6334-I(N) 79 0.027 0.021

NGC 6334-I(NW) 24 0.057 0.045

Minimum spanning tree:
average separation

strongly peaked

caveat: in projection



M/l <  2650 M
⊙
/pc (observed)

Critical M/l ratios from filament 
fragmentation

M/l =     50 M
⊙
/pc (thermal support)

M/l = 1860 M
⊙
/pc (turbulent support)

About 50% of the total filament mass 
in both subbranches are in the cores.
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SiO reveals network of (mostly) outflows
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SiO reveals network of (mostly) outflowsNote

This looks incredibly messy. That is 
because

● Clusters containing high-mass stars 
have very many low-mass stars.

● Those objects tend to be far away, 
and super-high resolution is needed to 
disentangle the structure.
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NGC 6334 I/I(N)

NGC 6334 V
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NGC6334 - V

Atefeh Aghababaei



NGC 6334 V is the hub of converging filaments
traced by large-scale 13CO(2-1) mapping with APEX

SiO here seems to trace the accretion shock



G327.3-0.6

(G327 to friends)

ALMA 1.3 mm (green contours) 
on Spitzer 4.5 µm
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G327 – ALMA 1.3 mm observations

78 sources found

Benedikt Helmstaedter
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shifted

completeness limit

G327 cumulative clump mass function

looks 
unremarkable
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About 50 flows identified in 3d

Niraj Kandpal
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Future Research

● Existing data

– Characterize outflow properties (e.g. orientation relative to filament, 
momentum, energy etc.)

– Understand mass flow within the filaments

– Velocity dispersion of cores

● More data

– Deeper: what does the CMF look like at even lower mass?

– Higher resolution: characterize multiplicity

– Both: find and characterize disks, particularly in high stellar density regions

– More sources
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Stay tuned…

Thank you for your attention!
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