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Origin of high-mass protostars ?

‣ Large samples are needed: Galaxy-wide surveys reveal the best potential targets  
‣ High angular resolution follow-up of selected targets is now feasible with ALMA

Structure formation and dynamics of dense gas!
• Filament formation 
• Global collapse

Collapse, birth of protostars !
• Massive dense cores: >10-100 MJeans,  
                                     ~0.1 pc 

• High-mass protostars: 10-20 MSol,  
                                     ~2000-3000 AU 

14 Palau et al.

Fig. 9.— Direct output of Commerçon et al. (2011a) simulations (column
density maps) for the highly magnetized core model (top) and the low mag-
netized core model (bottom).

the fragmentation of a massive core we considered the radi-
ation magneto-hydrodynamic simulations of Commerçon et
al. (2011a). These simulations include the effects of magnetic
fields, turbulence, and take into account the radiative feedback
from the accretion shock (i.e. shock on the first Larson core)
and thermal emission (no radiative feedback from the accret-
ing/forming protostars using pre-main sequence stellar evolu-
tion subgrid models), down to a spatial resolution of 32 AU
(low resolution runs, see fig. 2 in Commerçon et al. 2011a).
We note that the initial conditions adopted by Commerçon
et al. (2011a) correspond to a relatively flat density pro-
file, which should favor fragmentation (e. g., Girichidis et al.
2011). Commerçon et al. (2011a) find that magnetic fields and
radiation can combine to inhibit fragmentation in a massive
core, and that this is particularly important if the initial mag-
netic intensity is strong. In their simulations, the initial mag-
netic intensity is set by the parameter µ = (M/Φ)/(M/Φ)crit
(mass-to-flux over critical mass-to-flux ratio, Mouschovias
& Spitzer 1976; Hennebelle et al. 2011), and the two ex-
treme cases explored are µ = 2 (highly magnetized core) and
µ = 130 (weakly magnetized core). By using the output of
the adaptive mesh refinement code RAMSES (Teyssier 2002;
Fromang et al. 2006; Commerçon et al. 2011b), we compute
column density maps (in the three different xy, xz, and yz pro-
jections) for each value of µ from the low resolution runs of
Commerçon et al. (2011a).

TABLE 5
Comparison of Commerçon et al. (2011a) simulations to PdBI observations

of this work within a field of view of ∼ 0.07 pc

Parameter Simulations Observations

MU2 - highly magnetized core
Mtot
5000AU (M⊙)

a 4.7 3.2
M500AU (M⊙)a 3.8 1.9
CFEb 81% 59%
number of fragments 1 1

MU130 - weakly magnetized core
Mtot
5000AU (M⊙)

a 16 47
M500AU (M⊙)a 4.0,3.9,1.7 8.9,6.4,0.94,

0.77,0.47 0.85,0.81,0.77,0.72
CFEb 68% 41%
number of fragments 5 7
fragment separation (AU) 2000–3500 2000–5000

a Masses estimated assuming a dust temperature of 30 K for
all the fragments, and the same opacity as in Table 2. M500AU
refers to the mass of each fragment as observed with the PdBI
in A configuration.
b Core Formation Efficiency, defined as the ratio between
the total mass measured with the PdBI in A configuration
(∼ 500 AU scale) to the mass measured with an interferome-
ter in a compact configuration (∼ 5000 AU scales). Note that
this definition is different from the one used in Section 4.1,
Table 4, and Figs. 6 and 8.

In order to compare the output of the simulations of Com-
merçon et al. (2011a) with our observational interferometric
data we selected two regions with low and high fragmenta-
tion as seen with the PdBI-A. For the low fragmentation case
we selected I22198 to be compared to the µ = 2 (highly
magnetized) simulated maps, while for the high fragmenta-
tion case we selected A5142 to be compared to the µ = 130
(weakly magnetized) simulated maps. The column density
simulated maps used for the comparison are shown in Fig. 9,
which reveal a striking intrinsic difference between the highly
magnetized (µ = 2) and the weakly magnetized (µ = 130)
case. By using the output of the adaptive mesh refinement
(AMR) code RAMSES (Teyssier 2002; Fromang et al. 2006;
Commerçon et al. 2011b), we compute dust emission maps
using the RADMC-3D code20 (in the three different xy, xz, and
yz projections) for each value of µ from the low resolution
runs of Commerçon et al. (2011a). For the conversion to
Jy px−1, the 3D AMR structure of RAMSES is directly loaded
into RADMC-3D and we assume that the gas temperature com-
puted in the radiation-magnetohydrodynamics calculations of
Commmerçon et al. (2011a) is correct and equals the dust
temperature. We use the opacity law of Ossenkopf & Henning
(1994) at 1.3 mm as in Sec. 3.1. We assume the correspond-
ing distances for I22198 and A5142, and put the coordinates
of I22198 to the µ = 2 map, and the coordinates of A5142 to
the µ = 130 map. Finally, we convolved the resulting sim-
ulated maps in Jy px−1 by the uv-coverage of PdBI-A used
in this work21, inverted the visibilities and cleaned the dirty

20 http://www.ita.uni-heidelberg.de/∼dullemond/software/radmc-3d/
21 For the convolution of the simulated maps by the uv-coverage of PdBI-

A, we used the GILDAS task ‘uv_model’, which generates a set of visibili-

turbulence

gravity magnetic fields

thermal balance
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• Where are the precursors of the most 
massive stars currently forming?  

• Which processes control the collapse and 
on which scales?



ATLASGAL: unbiased view of cold dust in the Galactic Plane

870 µm

APEX

l > -80ºl < 60º

Galactic Center

NGC 6334NGC 6537

Galactic Plane surveys !
• APEX Telescope Large Area Survey of the Galaxy:  ~ 420 sq. degree of the inner Galaxy

1. Continuum !
Statistics: compact 
sources!
Dense gas fraction: 
uniform, !
except Galactic Center !
 !

2. Distances !
kinematic !
!
!
maser: BesSel !
      (Menten)

Wienen+ 2012 !
Wienen+ 2015

3. Spectroscopy !
astro-chemistry

> 400 sources
> 3000 sources

> 10 000 sources

4. Young massive 
clumps!
ALMA follow-up

~ 40 sources!Contreras+2013,!
Urquhart+ 2013a,2013b!
    Csengeri+ 2014, !
            Urquhart+ 2014!
                      Csengeri, Weiss+ 2015

Csengeri+ 2015 (SiO)!
Leurini+ 2014 (H2O) !
Giannetti+ 2014 (CO)

Csengeri+ in prep !
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Global indication for a fast star formation process

Global statistics of massive clumps suggest short formation time-scale and supersonic motions

vrel =
D

⌧dark
=

0.3 pc

7.5⇥ 104yr
' 3� 4 km s�1• supersonic motions required:

Statistics of massive clumps!
• Extraction of compact sources:!

• > 10 000 sources identified in !
420 sq. deg!

• MSX & WISE: on average 33% !
host star formation (     )!

• Massive clumps: !
75% host star formation

⌧dark ⇠ (1� f?)⇥ ⌧bright

⌧dark = 7.5⇥ 104 yr

⌧bright = 3⇥ 105 yr

T. Csengeri et al.: The ATLASGAL survey: a catalog of dust condensations in the Galactic plane
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Fig. 18. Ratio of star-forming versus all ATLASGAL sources as a func-
tion of peak flux. The 75% is indicated by a dashed line. This fraction is
fulfilled above 5 Jy beam averaged flux density. Dotted line shows the
7� completeness level of the catalog.

Investigating the appearance of these sources, we find a mean
aspect ratio of 1.38 with a standard error of 0.005 for star-
forming ATLASGAL sources, while all sources have a mean
of 1.49. A KS-test further rejects the null hypothesis that they
are drawn from the same distribution with a significance level of
< 0.0001. This shows that sources hosting embedded protostars
exhibit a rather spherical, less elongated morphology.

7.2. The Galactic star-formation rate

Adopting the color estimates of Wood & Churchwell (1989),
similarly to Motte et al. (2007) and Russeil et al. (2010), we ex-
trapolate a flux density of ⌅30 Jy at 21 µm at a distance of 1 kpc
for a B3 type star with 103 L⇤ (see also Sect. 5.3) which corre-
sponds to ⌅75 mJy at the far side of the Galaxy at 20 kpc. This
is above the WISE sensitivity limit, therefore we are sensitive to
all B3 and earlier type massive stars in the Galaxy.

Based on the assumption that with WISE and MSX we cover
all high-mass star-forming sites within 20 kpc, we derive a crude
estimate here for the current rate of star-formation for these
deeply embedded objects.

The time-scale for the protostellar evolutionary stage for
high-mass stars is debated. If the accretion rate is constant and is
at the order of the observed ⌅ 10�4 M⇤ yr�1(Klaassen & Wilson
2007), at least 105 years or longer are needed to build up a 10 M⇤
star. On the other hand, there are a few studies suggesting that
the time-scale for high-mass protostars can be shorter (e.g.Motte
et al. 2007), or similarly long (Duarte-Cabral et al. 2013) as for
low-mass proto-stars, where a life-time at the order of ⌅ 105 yr
has been derived (Evans et al. 2009). Theoretical models predict
a star-formation time-scale at the order of 105 yr (e.g. McKee &
Tan 2003; O�ner & McKee 2011). We adopt therefore the so far
best observationally derived value of ⌅ 3±1⇥105 yr by Duarte-
Cabral et al. (2013) for the highly embedded stage and account
for a multiplicity of ⌅ 2, which has been seen towards MDCs in
Cygnus-X at high angular-resolution (Bontemps et al. 2010). We
estimate a dN/dt = 2⇥3483

3±1⇥105 yr = 0.023 ± 0.007 stars yr�1 for the
current formation rate for high-mass stars. Assuming that they
form on average 8 � 10 M⇤ stars we estimate a star-formation
rate of 0.21 ± 0.07 M⇤ yr�1 for massive stars.

Taking the IMF of Kroupa et al. (1993) and neglecting the
brown-dwarf population (objects with M < 0.08 M⇤), 8.6% of
the total mass is in OB-type stars with masses between 10-
120 M⇤. Based on this we can extrapolate the above derived star-
formation rate to a Galactic star-formation rate of 0.21±0.07

0.086 =

2.44 ± 0.81 M⇤ yr�1. This estimate is based on the assump-

tion that all the star-forming ATLASGAL sources form massive
stars, which number is certainly contaminated with intermediate-
mass nearby objects, and is at the same time also incomplete for
the brightest sources saturated in both the MSX and WISE cat-
alogs. Nevertheless, it provides an independent and comparable
value for the global star-formation rate in our Galaxy derived by
other methods. Using the YSO population revealed by Spitzer,
Robitaille & Whitney (2010) suggest a value between 0.68 to
1.45 M⇤ yr�1, while Diehl et al. (2006) estimate 4 M⇤ yr�1 based
on radioactive 26Al measurements. Comparing these di�erent
tracers in a homogenous way Chomiuk & Povich (2011) arrive to
an estimate of 2 M⇤ yr�1. Our estimate is consistent with these
studies considering the large uncertainties in the exact number
of clumps forming massive stars, the protostellar life-time esti-
mates and the poorly constrained factor of multiplicity.

7.3. Formation time-scales

As discussed in Sect. 5.1, we expect our mid-IR characteriza-
tion to be more robust against chance alignments compared to
Contreras et al. (2013). Other studies, such as the BGPS, base the
mid-IR diagnostics of their sources on the GLIMPSE and MSX
point source catalogs. Dunham et al. (2011a) finds that 44% of
the BOLOCAM sources have a mid-IR counterpart, however
they consider a 50% chance alignment and arrive to a conserva-
tive estimate of 20% of the BGPS sources to have an embedded
mid-IR source.

Our analysis (Sect. 5.1, 5.2) is based on requiring a de-
tected source at 22 µm benefitting from a continuous sensitiv-
ity between WISE and MSX with a similar spatial resolution as
the ATLASGAL survey, and thereby restricting the number of
chance alignments with field stars and nearby Class II/III YSOs
which have no or only weak mid-IR emission. Nevertheless our
sample can su�er from a minor contamination by AGB stars and
other red sources that are not distinguishable from our sample
based on their colors. Our estimate to be more robust against
chance alignments is also supported by the color-color plots sug-
gesting that indeed most of our matches are deeply embedded
sources. As a consequence, our estimate of ⌅33% is better con-
strained than previous studies.

Taking the 650 M⇤ limit for dense clumps to form mas-
sive stars, this translates to a 5 Jy limit at a distance limit of
4.5 kpc. Assuming that all quiescent ATLASGAL sources above
this limit are prone to collapse and will form massive stars, we
estimate the time-scale for the pre-collapse phase for the most
massive clumps in the Galaxy. Adopting the estimate for a pro-
tostellar life-time of 3±1⇥105 yr (see also Sect. 7.2) and consid-
ering the fact that only ⌅25% of the sources are quiescent, this
phase can not last longer than 7.5±2.5 ⇥ 104 yr. This estimate is
consistent with other studies (e.g. Motte et al. 2007; Russeil et al.
2010; Motte et al. 2010; Tackenberg et al. 2012) and is one order
of magnitude lower than that of low-mass cores (e.g. Enoch et al.
2007; Hatchell & Fuller 2008), suggesting that massive cores,
(precursors of high-mass stars) form in a fast, dynamic process.

In the dynamic scenario the formation time-scale is dictated
by the crossing-time. Considering the above derived 7.5±2.5 ⇥
104 yr as the crossing time for the pre-stellar and Class 0 like em-
bedded phase, and the average physical size of 0.4 pc, a velocity
dispersion of⌅ 5.4±1.7 km s�1 is required. This is in good agree-
ment with kinematic studies of high-mass star-forming sites,
where flows of dense gas have been observed at similar relative
velocities (e.g. Schneider et al. 2010; Csengeri et al. 2011a,b;
Nguyen-Lu’o’ng et al. 2013). This provides a coherent view of

17
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(e.g. Duarte-Cabral+ 2013)
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    Csengeri+ (2014) !



•Dense structures: !
• filaments, ridges!

•Dynamic processes at the origin of high density filamentary structures: !
• flows of dense gas and low-velocity shocks observed at high mass protostars

Schneider, Csengeri+ 2010, Csengeri+ 2011a, Csengeri+ 2011b  

Cygnus-X: nearby massive molecular cloud (1.4 kpc)

PdBI 3mm 
continuum

PdBI !
CH3CN: warm gas!
N2H+: cold gas

Spitzer Herschel molecular line emission10 pc 0.1 pc

Dynamic scenario for massive star formation in the DR21 filament

N2H+: cold gas

N(H2)

Flows of dense gas and low-velocity shocks at the origin of high-mass protostars

Max Planck Institute for RadioastronomyDr. Timea CsengeriThe first Galaxy scale hunt for high-mass protostars



Global indication for a fast star formation process

Global statistics of massive clumps suggest short formation time-scale and supersonic motions

vrel =
D

⌧dark
=

0.3 pc

7.5⇥ 104yr
' 3� 4 km s�1• supersonic motions required:

Statistics of massive clumps!
•Extraction of compact sources:!

• > 10 000 sources identified in !
420 sq. deg!

• MSX & WISE: on average 33% !
host star formation (     )!

• Massive clumps: !
75% host star formation

⌧dark ⇠ (1� f?)⇥ ⌧bright

⌧dark = 7.5⇥ 104 yr

⌧bright = 3⇥ 105 yr

T. Csengeri et al.: The ATLASGAL survey: a catalog of dust condensations in the Galactic plane
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Fig. 18. Ratio of star-forming versus all ATLASGAL sources as a func-
tion of peak flux. The 75% is indicated by a dashed line. This fraction is
fulfilled above 5 Jy beam averaged flux density. Dotted line shows the
7� completeness level of the catalog.

Investigating the appearance of these sources, we find a mean
aspect ratio of 1.38 with a standard error of 0.005 for star-
forming ATLASGAL sources, while all sources have a mean
of 1.49. A KS-test further rejects the null hypothesis that they
are drawn from the same distribution with a significance level of
< 0.0001. This shows that sources hosting embedded protostars
exhibit a rather spherical, less elongated morphology.

7.2. The Galactic star-formation rate

Adopting the color estimates of Wood & Churchwell (1989),
similarly to Motte et al. (2007) and Russeil et al. (2010), we ex-
trapolate a flux density of ⌅30 Jy at 21 µm at a distance of 1 kpc
for a B3 type star with 103 L⇤ (see also Sect. 5.3) which corre-
sponds to ⌅75 mJy at the far side of the Galaxy at 20 kpc. This
is above the WISE sensitivity limit, therefore we are sensitive to
all B3 and earlier type massive stars in the Galaxy.

Based on the assumption that with WISE and MSX we cover
all high-mass star-forming sites within 20 kpc, we derive a crude
estimate here for the current rate of star-formation for these
deeply embedded objects.

The time-scale for the protostellar evolutionary stage for
high-mass stars is debated. If the accretion rate is constant and is
at the order of the observed ⌅ 10�4 M⇤ yr�1(Klaassen & Wilson
2007), at least 105 years or longer are needed to build up a 10 M⇤
star. On the other hand, there are a few studies suggesting that
the time-scale for high-mass protostars can be shorter (e.g.Motte
et al. 2007), or similarly long (Duarte-Cabral et al. 2013) as for
low-mass proto-stars, where a life-time at the order of ⌅ 105 yr
has been derived (Evans et al. 2009). Theoretical models predict
a star-formation time-scale at the order of 105 yr (e.g. McKee &
Tan 2003; O�ner & McKee 2011). We adopt therefore the so far
best observationally derived value of ⌅ 3±1⇥105 yr by Duarte-
Cabral et al. (2013) for the highly embedded stage and account
for a multiplicity of ⌅ 2, which has been seen towards MDCs in
Cygnus-X at high angular-resolution (Bontemps et al. 2010). We
estimate a dN/dt = 2⇥3483

3±1⇥105 yr = 0.023 ± 0.007 stars yr�1 for the
current formation rate for high-mass stars. Assuming that they
form on average 8 � 10 M⇤ stars we estimate a star-formation
rate of 0.21 ± 0.07 M⇤ yr�1 for massive stars.

Taking the IMF of Kroupa et al. (1993) and neglecting the
brown-dwarf population (objects with M < 0.08 M⇤), 8.6% of
the total mass is in OB-type stars with masses between 10-
120 M⇤. Based on this we can extrapolate the above derived star-
formation rate to a Galactic star-formation rate of 0.21±0.07

0.086 =

2.44 ± 0.81 M⇤ yr�1. This estimate is based on the assump-

tion that all the star-forming ATLASGAL sources form massive
stars, which number is certainly contaminated with intermediate-
mass nearby objects, and is at the same time also incomplete for
the brightest sources saturated in both the MSX and WISE cat-
alogs. Nevertheless, it provides an independent and comparable
value for the global star-formation rate in our Galaxy derived by
other methods. Using the YSO population revealed by Spitzer,
Robitaille & Whitney (2010) suggest a value between 0.68 to
1.45 M⇤ yr�1, while Diehl et al. (2006) estimate 4 M⇤ yr�1 based
on radioactive 26Al measurements. Comparing these di�erent
tracers in a homogenous way Chomiuk & Povich (2011) arrive to
an estimate of 2 M⇤ yr�1. Our estimate is consistent with these
studies considering the large uncertainties in the exact number
of clumps forming massive stars, the protostellar life-time esti-
mates and the poorly constrained factor of multiplicity.

7.3. Formation time-scales

As discussed in Sect. 5.1, we expect our mid-IR characteriza-
tion to be more robust against chance alignments compared to
Contreras et al. (2013). Other studies, such as the BGPS, base the
mid-IR diagnostics of their sources on the GLIMPSE and MSX
point source catalogs. Dunham et al. (2011a) finds that 44% of
the BOLOCAM sources have a mid-IR counterpart, however
they consider a 50% chance alignment and arrive to a conserva-
tive estimate of 20% of the BGPS sources to have an embedded
mid-IR source.

Our analysis (Sect. 5.1, 5.2) is based on requiring a de-
tected source at 22 µm benefitting from a continuous sensitiv-
ity between WISE and MSX with a similar spatial resolution as
the ATLASGAL survey, and thereby restricting the number of
chance alignments with field stars and nearby Class II/III YSOs
which have no or only weak mid-IR emission. Nevertheless our
sample can su�er from a minor contamination by AGB stars and
other red sources that are not distinguishable from our sample
based on their colors. Our estimate to be more robust against
chance alignments is also supported by the color-color plots sug-
gesting that indeed most of our matches are deeply embedded
sources. As a consequence, our estimate of ⌅33% is better con-
strained than previous studies.

Taking the 650 M⇤ limit for dense clumps to form mas-
sive stars, this translates to a 5 Jy limit at a distance limit of
4.5 kpc. Assuming that all quiescent ATLASGAL sources above
this limit are prone to collapse and will form massive stars, we
estimate the time-scale for the pre-collapse phase for the most
massive clumps in the Galaxy. Adopting the estimate for a pro-
tostellar life-time of 3±1⇥105 yr (see also Sect. 7.2) and consid-
ering the fact that only ⌅25% of the sources are quiescent, this
phase can not last longer than 7.5±2.5 ⇥ 104 yr. This estimate is
consistent with other studies (e.g. Motte et al. 2007; Russeil et al.
2010; Motte et al. 2010; Tackenberg et al. 2012) and is one order
of magnitude lower than that of low-mass cores (e.g. Enoch et al.
2007; Hatchell & Fuller 2008), suggesting that massive cores,
(precursors of high-mass stars) form in a fast, dynamic process.

In the dynamic scenario the formation time-scale is dictated
by the crossing-time. Considering the above derived 7.5±2.5 ⇥
104 yr as the crossing time for the pre-stellar and Class 0 like em-
bedded phase, and the average physical size of 0.4 pc, a velocity
dispersion of⌅ 5.4±1.7 km s�1 is required. This is in good agree-
ment with kinematic studies of high-mass star-forming sites,
where flows of dense gas have been observed at similar relative
velocities (e.g. Schneider et al. 2010; Csengeri et al. 2011a,b;
Nguyen-Lu’o’ng et al. 2013). This provides a coherent view of
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IR-bright 
protostars

~B0

IR-quiet 
protostars

Initial stages of massive protoclusters:   !
     potentially host the most massive protostars currently in formation 
‣ only the high column density hints at the capability to form massive stars

Discovery of a sample of pristine massive clumps

A complete sample of IR-quiet 
massive clumps within 5 kpc!
!

➡maser parallax measurements from the 
BeSSeL survey (65% for the Ist 
quadrant) 

➡  ATLASGAL + MSX/WISE/Spitzer-MIPS 
➡  mid-IR flux limit corresponding to 

early-O type stars 
➡~45 sources: > 650 M☉ at < 5 kpc 

(Σ~1 g cm-2)

The youngest precursors of massive clusters identified
Max Planck Institute for RadioastronomyDr. Timea CsengeriThe first Galaxy scale hunt for high-mass protostars

Reid et al. (2014)

    Csengeri, Bontemps+ (in prep) !



0.3 pc

ATLASGAL clump

Discovery of a sample of pristine massive clumps

• Complete sample includes a few known examples: 

    G28, G14, SDC335

• selection complete for ~1/4th of the Galaxy

Complete statistics of the most massive and youngest clumps in the inner Galactic plane

Initial conditions for massive clumps

Where are the youngest precursors to the 
most massive stars?

ALMA follow-up: “The first Galactic scale hunt 
for the precursors of the most massive stars in 

the Milky Way”

Clustering and large distance prevents 
studies of individual sources! 
!
!
!
!
!
• IR-quiet stage: no hot-core, no ionising emission 
• Class 0 -like stage: 10-20 MSol,  
                                     ~2000-3000 AU

Max Planck Institute for RadioastronomyDr. Timea CsengeriThe first Galaxy scale hunt for high-mass protostars



0.3 pc

ATLASGAL clump

The first Galactic scale hunt for the precursors of the most massive stars in the Milky Way

Max Planck Institute for RadioastronomyDr. Timea CsengeriThe first Galaxy scale hunt for high-mass protostars

First systematic and comprehensive survey of massive nearby clumps

• 24h of ALMA time granted! (6h with the main 
array)!

• mass assembly process down to 2000-3000 AU 
scales!

• chemistry

ALMA + ACA + APEX  
(continuum and spectral line) 

from 0.6” (-> 2000 AU) to large scales 

‣ Fragmentation, Class 0 like protostars, outflows, 
kinematics, chemistry on all scales

Comprehensive view of the immediate vicinity of high-mass protostars

‣ 100-150 Class 0-like high-mass protostars!
‣ 10-20 true massive pre-stellar cores?



Limited fragmentation on 0.1 pc scales

Preliminary results!
‣ APEX short-spacings completed 

‣ ACA: 5” resolution for all sources 
completed (~20 000 AU) 

Figure 4: Example of the recently obtained (pipeline reduced) continuum images at 345 GHz with the ACA
(color scale). (Only the shown sources have been delivered so far.) Dashed gray line shows the 0 level in the
interferometric maps. Dark gray contours show the ATLASGAL data starting from 1 Jy/beam contours
and increase by 3 Jy/beam. The APEX beam at 345 GHz is indicated in the left corner of one panel, while
the ACA beam is also indicated in a gray ellipse.
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Extended source list (cont’d from cover page)

345 GHz continuum (ACA) 
contours: ATLASGAL (APEX) 

 ~ 20000 AU

MDCs in Cygnus-X @ ~ 5000 AU 
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‣ centrally concentrated emission

‣ limited fragmentation, compact sources

‣ (ALMA main array: 0.6” ! ~ 600-3000 AU)



Limited fragmentation on 0.1 pc scales

Preliminary results
‣ ~ 50% of the targets 
‣ shown here is only 
continuum

Max Planck Institute for RadioastronomyDr. Timea CsengeriThe first Galaxy scale hunt for high-mass protostars



Precursors of the most massive protostars and clusters

• Previously known most massive object: SDC335

Strong indication for a correlation between the clump mass and the most massive star 
forming in a cluster

• On the 0.1 pc scale: 

strong correlation between the

clump mass and fragment mass

Preliminary results

Peretto et al. (2013)

• Several candidates with > 1000 MSun

Max Planck Institute for RadioastronomyDr. Timea CsengeriThe first Galaxy scale hunt for high-mass protostars



Chemistry of high-mass protostars

‣ ACA: 5” resolution (ALMA main array: 0.6” ! ~ 600-3000 AU) 
➡  chemical richness 
➡  more species detected than with APEX:  

➡  high-density tracers: H13CN (4-3), HN13C (4-3), H13CO+ (4-3) 
➡  shock tracers: SiO (8-7), SO 

Preliminary results

8 GHz instantaneous bandwidth with ALMA

outflows

outflows

en
ve

lope

en
ve

lope
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‣ 10-15% of the sample is dominated by hot-core like emission
‣ Outflow tracers mostly detected: Class 0-like high-mass protostars



Summary 
ATLASGAL selected sample of young proto-clusters : !

• ATLASGAL provides a complete sample of the youngest massive 
clumps in the inner Galactic Plane !

• short formation time-scales implies supersonic motions!
• Galaxy-wide unbiased surveys are needed!
• ALMA Cycle 2 survey of the precursors of the highest mass 

protostars (M>20MSun) and richest clusters currently forming in our 
Galaxy 

Most comprehensive study to date on the youngest high-mass protostars
Max Planck Institute for RadioastronomyDr. Timea CsengeriThe first Galaxy scale hunt for high-mass protostars

• Preliminary results :   
• confirms the existence of Class 0-like high-

mass protostars in the largest sample observed 
so far!

• limited fragmentation on 0.1 pc scales!
• suggests strong self-gravity!
• outflows detected in most cases (Class 0 like 

protostars)!
• few hot-core like objects revealed




