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Kinematics at different scales on  
ATLASGAL TOP-100 sample



• The sample 

• Observation of the warm gas envelope + results 

• The case of low-mass star formation 

• Association with bipolar outflows 
• Association with larger scale environment (SEDIGISM data)

  Outline



  The ATLASGAL survey and TOP100 sample

- TOP100 sample: 111 brightest sources from different stages  
- Distance: 1-13 kpc 
- Four evolutionary stages: 

+ Starless/pre-stellar 
+ Protostellar 
+ High-mass protostellar 
+ HII regions

Schuller et al. (2009) 

König et al. (2017) 
A&A 599, A139 (2017)

– Protostellar stage (33 sources): compact point sources are
clearly seen in the 70 µm Hi-GAL image and so protostel-
lar objects are present (Fig. 2, second panel). The embed-
ded 70 µm sources are either not associated with any mid-
infrared counterparts within 1000 of the peak emission or the
associated compact emission is below our threshold of 2.6 Jy,
which indicates that the star formation is at an early stage and
that the clumps are likely to be dominated by cold gas. We
call this class “mid-IR weak” throughout the paper.

– High-mass protostellar stage (36 sources): this phase is char-
acterized by strong compact mid-infrared emission seen in 8
and 24 micron images and is one of the most active stages of
massive-star formation (Fig. 2, third panel). These clumps
are likely undergoing collapse in the absence of a strong
magnetic field (Urquhart et al. 2014c, 2015), show signs of
infall (Wyrowski et al. 2016) and are likely to be driving
strong outflows (Navarete et al., in prep.). Due to the in-
fall, outflows, and already active young stellar objects, these
sources are also likely to be significantly hotter than the
sources in the quiescent phase, giving rise to the bright emis-
sion at mid-IR wavelengths (called “mid-IR bright” from
here on).

– Compact H ii region phase (25 sources): in the latest evo-
lutionary phase of massive-star formation we define here,
the sources have just begun to disperse their natal envelope
and are ionizing their local environment, creating compact
Hii regions (Fig. 2, bottom panel). These sources are asso-
ciated with bright mid-infrared emission and compact radio
continuum emission arising from the ionization of their envi-
ronment, making them easily distinguishable from the earlier
evolutionary phases. We refer to this class as “Hii regions”
from here on.

2.2. Distances

We have determined distances for 109 of the 110 sources of the
sample. These distances have been drawn from the literature and
supplemented with our own kinematic distances (Wienen et al.
2015). The distances given in Table 1 are based on those given
by Giannetti et al. (2014) but incorporate the results of the lat-
est maser parallax measurements reported by Reid et al. (2014);
this has resulted in the distances for six sources changing by
⇠2 kpc. For a small number of sources the distances adopted by
Giannetti et al. (2014) disagreed with distances reported in the
literature. Given that the distances extracted from the literature
are kinematic in nature and have been determined using the same
H i data and comparable radial velocity measurements these vari-
ations likely result from slight di↵erences in the method applied
and the sensitivity and transition of the line surveys used in dif-
ferent studies.

There are eight sources where the literature distance and
distance adopted by Giannetti et al. (2014) disagree by more
than a few kpc. For one source (AGAL330.954�00.1821)
higher resolution H i data have become available from tar-
geted follow-up observations made toward UC H ii regions
(Urquhart et al. 2012) and we have adopted the distance ob-
tained from the analysis of this data, which utilizes the pres-
ence or non-presence of Hi self absorption as a distance indi-
cator. We have examined the mid-infrared images for the other
seven sources and find three to be coincident with localized
areas of extinction, which would suggest that a near distance
1 We use source names from Contreras et al. (2013).
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Fig. 3. Galactic distribution of the ATLASGAL Top100 sample. The
positions of the H ii regions, mid-infrared bright, mid-infrared weak and
70 µm weak sources are indicated by the blue, green, red, and yellow
filled circles, respectively. The orange shaded area indicates the region
of the Galactic plane covered by the ATLASGAL survey to a distance
of 20 kpc, within which the survey is complete for compact clumps
with masses >1000 M�. The background image is a schematic of the
Galactic disc as viewed from the Northern Galactic Pole (courtesy of
NASA/JPL-Caltech/R. Hurt (SSC/Caltech)). The Sun is located at the
apex of the wedge and is indicated by the � symbol. The smaller of
the two cyan dot-dashed circles represents the locus of tangent points,
while the larger circle traces the solar circle. The spiral arms are labeled
in white and Galactic quadrants are given by the roman numerals in
the corners of the image. The magenta line shows the innermost region
toward the Galactic center where distances are not reliable.

is more likely (AGAL008.684�00.367, AGAL008.706�00.414,
and AGAL353.066+00.452). Examination of the H i data to-
wards AGAL316.641�00.087 reveals absorption at the source
velocity and so we place this source at the near distance. The
lack of an absorption feature in the H i data or evidence of extinc-
tion would suggest that the three remaining sources are located
at the far distance and indeed for three sources this is likely to be
the case (AGAL337.704�00.054, AGAL337.176�00.032, and
AGAL337.258�00.101; Giannetti et al. 2015). For one source
(AGAL008.831�00.027) we did not obtain a distance, as its ra-
dial velocity is close to zero (VLSR = 0.53 km s�1), hence render-
ing a kinematic distance unreliable.

In Fig. 3 we present the distribution of the Top100 on
a schematic diagram of the Milky Way that includes many
of the key elements of Galactic structure, such as the loca-
tion of the spiral arms and the Galactic long and short bars
(Churchwell et al. 2009).

In Fig. 4 we show the distance distribution of the
Top100 sources, which features two distinct peaks at ⇠2 kpc and
⇠4 kpc. These peaks correlate with the near parts of the Sagittar-
ius and Scutum-Centaurus arms, respectively, as seen in Fig. 3.
We note that we only show the histogram for the full sample, as
the sources in all four phases have a similar distance distribution.
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 Inner envelope: observations + results
• Our target: inner warm envelopes of  

=> trace star-forming activities and stellar feedbacks 

• Using Champ+ MPIfR PI receiver at APEX telescope: 
=> We observed 13CO J=6-5 + C18O J=6-5  
=> Navarate et al. 2019 observed CO J=6-5 to study outflow 
properties

Linear map size: 0.7 - 4 pc
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• Moment maps: 
M0 M1

For kinematics study

 Inner envelope: observations + results



- Unresolved (24 sources): detected area < 4 beams

- Single core (51 sources) => further analysis 
=> only HII, IRb, and IRw

- Multiple cores (8 sources)

    Intensity maps



• 51 sources: mostly HII regions and IRb sources 
• Visual inspection of M1 maps => multiple different behaviours: 

Gradient across peak Localised velocity field Hour-glass shape Quite plane

=> The warm gas traced by 13CO(6-5) moves differently from source to source

Outflow-like

    Velocity maps



What is regulating the envelope kinematics?

• Looking at the envelope in low-mass star-formation (LMSF) scenario

- Envelope is on a small scale < 0.1 pc 
- Envelope of class 0 protostar show a combination of both infall and rotation  

(Tobin et al. 2011)

Tobin et al. 2012

• The envelopes in our sample is on scale 4 to 0.2 pc (effective size)

• Study of disk in high-mass star-formation (HMSF) found rotating disk/toroid as large as  
22,000 AU (~ 0.1 pc) (Beltran et al. 2011) 

=> Do inner envelopes in HMSF regions exhibit infall and rotation like the envelope of LMSF?



Association with outflows
• Fit MVG function (Goodman1993) on M1 maps and select 43 sources with gradient larger than 3-sigma  
• Compute the difference between MVG and outflow (taken from Felipe) direction at 18 sources:

• Angular offset > 45 degree: 8 sources 
• Angular offset < 45 degree: 10 sources 
=> Binomial distribution test: p-value = 0.81 
=> in general, the envelope is not rotating about the  
outflow axis. It’s not necessary that it is not rotating at all 

If the envelope is indeed rotating, our results could imply that the 
rotating axes change from envelope scale to disk scale



• Fit MVG function (Goodman1993) on M1 maps and select 43 sources with gradient larger than 3-sigma  
• Compute the difference between MVG and outflow (taken from Felipe) direction at 18 sources:

- MVG magnitude is in range: 0.4 to 8 km/s/pc except for  
one source whose magnitude is 20 km/s/pc 
=> mean = 3.2 km/s/pc 

- Tobin et al. 11 finds average MVG of class 0  
protostar’s envelope at 2.3 km/s/pc 
=> close to our result

Association with outflows



• Fit MVG function (Goodman1993) on M1 maps and select 43 sources with gradient larger than 3-sigma  
• Compute the difference between MVG and outflow (taken from Felipe) direction at 18 sources:

A special case where the red and blue shifted gas follow 
almost perfectly the outflow’ red and blue lobe 
=> evidence that outflow entrain the envelope, a good 
candidate to study outflow-envelope interaction

Association with outflows



Connection with larger scale kinematics?
from lower density gas traced by 13CO(2-1) emission (SEDIGISM)
- 25 sources are in both our sample and SEDIGISM 
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Connection with larger scale kinematics?
from lower density gas traced by 13CO(2-1) emission (SEDIGISM)

- 25 sources are in both our sample and SEDIGISM 
- Fit MVG function for 13CO(2-1) velocity maps 
=> compare the MVG fit results from both tracers

=> warm gas in the inner envelope inherits the velocity gradient 
from the parental clump 
- It is not straightforward to compare the gradient magnitude  
due to different beam size



Summary
• The envelope is either not rotating, or rotating about a different axis 

than bipolar outflow 
• The warm gas in the inner envelope show similar velocity trends  

with the cooler gas on the clump scale 
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Thank you for your attention


