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Background: outflows
• Star fromation: collapse+accretion+outflows.
• Outflows

• Injecting energy from few AU to several pc (Arce+2007).
• the earliest observable signatures (e.g.,Arce+2007).
• First detection in 1976 (Zuckerman+1967), non-Gaussian molecular lines
• High-velocity wings and spatially separated lobes at blue and red velocity shifted

Snell+ 1980
Bachiller+1990

Snell+ 1980
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• Therefore, outflow is a useful tool to understand star formation for all masses
• High-mass star: high extinction + large distance + short timescale
• How do massive star form?
• Two competitive models:
• Core Accretion? (e.g., MeKee+2003) Or Competition accretion? (e.g., Bonnell +2001)
• Massive collimated outflows  VS less collimated outflows

• Outflows
• Theoretical models: highly ordered outflows of massive starless core candidate
• Observations: outflows is observed from IRDC(Feng+2016) to UCHII(Codella+2004)
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Background:outflows
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!Observations: Outflows have been observed in high-mass protostars

IRDC (Feng+ 2016) Hot core (Cyganowski+ 2010)

c"v

UCHII region (Frau+ 2014)

IRDC Hot cores
Hyper/ultra-
compact HII

regions

compact/classic
HII regions

• Possible evolutionary sequences suggested by Zinnecker & Yorke 2007

Background: outflows
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Background: outflows

A significant samples of sources in different evolutionary stages are needed!
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Background: Outflows statistics

• CHIMPS: CO survey trace high density gas associated with star formation

Names Survey Area Band Sensitivity(1!) Resolution telescope Ref.

CHIMPS 28<l<46, |b|<0.5 13CO+C18O 0.6K 15’’ JCMT Rigby+ 2016

ATLSGAL 180<l<60, |b|<2 870"# 50mJy 19’’ APEX Schuller+ 2009

• ATLASGAL: unbiased survey of massive star-forming clumps in a variety of 
stages in the Galactic plane.

From ATLASGAL Survey Web

From CHIMPS Survey Web

815.09.21 Aiyuan Yang@MPIfR Yang et al. 2018
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• 24%)#� ���
 /%;))!LL%� ���
� �D;KK%"P LA! !1GDML%G);-P K!IM!)�!K "G- �DMEHK
• 8-IMA;-L� �����  !L!-E%)! LA! HAPK%�;D H-GH!-L%!K "G- +73+�/+3 �DMEHK

D, MSF stage/Compact HII region: bright mid-
infrared emission, with maser/radio emission 

C, YSO-forming: strong and compact in 8 "#
and 24 "#

B, Protostellar stage: 24 "# weak

A, Starless/pre-stellar stage: 70 "# weak

915.09.21 Aiyuan Yang@MPIfR
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Background: Outflows statistics
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• 325 clumps"225 with outflows" 153 can be used to determine outflow properties.

• Determination of outflowproperties

1015.09.21 Aiyuan Yang@MPIfR

Background: Outflows properties
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• Outflows activity evolves with time–its properties at different stages
3. Outflow properties as a function of the physical properties of clumps

Mout ∝ Clump

%̇out ∝ ,DMEH

1115.09.21 Aiyuan Yang@MPIfR

Background: Outflows properties

Yang et al. 2018
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• Outflows activity evolves with time–its properties at different stages
3. Outflow properties as a function of the physical properties of clumps

FCO ∝ Clump

LCO ∝ ,DMEH

1215.09.21 Aiyuan Yang@MPIfR

Yang et al. 2018

Background: Outflows properties
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!Low-mass VS high-mass 

Yang et al. 2018

A statistically significant samples of clumps in the early evolutionary stages are needed!

Low-mass

High-mass

Background: Outflows properties
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Two Surveys
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Names Survey Area Band Sensitivity(1') Resolution telescope Ref.

SEDIGISM -60<l<18°, |b|<0.5° 13CO+C18O 0.8K 28’’ APEX Schuller+ 2017

ATLASGAL |ℓ| < 60°, |b| < 1.5° 870"# 50mJy 19’’ APEX Schuller+ 2009

Excluding GC: 68 square degree! 

Overlap sky region: -60<l<18;|b|<0.5
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Two Surveys
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Names Survey Area Band Sensitivity(1') Resolution telescope Ref.

SEDIGISM -60<l<18°, |b|<0.5° 13CO+C18O 0.8K 28’’ APEX Schuller+ 2017

ATLASGAL |ℓ| < 60°, |b| < 1.5° 870"# 50mJy 19’’ APEX Schuller+ 2009

Excluding GC: 68 square degree! 

Overlap sky region: -60<l<18;|b|<0.5

ATLASGL clumps:
8200

In  SEDIGISM:
5704

Exclude NaNs:
4120
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ATLASGL clumps:
8200

In  SEDIGISM:
5704

Clump

Spectra extraction:
• Centered on the peak coordinates of clumps
• Spectra averaged over the source size 

From"Salzer+"2000

Surveys Freq./Beam Rms(1!) Sky coverage
ATLASGAL 345GHz@19″ ~~50mJy -60<l<60;|b|<2

SEDIGISM 219GHz@28″ ~0.8K@0.25km/s -60<l<18;|b|<0.5

Exclude NaNs:
4120
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ATLASGL clumps:
8200

In  SEDIGISM:
4951

Exclude NaNs:
4120

Bad"C18O:
1969

Good C18O:
2151

5"points">"3"sigma

5"points"<"3"sigma

complex region:
99

outflow"identification:
2052

1, No C18O & No 13CO�147 2, No/weak C18O & Weak 13CO�1969

3, complex C18O &/ 13CO�99

4, used C18O & 13CO�2057

C18O

C18O

C18O
C18O

C18O

C18O

13CO

13CO13CO

13CO13CO

13CO
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The selected sample VS the total sample
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The selected sample VS the total sample
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The selected clumps are closer and brighter than the total clumps.
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• Outflows identification: 13CO: high-velocity wings; C18O: core emission
1, 13CO emission 2, C18O emission 3, scaled C18O emission

4, Gaussion fitting to scaled C18O 5, (13CO) – (fitted-scaled C18O) 6, Outflow high-velocity wings

Grey solid line Grey dashed line Red dash-dotted line

Blue dotted line
Black solid line Red cross symbol

3'

2115.09.21 Aiyuan Yang@MPIfR
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• Outflows identification: opacity broadening

Hacar et al. 2016, A&A, 591 A140

The line opacity follows a Gaussian distribution as:

15.09.21 Aiyuan Yang@MPIfR 22
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• Outflows identification: opacity broadening

# FWHM(observed)/FWHM(intrinsic)

# ()*+ =
-./01
-0.23

=7.3;8

#
90.21
9./01

= :;<=>;
# :<?;> = ()*+:;<=>;
# 13CO optical thick & C18O optical thin;

Ref: JimenezGDonaire+"2017, Goldsmith+1984 

Hacar et al. 2016, A&A, 591 A140

The line opacity follows a Gaussian distribution as:

15.09.21 Aiyuan Yang@MPIfR 23
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• Outflows identification: after considering the opacity broadening

Not consider the opacity broadening Consider the opacity broadening

15.09.21 Aiyuan Yang@MPIfR 24
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ATLASGL clumps:
8200

In  SEDIGISM:
4951

Exclude NaNs:
4120

Bad"C18O:
1969

Good C18O:
2151

5"points">"3"sigma

5"points"<"3"sigma

complex region:
99

outflow"identification:
2052

Sing wings:
256+230

Bipolar wings:
706

No wings:
860

Outflow occurancy: 1192/2052 = 58%
Bipolar outflow: 706/2052  =  34%

Yang+ 2018
Outflow occurancy: 325/335 = 69%
Bipolar outflow: 225/325  =  66%
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Velocity ranges of the outflow wings
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Blue/Red velocity range
∆A#BC(r/b)
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Velocity ranges of the outflow wings
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Blue/Red velocity range
∆A#BC(r/b)

Blue/red velocity range
∆AD/F
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Velocity ranges of outflow wings
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Outflow clumps VS non-outflow clumps
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The detection rates are more or less similar for clumps with d < 1,kpc and sharply decrease when d > 14 kpc, 
however, only <1 % of the sources with d> 14 kpc in the sample. 
The distances bias for the outflow identification wouldn't be significant and the systematical analysis of the detection 
rate is valid. 

Outflow detection rate statistics
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Outflow detection rate statistics
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Outflow detection rate statistics
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Outflow detection rate statistics
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detectability
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non-outflow sources, 
or have wings that cannot be detected 

non-outflow sources, 
or have weak wings that are below the detection level

The non-outflow sources shows a lower peak value than the outflow sources, indicating that part 
of the sources without wings (and hence classified as non-outflow sources) could just have wings 
that fall below the noise level. 
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detectability
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Are the increase in detection rate significant? 
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Furture aspects
1, Follow-up SiO line survey toward the outflow clumps

3815.09.21 Aiyuan Yang@MPIfR

The outflow identification process can be affected by: 
1, confusion (the observed sources lie along the Galactic plane where most of the molecular material resides) 
2, spectral noise (in the case of weak sources);
3, outflow geometry;
4, the beam filling factor of CO line emission;
5, the opacity variations in the CO line wings;  

"it is possible to miss outflows or mis-identification

Unlike CO, SiO emission suffer much less from confusion with ambient material, 
and would be a better traces of outflows.  
The observation of SiO toward the sample allows us to obtain a more rigorous 
sample of outflow clumps. 
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Future prospects
2, Outflow mapping at higher resolution:

3915.09.21 Aiyuan Yang@MPIfR

Red: 8.0 "#; Green: 4.5"# Blue: 3.6"#
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Future prospects
Outflow mapping at higher resolution:
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Extremely high-velocity outflow source? Explosive Outflow?
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Future prospects

Zapata+ 2019,2020
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Keplerian disc candidates around O-type high-mass stars?

15.09.21 Aiyuan Yang@MPIfR 42

Future prospects

Goddi+2019
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Summary
• Outflow is a common activity in the massive star formation process
• 1192 clumps out of the 2052 show outflows~ 58%, 34% for bipolar wings; 

24% for unipolar wings
• higher values for HCHII(100%), UCHII(93%), Masers(84%).

• Outflow switches on the younest stages of clump i.e. 70 "m dark;
• Obtain a sample of sources in the 70 "m dark and 24 dark phases;
• Outflow detection rate increases as clumps evolve, the increasing of L; 
• From Prestellar(51%), Protostellar (47%), YSO-forming(58%), MSF(70%)

• However, the increase in detection rate are more likely to be due to an increase in 
detectability rather than a lower fraction of outflow frequency. 
• This is the largest outflow sample so far, providing interesting targets: (1) 70 "m 

dark outflow clumps, and (2) extremely high-velocity outflow clumps

4315.09.21 Aiyuan Yang@MPIfR
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