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Part I:

• Introduction to high-mass star formation

• Key questions to current theories

Part II:

• Using interferometers to achieve high-resolution
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• Galaxy is made of “stars” and “interstellar” medium

• Star formation provides initial conditions for planet 
formation and life origin

• Mass is the most important parameter for a star; it 
determines color, luminosity, and lifetime

• Death of high-mass stars: supernovae, stellar-mass 
black holes, gravitational wave sources
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Why study star formation?
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Star cluster M51 observed by HST
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The initial mass function IMF
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Formation of solar type stars (Shu 1987)

Cartoon by Frieswijk (2008), based on Dishoeck & Blake (1998) 



Credit: Cormac Purcell

电离氢区热核冷核分子云纤维

外向流、脉泽、有机分子、射电连续谱、红外点源亚毫米波连续谱、分子谱线
(结构、分裂、塌缩、温度、密度、湍动、磁场)

Keywords: fragmentation, disk, CMF, magnetic fields, turbulence
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Formation of high-mass stars (>8 Msun)
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Giant Molecular

Cloud

>10 pc

n(H2) ~ 102 cm-3

M ~ 105 M☉

pc-scale clump

n(H2) ~ 104-5 cm-3

103 – 104 M☉

T~10-15K 

102-103 stars with a range of 

stellar masses

Centrally peaked
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Preclucter forming

Clump, IRDC

Young stellar cluster
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Reviews: Krumholz et al. 2014; Motte et al. 2017
Slide modified from Q. Zhang

Massive star/cluster formation



Where to look?
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“holes in the heavens”  Herschel 1785

William Herschel (1738-1822)



Barnard 68
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Image Credit: NASA, ESA, Hubble Heritage (STScI / AURA) / 
Hubble-Europe Collaboration 

http://www.nasa.gov/
http://www.spacetelescope.org/
http://heritage.stsci.edu/
http://www.stsci.edu/
http://www.aura-astronomy.org/
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Kwon et al. 2011 ALMA Partnership et al. 2015
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Star formation regions

Image Credit: ESA

http://www.spacetelescope.org/


IR-dark cloud
1998

Optical dark cloud
1907

Bergin et al. 2007 ARA&A
王科 Ke Wang (KIAA-PKU)

17

High-mass SF at high-resolution

submmIR



IR-dark clouds: shadows in infrared sky

Image credit: GLIMPSE/MIPSGAL

IRDCs

3.6/8/24μm
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Visible

NIR

GLIMPSE mid-IR

ATLASGAL+Planck 870μm, Csengeri et al. 2014, 2016

Credit: ESO/ATLASGAL consortium/NASA/GLIMPSE consortium/VVV Survey/ESA/Planck/D. Minniti/S. Guisard
inner 20°of Galactic plane
See also Herschel Hi-GAL at 70, 160, 250, 350, 500μm   CSO/BGPS at 1.1mm

Near

Far
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Herschel Hi-GAL DR1, Molinari et al. 2016

Galactic plane surveys in continuum & lines ready for source selection
+ ALMA’s full capability:

now is the best time to have an in-depth investigation on MSF 



ATLASGAL

Yuan et al. 2017:
First Galaxy-wide high-mass starless clump (HMSC) catalog
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463 142

Cut on L/M ratio

Starless
CH3OH maser

HII region
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Competitive Accretion

Debating theoretical models

Turbulent Core
(a.k.a Monolithic Collapse)

Stellar heating (~100K) increase MJ; start with massive cold core (102 M☉)

Minitial = MJeans = 0.5 M☉

Bonnell et al. 1997, 2001, 2004

McKee & Tan 2002
Krumholz et al. 2005, 2007
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Competitive Accretion Turbulent Core

Initial core ~1 M☉ seeds ~100 M☉ monolithic

Virial status Sub-virial Equilibrium

Final stellar mass 
determined by

Accretion history Pre-assembled core
mass

Clump density
profile

Flat Centrally peaked

Disk Yes Yes

Clump global 
collapse

Yes No?

Magnetic fields Not included Needed to increase MJ

Low-mass stars Form with high-mass 
stars

Form before high-mass 
stars

Filamentary cloud Not considered Not considered
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• Do massive starless cores exist ?

• How do CMF evolve to IMF ?

• Is supersonic turbulence really necessary to form high-mass stars?

• How do filaments influence star formation ?

Key questions
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A decade of hunting for high-mass starless/prestellar cores
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Motte et al. 2018, ARA&A review

>100 M☉ within 0.1 pc

>30 M☉ within 0.02 pc

Wang et al. 2014Bontemps et al. 2010

“Snake” Nebula



• Do massive starless cores exist ?

• How do CMF evolve to IMF ?

• Is supersonic turbulence really necessary to form high-mass stars?

• How do filaments influence star formation ?

Key questions
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CMF→IMF one to one mapping!

Andres et al. 2013



IRAM 1.2mm SMA 1.3mm SMA 0.87mm

~1000 M☉ 22-64 M☉ 1-17 M☉

0.5-16 M☉

Wang et al. 2011, Zhang et al. 2009, 2015

Top-heavy CMF in IRDC G28.34 the "Dragon” 
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Lack of distributed low-mass protostars

Gutermuth et al. 2009
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Low-mass cluster NGC 1333 in Perseus
D=235pc

Kirk et al. 2006
SCUBA 870 μm

ALMA simulated observations at 1.3mm

NGC 1333 Class 0 protostars
detected at distance 
of G28.34
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Simulated ALMA observations 
using G28 and NGC1333

A low-mass cluster such as NGC1333 can 
be reliably detected if present

Low-mass protostars form after 
massive ones in a cluster
➔ against SF models requiring feedback 
from low-mass stars

Lack of distributed low-mass protostars



Motte et al. 2018, Ohashi et al. 2018
Top-heavy CMF, unlike IMF
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• Do massive starless cores exist ?

• How do CMF evolve to IMF ?

• Is supersonic turbulence really necessary to form high-mass stars?

• How do filaments influence star formation ?

Key questions
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Andre et al. 2010, Aquila
Cores on filaments

Hacar et al. 2013, Taurus
“Bundles of fibers” (thermal filaments)

Low-mass SF, low turbulence.
High-mass SF, high turbulence?
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Meingast et al 2016

Hacar et al submitted, OMC2
High-mass stars form in intersection of fibers

Yue et al. submitted, OMC3
importance of linear resolution



Student work: 
IRDC G35.39
Fitting on VLA+GBT NH3 data
Importance of spectral resolution
Old VLA spectrometer gives 0.6 km/s!
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• Do massive starless cores exist ?

• How do CMF evolve to IMF ?

• Is supersonic turbulence really necessary to form high-mass stars?

• How do filaments influence star formation ?

Key questions
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Wang et al. 2015, MNRAS.450.4043

ESA feature article

Largest, coldest, densest 
filaments in our Galaxy
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● 1% of ISM confined in >10 pc filaments
● ⅓ of them running at arm centers = “Bones”
● Favorable location of SF:

● Clumps 5-10 times denser
● cf. Mcl / MJ = 4.6

Census of large filaments in Galactic plane finds:

Cylinder frgmentation vs Jeans fragmentation

Jackson et al. 2010

纤维状结构引入各项异性，利于物质聚集

Wang et al. 2016
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Hacar et al. 2011, 2013
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Wang et al. 2018
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Filaments channel mass flows

● Type X – crossing filaments in Wang et al. 2015 classification
● Yuan et al. 2018 found evidence for mass assembly channeled by filaments 

at multiple scales (~10 pc to <0.1 pc)
● Other examples see Peretto et al. SDC13, Liu et al. G10.6



• Do massive starless cores exist ?

Probably not. To be tested in hundreds of cores observed by ALMA.

• How do CMF evolve to IMF ?

CMF shapes vary from source to source. Test time evolution in individual 
objects harboring multiple evolutionary stages.

• Is supersonic turbulence really necessary to form high-mass stars?

Not in Orion, G35, Lancet, Snake. Could be an instrumental limitation. To be 
tested in more sources with dedicated observations.

• How do filaments influence star formation ?

Filaments introduces inhomogeneous in star forming gas. They can channel 
gas flows, but the role is to be quantified.

Important: 

1. high spatial and spectral resolution, high sensitivity

2. dedicated source selection

3. careful design of observations

Key questions
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High-resolution observations: 
quest for interferometers
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Part II
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Credit: National Geographic
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