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Low 

mass 

stars 
ÅFormation 

scenario well 
understood 
ïSee Shu, 

Adams & 
Lizano  1987, 
Andre et al., 
2000 

 

Credit: 
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High-mass star formation  

ÅNot as simple as low mass star formation 
ÅEvolution more rapid 
ïDifficult  to identify the individual phases.  

ÅClustered  
ïDifficult to identify the individual cores forming 

stars 
ÅEmbedded  
ïDifficult to probe into the cloud and determine 

what is happening. 
ÅMore distant 
ïSubject to resolution issues. 
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High-mass star formation 

Open Questions:  
How do High Mass (OB > 8M

¼
 ) stars form? 

ïQuasi -static vs dynamic scenario  
ï powerful gas  (competitive) accretion vs coalescence 

ÅScaled up low mass star formation? (e.g. André et al.) 
ÅWhat are the signposts of high-mass star formation? 
ÅWhat are the initial conditions (density, temperature, 

kinematics) for high-mass star formation? 
ÅHigh mass stars are pivotal to studies of external galaxies. 
ï Star Formation Rate & Star Formation Efficiency.  
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Observational Evidence 

ïHII regions: Ultra Compact HII (UC HII) -> 
HII  
Åe.g. Walsh et al., 1998, Thompson et al., 2006. 
ÅBut already having an internal heating source. 

ïHigh mass protostars: evolving from envelope-
dominated to star-dominated. 
ÅE.g.  (Hill et al., 2005, Hill et al., 2006, Minier, Burton, Hill 

et al., 2005) 

ïMassive prestellar cores (?) in IRDCs (e.g. 
Rathborne et al., Peretto & Fuller ) 

 To date:  

No well known highïmass prestellar 

cores! 
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Early-stage high-mass stars 
ÅPrecursors of young massive 

stars should be cold. 
ïDetectable at mm/submm 

wavelengths. 

ÅHill et al., 2005, Hill et al. 2006 
ïmm & submm study of SF sites at 

diff. evol. stages 
ï towards known SF regions. 
ïLarge fields -  Identified cores 

without signposts of SF.   
ïLarge statistical study covering all 

stages of HMS evolution !  
ïOne of the first large scale studies  

SEST 1.2mm 

continuum 

Hill et al., 2005 

Mm continuum sources excellent candidates for 

young protostars or prestellar cores. 
 



Hunting early-stage massive 

stars. 
ÅSame approach used 

by other authors: 
ïMotte et al., 2007 ð 

Cygnus X  -> 
ïBeuther et al., 2002 
ð IRAS sources  
ïFaundez et al., 2004 
ÅIRAS sources  
ÅMillimetre sources 

Motte et al., 2007 



Characterising cores  

ÅPreviously Spitzer, IRAS, MSX used to 
build SED.  
ïBut star -forming regions are still opaque at 

Spitzer wavelengths 
ïHard to make a connection between star-forming 

core and the environment 
ïIRDC ð high mass stars could form here. 
ÅBut theyõre dark (!) at IR, and can not tell easily. 
ÅAnd not all IRDC form stars.  

 

ÅAwaiting Herschelé.  



Observational constraints provided by 

Herschel 
ÅHerschel samples the peak of the SED, where cold 

cores emit the bulk of their radiation. 
ÅEvolutionary sequence of massive YSOs before 

HII region develops 
ÅIdentifying single protostars 
ÅBrogan et al. 2009; Bontemps et al. 2010; Zhang et al. 2010 

ÅLifetimes and kinematics in High mass star forming 
regions (Large statistical samples) 
ïShort prestellar and protostellar lifetimes (e.g. Motte et al. 2007) 

ïGlobal infall and converging flows (e.g.  Schneider et al. 2010; 
Csengeri et al. 2010)  

ïMolecular cloud formation through converging flows (Nguyen-
Luong et al. 2011) 

 
 



The Herschel space 

Observatory 
PACS 



Herschel 

ÅBuilt by ESA ð with sig. cont. NASA  
ÅLargest single mirror launched: 3.5m 
ÅPassively cooled telescope. < 2K 
ÅOrbits at the Lagrangian L2 point  
ÅFIR ð submm observing 
ÅLaunched 14 May, 2009. 
ï15th July performance verif. commences. 
ï12th Sept. ð science demonstration 
ï18 October, 2009 : Routine Phase 

Observations 
Å3 instruments: PACS, SPIRE, HIFI  
ÅHerschel ceased operations in April 

2013. 

 
 
 
 





3 new instruments 

ÅHIFI, PACS, SPIRE  
ÅDeveloped by nearly 40  

institutes : mostly European 
ïUS and Canadian 

participation 
ÅCooled by cryostat  
ï2000L of superfluid helium at 

launch 
ïPACS and SPIRE 

bolometers cooled to 0.3K 
 


