
a) Fragmentation of cloud

b) Gravitational 
contraction

c) Accretion and ejection

d) Formation of disk

e) Residual disk

f) Formation of planets

(Shu, Adams & Lizano 1987)

LOW MASS STAR 
FORMATION



Formation of Massive Stars

• With great advances achieved in  our 
understanding of low mass star formation, it is 
tempting to think of high mass star formation 
simply as an extension of low mass star formation.

• However…



Some problems with extending the picture of low-
mass star formation to massive stars:

• Radiation pressure acting on dust grains can 
become large enough to reverse the infall of 
matter:
– Fgrav = GM*m/r2

– Frad = Lσ/4πr2c
– Above 10 Msun radiation pressure could reverse infall



So, how do stars with M*>10M
�

form?

• Accretion:
– Need to reduce effective σ, e.g., by having very high 

Macc

– Reduce the effective luminosity by making the 
radiation field anisotropic

• Form massive stars through collisions of 
intermediate-mass stars in clusters
– May be explained by observed cluster dynamics
– Possible problem with cross section for coalescence
– Observational consequences of such collisions?



Other differences between low- and high-mass 
star formation

• Physical properties of clouds undergoing low- and high-
mass star formation are different:
– Massive SF: clouds are warmer, larger, more massive, mainly 

located in spiral arms; high mass stars form in clusters and 
associations

– Low-mass SF: form in a cooler population of clouds throughout 
the Galactic disk, as well as GMCs, not necessarily in clusters

• Massive protostars luminous but rare and remote
• Ionization phenomena associated with massive SF: UCHII

regions
• Different environments observed has led to the suggestion 

that different mechanisms (or modes) apply to low- and 
high-mass SF



Still, one can think in 3 evolutionary 
stages:

• Massive, prestellar cold cores: Star has not formed 
yet, but molecular gas available (a few of these 
cores are known)

• Massive hot cores: Star has formed already, but 
accretion so strong that quenches ionization => no 
HII region (tens are known)

• Ultracompact HII region: Accretion has ceased 
and detectable HII region exists (many are known)



Ultracompact HII Regions

• Because they are the best studied (and 
easiest to detect), we start with the latest 
stage, the UCHIIs, and go backward in 
time.

• Small (diameter < 1017 cm), dense (ne > 104

cm-3), and bright (EM > 107 pc cm-6) HII 
regions, ionized by OB stars and deeply 
embedded in molecular clouds



Morphologies are a reflection of the conditions of the dense gas from 
which they formed.



The lifetime problem
• Early studies by Wood & Churchwell (1989) suggested a 

large number of UCHII in the galaxy. Combining VLA 
and IRAS observations, estimated some 1,000 UCHII in 
the galaxy ionized by an O star.

• However, lifetime of HII region as UC should be of order 
104 years and assuming 1 O star forms every 100 year, you 
would expect only about 100 UCHII in the galaxy.

• Factor of 10 discrepancy.

* The numbers I use are only approximated



Solutions fall into two categories:
1. Mechanisms to extend the lifetime 

• Infalling matter (unstable)
• Bowshocks (too fast stellar motions)
• Mass loaded flows  (very inhomogeneous 

gas)
• Photoevaporating disks (few sources similar 

to MWC 349)                     



MWC 349: A photoevaporating disk (Tafoya et al. 2004)

VLA observations

Greyscale: 2 cm

Contours: 7 mm



Tafoya et al. (2004)



Solutions fall into two categories:
2. Something wrong with assumptions

• External molecular gas much denser (107

cm-3) than used by WC89
• Turbulence in molecular gas will help 

confinement
• At present there is still no consensus on the 

explanation



Time Variation in UCHIIs

• Hydrogen recombination time is of order 
1/(ne αB), where αB is recombination rate to 
levels n ≥ 2. αB = 2.6 × 10-13 for Te = 104 K.   
For ne of order 105 and larger, 
recombination times a year or less.

• Can we see variation in UCHIIs?



Recombination Time

• Ionized region with initial electron density given by ne(0) 
at t=0. Turn off source of ionization.
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NGC 7538 IRS1

Bipolar UCHII

Methanol disk of 
Pestalozzi et al. (2004)

Archival VLA 
observations at 2 cm made 
over decades

Franco & Rodriguez 
(2004) find variations in 
lobes (secular decrease)

Core is optically thick and 
does not seem to be 
varying much (it could be 
varying, but since optically 
thick, we cannot say



NGC 7538 IRS1



NGC 7538 IRS1

Possible explanations for 
variability:

Ionizing flux from star is 
decreasing (unlikely)

Injection of fresh gas in 
core “steals” ionizing 
photons for the lobes

Millimeter obseervations 
(where all nebula is 
optically thin) will help 
clarify situation.



MWC 349 (the photoevaporating disk) 
also seems to be varying with time

Tafoya et al. (2004)



Let´s go back in time to the Hot 
Molecular Core (HMC) stage



Also quite luminous, L ≥ 104 Lsun, since star 
already formed



Kurtz et al. (2000)



Mass determinations from molecules, dust and virial 
theorem agree within an order of magnitude



W75N HMC, contours = NH3, greyscale = continuum, 

+ = H2O masers. Three star formation sites embedded in one HMC



Osorio et al. 
(1999)

Models of  
continuum 
emission from 
HMCs

Chemistry 
discussed by 
Charnley



In the HMC stage, it is 
frequent to find 
molecular outflows 
associates with the 
embedded stars. These 
outflows disappear by 
the UCHII stage.

Molecular outflows 
from massive 
protostars are believed 
to be more massive, 
but slower and less 
collimated than 
outflows from low 
mass stars. However, 
some sources well 
collimated.



B STARS

• Cepheus A HW2        
(Rodríguez et al. 1994)

• IRAS 20126+4104       
(Cesaroni et al. 1997; Zhang et al. 
1998)

•G129.16-3.82               
(Shepherd et al. 2001)

•AFGL 5142                     
(Zhang et al. 2002)    

•AFGL 2591                   
(Trinidad et al. 2003)
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• IRAS 16547-4247           
(Garay et al. 2003)



HH 80-81 (GGD27)  
in L291 dark cloud

Distance 1.7 kpc 
(Rodríguez et al. 1980),  

Luminosity: 2 x 104

LSol

Star: B0.5 ZAMS



Highly collimated jet with extension of  5.3 pc (11´ )
(Martí, Rodríguez & Reipurth 1993)



CO (blue)

CO (red)

NO clear 
evidence of a 
disk in HH 80-
81

CS (2-1) torus
(Nobeyama 45m, 36¨ 
resolution)



H2O 
maser

Gómez et al. 1995



Observations (1999):                                              
VLA  NH3 (1,1) y (2,2) 
Resolution ~4´´ at 1.3 cm

NH3 (1,1)

Continuum jet 
at 3.6 cmH2O

15´´



7 mm emission
observed with the
VLA at a 
resolution of 0.4´´

Free-free Sν ~ ν+0.2

Dust ~ ν+2.6

Gómez et al. 2003



1.4 mm

3.5 mm

BIMA                                 
(resolutions of 7.4 y 19´´, respectively)

Continuum flux grows rapidly as  
Sν ~ν2.6 suggesting dust emission.

Assuming dust emission is opticallt 
thin and temperature between 50-
100 K, < total mass of 3.7 – 1.8 
Msol is derived following Beckwith & 

Sargent (1991).



Blue=Br γ

Red= H2

Contours:7mm 
2.5´´x1.5´´

Linz, H., Hofner, P. & Stecklum 2003, in preparation



BIMA (1999 y 2001)

SO (55-44)        HCO+ (1-0)     HCN (1-0)         
1.4 mm                           3.5 mm                        3.5 mm



SO emission coincides with exciting source of
thermal jet, with angular size smaller than 5´´ or ~ 
0.04 pc.

SO (55 – 44) traces hot  ( > 40 K) and dense (~ 106

cm-3) gas (Chernin et al. 1994).

From SO spectrum a column density of N(SO)= 
2.5 – 3.4 x 1014 cm-2 is derived for  temperatures
of 50 – 100 K.

Assuming [SO/H2 ] of 0.5 – 2.0 x 10-8 (Helmich & 

Dishoeck 1997) a mass of 0.7 – 3.5 Msol is derived.





Evidence for disks in massive 
stars very limited...

• NGC 7538 IRS1, HH 80-81, a few more 
sources...

• Let´s look at case of a new source in M17 
(Chini et al. 2004), at a distance of 2.2 kpc



2.2 µm ESO´s VLT

Seen in silhouette:

Dense inner torus 
(2,000 AU in diameter)

Flared disk about 10 
times bigger



13CO PdBI data

Velocity gradient across disk suggests central mass of 15 Msun

Mass in disk estimated to be 100 Msun



Central hourglass nebula marks the position of stars

Optical spectrum of hourglass nebula shows lines that in low mass stars 
are indicators of accretion, while shape suggestive of outflow



Finally, let´s consider massive, 
prestellar molecular cores

• Only a handful know...
• Are low mass stars already formed in them

(before high mas stars do)?
• Should look like HMCs, only that cold.



Garay et al. (2004)

Massive but cold (and thus with low luminosity)

How are they found?



Garay et al (2004)

IRAS 13080-6229

1.2 mm, 8.8-10.8 µm, and 18.2-25.1 µm 
observations

Non detection at 8.8-10.8 µm and 18.2-
25.1 µm implies low temperature



Many open questions in massive 
star formation...

• Accretion or mergers?
• Disks and jets?
• Do massive stars form always in the 

clustered mode or can they form alone?


