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Francesco’s extragalactic  side

• International Conferences @ Spineto
    IMF@50 (2004), SFR@50 (2009), IGM@50 

(2015)
• Post-Doc fellowships while Director of Arcetri 

Observatory
• Chapter “A Universe of Stars” in Stahler-Palla 

“The Formation of Stars”
• A few papers on extragalactic SF (Hans,Edvige) 
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+ Different perspective, large scale features, 
better statistics
- Poor resolution => closest galaxies, LMC, 
M33, ..to study individual SF sites 

NGC604 M>100000 Msun

NGC2264 M<500 Msun

Extragalactic Star Formation

Tracing the SF cycle in spirals requires:  

 Molecular gas  surveys, individual MCs
 Infrared and radio surveys, embedded sources
 Hα, FUV surveys, Young Stellar Clusters
 Optical surveys, Open Clusters
 

DIFFICULT TASK : test M33!



IRAM-30m  CO J=2-1 all-disk map
Gratier et al. 2010-12, Druard et al. 2014
Using this database:
566 GMCs with mass 2x106 –2x104 M 

make up  ½ of total molecular mass  

GMCs contours 
 GMC positions over 24 μm

Spitzer  MIR maps
Verley et al. 2007,09
Using the 24 μm map:
915 MIR-FIR sources, 630 of which 
are likely YSCCandidate at R<7kpc
Several SED-fits =>masses & ages
Sharma, S., Corbelli, E…..  Palla, F.  2011, A&A

Corbelli, E., Braine J.,……..Palla, F.  2017, A&A



Use  Hα, FUV, 24-8 μm 
to classify GMCs as: 
A (inactive - 32%)

B (embedded SF - 16%)
C (exposed SF - 52%)

 Panels for Hα, FUV, 8 
and 24 μm show the 

different GMCs  types. 
evolutionary 
sequence?

A

B

C

Similarly but 
independently we use  

Hα, FUV, CO   
to classify YSCCs   

 



• Inactive clouds  
populate inner part of 
the southern arm 

• GMCs grow in mass 
from A to B to C

• Strong spatial 
correlation bewteen 
MIR-YSCCs and GMCs: 
typical separation 17pc 
(of order CO J=2-1 resolution)

GMCs with exposed SF Inactive GMCs

Southern Spiral Arm in HI

Random 
distribution



Francesco’s interest and its favorite cloud 
#178



• All-disk CO J=2-1 + Spitzer-MIR  survey of  M33 
• ID of 566 GMCs and 630 MIR-YSCCs
• Classification of GMCs and of YSCCs
• Association/correlation  GMCs – YSCCs 
• GMC lifetime and timescale of 3 phases using 

estimated ages of YSCCs



Yamaguchi…Fukui 2001, PASJ
Kawamura …Fukui 2009, ApJS 
LMC: CO, Hα,Radio,Optical

1)Determine the duration of  several GMC phases in M33.
2)Understand possible projection/resolution effects 

Francesco’s suggestion

Type I 6 Myrs

Type II 13 Myrs

Type III 7 Myrs

M33: CO, Hα,MIR, FUV, no optical YSCs



Francesco’s   favorite  galactic equivalent for cloud 
complexes in M33 ( gas dispersal + triggered SF)

FCRAO Outer Galaxy Survey – Perseus Arm (HI and CO - Carpenter, Heyer & Snell 2000)



 Molecular cloud timeline in M33

• Using YSCC age determination 
we infer  GMC total lifetime 
prior to dispersal  : 14 Myrs 
(Type I+ II LMC =19 Myrs)  

• A=Inactive phase 4 Myrs
• B=Fully embedded phase  
   2 Myrs .

A+B=Type I LMC (6 Myrs)   
---  Duration of various phases of Type III  clouds is still 
undetermined.  We need more accurate photometry 
and age determination or higher resolution CO 
observations
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