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AV ≈ 7 
Aim: Identify the critical parameters that 
govern the formation and evolution of 
dense cluster-forming clumps within the 
diversity of environmental conditions: 
 

•  Spontaneous/triggered SF ? 
•  Star Formation on/off Filaments ? 
•  Depending on the position in the Galaxy 
•  w.r.t. Spiral Arms 
•  etc. 

understand if & how the mix of the 
ingredients conspire to determine a 

global Star Formation law 

Leroy+ 13 

B^sic R^tion^le for st^r-form^tion-driven 
 l^rge G^l^ctic Surveys 

Heiderman+ 2010 



SurveysSurveysSurveysSurveysSurveysSurveys... 

Molin^ri+ 2014, PP VI 



Covering	the	en,re	Galac,c	Plane	from	70	to	500µm	15	,mes	higher	spa,al	resolu,on	compared	to	Planck	cold	filamentary	clouds:	the	skeleton	of	the	Galaxy	more	than	150,000	stellar	nurseries	from	cold	starless	clumps	to	hot	HII	Regions	

Hi-G@L 
 the Herschel infr^red G^l^ctic Pl^ne Survey 

Molinari	et		al.	2016	 70-160-250µm	composite	



VI@L@CTE@: the Milky W^y ^s ^ St^r Form^tion Engine 



KEY SHAPE 
PARAMETERS: 
 
-)	elongated		
-)	extended		
-)	contrasted		

Schisano	et	al.	2014	

The catalogue contains both single isolated linear filaments and  large complex 
networks: a 	total	of	32245	candidates	in	the	Galac,c	Plane	(Schisano+,	subm.)	

The fil^ment^ry Milky W^y 

Tool	applied	to	the	en,re	
dataset	of	Hi-GAL	data	
building	up	an	extensive	
catalogue	of	candidate		
filaments		

Dataset	Filtered - EigenValue	Candidate Filaments	Candidate Filaments	

Example	for	a	1.5o	x	1o	region	



Comp^rison Hi-G@L/@TL@SG@L fil^ments 

ATLASGAL Filaments 



Comp^rison Hi-G@L/@TL@SG@L fil^ments 
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Hi-GAL Filaments 



Exploring	molecular	line	data	looking	for	
coherence	in	velocity	space.			

Looking	for	overlap	between	filament	mask	and	
contours	of	molecular	line	emission.	

Velocity Coherence of 2D fil^ments 

Schisano	et	al.	2019,	in	prep.	

•  On	GRS	data		~2300	features	with13CO	
emission	and	velocity	coherence		Δv	<	4	km/s	

•  Expanding	by	two	orders	of	magnitude	the	
sample	already	iden,fied	visually	(few~10)		
(Ragan	et	al	2014,	Wang	et	al	2015,	Zucker	et	
al.	2015).	

•  Analysis	extended	to	other	surveys:	
SEDIGISM,	MOPRA,	EXFC,	OGS,	FQS.	



Proto-stellar sources 
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Elia+ 2017 

Nearly 150,000 compact clumps revealed (Elia+ 2017, 2019 in prep.) 
Each source in Far-IR/submm single-dish surveys is a dense clump 

potentially hosting a protocluster in the making 

Comp^ct sources on the G^l^ctic Pl^ne   

Pre-stellar sources 



Dist^nce determin^tion to Hi-G@L sources 

Russeil+	2010,	Zavagno+,	in	prep.	



Dist^nce determin^tion to Hi-G@L sources 

Automated	morphological	analysis	of	line-of-sight	components	

Assign	scores	based	on		
morphology	matching	to	
Hi-GAL	clumps	

Russeil+	2010,	Zavagno+,	in	prep.	



Dist^nce determin^tion to Hi-G@L sources 

Zavagno+,	in	prep.	

Near/Far	ambiguity	solu,on	

Study	of	3D	dust	ex,nc,on		
(Marshall+	in	prep.)		

HISA	method:	matching	HI-21cm	
profile	dips	with	VLSR	of	CO	emission	

associated	to	Hi-GAL	clumps	

Hierarchical	Decision	tree	
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Do more massive clumps form on more massive filaments ? Or do filaments grow 
mass from the surrounding environments and channel more mass to the clumps ? 
 

Mass of individual 
clumps on filaments 

Total mass of clumps 
on each filament 

Distribution of linear 
mass for filaments with 
NO clumps 

Schisano+ 2014 



Evolutionary effects are clearly 
visible as a function of the filaments 

linear masses 

Blue: filament branches with PROTOstellar 
Clumps, i.e. with a 70µm counterpart 
 
Red: filament branches with PREstellar Clumps 
 
Black: filament branches with NO Clumps 
 

Schisano+ 2014 

1) Accretion rates ≈ 10-2-10-3 M¤/pc/yr are 
needed to explain the differences in 
evolutionary terms (see also Kirk +13, 
Peretto+ 13) 

or… 
2) Differences in linear masses, clump 
masses and L/M are imprinted at the time 
of filament formation. 



SFRC = Mi,ZAMS / τ i
i
∑

tf=4.5 3.7 
2.7 2.1 

1.5x105 yr 

Each clump is associated to: 
•  final ZAMS masses MZAMSi   
•  formation times τι

Prescriptions account for cluster 
formation with MC rather than 
single massive stars	

SFRC [M¤yr-1] ~ 5.6 10-7 x MC
0.736  

35 M¤ 

18 
13.5 

8 

MZAMS=6.5 

Veneziani+ 2017 	

Molinari+ 2008 	

St^r Form^tion R^tes from Protostell^r Clumps 
counts 

Method calibrated against YSO-
counts SFR from Gould Belt 
regions (Baldeschi+ 2017a,b)	



SFRC = Mi,ZAMS / τ i
i
∑

Each clump is associated to: 
•  final ZAMS masses MZAMSi   
•  formation times τι

Prescriptions account for cluster 
formation with MC rather than 
single massive stars	

SFRC [M¤yr-1] ~ 5.6 10-7 x MC
0.736  Veneziani+ 2017 	

St^r Form^tion R^tes from Protostell^r Clumps 
counts 

Method calibrated against YSO-
counts SFR from Gould Belt 
regions (Baldeschi+ 2017a,b)	

New	popula,on	synthesis	SED	models	
of	embedded	protoclusters	

(Molinari+	2019)	
	

5x105	years	flat	Star	Forma,on	history	
10%	clump	mass	ini,ally	in	cores	

	
30%	clump	mass	ini,ally	in	cores	



The Milky W^y M^p of the 
St^r Form^tion R^te 

Spiral Arms from Steiman-Cameron+ 2010 
(FIRAS [CII]-[NII])…very similar to Churchwell (2009) 

2 orders of magnitude 

•  Cumulative distribution yields an 
integrated SFR ≈ 1.6 M¤yr-1 

•  20% of the cells are contributing 
65% of the total SFR 

•  The +15°≥ l ≥ -10° adds ≈ 0.57 
M¤yr-1 assuming all clumps at 
D=8400pc 

Elia+ in prep. 



Protostellar	clumps	

All	clumps	

•  Star	forma,on	efficiency	and	
frac,on	are	not	enhanced	in	
spiral	arms	à	arms	are	
collectors,	rather	than	triggers	

•  Slow	decreasing	trend	in	star	
forma,on	efficiency	as	a	
func,on	of	Galactocentric	
radius	

Ragan+	2016	

The role of Spir^l @rms: triggers or 
collectors > 



Bubbles ^nd Triggered St^r Form^tion 

Sta,s,cs	of	sources	in	proximity	of	
bubbles:	

	
•  Star-forming	sources	surface	density	

enhanced	by	80%		

•  Clump	forma,on	efficiency	enhanced	by	50%	

Palmeirim+	2017	



Palmeirim+	2017	

•  Evidence	of	sequen,al	star	
forma,on	

Evolu,onary	trends	in	source	distribu,on	

•  Bubble	dynamical	,mescales	agrees	
with	SF	clumps	ages	spreads	

Bubbles ^nd Triggered St^r Form^tion 
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Hi-GAL	clumps	matched	to	CD	clumps	(Tsuboi+	99)	

Molinari+	2011	



The 100pc ring revealed by Herschel is the counterpart to the x2 orbits predicted by theory 
(e.g. Binney et al. 1991)  

SgrB2 and SgrC are conveniently located at the converging points between the x1 
and x2 orbits, where shock-focusing mechanism may favor the formation of 

massive clouds 

The G^l^ctic Center 



A past AGN phase for the Milky Way ? 

Could	the	100-pc	ring	be	the	remnant	of	the	large	AGN	dusty	torus	?	

The G^l^ctic Center 



PPM@P:  
T-dependent Column Density	

(Marsh+	2017)	

•  Allow	T	(and	op,onally,	β) to	vary	along	line	
of	sight	

•  Use	all	observed	images	at	their	na%ve	
resolu,on	

•  Output	is	a	3D	cube	of	differen,al	column	
density	(x,y,T)	or	a	4D	hypercube	(x,y,T, β)

•  Bayesian	procedure,	based	on	Point	Process	
concept	

•  Clumpy	structure	at	low	
temperatures	(cores,	star	
forma,on)	

•  Spherical	structure	at	high	
temperatures	(PDR)	

RCW	120	



Hi-G@L is ^ vision come true 


