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Disclaimer	  

I	  am	  not	  Ian	  Bonnell!	  
	  
For	  any	  difficult	  ques%ons	  about	  this	  talk	  see	  iab1@st-‐and.ac.uk	  



Forma%on	  of	  
stellar	  clusters	  

~	  2	  pc	  

Fragmenta%on	  in	  
filaments	  ~	  Jeans	  length	  	  
	  
	  clusters	  grow	  at	  
intersec%on	  of	  
filaments	  
	  
Filaments	  feed	  gas	  and	  
stars	  into	  cluster	  
	  
Clusters	  grow	  through	  
Hierarchical	  mergers	   Bonnell	  et	  al.	  2011	  

Bonnell	  et	  al	  2011	  



bound	  
clustered	  
SFE ~10-30 %	  

SF	  efficiencies	  and	  clustering	  
•  Bound	  condi%ons	  produce	  stellar	  clusters	  	  	  	  

and	  	  full	  IMF	  
–  And	  massive	  stars!	  
–  Rela%vely	  high	  efficiencies	  
–  10-‐30	  %	  
–  Full	  IMF	  

	  
	  

•  Unbound	  regions	  produce	  
–  Low	  SF	  efficiencies	  ,	  peaked	  IMF	  
–  See	  Clark	  et	  al	  2008	  

unbound 
distributed 
SFE ~  few % 

Bonnell	  et	  al.	  2011	  

unbound	  

bound	  



IMF

clustered	  

distributed	  

IMF	  depends	  on	  birth	  environment	  
•  Stellar	  clusters	  

•  Full	  IMF	  
•  Form	  from	  Bound	  condi%ons	  SFE	  

20-‐40	  %	  

•   Distributed SF 
•   No high-mass, few low mass 
stars 

•  Flat/Peaked IMF 
•  Unbound regions 

•  Low SF efficiencies 

clustered	  

distributed	  

birth	   final	  

Clark	  et	  al	  2007;	  Bonnell	  et	  al	  2011	  



Accre%on	  in	  Clusters	  
•  Higher	  mass	  stars	  formed	  through	  

accre%on	  
•  Tidal	  radius	  accre%on	  
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Cardiff,	  26/11/14	  

Realis%c	  ini%al	  
condi%ons	  for	  star	  
forma%on	  

Global disc 
simulation 
25 million SPH 
particles 
2 x 109 Msun gas 

Cooling	  curve:	  
	  (Koyama	  &	  Inutsuka	  2002)	  
Smooth	  mixture	  of	  
cold-‐dense	  gas	  
and	  hot	  gas:	  	  
	  
10	  to	  ~104	  K	  

Bonnnell,	  Dobbs	  &	  Smith	  2013	  



What	  drives	  star	  forma%on	  ?	  

Large-‐scale	  flow	  

t S
F	  /
	  t d

ep
l	  

Compare	  theore%cal	  
%mescales	  with	  simulated	  
SF	  %mes	  
	  
1)  Galac%c	  flows	  

dominate	  on	  large	  
scales	  (~10+	  pc)	  

2)  Self-‐gravity	  of	  forming	  
cluster	  	  dominates	  on	  
smaller	  scales,	  	  

3)  For	  Densi%es	  >	  103	  
cm-‐3	  

	  
	  



Triggering	  Star	  Forma%on	  

Cardiff,	  26/11/14	  

– 21 –

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Fig. 3.— Initial coordinates and velocities for all (black) and accreted (colourful) gas particles

of Bonnell et al. (2013) self-gravity region simulation. Colours represents accretion times of

accreted gas particles

till the end of simulation. In other words this profile characterises how mass is distributed

in sink envelope.

This mass profile for four di↵erent sink ages is presented in Fig. 4. Panels a, b, c and

d represents mass profile for di↵erent sink ages, which are increasing by going from a to d.

Colours are showing final mass of the sink (or total mass of sink core and envelope at any

step). Vertical dashed lines are marking two accretion radii. As it can be seen from plots,

masses are in a range between 0.1 and 1500 M� and radii are between 0.001 and 450 pc.

R.	  Smilgys	  

ve
lo
ci
%e

s	  

Co
lo
ur
s	  :
	  D
ep

le
%o

n	  
%m

es
	  



Forma%on	  of	  Stellar	  Clusters	  
Stellar	  clusters	  gather	  gas	  from	  large	  distances	  
~few	  10s	  of	  	  pc	  	  
Cluster	  forma%on	  and	  star	  forma%on	  are	  simultaneous.	  
	  
	  

Star	  forma%on	  

Time	  in	  Myr	  



Tracks	  in	  the	  sand	  
Forma%on	  history	  of	  a	  19000	  Mo	  cluster	  

Ac
cr
e%

on
	  %
m
e,
	  M

yr
	  

Late	  SF	  

Early	  SF	  

Large	  age	  spread	  in	  SF.	  
	  
Hierarchical	  fragmenta%on	  
of	  the	  gas	  to	  form	  stars	  in	  
the	  cluster.	  



Can	  ionisa%on	  disrupt	  clouds?	  

Lund,	  June	  9th	  2014	  

High-‐mass,	  large	  vesc	  
	  

High	  density	  gas	  
unaffected	  
	   	  	  

Ionisa%on	  fills	  pre-‐
exis%ng	  
bubbles	  

	  
Lower-‐mass,	  low	  vesc	  

clouds	  
	  
Ionisa%on	  

dynamically	  
important	  

Dale,	  Ercolano	  &	  Bonnell	  2012	  

106	  Mo	  	  45	  pc	  

104	  Mo	  	  10	  pc	  



Supernova	  feedback	  
• Ini%al	  condi%ons	  as	  published	  in	  Dale	  et	  al.	  2014	  and	  included	  no	  feedback	  (control),	  ionisa%on	  only,	  
and	  dual	  feedback	  from	  both	  ionisa%on	  and	  winds.	  
• SN	  inserted	  with	  1051	  ergs	  split	  equally	  between	  thermal	  and	  kine%c	  energy	  at	  the	  loca%on	  of	  the	  
most	  massive	  sink	  par%cle.	  

Before	  and	  aler	  
the	  supernova:	  
• Control	  (top)	  –	  
large	  bubble	  driven	  
into	  the	  gas	  
• Dual	  feedback	  
(bonom)	  –	  almost	  
no	  change!	  



Summary	  
•  Large-‐scale	  Shocks	  and	  cooling	  can	  trigger	  star	  forma%on	  
–  Realis%c	  molecular	  clouds	  (structures/dynamics)?	  

•  Large	  scale	  turbulence	  driving	  
•  Need	  not	  be	  globally	  bound	  	  :	  	  low	  star	  forma%on	  efficiencies	  

–  Study	  galaxy	  star	  forma%on	  rates	  
	  

–  Clusters	  form	  from	  several	  to	  10’s	  pc	  scales	  
•  Assembled	  by	  large	  scale	  flows	  
•  Clusters	  form	  in	  bound	  regions	  (global	  infall)	  
•  Age	  spreads	  	  up	  to	  several	  Myrs	  

•  Massive	  stars	  accrete	  as	  	  

•  Ionising	  Feedback	  factor	  of	  2	  decrease	  n	  SFR	  
!M ∝M 2/3



Spiral	  arm	  driven	  turbulence	  

Single	  cloud-‐arm	  interac%on	  
	  
100	  cm-‐3	  cloud	  self-‐shocking	  

	  cooling	  
	  KH-‐instabili%es	  

	  
Drives	  turbulence	  

Falceta-‐Goncalves	  et	  al	  2014	  


