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The	  Central	  Molecular	  Zone	  

Molinari et al. 2011; Walmsley et al. 1986, Ao et al. 2013 

The central 500 pc of our Galaxy is extreme: the column density, gas 
temperature, velocity dispersion, interstellar radiation field, pressure and cosmic 
ray ionization rate range from being factors of a few to several orders of 
magnitude higher compared to the solar neighbourhood  

Herschel 70µm image – dust continuum emission 

Detailed studies of CMZ clouds are relevant for understanding star formation in high-
pressure environments 

 
Is the process of mass assembly for star formation different in different environments? 



G0.253+0.016:	  a	  cold,	  dense,	  high-‐mass	  clump	  
         Spitzer 3-8µm                                Herschel 70µm                               JCMT 450µm 

Lis et al. 1994; Lis & Menten 1998; Lis et al. 2001; Molinari et al. 2011;  Longmore et al. 2012; 
ALMA cycle 0 proposal – PI J. Rathborne 

Its	  low	  dust	  temperature	  (<20	  K),	  high	  mass	  (>105	  M¤),	  and	  high	  volume	  density	  (>104	  cm-‐3)	  
combined	  with	  its	  lack	  of	  prevalent	  star-‐formaGon,	  make	  it	  an	  excellent	  candidate	  for	  a	  

high-‐mass	  cluster	  in	  a	  very	  early	  stage	  of	  formaGon	  
	  

ALMA	  Cycle	  0	  proposal	  :	  What	  is	  the	  distribu8on	  and	  kinema8cs	  of	  its	  small-‐scale	  structure?	  	  

7.5”, 0.3 pc 
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In	  the	  past	  3	  years….	  



•  The	  gas	  and	  dust	  show	  a	  complex	  network	  of	  emission	  features	  (emission	  and	  absorpGon)	  

•  The	  dust	  column	  density	  is	  well	  traced	  by	  molecules	  with	  higher	  excitaGon	  energies	  and	  
criGcal	  densiGes,	  consistent	  with	  a	  clump	  that	  has	  a	  denser	  interior	  

•  The	  emission	  is	  highly	  fragmented	  on	  small	  spaGal	  scales	  

•  “CMF”	  “resembles”	  a	  scaled-‐up	  IMF	  

•  The	  N-‐PDF	  shows	  a	  small	  deviaGon	  from	  a	  log-‐normal	  distribuGon	  at	  high	  column	  
densiGes,	  pinpoinGng	  self-‐gravitaGng	  gas	  where	  star	  formaGon	  can	  progress	  

•  The	  gas	  mass	  distribuGon	  is	  hierarchical	  and	  extended	  (i.e.	  not	  smooth	  or	  centrally	  
condensed)	  –	  Dan	  Walker’s	  talk	  

•  Its	  lack	  of	  star	  formaGon	  is	  consistent	  with	  an	  environmentally	  dependent	  volume	  density	  
threshold	  for	  star	  formaGon	  	  

	  

ALMA’s	  view	  of	  G0.253+0.016	  :	  highlights	  

G0.253+0.016 is on the verge of forming a cluster from hierarchical, filamentary 
structures that arise from a highly turbulent medium 
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Rathborne et al. 2015 ; Special thanks to our ALMA contact scientist Crystal Brogan 



Map coverage : 3’ x 1.5’ 
Resolution : 1.7” (0.07pc) 
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Rathborne et al. 2014; Rathborne et al. 2015 



Complex	  morphology,	  chemistry	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  SiO	   	   	   	   	   	  	  	  	  HNCO 	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  C2H	  

Rathborne et al. 2015 



HNCO three colour image 
r = vchannel + 1 
g = vchannel 
b = vchannel – 1 

Intricate	  network	  of	  emission	  features	  

Rathborne et al. 2015 
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Gas and dust emission is highly fractal with marginally higher values (Dp ~ 1.6) compared to 
typical molecular clouds (Dp ~ 1.35) 

Mandelbrot 1977; Falgarone et al. 1991; Federrath et al. 2009; Sanchez et al. 2005; Rathborne et al. 2015 
 

Small-scale 
structure within 
G0.253+0.016 
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Star-‐forming	  “cores”	  and	  a	  “CMF”	  
Dendogram “leaves” 

Caution – with increased sensitivity comes increased complexity 
 
Is a mass function of  the structures identified from the (2d) dust column 
density meaningful?           require kinematics from optically thin tracers 
 
How many of these structures are physically coherent and self-gravitating? 

Scaled IMF 

G0.253+0.016 “CMF” 
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Vazquez-Semadeni 1994; Padoan et al. 1999; Kainulainen et al. 2009, 2013; Ballesteros-Paredes et al. 2011;  
Kritsuk et al. 2011; Schneider et al. 2014; Lis & Carlstrom 1994; Rathborne et al. 2014 

M = 50-100 M! 
R < 0.04 pc 
n > few x 106 cm-3 
SFR = 0.06% 

Active star 
formation 

Deviation at low column 
densities arises from 
the large-scale diffuse 
medium 

Log-normal distribution is 
predicted when turbulence 
sets the initial gas structure 

Deviation from log-normal at 
high column densities pinpoints 
self-gravitating gas where star 
formation can progress 



Recent	  observaGons	  of	  solar	  neighbourhood	  clouds	  suggest	  a	  ‘universal’	  column	  density	  
threshold	  of	  ~1.4	  x	  1022	  cm-‐2	  	  (which	  corresponds	  to	  volume	  densiGes	  of	  ~104	  cm-‐3)	  
	  

Although	  this	  threshold	  accurately	  describes	  the	  onset	  of	  star	  formaGon	  in	  clouds	  in	  the	  
solar	  neighbourhood,	  it	  does	  not	  hold	  for	  the	  environment	  within	  the	  CMZ	  
•  the	  gas	  in	  the	  CMZ	  has	  a	  much	  higher	  column	  density	  than	  1.4	  x	  1022	  	  cm-‐2,	  yet	  it	  is	  

forming	  stars	  1-‐2	  orders	  of	  magnitude	  less	  efficiently	  than	  predicted	  
	  

The	  column	  density	  PDF	  for	  G0.253+0.016	  confirms	  this	  result	  -‐	  while	  the	  majority	  of	  the	  
mass	  lies	  at	  column	  densiGes	  >1.4	  x	  1022	  cm-‐2	  only	  one	  region,	  corresponding	  to	  0.06%	  of	  
the	  total	  mass,	  shows	  evidence	  for	  star	  formaGon	  
	  

The	  derived	  lower	  limit	  on	  the	  volume	  density	  (>106	  cm-‐3)	  is	  consistent	  with	  the	  
theoreGcally	  predicted,	  environmentally	  dependent	  volume	  density	  threshold	  (108	  cm-‐3)	  

	  -‐	  which	  is	  orders	  of	  magnitude	  higher	  than	  derived	  for	  solar	  neighbourhood	  clouds	  

An	  environmentally	  dependent	  volume	  density	  
threshold	  for	  star	  forma/on	  

Lada et al. 2010, 2012; Longmore et al. 2013; Krumholz and McKee 2005; Padoan and Nordlund 2011; 
Rathborne et al. 2014 



ALMA	  dust	  conGnuum	  and	  molecular	  line	  emission	  toward	  G0.253+0.016	  reveals	  a	  
complex	  network	  of	  emission	  features	  
	  

Turbulence	  sets	  the	  iniGal	  condiGons	  for	  star	  formaGon	  in	  high-‐pressure	  environments	  
à	  our	  current	  theoreGcal	  understanding	  of	  gas	  structure	  derived	  from	  solar	  
neighbourhood	  clouds	  also	  holds	  in	  extreme,	  high-‐pressure	  environments	  
	  

Lack	  of	  star	  formaGon	  is	  consistent	  with	  an	  environmentally	  dependent	  volume	  density	  
threshold	  for	  star	  formaGon	  	  
	  

	  

G0.253+0.016	  is	  on	  the	  verge	  of	  forming	  a	  cluster	  from	  hierarchical,	  filamentary	  
structures	  that	  arise	  from	  a	  highly	  turbulent	  medium	  

	  

	  

Summary	  
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