
Gas,	  ISM	  proper-es,	  and	  Star	  
Forma-on	  in	  	  Galaxies:	  connec-ng	  
the	  Nearby	  and	  the	  Distant	  Universe	  

…or,	  what	  the	  heck	  is	  that	  I	  do?	  

Prof.	  Alberto	  BolaIo	  







The evolution of  structure in the universe 
Stars form in Giant Molecular 
Clouds (GMCs) 

Molecular transitions are 
necessary to radiate the heat 
of contraction 

HI is the dominant gas 
reservoir in galaxies, but star 
formation occurs only  in H2  



Total	  gas	  or	  molecular	  gas?	  

 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
x 10

22

 BeIer	  asked	  in	  an	  HI-‐dominated	  system	  
 We	  use	  the	  SMC	  as	  a	  laboratory.	  Bypass	  the	  CO	  and	  Xco	  using	  dust	  as	  the	  H2	  tracer	  
(Israel	  1997;	  Dame	  et	  al.	  2001)	  

H2	  from	  dust	  
modeling+HI	  map	  

S3MC+SMC-‐SAGE	  
Spitzer	  24,	  70,	  160	  μm	  
imaging	  
BolaIo	  et	  al.	  (2007),	  Gordon	  et	  al	  
in	  prep.	  

Leroy,	  BolaIo,	  et	  al.	  (2007,	  2009,2010);	  BolaIo,	  Leroy,	  et	  al.	  in	  prep.	  	  
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Mapping	  H2	  
without	  CO	  

ΣH2	  =	  (Σdust	  ×GDR)-‐	  ΣHI	  

From	  FIR	  SED	  modeling	  

Self	  consistently	  
es-mated	  using	  HI-‐

dominated	  lines	  of	  sight	  

From	  21	  cm	  mapping	  

Israel	  1997;	  Dame	  et	  al.	  2001;	  
Leroy	  et	  al.	  2007,2009,2011	  

BolaIo	  et	  al	  
2011	  



Rela-ons	  for	  H2	  and	  total	  gas	  
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•  The	  SMC	  is	  “normal”	  in	  H2	  vs.	  SFR	  	  
•  The	  SMC	  is	  vastly	  underperforming	  in	  total	  gas	  vs.	  SFR	  (explains	  	  Wolfe	  &	  Chen	  2006)	  
•  KMT09	  models	  where	  HIH2SFR	  fit	  the	  data	  reasonably	  well	  
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Molecular	  Gas	   Atomic+Molecular	  Gas	  

Krumholz,	  McKee,	  &	  Tumlinson	  (2009)	  



Molecular	  Gas	  in	  the	  Blue	  Sequence	  



STING	   CARMA	  STING	  (contours)	  
IRAM	  30m	  HERACLES	  (gray;	  Leroy	  et	  al.	  2009)	  

What	  is	  the	  
rela-on	  between	  
gas	  and	  SFR?	  	  

(Rahman,	  BolaIo,	  Wong,	  
Leroy,	  Rosolowsky,	  	  Blitz,	  
et	  al.	  2010)	  



The	  SLF	  throughout	  the	  blue	  sequence	  

Rahman	  et	  al.	  (2011)	  

Saintonge et al. 
(2011) COLD GASS 



Rela-on	  between	  CO	  and	  mid-‐IR,	  par-cularly	  PAHs	  
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• Composite	  from	  20	  KINGFISH	  galaxies	  
• [CII]	  and	  24	  μm	  have	  almost	  precisely	  the	  
predicted	  rela-on	  assuming	  	  

-‐ con-nuous	  SFR	  	  
-‐ 20	  Myr	  or	  older	  popula-on	  
-‐ 3%	  photoelectric	  hea-ng	  efficiency	  

• 	  Failures?	  PAH	  charge?	  Link	  to	  dust	  proper-es	  	  

SFRs	  at	  high-‐z	  
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NGC 3521 

Ionizing Luminosity  
McKee	  &	  Williams	  1997	  

q122μm:	  excita-on	  rate	  for	  the	  122μm	  line	  

[N+]/[H+]	  =	  [N]/[H]	  =	  6.9e-‐5	  

α(2)
H	  =	  3.57e-‐13	  

q122μm	  =	  3.89e-‐8	  for	  T	  =	  7000K	  

SFR from Ionizing Flux  
“From	  Luminous	  Hot	  Stars	  to	  Starburst	  

Galaxies”	  Con-,	  P.,	  Crowther,	  P.,	  Leitherer,	  C.	  

SFR	  [Msun	  yr-‐1]	  =	  4.56e-‐54	  S’T	  [s-‐1]	  
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Hea-ng	  efficiencies	  at	  low	  
metallicity	  
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• 	  PAHs	  are	  
smaller	  and	  
more	  neutral	  at	  
low	  metallicity!	  

• 	  Enhanced	  
photoelectric	  
hea-ng?	  (Israel	  
et	  al.	  2011)	  

Sandstrom,	  BolaIo,	  et	  al.	  (2011)	  



Resolving	  GMCs	  in	  ULIRGs?	  
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• 	  Using	  atmospheric	  phase	  
correc-on	  CARMA	  can	  reach	  0.15”	  
resolu-on	  at	  1.3	  mm	  (2km	  
baselines)	  

• 	  That	  is	  70	  pc	  at	  100	  Mpc!!!	  

• 	  GMCs	  are	  20-‐50	  pc	  in	  size	  for	  the	  
MW.	  We	  are	  not	  that	  far	  from	  
resolving	  them.	  

• 	  ΣH2	  ~	  5,000	  Mo/pc2	  

• 	  ALMA	  will	  be	  able	  to	  pin	  down	  
GMC	  proper-es	  across	  a	  range	  of	  
galaxy	  types	  

• 	  ALMA	  cycle0	  -me	  for	  GMC	  
proper-es	  in	  NGC253!	  

Arp	  193:	  CO	  2-‐1	  at	  0.15”	  (Zauderer,	  BolaIo,	  et	  al.,	  in	  prep.)	  



  Study of  the central starburst 
in NGC253 
  GMC properties: are GMCs 

different? 
  Origin of  the wind 



BOLATTO, WALTER, LEROY, SCOVILLE, OTT, WEISS, ZWAAN, VEILLEUX, OSTRIKER 

NGC 253, THE NEAREST CIRCUMNUCLEAR STARBURST  



BOLATTO, WALTER, LEROY, SCOVILLE, OTT, WEISS, ZWAAN, VEILLEUX, OSTRIKER 

NGC 253, THE NEAREST CIRCUMNUCLEAR STARBURST  



Opportunities for students 
  CARMA STING (Nearby Galaxies) 

  Star formation law (PI) 

  KINGFISH (Nearby Galaxies) 
  FIR spectroscopy and imaging 
  Submm spectroscopy 

  HERITAGE (Magellanic Cloud science) 
  FIR spectroscopy for SMC submitted (PI) 

  IRAM LP (z~1-2 Medium Redshift) 
  EVLA program (PI) 

  ALMA! 
  PI in cycle 0/1 project: the center of  NGC 253 
  ISM physics at z=6.4? Follow up of  GRB hosts? 
  Partnership with PUC 


