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Accre&on	  and	  the	  Gas	  Budget	  

HI	  Infall≈0.1-‐.25Moyr-‐1	  

SFR≈1.5Moyr-‐1	  

HI	  Infall	  ≥0.1-‐0.2Moyr-‐1	  

SFR≈3.8Moyr-‐1	  

HI	  Infall≈0.1-‐0.2Moyr-‐1	  

SFR≈1Moyr-‐1	  

Fraternali+2002	  

Van	  Woerden+2007	  

Reference	  Oosterloo+2007	  



Stars:	  Galac&c	  Recyclers	  

•  A	  stellar	  popula&on	  returns	  	  	  	  	  	  	  
40-‐50%	  of	  its	  mass	  in	  10Gyr.	  

•  Most	  gas	  returned	  is	  shed,	  cold	  
and	  low	  velocity.	  

•  Stars	  shed	  gas	  and	  form	  in	  similar	  
places.	  

STARS	  (NIR)	  

STAR	  FORMATION	  (CO)	  

V~10km/s	  

T~3000K	  

Reference	  



Method	  
1.  Star	  Forma&on	  Histories	  -‐>	  popula&on	  ages	  

2.  Mass	  loss	  model	  	  

3.  Reprocessing	  model	  

Importance	  of	  Gas	  Reprocessing	  to	  	  
Star	  Forma&on	  Rate	  Budget	  
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Un-‐Integra&ng	  Star	  Forma&on	  

•  Step	  back	  in	  &me,	  removing	  stellar	  mass	  
according	  to	  average	  star	  forma&on	  rate.	  

DuYon	  et	  al.	  (2010)	  



Star	  Forma&on	  Histories	  
At	  the	  mean	  star	  forma&on	  
rate	  for	  various	  M*(z=0	  )	  

At	  fixed	  M*(z=0)	  for	  various	  
z=0	  star	  forma&on	  rates	  
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Gas	  Reprocessing	  Model	  

•  Simulated	  Milky	  Way	  Mass	  Halos	  demonstrate	  that	  the	  instant	  recycling	  
of	  lost	  stellar	  material	  accounts	  for	  addi&onal	  star	  forma&on.	  

Star	  Forma&on	  Histories	  



Star	  Forma&on	  
Histories	  

Recycling	  Model	  

Reprocessing	  
Contribu&on	  

Total	  Star	  Forma&on	  
Recycling	  

SF	  from	  Recycling	  



Method	  
1.  Star	  Forma&on	  Histories	  -‐>	  popula&on	  ages	  
•  From	  empirical	  star	  forma&on	  scaling	  rela&ons.	  

2.  Mass	  loss	  model	  	  
•  From	  stellar	  evolu&on	  models	  +	  IMF.	  	  	  	  	  	  

3.  Reprocessing	  model	  
•  From	  simula&on	  

Importance	  of	  Gas	  Reprocessing	  to	  	  
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z=0	  Reprocessing	  Predic&ons	  
•  Average	  star	  forma&on	  rate	  
as	  a	  func&on	  of	  M*.	  

•  Average	  recycling	  rate	  for	  
galaxies	  	  with	  average	  star	  
forma&on	  rate	  as	  a	  
func&on	  of	  M*	  including	  
modeling	  uncertainty	  

•  Accre&on	  rate	  needed	  to	  
replenish	  	  the	  gas	  disk	  
(from	  HI	  infall?)	  



z=0	  Reprocessing	  Predic&ons	  
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(from	  HI	  infall?)	  
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z=0	  Reprocessing	  Predic&ons	  

•  Average	  return	  rates	  for	  
galaxies	  of	  varying	  
stellar	  mass	  and	  average	  
present	  day	  star	  
forma&on	  rates	  for	  that	  
mass.	  

•  Average	  star	  forma&on	  rate	  
as	  a	  func&on	  of	  M*.	  

•  Average	  recycling	  rate	  for	  
galaxies	  	  with	  average	  star	  
forma&on	  rate	  as	  a	  
func&on	  of	  M*	  including	  
modeling	  uncertainty	  

•  Average	  accre&on	  rate	  
needed	  to	  replenish	  	  the	  
gas	  disk	  (from	  HI	  infall?)	  

Most	  recent	  Milky	  Way	  star	  
formaVon	  rate	  measurements.	  
(Murray	  &	  Rahman	  2010,Robitaille	  &	  
Whitney	  2010	  )	  

Milky	  Way	  infall	  needed	  
at	  observed	  SFR	  



Gas	  Budget	  with	  Recycling	  

Recycled≈1.3Moyr-‐1	  	  
HI	  Infall≈0.1-‐.25Moyr-‐1	  
SFR≈1.5Moyr-‐1	  

Deficit≈0	  

Recycled≈2.4Moyr-‐1	  	  
HI	  Infall	  ≈0.1-‐0.2Moyr-‐1	  

SFR≈3.8Moyr-‐1	  

Deficit≈1.4Moyr-‐1	  

Recycled≈0.8Moyr-‐1	  
HI	  Infall≈0.1-‐0.2Moyr-‐1	  
SFR≈1Moyr-‐1	  

Deficit≈0	  

Fraternali+2002	  

Van	  Woerden+2007	  

Reference	  Oosterloo+2007	  















Average	  return	  rate	  for	  a	  Milky	  Way	  Mass	  galaxy	  
with	  varying	  present	  day	  star	  forma&on	  rates	  
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M*=	  M*0	  	  	  	  	  	  	  	  	  	  	  	  	  -‐SFR(M*,z)	  	  	  	  	  	  	  	  	  	  SF	  History	  0	  

+	  
M*=M*0	  -‐	  SFR(M*,z)	  +	  Mass	  Loss(z)0	  	  	  	  	  SF	  History	  1	  



Results	  Robust	  to	  ScaYer?	  

•  Stochas&c	  scaYer	  

•  ScaYer	  in	  scaling	  



Systema&c	  ScaYer	  

SFR(z,M*)	  Scaling	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  SFR+	  Reprocessing	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



SFR	  Slope	  Uncertain&es	  



Mass	  Loss	  Model	  


