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From	  Disks	  to	  Bulges	  
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Galaxy	  forma6on	  simula6ons	  done	  
with	  ART	  

•  AMR	  code:	  HYDRO-‐ART	  (Kravtsov	  et	  al	  1997,	  Kravtsov	  2003)	  

•  Gas	  Cooling,	  Star	  Forma6on,	  Stellar	  Feedback	  
(Ceverino	  &	  Klypin	  2009;	  Ceverino,	  Dekel	  and	  Bournaud	  2010)	  
–  Cooling	  below	  104	  K	  (minimum	  temperature	  of	  300	  K).	  
–  Thermal	  feedback	  +	  runaway	  stars.	  
–  Things	  that	  we	  are	  NOT	  doing	  (although	  it	  is	  temp6ng):	  	  

	  Shutdown	  cooling,	  shutdown	  of	  hydrodynamical	  forces.	  	  	  

•  Sample	  of	  halos	  with	  a	  virial	  mass	  between	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  1011	  –	  1012	  M	  at	  z=2	  

•  Maximum	  resolu6on	  of	  30-‐70	  pc	  





Gravita6onally	  unstable	  disks	  
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Young	  Stars	  
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A	  Massive	  Bulge	  
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SINS	  and	  Simula6ons	  

Data	  (Red	  circles)	  from	  
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Clumps	  support	  

•  Are	  the	  clumps	  
supported	  by…	  
–  Rota6on	  
–  Random	  mo6ons/
pressure	  

–  Ar6facts	  ?	  



Clumps	  kinema6cs	  

1.2	  kpc	  

Face-‐on	  view	   Edge-‐on	  view	  



Rota6onally-‐supported	  clumps	  
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Mass	  Modeling	  of	  Clumps	  
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Summary	  

•  Cosmological	  simula6ons	  of	  massive	  galaxies	  at	  
high	  redshi>.	  

•  They	  host	  marginally	  gravita6onally-‐unstable	  
disks,	  supported	  by	  rota6on	  (Vrot=180-‐200	  km/s).	  

•  Giant	  clumps	  (107-‐109	  M)	  form	  by	  disk	  
instabili6es.	  

•  Giant	  clumps	  are	  mainly	  supported	  by	  rota6on	  
(Vrot=40-‐100	  km/s).	  

•  They	  survive	  for	  several	  orbital	  periods	  as	  they	  
migrate	  to	  the	  center	  and	  contribute	  to	  the	  
growth	  of	  a	  bulge/spheroid.	  



The	  End	  
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Parameter	  study	  
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