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The	
  density-­‐mass	
  diagram:	
  Compactness	
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High-z, compact galaxies may be todayʼs massive 
bulges!
!
•  Cold streams, gas accretion (Khochfar & Silk 2006; Combes arXiv:

1309.1603) builds discs around the compact galaxies / bulges.  !
!

•  ! The feeding is ultimately coplanar rather than random: !
!Pichon et al. (2011,MNRAS, 418, 2493); !
!Danovich et al. (2012, MNRAS, 422, 1732)!
!Stewart et al. (2013, ApJ,  769, 74); !
!Prieto, Jimenez & Haiman (arXiv:1301.5567).!

!
Local, compact elliptical galaxies may be the 
bulges of stripped disc galaxies, or, they were too 
small to ever acquire a substantial disc.!
!
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Katkov et al. 2013 ApJ 769 105 (ongoing disc formation at z~0)!
!
Title:	
  The	
  Majority	
  of	
  (14)	
  Compact	
  Massive	
  Galaxies	
  at	
  z	
  ~	
  2	
  are	
  Disk	
  
Dominated:	
  	
  van	
  der	
  Wel	
  et	
  al.	
  (2011,	
  ApJ,	
  730,	
  38)!
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Core-­‐Sersic	
  model	
  fit	
  to	
  an	
  E	
  (NGC	
  4291)	
  and	
  an	
  S0	
  (NGC	
  4382).	
  
	
  

	
   	
  	
  Cores	
  span	
  10	
  pc	
  to	
  a	
  few	
  hundred	
  parsec	
  
Signature	
  of	
  binary/mul.ple	
  supermassive	
  black	
  hole	
  coalescence.	
  

(Dullo	
  &	
  Graham	
  2012,	
  2013)	
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The	
  black	
  hole	
  mass	
  was	
  thought	
  
to	
  scale	
  linearly	
  with	
  the	
  host	
  
bulge	
  mass	
  (0.15	
  to	
  0.2%).	
  	
  

Haring	
  &	
  
Rix	
  (2004)	
  

Marconi	
  &	
  
Hunt	
  (2003)	
  M32	
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Slope	
  =	
  1	
  	
  
for	
  	
  
core-­‐Sérsic	
  
spheroids.	
  	
  	
  	
  	
  	
  	
  
	
  
Slope	
  =	
  2	
  	
  
for	
  Sérsic	
  
spheroids.	
  	
  

	
   	
  	
  	
  	
  	
  	
  

Graham	
  (2012,	
  
ApJ,	
  746,	
  113)	
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Black	
  hole	
  mass	
  scaling	
  rela.ons	
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arXiv:1108.0997)	
  



McConnell	
  &	
  Ma	
  	
  
(2013,	
  ApJ,	
  764,	
  184)	
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Remco	
  van	
  den	
  Bosch	
  et	
  al.	
  
(2012,	
  Nature,	
  491,	
  729)	
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AGN	
  Feedback	
  produces	
  a	
  quadra.c	
  rela.on	
  

Graham	
  (2012,	
  ApJ,	
  746,	
  113)	
  
	
  
Graham	
  &	
  Scog	
  (2013,	
  ApJ,	
  
764,	
  151)	
  
	
  
Scog,	
  Graham	
  &	
  Schombert	
  	
  
(2013,	
  ApJ,	
  768,	
  76)	
  
	
  
	
  
	
  
Black	
  hole/spheroid	
  mass	
  
ra.o	
  should	
  increase	
  (e.g.	
  
Seymour	
  et	
  al.	
  	
  
2012,	
  ApJ,	
  755,	
  146)	
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