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GA L A X Y 	   S I Z E 	   E VO LU T I ON 	  

Cimatti et al., 2008 

Compact massive (>1011M) passive galaxies were found to be very common at high 
redshift, but this is not the case in the local Universe. 

Did galaxies puff up via: 

  internal processes such as feedback (e.g 
Fan et al., 2008, 2010, Damjanov et al., 
2009) 

or 

  mergers (e.g. Khochfar & Silk 2006, Naab 
et al., 2009) 
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T H E 	   D ATA : 	   U K I D S S 	   U D S / C A N D E L S -‐ U D S 	  

CANDELS-‐UDS:	  Wide	  program,	  88	  orbits	  &	  
limiGng	  magnitudes	  (AB,	  5σ,	  1	  arcsec2):	  

	  	  	  J=26.22	  	  H=26.32	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Galametz	  et	  al.,	  2013)	  

 	  Full	  UDS	  field	  ≈	  10x	  CANDELS-‐UDS	  	  	  	  
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PHOTO	  z	  &	  STELLAR	  MASSES	  

Photometric	  redshigs	  and	  stellar	  masses	  were	  determined	  from	  11-‐
band	  photometric	  fiLng:	  	  	  	  U,	  B,	  V,	  R,	  i’	  ,z’,	  J,	  H,	  K,	  3.6μm,	  4.5μm.	  

2000	  spectra	  from	  UDSz	  were	  used	  to	  train	  and	  calibrate	  

€ 

δz
(1+ z)

= 0.031

Stellar masses and rest-
frame colours were 
obtained from SED fitting  



MEASURING	  GALAXY	  SIZES	  

Sizes	  were	  measured	  on	  ground	  based	  K-‐band	  data	  and	  then	  calibrated	  
against	  H-‐band	  HST	  CANDELS	  data	  (van	  der	  Wel	  et	  al.	  2012)	  

≈14%	  offset	  is	  
consistent	  with	  
measuring	  sizes	  
in	  different	  
wavebands	  
(see	  Kelvin	  et	  al.,	  
2012)	  

We	  alligned	  UDS	  
sizes	  to	  CANDELS	  
sizes	  to	  facilitate	  
comparison	  with	  
future	  work	  	  	  

(K-band) 

(H
-b

an
d)

 

Lani et al., 2013 



A P E R TUR E 	   D EN S I T I E S 	  

 	  Counts	  of	  galaxies	  in	  an	  aperture	  	  

	  	  	  We	  counted	  the	  number	  of	  galaxies	  within	  a	  cylinder	  constructed	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  	  around	  	  the	  galaxy	  under	  consideraGon.	  The	  radius	  was	  given	  by	  a	  	  
	  	  	  fixed	  physical	  aperture	  size;	  the	  depth	  was	  set	  to	  1	  Gyr	  in	  redshig	  	  	  	  	  	  
	  	  	  space.	  	  Holes	  and	  edges	  were	  accounted	  for	  by	  normalising	  for	  the	  	  	  	  	  	  	  	  
	  	  	  number	  of	  good	  pixels	  within	  the	  aperture	  

€ 

ρaperture =
Ng
Aper

Nz
×
NMask
Tot

NMask
Aper

Fixed physical aperture size 

1 Gyr in redshift space 



CO LOUR 	   v s 	   E N V I RONMENT 	  

Lani	  et	  al.,2013	  and	  Chuter	  et	  al.,2011	  

Our environmental measure can 
recover previously know trends 
such as the colour-density 
relation. 

defined by UVJ (rest-
frame) + sSFR 

the remainder 

zphot=1-2 



z=1-2 (z≈1.4) 

For	  M*>1011	  M:	  

 	  At	  z≈1.4	  quiescent	  
galaxies	  were	  typically	  
50%	  smaller	  

For	  M*<1011	  M:	  

 	  At	  z≈1.4	  quiescent	  
galaxies	  were	  typically	  
40%	  smaller	  

Lani et al., 2013 

HIGH	  z	  SIZE	  	  	  MASS	  RELATION	  



HIGH	  z	  SIZE	  	  	  MASS	  	  RELATION	  vs	  ENVIRONMENT	  
z=1-2 



 
 

 	  Galaxies	  in	  the	  highest	  densi.es	  show	  Reff,norm	  which	  	  are	  (by	  increasing	  
mass)	  18±12%,	  19±9%,	  48±25%	  	  larger	  (from	  frac.onal	  difference)	  than	  
objects	  in	  the	  lowest	  densi.es.	  MC	  tests!	   Lani et al., 2013 

HIGH	  z	  SIZE	  	  	  MASS	  	  RELATION	  vs	  ENVIRONMENT	  
z=1-2 z=1-2 



WHAT	  IS	  DRIVING	  THE	  TREND?	  

More	  work	  is	  needed	  in	  order	  to	  idenGfy	  the	  causes	  of	  the	  trends	  we	  
observe.	  Thus	  far,	  we	  think	  galaxies	  in	  the	  densest	  environments	  could	  
be	  larger	  due	  to	  having:	  

 	  undergone	  a	  higher	  number	  of	  minor	  mergers;	  

 	  undergone	  an	  accelerated	  evoluGon;	  

 	  other	  growth	  mechanisms	  (e.g.	  feedback)	  if	  these	  occurred	  in	  the	  
most	  massive	  haloes	  first;	  

 	  a	  combinaGon	  of	  the	  above	  (e.g.	  Damjanov	  et	  al.,	  2009).	  	  



CONC LU S I ON S 	   	   	  

 	  We	  observe	  the	  colour-‐density	  relaGon	  to	  hold	  up	  to	  z≈2.	  

 	  We	  confirm	  size	  evoluGon	  for	  the	  quiescent	  populaGon.	  

 	  We	  find	  that	  passive	  galaxies	  in	  denser	  environments	  (on	  scales	  of	  	  	  	  	  
	  	  	  	  400	  kpc)	  are	  significantly	  larger	  at	  a	  given	  stellar	  mass	  at	  a	  	  
	  	  	  	  significance	  >	  4.8	  σ	  at	  z>1.	  

For more details see Lani et al. 2013 now virtually accepted and on arXiv next week 



QU I E S C EN T 	   S E L E C T I ON 	  

V	  	  	  	  Jrest	  

Quiescent	  galaxies:	  
1) UVJ	  	  ✔ 	  

2)  sSFR=<7.43x10-‐11	  	  yr	  -‐1	  ✔	  	  

Star-‐forming	  (SF)	  galaxies:	  
	  the	  remainder	  	  

Williams	  et	  al.,	  2009	  and	   Wuyts	  et	  al.,	  2007	  

U
	  	  	  
	  V

re
st
	  

From SED fitting 



MORPHO LOGY 	   C U T 	   	   	  



S F 	   G A L A X I E S 	   	   	  

All star-forming  sSFR>1x10-11 yr-1 



T E S T 	   	   	  



ENVIRONMENT	  AT	  HIGH	  z	  

	  Quiescent	  ETGs	  at	  z=0.4-‐1.2	  (mostly	  z<0.8)	  &	  25%	  size	  difference	  to	  2σ	  
significance	  	  

Cooper	  et	  al.,	  2012	  



S I Z E 	   	  MA S S 	   R E L AT I ON 	  

(z≈1.4) 

For	  M*>1011	  M:	  

 	  	  z≈1.4	  quiescent	  
galaxies	  were	  typically	  
50%	  smaller	  

 At	  z≈0.7	  quiescent	  
galaxies	  were	  
Typically	  20%	  smaller	  

For	  M*<1011	  M:	  

 	  At	  z≈1.4	  quiescent	  
galaxies	  were	  typically	  
40%	  smaller	  

 At	  z≈0.7	  quiescent	  
galaxies	  were	  
typically	  	  10%	  smaller	  Lani et al., 2013 

(z≈0.7) 



CO LOUR 	   v s 	   E N V I RONMENT 	  

defined by UVJ (rest-
frame) + sSFR 

the remainder 

zphot=1-2 

zphot=1-2 

Lani	  et	  al.,2013	  and	  Chuter	  et	  al.,2011	  

Our environmental measure 
can recover previously know 
trends such as the colour-
density relation. 


