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Luminosity	  	  Func9on?	  	  	  	  	  

	  

By	  measuring	   the	   luminosity	   func3on	   and	   its	   evolu3on,	   we	   can	   be9er	  
understand	  what	   factors	   contribute	   to	   the	   star	   forma3on	   rate,	   growth	  
and	   evolu3on	   of	   galaxies.	   Selec3ng	   galaxy	   samples	   based	   on	   colour	   or	  
morphology	   can	   provide	   addi3onal	   informa3on	   as	   galaxy	   shape	  
measures	   the	   distribu3on,	   and	   reflects	   the	   mo3ons,	   of	   stars	   within	   a	  
galaxy.	   Colour	   is	   connected	   to	   galaxy	   stellar	   popula3ons,	   blue	   being	  
younger,	  star	  forming	  and	  red	  being	  older.	  
Observa3onally,	   colour	   and	   galaxy	   shape	   correlate	   and	   thus,	   are	   oAen	  
used	  as	  proxies	  for	  one	  another,	  that	  is,	  we	  assume	  that	  the	  majority	  of	  
spirals	   should	   be	   blue	   and	   the	   majority	   of	   ellip3cals	   and	   len3culars	  
should	   be	   red.	   Previous	   studies	   of	   local	   luminosity	   func3ons	   with	  
morphology-‐selected	   samples	   have	   largely	   produced	   conflic3ng	   results	  
and	  func3ons	  with	  varying	  shapes	  (Marzke	  et	  al.,	  1998,	  Kochanek	  et	  al.,	  
2001,	   Devereux	   et	   al.,	   2009).	   Unexpectedly,	   such	   func3ons	   differ	   from	  
func3ons	  derived	  from	  colour-‐selected	  samples	  (Bell	  et	  al.,	  2004,	  Brown	  
et	  al.,	  2007),	  that	  is,	  early-‐type	  func3ons	  have	  faint	  end	  slopes	  which	  are	  
flat	   or	   posi3ve	   rather	   than	   the	   nega3ve	   slopes	   observed	   in	   typical	   red	  
galaxy	  luminosity	  func3ons.	  
We	   have	   created	   a	   dataset	   primarily	   using	   2MASS,	   6dF	   and	   RC3	   data,	  
limited	  to	  Ktotal	  <	  10.75	  mag	  and	  704	  <	  cz	  <	  20,000	  km/s,	   	  comprised	  of	  
13,321	  galaxies,	  each	  with	  corresponding	  flow	  corrected	  redshiA/redshiA	  
independent	   distances	   and	   morphological	   classifica3ons.	   We	   have	  
derived	  K-‐band	   local	  galaxy	   luminosity	   func3ons	  for	  our	  total	  sample	  as	  
well	   as	   for	   late	  and	  early-‐type	  galaxies	   (Figures	  1	  and	  2).	  We	  have	  also	  
inves3gated	   the	   colour	   distribu3ons	   of	   the	   different	   morphological	  
popula3ons	  (Figure	  3).	  	  
Our	   results	   indicate	   a	   difference	   in	   the	   shape	   of	   our	   func3ons	   when	  
compared	  to	  similar	  colour-‐selected	  luminosity	  func3ons.	  This	  is	  at	  least	  
par3ally	   explained	   by	   a	   large	   popula3on	   of	  MK	   <	   -‐23	  mag,	   high	   stellar	  
mass	  red	  spiral	  galaxies	  Figures	  4,	  5,	  6	  and	  7)	  which	  are	   included	  in	  our	  
sample.	  If	  we	  add	  these	  red	  spirals	  to	  our	  early-‐type	  sample,	  and	  correct	  
our	   galaxy	   counts	   for	   overdensi3es	   in	   the	   local	   Universe,	   the	   resul3ng	  
luminosity	   func3on	  has	  a	  shape	  more	  similar	   to	  that	  observed	  for	  color	  
selected	  red	  galaxy	  LF’s.	  	  
In	  terms	  of	  the	  red	  spirals	  themselves,	  with	  such	  large	  stellar	  masses	  and	  
such	   obvious	   structure,	   it	   is	   unlikely	   that	   these	   objects	   are	   formed	  
through	  mergers	  or	  have	  recently	  blue	  stellar	  popula3ons.	   If	   red	  spirals	  
are	  formed	  through	  a	  more	  likely	  process	  such	  as	  the	  trunca3on	  of	  star	  
forma3on,	  they	  must	  be	  relics	  of	  a	  much	  earlier	  age.	  
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Figure	   	   1.	   K-‐band	   luminosity	   func3on	  
for	   the	  total	  galaxy	  sample	  fi9ed	  to	  a	  
Schechter	   func3on.	  Note	   the	   inability	  
of	   the	   Schechter	   form	   to	   fit	   the	  
brighter	  end	  of	  the	  curve.	  	  

Figure	   	   2.	   K-‐band	   luminosity	   func3on	  
for	   late	   and	   early-‐type	   samples	   fi9ed	  
to	   Schechter	   func3ons.	   High	   stellar	  
mass	   early	   type	   galaxies	   dominate	   at	  
the	   bright	   end	   and	   lower	   mass	   late-‐
types	   dominate	   at	   the	   faint	   end.	   The	  
faint	   end	   slope	   of	   the	   early-‐type	  
func3ons	   is	   clearly	   posi3ve,	   rather	  
than	   the	  nega3ve	   slope	   seen	   in	  most	  
red	   galaxy	   luminosity	   func3ons.	   This	  
indicates	   that	   the	   simple	   assump3on	  
that	   all	   early-‐type	   galaxies	   are	   red,	  
and	  that	  all	  late-‐type	  galaxies	  are	  blue	  
is	  incorrect.	  

Figure	   3.	   Colour-‐Magnitude	   distribu3on	   of	  
galaxies	   included	   in	   SDSS	   catalogue.	   Galaxies	  
above	   the	  do9ed	   line	   are	   red,	   those	  below	  are	  
blue.	   	  There	  are	  clearly	  spirals	  above	  the	  colour	  
cut,	  and	  these	  objects	  are	  more	  common	  at	  the	  
bright/high	  stellar	  mass	  end.	  

Figure	   4.	   Frac3on	   of	   red	   spirals	   to	   total	   spirals	  
with	   fi9ed	   exponen3al	   func3on.	   This	   fit	   is	  
applied	  to	  the	  en3re	   late-‐type	  sample	  to	  create	  
a	  red	  and	  blue	  spiral	  sample.	  The	  fit	  is	  weighted	  
according	   to	   the	   number	   of	   galaxies	   contained	  
within	  each	  bin	  

Figure	   	   5.	   K-‐band	   luminosity	  
func3on	   for	   blue	   and	   red	   spirals	  
using	   the	   fit	   in	   Figure	   4,	   scaled	   to	  
account	  for	   local	  galaxy	  popula3on	  
overdensi3es.	   Note	   that	   at	   the	  
bright	   end	   of	   the	   func3on	   (higher	  
stellar	  mass)	   the	  red	  spirals	  clearly	  
dominate	  the	  sample.	  

Figure	   	   6.	   K-‐band	   luminosity	  
func3on	   for	   blue	   spirals	   and	   red	  
spirals	   added	   to	   the	   early-‐type	  
popula3on,	   scaled	   to	   account	   for	  
galaxy	  popula3on	  overdensi3es.	  At	  
the	   bright	   end	   of	   the	   func3on	  
(higher	   stellar	   mass)	   the	   red	  
galaxies	   clearly	   s3ll	   dominate	   the	  
sample.	   Of	   interest	   also	   is	   the	  
downturn	  now	  evident	  at	  the	  faint	  
end	   of	   the	   hybrid	   red	   spiral/early-‐
type	   func3on.	   This	   is	  more	   similar	  
in	  shape	  expected	  from	  a	  red	  color	  
selected	  luminosity	  func3on,	  but	  is	  
not	  as	  extreme.	  	  
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