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The choice of redshift range was driven by two requirements:
(1) objects within the luminosity range of interest should have
apparent sizes well matched to the PPAK field-of-view (FoV);
(2) all relevant emission lines in all galaxies should be cov-
ered with a single spectral setup. As measure of the apparent
galaxy size we adopted the “isoA_r” values (isophotal diame-
ters D25 in the SDSS r-band) and selected only galaxies with
45′′ < D25 < 80′′. We demonstrate below in Sect. 6.5 that this
strategy indeed allows for a very efficient usage of the instru-
ment, in the sense that a large fraction of the FoV provides useful
data. The upper limit in the apparent diameters furthermore en-
sures that the contribution of light from the galaxy at the position
of the sky fibers is negligible (typically >27.5 mag arcsec2 in the
r-band). We thus avoid objects larger than the FoV, which would
require a mosaicing strategy plus separate sky exposures leading
to a dramatic reduction of the observing efficiency in terms of
the number of galaxies observable within a given time.

Not all galaxies in the SDSS photometric catalog obeying
our isophotal diameter criterion have spectra – and therefore red-
shifts – in the SDSS spectroscopic database, which is known
to become increasingly incomplete for total magnitudes brighter
that r ∼ 14. In order to (as much as possible) overcome such an
undesirable bias against bright galaxies, we supplemented the
SDSS redshifts with information accessed through the SIMBAD
database at CDS, which in turn is a compilation of a large variety
of observations and redshift catalogs. Hence, there are SDSS-
based spectra and redshifts for ∼60% of the CALIFA galax-
ies, while for the remainder we have only the redshift infor-
mation provided by SIMBAD. As the latter is also not 100%
complete, there could be a few galaxies within the CALIFA foot-
print without redshift measurements and, therefore, outside of
the CALIFA mother sample. It is difficult to quantify this in-
completeness, but it is unlikely to be more than a few percent,
and probably much less.

Our decision to construct a diameter-selected sample has
several practical advantages, besides the obvious benefit of effi-
ciently using the instrumental field-of-view. Another advantage
has already been mentioned: for the adopted redshift range, the
distribution of apparent galaxy magnitudes naturally favours rel-
atively bright systems, and in fact there was no need to define an
additional faint flux limit to the survey (see Fig. 2). Furthermore,
the range in absolute magnitudes is considerably broadened due
to the factor of 6 between lowest and highest redshifts, so that the
CALIFA sample encompasses an interval of >7 mag in intrinsic
luminosities. In fact, the low-redshift cutoff was mainly intro-
duced in order to limit the luminosity range and avoid swamping
the sample with dwarf galaxies, which – given the limitation to
600 galaxies in total – were considered to be outside the main
scientific interest of the CALIFA project.

Together with the wide range in luminosities comes a broad
coverage of galaxy colours, and the CALIFA sample includes
substantial numbers of galaxies in all populated areas of the
colour-magnitude diagram, from the red sequence through the
green valley to the blue cloud (which is of course effectively
truncated at its faint end due to the low-redshift limit). This
broad colour distribution is illustrated in Fig. 3, where we com-
pare the u − z vs. Mz relation of galaxies in the CALIFA mother
sample with the corresponding distribution in the SDSS-NYU
catalog (e.g. Blanton et al. 2005). While there are (and should
be) differences in the details of the distribution – which can be
quantified, see below –, it is immediately clear that CALIFA
at least qualitatively represents a wide range of galaxy types.
Figure 3 also provides the number of CALIFA objects per bin
in Mz and u − z (recall, however, that the observed sample size

Fig. 3. Distribution of the CALIFA mother sample in the u − z vs. Mz
colour-magnitude diagram. The overplotted numbers indicate the num-
ber of galaxies in bins of 1 mag in Mr and 0.75 mag in u − z. Different
colours and symbols represent a classification into bulge- and disk-
dominated galaxies as well as intermediate cases, as suggested by the
concentration index C. For comparison, the contours delineate the num-
ber density distribution of galaxies in the SDSS-NYU catalogue (e.g.,
Blanton et al. 2005).

will be smaller by a factor ∼2/3). These numbers show that there
will be sufficient statistics in several bins to make robust state-
ments about typical galaxy properties, for early-type as well as
late-type galaxies. In fact, these were the numbers that drove the
overall time request for CALIFA to enable a total sample size of
600 galaxies.

The broad representation of galaxy properties in the CALIFA
sample is also reflected in the distribution of morphological
types. While a thorough characterization of the sample in terms
of morphology and structural properties will be the subject of
a future paper, a qualitative impression can be obtained already
from rather simple diagnostics. It has been demonstrated in the
past (Strateva et al. 2001) that bulge- and disk-dominated sys-
tems can be reasonably well distinguished by their concentration
indices, defined as the ratio C of the r90 and r50 Petrosian radii
provided by the SDSS photometric catalog. Typically, a value of
C >∼ 2.8 requires the presence of a substantial bulge, whereas
C <∼ 2.3 is indicative of an exponential disk. In Fig. 3 we coded
the symbols into three groups, including a class of transition or
uncertain objects with 2.3 < C < 2.8. Their different distribu-
tions in the colour-magnitude diagram is immediately apparent.

Clearly, the majority of CALIFA galaxies (∼2/3) have sub-
stantial disk components, including irregulars and interacting
galaxies, and are more or less actively forming stars. The final
sample of ∼400 of such galaxies will clearly exceed any previous
IFU study by a large factor. Interestingly, the ominous “green
valley” intermediate to star-forming and passive galaxies is well
covered by the sample.

On the other hand, CALIFA will also provide IFU data for
some 200 bulge-dominated, morphologically early-type galax-
ies, most of which – as expected – cluster very strongly
along the red sequence. While the successful ATLAS3D project
(Cappellari et al. 2011) has already observed an even somewhat
larger number of early-type galaxies, CALIFA will complement
the insights from ATLAS3D due to its much larger spectral cov-
erage (∼6×) and FoV, which will allow the study of the outer
regions of early-type galaxies.

In terms of environment, the CALIFA sample is clearly
dominated by field galaxies. It will effectively include galaxy
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CALIFA objects cover the  
full range of galaxy locations  
in the colour-magnitude diagram: 

Sanchez et al. 2012 
but the relative numbers reflect  
the sample selection criteria and  
not population properties! 
 
(N.B.: the same is true for SDSS 
and any other survey!!!) 



CALIFA	
  selec-on	
  criteria	
  

•  Footprint: inherited from SDSS DR7 photometric catalogue; Ω = 8700 deg2 
•  Redshift: 0.005 < z < 0.03 
•  Angular isophotal major axis at 25 mag/arcsec2:   45″  <  isoAr  <  79.2″ 

 
                                                                    ⇒  937 galaxies within footprint. 

in absolute magnitudes: 

Plots on this and following pages 
will be published in CALIFA sample 
characterisation paper:  
Walcher et al, to be submitted 



Does	
  CALIFA	
  have	
  a	
  complicated	
  selec-on	
  func-on?	
  
Which SDSS galaxies are `accessible’ to CALIFA? 



Does	
  CALIFA	
  have	
  a	
  complicated	
  selec-on	
  func-on?	
  

Fraction of SDSS galaxies that would be selected by CALIFA  
if placed at suitable redshift, as function of absolute magnitude: 

Range where CALIFA is 
representative for >95% of all 
SDSS galaxies: ∆M = 4.5 mag, 
880 of 936 objects in sample CALIFA not representative 

(55 / 936) 
(1 / 936) 



Does	
  CALIFA	
  have	
  a	
  complicated	
  selec-on	
  func-on?	
  
Which SDSS galaxies are `accessible’ to CALIFA?  –  now in stellar masses 



Does	
  CALIFA	
  have	
  a	
  complicated	
  selec-on	
  func-on?	
  

Fraction of SDSS galaxies that would be selected by CALIFA  
if placed at suitable redshift, as function of stellar mass: 

Range where CALIFA is 
representative for >95% of all 
SDSS galaxies: ∆(log M*) = 2dex, 
843 of 936 objects in sample 

CALIFA not representative 
(91 / 936) 

 
(2 / 936) 



CALIFA	
  survey	
  volume	
  

•  Total	
  volume	
  between	
  z=0.005	
  and	
  z=0.03	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  over	
  CALIFA	
  footprint	
  of	
  8700	
  deg2:	
  	
  	
  	
  	
  	
  V	
  	
  =	
  	
  1.7	
  ×	
  106	
  	
  Mpc3	
  	
  

•  but	
  each	
  galaxy	
  only	
  	
  
“visible	
  to	
  CALIFA”	
  
within	
  some	
  redshic	
  range:	
  

•  Actually	
  available	
  	
  
survey	
  volume	
  Va	
  is	
  
different	
  from	
  galaxy	
  to	
  galaxy.	
  

•  Value	
  of	
  Va	
  depends	
  only	
  on	
  	
  
linear	
  isophotal	
  size	
  Diso.	
  

	
  
(completely	
  analogous	
  to	
  Vmax	
  formalism	
  in	
  flux-­‐limited	
  surveys)	
  



Object-­‐specific	
  CALIFA	
  survey	
  volume	
  as	
  func-on	
  of	
  Diso	
  



What	
  can	
  we	
  do	
  with	
  volume	
  correc-on?	
  
From	
  histograms	
  to	
  es-mated	
  popula-on	
  distribu-on	
  func-ons	
  

Absolute magnitudes  Luminosity function  



What	
  can	
  we	
  do	
  with	
  volume	
  correc-on?	
  
From	
  histograms	
  to	
  es-mated	
  popula-on	
  distribu-on	
  func-ons	
  

Linear isophotal sizes  Size distribution function  



Es-ma-ng	
  popula-on	
  distribu-ons	
  
of	
  spectroscopic	
  proper-es	
  from	
  IFS	
  samples	
  

Just	
  some	
  possibilites:	
  

•  Stellar	
  mass	
  func-on	
  from	
  spectral	
  modelling	
  

•  Total	
  emission	
  line	
  luminosity	
  func-on	
  

–  SFR	
  distribu-on	
  func-on	
  	
  

•  Beyond	
  the	
  Tully-­‐Fisher	
  rela-on:	
  	
  
–  circular	
  velocity	
  distribu-on	
  func-on	
  
–  bivariate	
  distribu-on	
  of	
  veloci-es	
  and	
  stellar	
  masses	
  

...	
  



Part	
  2:	
  A	
  census	
  of	
  ionising	
  condi-ons	
  
from	
  CALIFA	
  

(work	
  in	
  progress,	
  to	
  be	
  published	
  as	
  soon	
  as	
  possible)	
  



BPT	
  diagnos-c	
  emission	
  line	
  diagram(s)	
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Emission line ratios can probe 
shape of ionising spectrum; 
 
(also relevant: intensity of 
radiation field, gas density, 
abundances) 
 
 
At least 2 line ratios required 
for classifying different types of 
excitation. 
 
Most popular: [O III] λ5007 / Hβ 
vs. [N II] λ6584 / Hα 
•  lines are bright 
•  indepent of dust reddening 
•  low vs. high ionisation 

potential 
 

(Baldwin, Phillips, Terlevich 1981) 

H II regions 

PN AGN 
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Some	
  steps	
  in	
  the	
  evolu-on	
  of	
  the	
  BPT	
  diagram	
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20
03
MN
RA
S.
34
6.
10
55
K



The	
  CALIFA	
  view	
  on	
  the	
  BPT	
  diagram	
  

 In 106 spectra from 300 galaxies: spaxel-by-spaxel evaluation of emission line ratios   



The	
  CALIFA	
  view	
  on	
  the	
  BPT	
  diagram	
  

Same as before, but now only using spaxels with r < 0.7 r50  (≈ typical for SDSS)  



Volume	
  emissivity	
  as	
  func-on	
  of	
  excita-on	
  condi-ons	
  	
  

For each spectrum: 
•  Hα surface brightness  →  luminosity L(Hα) 
•  corrected for extinction from Hα/Hβ ratio 
•  converted to luminosity density: ρL(Hα) = L(Hα)/Va 

 
For each pixel in BPT diagram: 
•  sum up ρL(Hα) contributions 

numbers of pixels Hα luminosity density [erg s-1 Mpc-3]  



Volume	
  emissivity	
  as	
  func-on	
  of	
  excita-on	
  condi-ons	
  	
  

 Implications: 

•  H II regions provide > 90% of all  
Hα photons in the local universe 

•  forming a very narrow sequence 

•  Dominant contributors are low [OIII] 
(metal rich) regions. 

•  AGN / LI(N)ER contribution is <10% 
(but >50% of all spaxels) 

•  Sum over image gives  
total Hα luminosity density at z ≈ 0; 



Luminosity	
  densi-es	
  of	
  other	
  lines	
  	
  

[O III] λ5007 [O I] λ6300 

Also  



Luminosity	
  densi-es	
  in	
  [OI]/Hα-­‐[OIII]/Hβ	
  diagram	
  

# pixels Hα  [OIII]5007 [OI]6300 



Boundaries	
  in	
  the	
  BPT	
  diagram	
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FIG. 2.ÈVeilleux & Osterbrock (1987) diagnostic plot log [N II]/Ha
log vs. log [O III]/Hb for (a) the instantaneous zero-age starburst models
based on PEGASE spectral energy distribution and (b) on the
STARBURST99 spectral energy distribution. The theoretical grids of ion-
ization parameter and chemical abundance are shown in each case. The
sources of the observational data used are distinguished by di†erent
symbols shown in the key.

ization parameters should project onto a narrow band
located in the vicinity of this fold on these diagnostic plots.
It is gratifying to note that the observed points indeed
cluster in this area in the Ðrst two plots. However, this is not
true for the [O I] j6300/Ha versus [O III] j5007/Hb plot,
where the [O I] j6300/Ha line ratio appears to be system-
atically underestimated by the models. This problem has
been encountered before ; notably by & LeithererStasin" ska
(1996), who ascribe this discrepancy to the mechanical
energy released into the gas by supernovae and stellar
winds. Dopita (1997) noted that shocks can signiÐcantly
a†ect this line ratio even when the ratio of mechanical
energy to photon energy Ñux is as small as 10~3. This is the
case because even a weak shock strongly compresses the
gas, leading to a sharply lower postshock local ionization
parameter. This traps the radiation Ðeld in a thin layer of
partially ionized plasma leading to a strong enhancement of
the [O I] lines.

FIG. 3.ÈSame as Fig. 2 but for the plot log [S II]/Ha vs. log [O III]/Hb

We note that the models lie about 0.2 dex below the edge
of the H II region sequence in the [S II]/Ha versus [O III]
j5007/Hb diagram. There are two possible causes for this.
First, the S/O ratio we used (assuming sulphur is a primary
nucleosynthesis element) may be incorrect. However, this is
unlikely since the S/O ratio would need to increase by a
factor of 2 to produce the observed [S II]/Ha ratio. The
second possible cause is that shock excitation may be
increasing the observed [S II]/Ha ratio. The [S II]/Ha ratio
has traditionally been used as a diagnostic for shock-excited
gas and for the identiÐcation of supernova remnants (e.g.,
Mathewson & Clarke 1972 ; Dopita 1997). The reason for
this is that relatively cool high-density regions form behind
the shock front which emit strongly in [S II]. Evidence for
this occurring in H II regions is given in the study by Oey et
al. (2000).

The ambiguity in the physical parameters resulting from
the existence of the fold means that these particular dia-
grams may be useful for classifying the excitation mecha-
nism, as originally proposed by Veilleux & Osterbrock
(1987), but are not relevant for deriving either an exact
abundance or an ionization parameter, except perhaps at
the highest abundances. In particular, the [N II] j6584/Ha

(Dopita et al 2000) 
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FIG. 16.ÈDiagnostic diagrams showing the galaxies in our sample. Our theoretical classiÐcation line and extreme mixing line are shown by thick lines,
and dashed lines represent ^0.1 dex of these lines, indicating the error range of our modeling. [See the electronic edition of the Journal for a color version of
this Ðgure.]

(Kewley et al 2001) 
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(Kauffmann et al 2000) 



Boundaries	
  in	
  the	
  BPT	
  diagram	
  

# pixels Hα luminosity density 

Dopita 

Kauffmann 

Kewley 



Distribu-on	
  of	
  mean	
  Hα	
  equivalent	
  width	
  in	
  BPT	
  diagram	
  

Notice: 

•  Zone with W(Hα) > 10 Å identical  
with H II region sequence 
(cf. also Cid Fernandes et al 2011) 

•  Sharp cutoff towards  
AGN / LI(N)ER regime 

•  very few AGN in CALIFA 

•  in particular: no trace of  
“transition zone” from H II à LI(N)ER 

⇒  a “natural boundary” between 
      H II and other regions? 
      LINER regions = diffuse emission? 



Hα	
  luminosity	
  densi-es	
  for	
  different	
  equivalent	
  widths	
  
EW(Hα) > 10 Å EW(Hα) < 10 Å 



Hα	
  equivalent	
  widths	
  in	
  [OI]	
  BPT	
  diagram	
  

•  Sharp cutoff towards  
AGN / LI(N)ER regime remains 

•  Note: also low mean EW in “AGN zone” 
(there are only few AGN in CALIFA!) 

•  more evidence for LINER = DIG? 



Conclusions	
  

1.  The	
  angular	
  diameter	
  selec-on	
  of	
  the	
  CALIFA	
  sample	
  
ensures	
  not	
  only	
  a	
  broad	
  coverage	
  of	
  galaxy	
  proper-es;	
  
it	
  also	
  allows	
  for	
  straighoorward	
  volume	
  correc-on.	
  

2.  It	
  is	
  thus	
  possible	
  to	
  es-mate	
  popula-on	
  distribu-ons	
  from	
  	
  
CALIFA	
  measurements.	
  

3.  We	
  present	
  the	
  first	
  volume-­‐corrected	
  BPT	
  diagram,	
  
showing	
  how	
  the	
  Hα	
  luminosity	
  density	
  in	
  the	
  local	
  universe	
  	
  
is	
  distributed	
  over	
  different	
  excita-on	
  condi-ons.	
  

4.  LI(N)ER-­‐like	
  regions	
  are	
  well	
  separated	
  from	
  H	
  II	
  regions	
  	
  
when	
  using	
  EW(Hα)	
  as	
  addi-onal	
  diagnos-c.	
  	
  	
  


