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State-of-astronomy

• ΛCDM is the paradigm for cosmology
• There is no full paradigm for galaxy evolution, 

because baryonic physics is a complicated, multi-
parameter affair

• Where and when do the stars in galaxies form?
• How is angular momentum lost and found? 
• Where and when are the heavy elements made?
• How is the gas in galaxies processed? 
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➜ Age-old questions remain:
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Imaging Spectroscopy (IFS)
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Instrument used: PMAS (AIP) at CAHA3.5 (MPIA)
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CALIFA: Design Drivers

• Be a legacy survey exploiting the power of IFS!
• Large sample of galaxies covering all types.
• Measure the following properties:

– Stellar populations, ages and metallicities
– Ionized gas: distribution, excitation mechanism and 

chemical abundances
– Kinematics: both from stellar and ionized gas 

components
• Probe targets over their whole optical extent
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Spatial coverage
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1 fiber ~ 0.5 kpc
1 FoV > 3*re
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Wavelength coverage

V500, R~850V1200, R~1650
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Sample

• 600 galaxies will be observed out of a
• mothersample of 937 galaxies.
• 45” < D25 < 80”   isophotal radius at 25 mag/arcsec2 
• 0.005 < z < 0.03   spatial sampling 2” ≈ 0.5-1 kpc
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CALIFA Uniqueness

• Large wavelength coverage 
– full BPT, extended view on stelpops

• Large FoV
– entire galaxies (>3 re)
– good spatial resolution

• Large, homogeneous sample
– statistics, classification
– rare objects (e.g. 114 interacting)
– comparison between different types

• Regular data releases!
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CALIFA status

• Granted 210 dark nights at CAHA over 3 years
• 80 scientists from 20 institutions in 7 countries
• PI: S. Sanchez, PS: C.J. Walcher
• >170 Objects observed in both setups (>250 V500)
• First articles being published 
• Automatic data reduction pipeline working, vs 1.3
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Data Release 1: November 1st 2012!
100 objects with good quality

http://califa.caha.es/



17.10.2012 ESO Surveys Meeting / Walcher

DR1 tools
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DR1 tools
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Data Quality
• Characteristic performance:

– Surface brightness 3σ:    ~ 23.0 mag/arcsec2 for V500  
–                                         ~ 22.8 mag/arcsec2 for V1200
– Wavelength:                    ~ 5 km s−1 for V1200
–                                         ~ 10 km s−1 for V500
– Sky subtraction residual  ~ 6%
– Flux calibration:               ~ 3% relative (blue-to-red)
–                                         ~ 15% absolute (tied to SDSS)

• Primary products:
– Resampled data cubes with 1sq arcsec spaxels 
– Meaningful noise cubes!
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Husemann et al., submitted
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Data Analysis 
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Stellar populations (SFH, Z, v, σ)
Emission lines (F, v, σ)

Spectral fitting is a 
key tool

Challenges:
1 Million spectra
Data issues
Unusual physics
Data presentation
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Data products: property maps
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Fig. 4. NGC 6762. The upper row shows: left panel - the stellar component distribution as traced by a continuum map made from the median flux
between 6390-6490 Å, a spectral region free from line emission (”pure continuum”). Contours corresponding to this map are overplotted on all
maps for reference. The contour corresponding to the minimun level is at -1.35 dex and the interval between contours is of 0.25 dex; middle panel
- colour map obtained as the ratio between 6390-6490 Å and 4700-4800 Å spectral ranges, both line free; right panel - the EW(Hα) map. Middle
and bottom row display emission line intensity maps: Hβ; [OIII]λ5007, [OI]λ6300,Hα; [NII]λ6584 and [SII]λ6717,6731. All maps are presented
in logarithmic scale in order to emphasize the relevant morphological features. Flux units are in units of 10−16 erg cm−2 s−1 Å−1. The position of
the origin of coordinates (i.e. the center of the PPak bundle) is marked with crosses. North is up and east is to the left. The pixel size is 1′′ (∼ 217
pc at our assumed distance to NGC 6762 of 45 Mpc). To illustrate the linear scale, a bar showing an extent of 5 kpc is placed on the right-lower
corner.

tion we present the radial and 2D spatial distribution of diagnos-
tic emission-line ratios that are used to distinguish between dif-
ferent excitation mechanisms, and compare our measurements
with those predicted by ionization models available in the litera-
ture.

5.3.1. Spatial distribution of diagnostic line ratios
The [OIII]λ5007/Hβ, [NII]λ6584/Hα, [SII]λλ6717,6731/Hα
and [OI]λ6300/Hα, line ratio maps for NGC 6762 and
NGC 5966 are displayed in Fig. 6. For each galaxy, all the exci-
tation maps display a similar pattern, with relatively small (<∼0.5
dex) spaxel-to-spaxel variations.

Key constraints on the nature of the warm ISM in ETGs de-
rive from the radial profiles of diagnostic ratios. We calculated
the values of [OIII]λ5007/Hβ and [NII]λ6584/Hα within differ-
ent annuli (computed as described in Sec. A) and plotted them
as a funcion of the radius for both galaxies these emission-line
ratios (see Fig. 7). Emission-line fluxes are measured in the 1D
spectra using the IRAF5 task splot, which integrates the line in-
tensity from a locally fitted continuum. The derived line fluxes
were computed via gaussian fitting. The line-flux errors are cal-
culated using the expression by Castellanos et al. (2002),

σline = σcontN1/2
(

1 + EW
N∆λ

)1/2

(1)

5 IRAF is distributed by the National Optical Astronomical
Observatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with the
National Science Foundation.

where σcont is the standard deviation of the continuum near
the emission line, N is the width of the region used to mea-
sure the line in pixels, ∆λ is the spectral dispersion in Åpix−1
and EW represents the equivalent width of the line in Å. Since
we are dealing with very faint emission with EW values < 3.0
Å(EW/N∆λ $ 1; see Figs. 10 and 11) we can neglect the ad-
dended involving the EW in the equation above.

It can be seen that no significant radial trend is apparent in
these ratios out to radii ∼ 12′′ (≥ reff) despite a decrease in un-
derlying stellar continuum intensity by about two orders of mag-
nitude. In particular, both [OIII]λ5007/Hβ and [NII]λ6584/Hα
remain relatively constant well outside the nucleus with merely
a weak tendency for decreasing values in NGC 6762. Fig. 7 sug-
gests that there are no variations in the metallicity and in the
hardness of the ionizing continuum and, most importantly, that
the dominant ionization source in our objects is not confined to
the nucleus.

From the radial profiles in Fig. 7, we computed typical values
of [OIII]λ5007/Hβ = 2.38 ± 0.26 and [NII]λ6584/Hα = 1.33
± 0.16 for NGC 6762 and [OIII]λ5007/Hβ = 1.90 ± 0.25 and
[NII]λ6584/Hα = 1.31 ± 0.08 for NGC 5966.

Based on Figs. 6 and 7, we can also say that most of the
emission in NGC 6762 and NGC 5966 is characterized by
log([OIII]λ5007/Hβ) ≤ 0.5 (i.e. relatively low) for the majority
of the spaxels, indicative of an extremely low level of gas excita-
tion. Sarzi et al. (2010) found that 75% of their sample of ETGs
show log([OIII]λ5007/Hβ) in the range 0-0.5 dex. High values
of [NII]λ6584/Hα, [SII]λλ6717,6731/Hαand [OI]λ6300/Hα are
found in both galaxies, on the contrary to the measurements
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Fig. 5. NGC 5966. Maps similar to the ones showed in Fig. 4. The pixel size (1′′) corresponds to ∼ 334 pc at our assumed distance to NGC 5966
of 69 Mpc.
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Fig. 6. Emission line ratio maps for NGC 6762 (top row) and NGC 5966 (bottom row). All maps are in logarithmic scale. The contours, linear
scale and orientation are the same as in Fig. 4 and 5.

of emission-line ratios from spectra of star-forming galaxies
(e.g. Alonso-Herrero et al., 2010). In our galaxies, generally
[NII]λ6584 is brighter than Hα ([NII]λ6584/Hα> 1.00 for most
of spaxels), and [OI]λ6300/Hα can be as high as ∼ 0.40.

The implications of our study on the spatial distribution of
diagnostic ratios will be further discussed in Sec. 7.

5.3.2. Diagnostic diagrams

The standard diagnostic diagrams (Baldwin et al., 1981, here-
after BPT) have been widely used in the literature to probe
the dominant ionizing source in galaxies (e.g. Kewley et al.,
2006; Kehrig et al., 2008; Monreal-Ibero et al., 2010). The
BPT diagrams, on a spaxel-by-spaxel basis, for NGC 6762
and NGC 5966 are showed in Figs. 8 and 9, respectively:
[OIII]λ5007/Hβ vs [NII]λ6584/Hα (left panel), [OIII]λ5007/Hβ
vs [SII]λλ6717,6731/Hα (middle panel) and [OIII]λ5007/Hβ vs

8
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Fig. 11. EW(Hα) vs log([NII]λ6584/Hα) for NGC 5966. Labels as in Fig. 10
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Fig. 12. Kinematics maps for NGC 6762 (two first columns from left to right) and NGC 5966 (two last columns from left to right). The first and
third columns display the velocity field of the ionized gas in the Hα emission line for NGC 6762 and NGC 5966, respectively. The corresponding
stellar velocity fields for both galaxies are shown in the second and fourth columns. The contours, orientation and linear scale are the same as in
Figs. 4 and 5.

Table 2. Emission line fluxes in units of 10−16 erg cm−2 s−1 and physical properties from different apertures for NGC 6762

Wavelength NGC6762 NGC6762 NGC6762 NGC6762
Reg 1 Reg 2 Reg 3 Reg 4

4861 Hβ 45.6 ± 0.7 81.4 ± 1.3 123.4 ± 3.1 135.5 ± 7.8
5007 [O III] 155.1 ± 0.7 247.1 ± 1.3 356.5 ± 3.1 402.9 ± 7.8
6300 [O I] 46.9 ± 2.4 74.1 ± 4.8 112.3 ± 8.8 —
6563 Hα 161.2 ± 2.1 273.8 ± 4.5 406.4 ± 7.7 451.5 ± 11.8
6584 [N II] 244.6 ± 2.1 379.4 ± 4.5 516.3 ± 7.7 558.6 ± 11.8
6717 [S II] 114.3 ± 0.9 180.8 ± 4.5 277.5 ± 7.7 340.2 ± 11.8
6731 [S II] 82.5 ± 0.9 130.4 ± 4.5 169.6 ± 7.7 183.2 ± 11.8
log ([OIII]λ5007/Hβ) 0.53 ± 0.01 0.48 ± 0.01 0.46 ± 0.01 0.47 ± 0.03
log ([NII]λ6584/Hα) 0.18 ± 0.01 0.14 ± 0.01 0.10 ± 0.01 0.09 ± 0.01
log ([SII]λ6717,6731/Hα) 0.09 ± 0.01 0.06 ± 0.01 0.04 ± 0.01 0.06 ± 0.02
log ([OI]λ6300/Hα) -0.54 ± 0.02 -0.57 ± 0.03 -0.56 ± 0.04 —
Hα/Hβ 3.54 ± 0.07 3.36 ± 0.08 3.29 ± 0.10 3.33 ± 0.21
CHβ 0.31 ± 0.03 0.24 ± 0.03 0.21 ± 0.05 0.22 ± 0.09
EWHα (Å) 2.52 ± 0.04 2.01 ± 0.03 1.59 ± 0.03 1.43 ± 0.04
Ne([S II])(cm−3) < 100 < 100 < 100 < 100

Notes. Reg 1 = 5”/diam.; Reg 1 = 10”/diam.; Reg 3 = spectrum obtained by co-adding all fibers that cover the [NII]-Hα emission zone. Reg 4 =
30”/diam. The quoted uncertainties include measurements errors. In brackets we show the relative uncertainty for each emission line.

Gyr. The presence of low-level ongoing star formation can not
be established from the present data beyond doubt, due to its low
significance in population vectors which might be due to numer-
ical effects and, more importantly, because of the well-known
age-metallicity-extinction degeneracy plaguing spectral synthe-
sis. Clearly, a closer investigation of nuclear star-forming activ-
ity in NGC 5966 as possible driver of its extended bi-conical
ISM outflow is apparently of great interest. Should we also keep
on mind that, as discussed above, the presence of an AGN can-
not be ruled out. Furthermore, NGC 5966 has been classified as
an AGN based on its FIR/radio flux ratio (Condon et al., 2002).

Note that recent star formation of very low level, possibly as-
sociated with the spiral pattern revealed by unsharp masking,
is also suggested by STARLIGHT fits to the nuclear region of
NGC 6762.

The detection of [OI]λ6300 is indicative of the presence
of shocks (Dopita, 1976, e.g.). In order to assess the role of
shocks, the observations on the BPTs are compared to the fast
shock models from Allen et al. (2008) (red lines in Figs. 8 and
9). A large fraction of the spaxels in both galaxies are repro-
duced by shock-grids with velocities higher than ! 200 km s−1.
Outflows and accretion into a central black-hole have been sug-
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Massive galaxies already evolved 10Gyr ago! 
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Stellar Kinematics
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Falcon-Barroso et al., in prep.
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Kinematic classification

• Bulges 
• Bars
• Disks!

CALIFA: extension to

Cappellari et al., 2011
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Falcon-Barroso
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ISM physics - excitation
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Global M-Z   %   local Σ-Z
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TBW: The Mass-Metallity relation explored with CALIFA:
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Fig. 3. . Top-left panel: Distribution of the oxygen abundances for the 3000 individual H ii regions extracted from the CALIFA data, along the
surface mass density, represented with a density contour-plot. The first contour encircles a 95% of the total number of H ii regions. The solid-blue
points represent the average oxygen abundances, with their corresponding standard deviations indicated as error bars, for consecutive bins of 0.1
dex in surface mass density. The solid line represents the best fitted curve for these points. Top-right panel: Distribution of the SFR surface density
along the stellar mass density each individual H ii region. The contour plots represent the density of points in the distribution of oxygen abundances
along the surface SFR densities. The first contour encircles a 95% of the total number of H ii regions. Bottom-left panel: Same distribution shown
in the top-left panel, for the CALIFA and feasibility-studies objects. The colors represent the logarithm of the integrated surface density of the SFR
for each H ii region. Bottom-right panel: Distribution of the differential oxygen abundance, once the dependency with the surface mass density has
been subtracted, for individual H ii regions. The contour plots represent the density of points in the distribution of differential oxygen abundances,
ones subtracted the dependence with the surface masses densities, along the surface SFR densities. The first contour encircles a 95% of the total
number of H ii regions. The solid-blue points represent the average differential abundances, with their corresponding standard deviations indicated
as error bars, for consecutive bins of 0.1 dex in surface SFR density.

ter parameters governs how metallicity actually increases with
mass, while the first one is the asymptotic oxygen abundance
for large masses. This value can be interpreted as the maximum
metallicity of the universe at a certain redshift. As shows by
Moustakas et al. (2011), this parameter evolves with redshift at
about −0.2∆log(O/H)

∆z . The functional form describe well the con-
sidered data, as it can be appreciated in Fig. 2. The dispersion
of the abundance values along this curve is σ∆log(O/H) =0.069
dex, much smaller than previous reported values by (e.g., T04
Mannucci et al. 2010; Hughes et al. 2012, all of them ∼0.1
dex). Although the dispersion around the correlation depends on
the actual form adopted for the M-Z relation, the derived value
is alwasy low. If instead of the considered functional form we
adopt a 3 or 4 order polynomial function, as the one considered
by Kewley & Ellison (2008), the dispersion is just 0.084 dex,
smaller than the value reported in that publication for SDSS data
using the same calibrator. In any case, our adopted functional
form is the one that reduces more the dispersion around the fit-
ted value from the different ones that we have tested.

Once derived this functional form, we have determined the
offset and dispersion for the data corresponding to the galaxies
analyzed in Sánchez et al. (2012). Based also on IFS, and cov-
ering the full optical extension of the galaxies, the only possible
difference would be either the detail sample selection and/or the
redshift range. The galaxies from the feasibility studies consid-
ered here are all of them face-on spiral galaxies, with a sim-
ilar average redshift than the CALIFA data (z ∼0.016), and
only slightly larger projected size (red squares in Fig. 2). They
present a minor offset with respect to the derived M-Z rela-
tion (∆log(O/H) = −0.003 dex) and a slightly larger dispersion
(σ∆log(O/H) =0.084 dex). Considering that the spectrophotomet-
ric calibration of the data is slight worse (Mármol-Queraltó et al.
2011), the slightly larger redshift range covered by this sample
(Sánchez et al. 2012), and that the sample is more reduced (31
objects), the difference is not significant. If we considered to-
gether those data and the CALIFA ones described before, the
derived dispersion is quite low (σ∆log(O/H) =0.073).

Finally, for the PINGS data, there is a clear offset with re-
spect to the M-Z relation (∆log(O/H) =0.117 dex) and a clear

6

Surface density

Metallicity
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Future

• Science questions CALIFA only touches 
– Angular momentum in galaxies (clusters, sheets, voids)
– Major and minor merger rates from internal kinematics
– AGN fueling as function of mass and environment
– Systematic variation of gradients as function of mass, 

environment, morphology
– and more

• All of these need statistics (>10k galaxies)

32

THE next step after CALIFA is 
a larger sample
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• Fireball (FLAMES upgrade, currently held up, 
~30k galaxies)

• Manga (SDSS extension in AS3, hardware 
developments underway, ~10k galaxies)

• SAMI (AAT, observations starting, ~10k galaxies)

CALIFA “follow-up”

33

SDSS Need this!

3⋅1042⋅106

CALIFA

6⋅102

SDSS Need this! CALIFA
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Conclusions

• CALIFA is a unique opportunity to understand the 
baryonic physics of galaxies using integral field 
spectroscopy. 

• CALIFA is a legacy survey, data are being 
collected, quality is excellent, and all will be public!

• CALIFA is producing first, exciting science results 
right now.

• Next generation IFS surveys will be 
complementary to CALIFA. 
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http://califa.caha.es/


