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Introduction

The SFR accounts for the number of stars recently formed in a 
galaxy during a given time lapse (i.e. the timescale).

Observational proxies for the SFR:

• UV luminosity: from massive stars. 

• Hα luminosity: the recombination emission line of the
photoionized hydrogen surrounding massive stars.

• IR luminosity: the emission from dust heated by stellar light.

• Radio-continuum: the free-free component from the ionized
gas. 

• X-ray: from X-ray binaries, supernovae, supernovae remnants, 
massive stars.
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Introduction

These luminosities are proportional to the recent SFR (in the last
~108yr) under the assumptions:
a) All the Lyman continuum photons are converted to Hα emission

photons that escape from the galaxy.
b) All the UV photons escape from the galaxy.
c) The bolometric luminosity from the young stars is absorbed by

dust and re-emited at IR (~ 8µm – 1000µm) wavelengths.

C(Hα), C(UV) and C(IR) are estimated from stellar evolutionary
synthesis models, assuming your favorite IMF.

See reviews by Calzetti (2013) and Kennicutt & Evans (2012).

a) C(Hα)*L(Hα)

SFR = b) C(UV)*L(UV)

c) C(IR)*L(IR)



The sample: 380 CALIFA galaxies (Oct. 2013).
• Observed at 3.5m Telescope Calar Alto (Almería, Spain)
• 0.005 < z < 0.03, 45” < D25 < 80” (SDSS-DR7)
• [3745,7500]Å, R ~ 850
(enough to deblend the Hα-[NII] lines and to fit the underlying
Balmer stellar absorptions)

SFRs from CALIFA
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• Observed at 3.5m Telescope Calar Alto (Almería, Spain)
• 0.005 < z < 0.03, 45” < D25 < 80” (SDSS-DR7)
• [3745,7500]Å, R ~ 850
(enough to deblend the Hα-[NII] lines and to fit the underlying
Balmer stellar absorptions)

Hα (+ Hβ) luminosities: CALIFA spectra

UV luminosities: GALEX  FUV(1530Å) and NUV(2310Å)

IR luminosities: 

• WISE Mid-IR imaging: 22μm
• IRAS Mid-to-FIR IR imaging: 12μm, 25μm, 60μm, 100μm
• AKARI Far-IR imaging: 140μm, 160μm
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AIM OF THIS WORK:

A comprehension of the relative contributions of 
Hα, UV and IR luminosities to the global SFR in 
CALIFA spiral galaxies.

Calibration of the SFR indicators.

SFRs from CALIFA



SFRs from CALIFA

SFR(IR)

The IR SED (~ 8µm – 1000µm) has several components associated
to dust in different conditions.

Galliano et al. (2008)

8μm – 1000μm
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SFR(IR)

The IR SED (~ 8µm – 1000µm) has several components associated
to dust in different conditions.

We use Pérez-González et al. (2008) fits to theoretical models of:
• Chary & Elbaz (2001)
• Dale & Helou (2002)
• Rieke et al. (2009)

using our WISE, IRAS & AKARI photometry.

L(TIR), total luminosity from 8μm to 1000μm.

In addition to this, the SFR can be empirically calibrated using
monochromatic luminosities at different wavelengths:

L(22µm) from WISE.



SFRs from CALIFA

SFR(IR)

WARNING!

• In general not all the bolometric luminosity of the young stars is
absorbed by dust (we “see” the galaxies in UV and/or Hα).

Dusty mergers vs. Dwarf irregulars

• We know that also old stars produce photons capable to heat the
dust.

Sa/Sab vs. Sdm



SFRs from CALIFA

SFR(UV)

WARNING!

• Many UV photons are absorbed by dust, thus a correction for this
“lost UV luminosity” is required: attenuation correction.

A(FUV) = f(L(TIR)/L(FUV))

Very robust estimation.

Almost indepent of the
Relative geometry of
dust and stars.

Overzier et al. (2011)
Hao et al. (2011)

Buat et al. (2012)



SFRs from CALIFA

SFR(UV)

UV fluxes from GALEX images: FUV @ 1530Å

When only UV flux available (not IR): 

FUV-NUV color traces
The UV attenuation?

Meurer et al. (1999)
Starburst galaxies



SFRs from CALIFA

Buat et al. (2005)

UV selection

FIR selection

SFR(UV)

UV fluxes from GALEX images: FUV @ 1530Å

When only UV flux available (not IR): 

FUV-NUV color traces
The UV attenuation?
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Kong et al. (2004)
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UV fluxes from GALEX images: FUV @ 1530Å
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UV attenuation from
FUV-NUV increases
scatter in the SFR
derivation.



SFRs from CALIFA

SFR(UV)

UV fluxes from GALEX images: FUV @ 1530Å

When only UV flux available (not IR): 

FUV-NUV color traces
The UV attenuation?

UV attenuation from
FUV-NUV increases
scatter in the SFR
derivation.

CALIFA
(this work)



SFRs from CALIFA

SFR(Hα)

WARNING! 

• Many Hα photons absorbed by dust, so an extinction correction is
required.

A(Hα) = f(Hα/Hβ)



SFRs from CALIFA

SFR(Hα)

Starting point: CALIFA datacubes (R.A., Dec., λ)

For each galaxy we integrate the spectrum within the elliptical
aperture containing all the UV flux.
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larger than the CALIFA 
aperture.



SFRs from CALIFA

SFR(Hα)

Starting point: CALIFA datacubes (R.A., Dec., λ)

For each galaxy we integrate the spectrum within the elliptical
aperture containing all the UV flux.

In some cases the galaxy is
larger than the CALIFA 
aperture.

We reduce the size of our
aperture to the maximum
contained in the CALIFA field
of view and proceed as for
the small galaxies.
(GALEX images are 0.5deg 
radius)



SFRs from CALIFA

SFR(Hα)

Then we subtract the contribution of the stellar population using
evolutionary synthesis models of Vazdekis et al. (2010) based on
the MILES stellar library (Sánchez-Blázquez et al. 2006).

Kroupa IMF
Two ages: 0.10-0.79Gyr and 2-14.13Gyr

Metallicities: [Z/H] -> 0.20, 0.00, -0.40, -0.71, -1.31
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SFR(Hα)

Then we subtract the contribution of the stellar population using
evolutionary synthesis models of Vazdekis et al. (2010) based on
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SFRs from CALIFA

SFR(Hα)

For the large galaxies we extrapolate the Hα luminosities assuming
that the UV and the observed Hα emissions are equally distributed.

Extinction correction:

Balmer ratio of 2.86 from Case B recombination, Te=10000K and 
ne=100cm-3

Where KHα y KHβ are from the Galactic extinction curve of Cardelli et 
al. (1989).

The final products are integrated Hα luminosities free from stellar
absorption features and dust extinction.



SFRs from CALIFA

Comparing Hα, UV and IR luminosities:

We assume that the (extinction corrected) Hα luminosity takes into
account all the SFR, so…

If only UV luminosity available: UV color is not a good tracer of 
A(FUV)…

A(FUV) from Muñoz 
Mateos et al. (2009)



SFRs from CALIFA

Comparing Hα, UV and IR luminosities:

We assume that the (extinction corrected) Hα luminosity takes into
account all the SFR, so…

If only IR luminosity available: The Rieke et al. (2009) calibration for
L(24µm) underestimates the SFR and is very dispersed.



SFRs from CALIFA

Comparing Hα, UV and IR luminosities:

We assume that the (extinction corrected) Hα luminosity takes into
account all the SFR, so…

If only IR luminosity available: L(TIR) calibration is very dispersed
and underestimates the SFR for low luminosities.
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Comparing Hα, UV and IR luminosities:

We assume that the (extinction corrected) Hα luminosity takes into
account all the SFR, so…

If only IR luminosity available: new calibration of the L(22µm) and 
L(TIR) with L(Hα).
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SFRs from CALIFA

Comparing Hα, UV and IR luminosities:

We assume that the (extinction corrected) Hα luminosity takes into
account all the SFR, so…

Solution: combining the bright side of the star formation (Hα, UV) 
with the dark side of star formation (IR).

Hybrid calibrations (e.g. Kennicutt et al. 2009; Hao et al. 2011):

L(Hα)corr = L(Hα)obs + a(TIR)*L(TIR)

L(Hα)corr = K * [L(FUV)obs + a(TIR)*L(TIR)]



SFRs from CALIFA

Results:
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Results:

S0/a-Sab Sb-Sbc Sc-Irr

a(TIR)
L(Hα)corr=L(Hα)+a(TIR)*L(TIR)

0.0009 0.0016 0.0018

a(TIR)
L(Hα)corr=L(FUV)+a(TIR)*L(TIR)

0.30 0.34 0.36
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Results:

S0/a-Sab Sb-Sbc Sc-Irr

a(TIR)
L(Hα)corr=L(Hα)+a(TIR)*L(TIR)

0.0009 0.0016 0.0018

a(TIR)
L(Hα)corr=L(FUV)+a(TIR)*L(TIR)

0.30 0.34 0.36

logM*>
10.5

10<logM*<
10.5

logM*<
10

a(TIR)
L(Hα)corr=L(Hα)+a(TIR)*L(TIR)

0.0010 0.0017 0.0024

a(TIR)
L(Hα)corr=L(FUV)+a(TIR)*L(TIR)

0.25 0.38 0.46



SFRs from CALIFA

More to be done…

• New estimates of L(TIR) using Herschel data (beyond 200μm): 
contribution of cold dust to SFR.

• Spatially resolved SFR: inside vs. outside star formation, radial 
trends.

• Starburst vs. Normal star formation activity in CALIFA galaxies.

• SFR vs. Environment (global/local).

• SFR vs. Gas (atomic + molecular).

…




