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Abstract

Aims. Up to now, the study of the star formation rate in galaxiesb®esh mainly based on theoHemission-line luminosity. However,
this standard calibration cannot be applied at all redsiiften one instrumental setup. Surveys based on opticeirepeopy do not
observe the lg¢ emission line at redshifts higher thar- 0.5. Our goal is to study existing star formation rate calilorsg and to
provide new ones, still based on emission-line luminasitighich can be applied for various instrumental setups.

Methods. We use the SDSS public data release DR4, which gives staafmmrates and emission-line luminosities of more than
100000 star-forming galaxies observed at low redshiftstakie advantage of this statistically significant samplerdeoto study the
relations, based on these data, between the star format®amd the luminosities of some well-chosen emission.IWescorrect the
emission-line measurements for dust attenuation usingahe attenuation curve as the one used to derive the staatformnates.
Results. We confirm that the best results are obtained when relatargfetmation rates to the ¢d emission line luminosity, itself
corrected for dust attenuation. This calibration has arettamty of 017 dex. We show that one has to check carefully the method
used to derive the dust attenuation and to use the adequétmtian: in some cases, the standard scaling law has tefladged

by a more general power law. When data is corrected for dtestution but the | emission line not observed, the use of the H
emission line, if possible, has to be preferred to theJB727 emission line. In the case of uncorrected data, thection for dust
attenuation can be assumed as a constant mean value butwéhstieuch method leads to poor results, in terms of dispesnd
residual slope. Self-consistent corrections such as quevitudies based on the absolute magnitude give bettdtsrasterms of
dispersion but still suffer from systematic shifts, andksidual slopes. The best results with data not correctedust attenuation
are obtained when using the observed [®3727 and K8 emission lines together. This calibration has an uncesytain0.23 dex.

Key words. Galaxies: fundamental parameters - Galaxies: statisti®®l: HIl regions - ISM: dust, extinction

1. Introduction to-hydrogen|(Pettini & Padel 2004; van Zee df al. 1998) lme r
tios, dust content with the é¢#/HB Balmer decrement (Seajon
Massive ongoing spectroscopic surveys of the high-retdshif79;|Calzetti 2001), or star formation rates with the ldr
Universe allow us to draw a new picture of how the galaxig®i]A 3727 emission-line luminositief (Kennidlitt 1998; Kewley
evolve through cosmic times. Many physical properties asglu et al.[2000).
as tracers of the evolutionary stage and the past histornef o Recently, the star formation rates 100000 SDSS star-
galaxy (e.g. stellar mass, metallicity, amount of dust, ftana-  forming galaxies have been estimated using the CLO1 method
tion rate). Thanks to extensive works on stellar populatimd- ([Charlot & Longhetii 2001) which takes into account all irfo
els (Bruzual & Charlgf 20Q3; Fioc & Rocca-Volmerahge 199 %hation available in emission-line measurements (Brinaiima
and photo-ionization modelp (Charlot & Longhgtti 2p01),5M0 et al.[200H). Then, the emission-line measurements of e sa
of these parameters can now be well recovered from restefragmaxies have also been made publicly available. We canueis
optical spectroscopic observations, using all informaaeail-  this large amount of data to derive new good quality calibret
able from the stellar continuum and absorption- or emiséit®  of the star formation rates (hereafter SFR) from emissioa-|
measurements. luminosities.

Unfortunately, these models often require a better signal- The standard calibration of the SFR versus the Idmi-
to-noise ratio, wavelength coverage, and/or spectralutien nosity is based on a very simple scaling relation, drivenhgy t
than the ones available on recent deep surveys (e.g. VVDS:amount of Hr recombination photons being directly propor-
Fevre et al] 2005; zCOSMOS: Lily et al. 2007). Thus, a sintional to the intensity of the ionizing source, i.e. the amioof
pler approach is to use instead emission-line diagnostias tyoung, hot stars, which the SFR is an indicator [of (Kenricutt
would be calibrated on high quality samples, taken from 1§-998). The only drawback to this simple assumption is that th
cal Universe surveys (e.g. 2dFGRS: Colless g al. 2001; SD$8x luminosity has to be corrected for dust attenuation.
frork et al} [200D). This approach has already been extegsivel As shown by[Kewley et 31.[(20p4), the calibration of the
used with_older data to recover metallicities with oxygen-t SFR versus the [Q]A 3727 luminosity is not only more affected
hydrogen|(McGaugh 19B[L; Kewley & Dopita 2002) or nitrogerby dust attenuation, but also depends on metallicity, sinee
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terstellar medium with higher gas-phase metallicitiesdpes this study is the sum of two Gaussians of the same width mod-
less [Q1]A 3727 photons because of increased oxygen cooliraling the [Q1]AA3726,3729 doublet. The AGN classification is
Starting from this result, they have derived new calibragiof based on the [@]A5007/H3 vs. [NiI]A6584/Hx emission-line
the SFR versus [@]A 3727 luminosity which take into accountdiagnostic diagram and has been performefl by Kauffmani et al
the metallicity. The idea was to calibrate thel[@3727/Ha  (R0034).
emission-line ratio versus the metallicity, and then to ide The SFR and gas-phase oxygen abundances have been com-
recover the SFR from the &1 luminosity, itself derived from puted from emission-lines fluxes using the Charlot & Longjhet
the [O11]A 3727 luminosity. The dependence on the metallicitfp001, hereafter CLO1) method By Brinchmann gt gl. (2004)
of the [O11]1A 3727/Hx emission-line ratio, or more generally theand| Tremonti et al.[(2004) respectively. This method compar
[011]A3727 based SFR calibrations, has been later confirmatlemission-lines fluxes together to a set of theoreticaufar
by [Mouhcine et dl.{(2005) anld Bicker & Fritze-v. Alvenslebespectra, which are modeled with five parameters: the meitg/li
(200%). the ionization degree, the dust-to-metal ratio, the dushat-
Recently[Moustakas etal (2006) and Weiner ét[al. (200@yn, and the SFR efficiency factor. For each galaxy, onenadé
have derived a new calibration of the SFR of galaxies versakeach observed parameter is computed through a Bayesian ap
[0111A3727 luminosity. They take care of the effect of the metaproach (se¢ Brinchmann et al. 2004 for more details). We note
licity with a slightly different approach, by parametrigitheir that the SFRs are computed assuming o 2001) ini-
calibration in terms of theB-band luminosity, which can be tial mass function (IMF). One may scale the SFR estimates dis
used as a rough metallicity indicator because of the meitgi cussed in this paper to t955) IMF by multiglyin
luminosity relation (Lequeux et Hl. 1970; Skillman et|al899 them by a factor B (or by adding 0176 dex to their logarithm),
Richer & McCall[1995] Lamareille et Hl. 200f; Tremonti e} aland to thg Chabrikf (20D3) IMF by multiplying them by a factor

P004;|Lamareille et [. 2006). 0.88 (or by subtracting 056 dex to their logarithm). The CLO1
We point out that these previous studies base their new c&8FR will be used as the reference SFR throughout this study.
brations on either a direct estimate or a secondary indi¢atg. We compute the luminosity of each line starting from its

rest-frame luminosity) of the metallicity, which in bothsemssuf- measured flu¥, and the redshifz of the galaxy, using the fol-
fers from intrinsic uncertainties and degenerac{ese Kewley lowing equation:
& Ellison R008 for a detailed discussion on the uncertaintie 2
of metallicity calibrations, ot Lamareille et|dl. 2004 fod&s- L = 4n<H£0 (142)- _[Ozf(z’)*l/zdz') x F
cussion on the dispersion of the luminosity-metallicitiation). _ 2
Moreover, some of these previous works agssume that the f(2) = (1+2)°(1+QmZ) ~ QnZ(2+2)
dust attenuation is knowmvhereas it is difficult to estimate this ~ The luminosities are _calculated with the same cosmology
quantity when Hr emission line is not measured (which is thévased on WMAP resultg (Spergel ef [al. 2003) as the one used
case when one wants to usedi[23727 instead to derive SFR).by [Brinchmann et gl.| (2004) to estimate the SFR:= 70 km
The paper is organized as follows: we first present the sag1* Mpc—*, Qa = 0.7 andQp, = 0.3. We note that all the cali-
ple we have used and the selection we applied to it (feche), t brations provided in this study aiedependent of the cosmology
we calibrate the SFR as a function of emission-line lumitiesi They indeed compare SFR and emission-line luminositieshvhi
when a correction for dust attenuation is available (3@¢to are affected in the same way by the distance modulus.
when it is not available (Secﬂ. 4). We finally draw some conclu  Finally, we have cross-matched this catalog with the VAGC
sions (Sec{]5). catalog [Blanton et @l. 20D5) to get tkeorrected absolute mag-
nitudes which are used in this study. The absolute magnitude
theB-band is derived from SDS$- andg’-bands using Eq. 1 of
Moustakas et al] (2006).
The physical properties of a total of 567486 galaxy spectra
inside SDSS Data Release 4 (DR4, Adelman-McCarthy let
P00&) have been made publicy available on the following we
site:http://www.mpa-garching.mpg.de/SDSS/. Taking ad- We will use the following notations in all this work: the ob-
vantage of this huge amount of data, we made a sub catalog vé#ved flux of the three emission lines used in this study ere d
the SFR, the emission-line measurements, the spectraifelassigned by the name of the line:ad HB and [Q1] (stands for
cation and the metallicities of a sub sample of galaxies.S&he [011]A3727). The intrinsic flux corrected for dust attenuation is
lection will be described later in this section as we firstalié®, designed by a superscriptHa', HB' and [Q1]'. The attenuation
for the benefit of the reader, the main ingredients of the ouh |aw is designed by the functiar{A ), and the effective dust atten-
used to derive the physical parameters. uation inV-band by the symbai, . For simplification purposes,
we also noter (V) = 7(5500A) (V-band),7(B) = 1(4861A),
T(a) = 1(6563A), and T(Or1) = 1(3727A). The intrinsic flux
h wal i { SDSS qalaxies h b fl (A) at any wavelengtiA as a function of the observed flux
e spectral properties o alaxies have been meas ‘e i i .
with “platefit” software by Tremonti et &I[ (2004). For eages- ATA) is given by the following equation:
trum, they perform a careful subtraction of the stellar canim _ ) v
and absorption lines by fitting a linear combination of smglf’\ A)=1®) exp( V) T(A)) 2)
stellar population models of different ages (Bruzual & Gbar
)' Then they fit all emission lines at.the_same time as&ne intrinsic Hx/HB emission-line ratios, using the following
unique nebular spectrum in which each line is modeled bye%uation'
Gaussian. Thanks to the subtraction of the stellar comgonen ' _ _
Balmer emission lines are automatically corrected for ulyde g mer IN(Ha/HB) —In(Ha'/HB')
ing absorption. We note that the [[(A 3727 line that we use in v = 7(B) —1(a) T(V) ®3)

1)

2. Description of the sample

l. )
%._ 2. Dust attenuation

2.1. Physical properties

We compute the dust attenuation by comparing the observed
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In the following work, we use the standard case B re

combination ratio (hereafter standard intrinsic Balmeioja  *** 125719 obje e At
i i rms—0.637 x10* — rms—0.238 —
Ha'/HB' = 2.85 (Osterbrogq 1939) and tHe Charlot & Fall | Do vl
. . . i 33090 objects L 26790 objects
@000) mean attenuation curveA ) 0 A ~%7. The choice of this i T ]

i 4 L

| sub—sample 2 1. sub—sample 2 :

17 g -7 29163 objects
mean=9.071

curve is made to be consistent with the setup used to compi¢ |
the SFRs in the SDSS DR4 data (the SFR is computed se 000 |
consistently with correction for dust attenuation). -

30800 objects
mean=1.842

The dust attenuation recovered with an assumed constant =0 |- o LL& 1 sonoC o
trinsic Balmer ratio (32™") does not take into account the vari- S : ; I
. . . . . J' T r o~ S
ations of this ratio with other physical parameters (e.gtae =~ oleiilo il b o ol
licity). We thus also use in this study the true dust atteionat - 12 + log(o/H) '

recovered with CLO1 models y Brinchmann e} @l. (2004). We , ) ,
design it by the Symbof&Lm_ The intrinsic flux corrected for Figure 1. This plot shows the histogram of the dust attenuation

dust attenuation using this parameter is designed by asujmr (1€ft), or of the gas-phase oxygen abundance (right), bsth e
iC: Ha'C, HBIC and [Qu]'C. mated with the CLO1 method, for the star-forming galaxighen
DSS DR4 data. The solid vertical line shows the mean value of

Finally, another way to estimate the dust attenuation is e . . .
compare the observed colors of the galaxies to a libraryetibst e distribution, and the dashed vertical lines the fails. The
values are given in the plot. The two dotted histograms shows

population synthesis models (hereafter SED fitting). Thiskw RN ) .
has been carried on wifh Bruzual & Chaklpt (2D03) models c;He distribution of our two sub-samples (see text for dg}ail

SDSS galaxies by Kauffmann et|al. (20p3b), who provide an
estimate of the continuum attenuation in theand &) with 2 4 properties of the studied sample
[Charlot & Fal) (200D) attenuation curve. It is straightfama to
convert theA, parameter tay using the following formula: Fig.[] (left) shows the distribution of the effective duseatia-
tion in theV-band (estimated with the CLO1 method) in the sam-
—07 ple we have obtained. The mean value.Blland the dispersion
seo_ Az . 5500 ) 1 is 0.637. We note that this values are obtained with the selection
V'~ 7Tose \8800) A @ i ispersi
. /Ag on Ha and H3 lines only. The new mean and dispersion when
we add the selection on the [[Qline are 110 and 0547 respec-
Please note that theB6 factor is the conversion from mag-ively. Fig. i (right) shows the distribution of the gas-paaxy-
nitudes to opacities and, /A4 is the mean ratio between thegen abundance in the same sample (for objects with an aleilab
dust attenuation affecting stars (which dominate the sotir measurement of this parameter). The mean value88 ®ith a
the galaxies) and the one affecting gas. The dust attemuesio dispersion of ®4 (888 mean value with a dispersion afQ if
timated from SED fitting is characterized by a high uncettainthe selection on the [@ line is applied).
but might be used in a statistical way. Fig. |] also shows the distributions of four sub-samples (two
in each panel). These sub-samples have been randomlyesklect
from the main sample, forcing their mean values to be clasest
2.3. Sample selection possible to the mean value of the main sample plus or minus its
dispersion, and their dispersion to be half the dispersiadhe
Main sample. We end up with four sub-samples: low dust atten-

Thanks to the spectral classification provided by Kauffmal

et al. {2003g), we select only star-forming galaxies andorem i high dust attenuation, low metallicity, and hightafie-

all AGN from our sample. In the whole stu_dy,. We_additionallyty_ They will be used to test the calibrations on sampleiwit
remove all galaxies for which ¢ and H3 emission lines (used different dust properties.
a

for estimating the dust attenuation) are not measured with

signal-to-noise ratio of at least 5. We apply the same delect

to the [Q1] emission line in order to derive the calibrations ir8, SFR calibration with an available dust estimate

which this line is involved. We note that the signal-to-moia- ) ) ) o ) ) )

tios have been corrected according to the values providegein YV& presentin this section emission-line calibrations ef$frR

SDSS/MPA website (based on the analysis of duplicated ebs@#Sed on data already corrected for dust attenuation. Wiédfirs

vations): they have been divided by4Z3 for Hx line, 1882 CUS in Sect[ 3]2 on data with dust attenuation estimated from

for HB line and 2199 for [Q11] line. We also kept only galaxies the Balmer decrement, which is the common case in the liter-

with an available estimate af'%L. This selection was applied to&ture. We then study in Seft. B.3 the different calibratioes

remove a number of spectra with unreliable flux measuremerfi8tain when using the dust attenuation estimated from tHzCL

Please note that a number of objects may show a negddlieer method or SED fitting.

estimate. This is due to statistical variations around trong as-

sumption of a constant intrinsic Balmer ratio: these olsjpetve 3 7 Base theory

not to be removed. _ _ S
Finally, some objects in SDSS DR4 catalog have been of?€ common way to calibrate the SFR against one emission line

served twice or more. We decided to keep only one obserldMinosity (e.g. Hr) is a simple scaling relation of the following
tion of each duplicated galaxy by selecting the one with tHe"M-

best signal-to-noise ratio on theaHemission line. We end up _
with 123713 and_ 84733 sta_r—forming galaxies farthased and SFR= L(Ha)/MHa )
[On]-based studies respectively. This formula, where) is the efficiency factor, reproduces

All the parameters used in this study (SFR, metallicity,tduthe simple relation between the amount of ionizing photimes (
attenuation) are the median estimates. SFR) and the emission-line luminosity. However, it has been
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already shown that the dd efficiency factor depends on other =L
physical properties of the galaxigs: Charlot & Longhdt0@2) ot
have shown thayy 4 depends on the metallicity, metal-rich stars
being less luminous and thus producing less photons in the ~
interstellar medium for a same SFR. More recently, Brinchma £
et al. (2004) have shown thafs is also linked to the stel- 2
lar mass of SDSS galaxies, massive galaxies producing lez |
Ha photons than dwarfs for a given SFR. We note that the:; ' |

IR e e LA B | : N e e e I

3713 slar—[forming galaxies N 2 - 84733 slar—forming galaxies
4 t S/Nz5

| a=-0.089 _ b=-0.003

spear=—0.236

r mean=0013

1 - rms=0.259

—OO% O

1 S

log ( SFR (OIIA3727:K98+K04) / SFR )
°
I

two results are obviously linked by the mass-metallicitbate = | ] [ ]

tion (Tremonti et dI[ 2004; Lamareille et|&l. 2008). Fortiaha e 1 A

Brinchmann et 4l.[(2004) have also shown that this effect R 0 2 4 -2 0 2
og SFR (My/yr) log SFR (M,/yr)

canceled by the commonly used wrong assumption of a ca~
stant intrinsic Ht/H@ intrinsic Balmer ratio. In fact this ratio
increases with metallicity, ending up with an overestintdttne
dust attenuation for metal-rich galaxies. This latter @ffgmost
exactly compensates the decrease)ef when metallicity in-
creases.

Nevertheless, we decided to adopt a more general approiz
using a power-law as described by the following formula:

log(SFR) = gq logL(Har) — I0g(Nha) (6)
The parametegy is the exponent of the power law. The 0. ... .19 *L. Y A

-1 -2 0 2 -4 -2 0 2

simple calibration described by Hq. 5 corresponds taithe= 1 log STR (M,/yr) log SFR (Mo/y7)

special case. We show in the following sections that thisemo.. . i
general approach is not mandatory for the cases with a gﬁgureZ.These four plots show the residuals of the SFR recov
ered from an emission-line calibration as compared to the re

attenuation estimated from the Balmer decremexy (s very erence CLO1 SFR, for star-forming galaxies in the SDSS DR4

close to 1), but that itis useful in other cases. ta. This comparison is shown as the logarithm of the ragio b
We note that the correlation between dust attenuation aﬁ% ’ P 9

metallicity MHTOW' Mouhcine e} . 2005) dias ween the derived and the reference SFR, as a function of the

an effect on the slope. However the goal of our work in not ggganthmdo_f thﬁ reference SFR é'né\m)' Lhedrjumbe_r of;b(—j
study in details such phenomenon. jects used in the comparison, the shift, the dispersion,the

In the following sections, the efficiency factors are expees Sgser?é??]grri%ﬁ tc;cl)r"rﬁtlaatilso?r;)_efgc(l:i?\t/:r(tah%lvseor:i(ljn Im: ?smt?le
in erg s (Mg, yr~1)~1 units and the exponents of the powef'i n ;

laws are unit-less. All fits are least square fits with errorg i y=ax+b curve whe.rea andb are the parameters of the lin-
ear regression given in the plot. Isodensity contours aeg-ov

andy. The errors on the fitted parameters are given by the rms . : ; o .
; w i C plotted in white. The studied calibrations are: top-Ig#nicu
40 bootstrap estimates. The term “dispersion” relatesdariis ([998) Hu': top-right: [Kennicult [(1998) (corrected by Kewley

of the residuals around the fitted calibrations, the ternift'sio = - > — T
the mean of these residuals. The given residual slopes ére L@gggr%mt'[g}r,irgg?g\/rgje[g] ioga:"'g?gtriz\:‘ed W' calibration;

less.

' —
2 C g%{]ﬁi% %Larfformlng galaxies
[ a-—0.077 b-—0.004

R (Ha) / SFR )

(s

w -1 . —
2 r 1

log ( SFR (OIIA3727%) / SFR )

3.2 Dust estimated from the Balmer decrement Thus,we confirm that the B emission line luminosity alone is
sufficient to recover almost perfectly the SFR
We now present possible calibrations of the SFR based on dataHowever, we see that the reduced efficiency factor and the
corrected with dust estimated from the Balmer decremet (sgust attenuation overestimate do not exactly cancel edwr ot
Eq.[3). We remind the reader that the results presentedsn tbih the massive end of the sample, which induces a mean of the
subsection are valid only if we correct the observed flux festd residuals of+0.1 dex. One might decide to subtraci@ex to
attenuation using Eqff. 2 afid 3, i.e. making the wrong assamptthe [Kennicu}t [1998) calibration in order to find a null medn o
that the intrinsic Balmer ratio is constant over all the g the residuals, or we can try to derive an improved calibratio
stellar masses. Fig.[3 (left) shows our improved calibration for the correla
tion between the H' emission-line luminosity and the SFR in
SDSS DR4 data. We find the following best fit values:

3.2.1. Improved standard calibrations

Rennicutt (199B) has developed two calibrations of the SER v Iog_n,‘m = 39.38+£0.03 )
sus Hx' or the [Q1]' emission lines which are now widely used| ¢,, = 0.951+0.001

in the literature. We take advantage of the SDSS DR4 datato te

these two calibrations as compared to the high quality Clsfil e =~ One can notice that the formal errors of these two parame-
mate of the SFR. We also derive two new improved calibratioters are very low thanks to the large number of objects, which
based on Ed[]6 rather than E}. 5. makes this calibration quite reliable. The uncertainty fos ex-

Fig. B (top-left) shows the comparison between the CLQdonent of the power law especially tells us that this paramet
SFR and the one recovered with the standard Kenhifutt[19@8yery well constrained, while not equal to 1 as compared to a
Ha' calibration, which uses ldgj,,) = 41.28if we scale their previous studies. As shown in Fig. 2 (bottom-left), the mean
results to our adopted IMF. We find a good agreement: the dike residuals is now almost null.@ dex) with the improved
persion is 017 dex, which is very similar to the minimum un-calibration. A small residual slope-0.04) is present as the im-
certainty associated to the CLO1 SFR estimates (iX65 @lex). proved calibration is now less accurate for very low SFReslu
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T T T T T T T T T T T T
- 4
2 [~ 123713 star—forming galaxies ] 84733 star—forming galaxies
| S/N=25 i 2+-8/N25
| a=0.951 b=-39.38 i |l a=1.014 b=-41.94 i
rms=0.173 rms=0.260
5 ot -+ 5
~ ~N L 4
o] L 1l
) )
@ i Te O n
[ L 4 B
0 n = 4
ki -2 02 i _
L E oL —
—4 —
L 1
36 38 40 42 44 38 40 42 44

log L(Ha') (erg/s) log L([OII]A3727) (erg/s)

Figure 3. Relation between the SFR (logarithm of-¥§r) and the Hx' (left) or [On]' (right) emission lines luminosities (logarithm
of erg/s) for star-forming galaxies in the SDSS DR4 data. 3di@ line is a least-square fit to the data (errorsxandy). The
dashed line is thg Kenniclift (1998) calibration correcteditr assumed IMF, and corrected for dusf by Kewley pfal. 4200 the
right panel. Isodensity contours are overplotted in white.

This residual slope is not significant given the low Spearman
rank correlation coefficient-0.23. - .

We now consider the case where the the is not observed,
or not measurable, and that we decide to use thejQ727
emission line instead. In such case, the dust attenuatightmi
be derived from another Balmer ratio not involving the Hne
(e.g. HY/HB, HO/MHYy, ...))

As already stated in the literature, the relation between th
SFR and the [@] line has to be considered with caution because
of the stronger dependence of this line on metallicity (com-
pared to Hr), as well as a stronger sensibility to dust attenua-
tion. However, as shown in Fig| 2 (top-right), we find a good
agreement with the standgrd Kennic{itt (998) [Qcalibration, i

log ([OII]A3727i /Ha)
[}

which uses |097i0n ) = 41.36 if we correct their results for dust -0.5 _ -
attenuation|[(Kewley et a]. 2004) and scale them to our adopte e . ‘ ‘8'5‘ L !a ' *9'5

IMF.

It seems that the effect of metallicity on thel[Dline does
not produce any systematic shift and only leads to a higter
persion: 025 dex. To be more precise, the three effects of t
metallicity on the relative strength of the [iQline, on the effi-
ciency factor, and on the estimate of the dust attenuatiantix
compensate in order to produce a exponent of the power law v
close to unity.

Fig.E (right) shows our improved calibration in the correla
tion between the [0]' emission-line luminosity and the SFR in

SDSS DR4 data. We find the following best-fit values:
) ) _ line ratio against a well chosen parameter. Then the stardor
As expected, and as shown in Fﬂg 2 (bottom-right), this calion rate is given by the following formula:
bration does nc;t produce any significantimprovement coagpar
to the [Kennicut[(1998) (corrected y Kewley e}[al. 2004) ca o 2 i i i
ibration. In both cases, the observed residual slope®09 is |og SFR= &4 ('09|—([0H] ) —log([On]"* /Ha )) —logny,(9)
not significant (Spearman rank correlation coefficient 6f24).

12+1og(0/H)
drtzé'gure 4. Relation between the [[§A3727/Ha' emission line
ratio and gas-phase oxygen abundance (estimated with & CL
method) for the star-forming galaxies in the SDSS DR4 cgtalo
The dashed curve is a semi-empirical estimation of thidicela
Kewley et a]|2004).

3.2.2. New calibrations

As already shown in previous works (Kewley et| al. 2004;
Moustakas et &|. 20D6; Weiner ef pl. 2D07), the best way te pro
vide a reliable SFR vs. [@] calibration is to actually use the
SFR vs. H' calibration, and to calibrate either theI[@Ha'
(observed-to-intrinsic) or the [iJ'/Ha’' (intrinsic-to-intrinsic)

= 41.94+0.7
= 1.0144+0.02

|Ogl’] [iOH]
g[IOH]

(8)
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of the relation is ®6 dex, which imot betterthan the standard
[On]" calibration without a correction for metallicity. Their is
also a small, not significant, residual slope-€d.09 (Spearman

rank correlation coefficient 6£0.23) .

Egs.[$ and 10 are now combined to provide an estimate of
the SFR, which is compared to the CLO1 SFR on Eig. 5 (right).
The relation is, as expected, very good as no dispersiordiscad
by Eq.. The small dispersion of the relationl@®dex) comes

log ( SFR ([ON]'+0/H:K04) / SFR )
°
log ( SFR (OlIA37271/Hg) / SFR )

A . J ‘ g I 1 only from the uncertainty of the & calibration that we derived
e - “L AL~ previously. This calibration do not show a significant resid
tog ST (/) log SFR (M/yr) slope (Spearman rank correlation coefficien®: 17). In fact this

Rew [On]'+HB' calibration is expected to give exactly the same

results as the underlyingdd calibration since the relation be-

tween them is the constani85 factor. Fig[b (right) is nothing

else than Fig[|2 (bottom-left) without some missing poirgs b

cause of the additional selection on thei[dine. These missing
Kewley et al. [2004) has calibrated thel[fYHa' line ra- Ppoints explain the smaller scatter. _ o

tio against the gas-phase oxygen abundancer-([bg(O/H)), Following this conclusion, we emphasize that a simpf& H

ending up in an appreciable improvement of the calibratim. calibration is even easier to derive and to apply to the olaser

also shown by Mouhcine et Jaf (2905) with 2dFGRS data afi@ns using this relation:

in Fig.[4, there Ts indeed a robust correlation between these i i

parameters. The dashed line in Rig. 4 shows the relatiometeri Ha' =Hp' x 2.85 (11)

semi-empirically byl Kewley et aI[ (20D4). The residualsamd  The Hgi is expected to give exactly the same results as the

this relation are characterized by a mean-6f04 dex and arms Hq' calibration, provided that a correction for dust atterorati

Figure 5. Same legend as in FifJ. 2. The studied calibrations a
left: Kewley et al. [20014) [@]' with a correction for metallicity;
right: our new [QI]'+Hf' calibration.

of 0.1 dex in SDSS DR4 data. _ _ has been estimated from the assumption of a constant iiatrins
However, we see three drawbacks against the use of this g&imer ratio.
lation:

— First the gas-phase oxygen abundance is not an easy parabng-Dust estimated from another method

terto derive. There are many different calibrations whigh ¢ o ¢ attenuation might not be estimated with the assump-

be different from each other by up toS0dex (see Kewley t'lon of a constant intrinsic Balmer decrement. Other meshod

& Ellison P00, for a detailed discussion). Moreover, mo : ;
of these calibrations need many emission lines to be més Ich as CLO1 can provide a better estimate of the dust attenua

sured and we emphasize that, in such cases, it might be eaé n, not biased towards the metallicity dependence ofritréni-
to Uﬁeéjlr?&:tlthC&SFR estimated from multiple-lines fgtmmeasurements) The dust attenuation estimated from Skt fitt
methods like . VR : .
— Second, we already stated before that correcting the [O{:}ﬁtski]g%saﬁﬁ:rsrggéelther make the assumption of a constant in-
emissiol? ”nf‘ for dust atltenlljlatio.n requires in most c?]mmon As stated beforé the calibrations derived in previousacibs
ggzgsoaea\t/vt)j dme(se'[inngsastlgrt]héngFISR %?rlggtlg?rsoenrwvﬁuﬂlidles tion should show an exponent of the power law greater than 1
rather from the [@] line. Thus, trying to improve the [(H' because of the metallicity dependence of the relation batwe
calibration with data cor.rected’for dust attenuation isialty the SFR and the em|s§|on-llne luminosities (assuming tat t
not apolicable in Most CoMMon Cases higher is the SFR the higher are the stellar mass and the-metal
PP ; licity). However, this effect is not seen since it is almosaetly

— For the other cases (e.g. dust attenuation estimated frem . o
other Balmer ratio), we also remark that using the metwliciggg;ﬁgﬁgged by the overestimate of the dust attenuatiaglat h

gfzgt?z)itiesrgg: ﬁggeost::rr y?]%ré\geddap\?é?y@?rfg%;?eﬁg{ifﬁt\}vhheicﬁp We thus study in this subsection the results obtained with
do not need a metallicity estimate, already exists betwegHSt estimated from other methods.
[On]', Ha' and H3' emission lines. This simple relation is

expressed by the following equation assuming the stand&rd.1. Metallicity-unbiased calibrations
intrinsic Balmer ratio:

[On'  [On]' Ha'  [On]
Ha' ~ HB''HBT  HP

¢ 'Balmer ratio (thanks to the use of all available emisdioa

We provide new calibrations to be used on data corrected with
a good estimate of the dust attenuation, i.e. not biasedrttsva
metallicity. To this end, we corrected the emission-linailosi-

ties using the dust attenuation estimated with the CLO1 atkth
We applied Eq. 15 df Kewley et [ (2404) in order to compaiiestead of the one estimated from the Balmer decrement. We em
their metallicity- and dust-corrected calibration to tleéerence phasize that this work is mainly done for comparison purpose
CLO1 SFR. We have done that only for the 84 730 galaxies fosing the CLO1 method to estimate the dust attenuation makes
which an estimate of the gas-phase oxygen abundance wis awair SFR calibration useless since the CLO1 SFR is alreadigrbet

able. Before doing that, we have corrected our availableICL@onstrained. _
metallicities td Kewley & Dopita[(2032) metallicities, ugj the Fig. @ shows the relations between the SFR arai“H
formula in Table B3 of Kewley & Ellisgn{(2008). [On]® or HBC emission lines. In the three cases, we find as

As shown in FigI]S (left), th Kewley et pl. (2004) calibratio expected an exponent of the power law greater than 1. However
shows a non-negligible.0 dex shift. Moreover, the dispersionwe see that the metallicity dependence of the efficiencyfact

/2.85 (10)
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Figure 6. Relation between the SFR (logarithm of-¥§r) and the Hr'C (left), [O1]'C (center) or H8'C emission lines luminosities
(logarithm of erg/s) for star-forming galaxies in the SDSR4data. The solid line is a least-square fit to the data (®wox
andy). These data have been corrected using the unbiased Clidtatsof dust attenuation. The dashed lines show the prgviou
calibrations obtained with dust estimated from the assiomif a constant intrinsic Balmer ratio (see Fﬁb 3). Isalgncontours
are overplotted in white.

has not a strong effect on the slope for the'Hand H3'C cali- ' p '
brations. We remind the reader that, in contrary to what vwe ha 2GR gor forming gelsies
said in Sect[ 3]2, the calibrations based amHor HB'® lines 2070 bezne

are now slightly different since the ratio between theselines

is not any more assumed constant. We obtain the following re-

sults:

2 |- 87218 star—forming galaxies
| SN25

2=0.864 b=-35.79
rms=0.340

log SFR (M/yr)
log SFR (M/yr)

logn, = 44.22:+0.03 12)
g5, = 1.072+0.001 ‘ 1 1
|Ognic — 49 90:|: O 9 * Gulog l.(\\a‘:“(;) (erg/s;w “ * Gulog l.(\\a‘:“(;) (erg/s;w .
[Or] ) : (13) . .
5'8 — 1.213+0.03 Figure 7. Relation between the SFR (logarithm of:)4r) and
(on] the Ha'SEP emission lines luminosity (logarithm of erg/s) for
ic _ star-forming galaxies in the SDSS DR4 data. The solid line is
lOgigHB = 44604003 (14) a least-square fit to the data (errors>oandy). The data has
& = 1.094+0.001 been corrected for dust attenuation estimated with the SED fi

ting method (see Etﬂ 4). The stellar-to-gas attenuatioo hais
In the three cases, the dispersion is reduced thanks to Hen assumed to.® (left: SDSS mean value), or4% (right:
better estimate of the dust attenuation provided by the CL[Z&Izet{i[20001). The dashed line is the Kenn]cpitt (1998)xali
method. Is it now< 0.1 dex in the Hr'® and H3'C calibrations  tion corrected to our assumed IMF. Isodensity contours aee o
and 024 dex in the [@]C calibration. plotted in white.

3.3.2. Dust estimated from SED fitting of 0.8644 0.001. The derived efficiency factors with a mean

One may ask if emission lines can also be used to derived SERIIar-to-gas attenuation ratio of¥dand 044 are respectively
with an estimation of dust attenuation coming from SED fi9.6740.02 and 3579+ 0.03. We emphasize that a stellar-to-
ting. Fig. Ef (left) shows the correlation between the irgion 98S attenuation ratio of.®4 is not the right value representing
Ha emission-line luminosity and the SFR in SDSS DR4 data, §f€Se data, even if it gives by chance a less dispersedasaibr
we correct Hr luminosities with the dust attenuation computeéO-34 dex). L . .

from SED fitting by[Kauffmann et &I[ (2008b) (see ﬂil 4). Note We conclude that the most critical issue in using dust es-

that only the 87213 galaxies with an available estimate ef tfmated from SED fitting, in order to correct emission lines,
dust attenuation are plotted. comes from the uncertainty in the stellar-to-gas atteonata-

We use a stellar-to-gas attenuation ratio o8 @vhich tio. This problem makes SFR derived using this method almost

corresponds to the mean value observed in the SDSS dgRgPletely random on a galaxy per galaxy basis. We note that
(Brinchmann, private communication). We see that the ezpon thiS method might be used in a statistical way, but with goeat
of the power law is quite smaller (010+ 0.001), telling us that certainties coming both from the dispersion o!oserved mﬂﬁg
the SED fitting dust attenuation is even more overestimated®d from the fact that one has to know the right stellar-te-ga
higher masses than with the Balmer decrement method.  atténuation ratio to apply to his data.

But no strong conclusion can be drawn: the dispersion that
we find (040 dex) is indeed quite high and moreover, it doe . . . .
not take(into accc))unt the Iik(:}y varia%ions of the stellagas %. SFR calibration without a dust estimate
attenuation ratio between the SDSS data and any other sample present in this section emission-line calibrations ef$f+R
Using instead a stellar-to-gas attenuation ratio .@#0{Calzetli based on dataot correctecfor dust attenuation. Because of the
P001), we found in Figl]7 (right) an exponent of the power lasmall wavelength coverage of many spectroscopic Surveis, i
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Figure 9. Relation between the dust attenuation estimated with
the CLO1 method or with the Balmer decrement method, for star

log ( SFR (OIIN3727:°<%>) / SFR )

B S S S — forming galaxies in the SDSS DR4 data. The dashed line is the
log SFR (Mo/yr) log SFR (o/yr) y = xcurve. The solid line is thg = a- x+ b curve wherea and
: ———— —_—— . .
B[ 153718 star forming galaxies  © Pl iz startorming galaxies | b are the parameters of the least-square fit (erroxsaindy), as

given in the plot. Isodensity contours are overplotted iriterh

4.1.1. Standard calibrations with Ay =1

log ( SFR (HB)<"> / SFR )
log ( SFR (HB)<<> / SFR )

: ] i | Inthis subsection, we discuss the quality of the standdilrea
‘ L L tions used on SDSS DR4 with an assumed mean correction for
—a -2 0 2 -4 -2 0 2 dust ofAy = 1.

log SKR (M/yr) log SFR (M,/yr)

One important question we need to answer is: what kind of
bration should we use on data corrected with a mean dust
attenuation ? Should we use the standard calibrationsetkriv
with the wrong assumption of a constant intrinsic Balmer ra-
(%i(i(Sect.), or our new calibrations derived with thetdret

01 estimates of the dust (S€ct]3.3) ? The answer basiteily
pends on the way the mean dust attenuation have been estimate
(is it biased towards the metallicity dependence of therisit
Balmer ratio or not ?).

We thus plot the comparison of both calibrations in FE|g. 8.
The main conclusion we draw from this figure is that the resid-
uals are not onlyighly dispersedqrms in the range .3-0.5 dex

Figure 8. Same legend as in Fig] 2. The studied calibrations,;
are the standard ¢d (top-left), [Oi]' (middle-left), and HB'
(bottom-left) calibrations, or the metallicity-unbiaged’C (top-
right), [On]'¢ (middle-right), and #8'C (bottom-right) calibra-
tions, all applied on data corrected using an assumed mesin
attenuatiorAy = 1.

common that not all emission lines necessary to derive &ceorr

gﬁ/g;oggéj;trjgenuatlon, and to compute a SFR, are present I.depending on the calibration) but z;lso show a cle_ar rgs'siuab .
' in all cases £0.2 to —0.5 depending on the calibration). This

There are two ways to handle such ddtause an assumed residual slope is the signature of the correlation betwéen t
mean extinction and apply a statistical correction for @fistnu- - dust attenuation and the SFR in galaxies. This correlasiai
ation (see Sed. 4.1); ¢if) use a SFR calibration which providesyiously not taken into account by the assumption of a constan
stillin a statistical approach, a self-consistent cofoedior dust- - dust attenuation for the whole sample.
attenuation, i.e. with dust properties recovered from la@opa- : L
rameter (see Sedt. 1.2). We remark that such self-consisien fih evs\/ger;ortrﬁ;m;wf Jgﬁfﬁ;ﬁgﬂ%%ee?fiﬂgniggf{gafé%? Si? ?swn >

rection depends on the properties of the sample used to do e, s, that the residual slopes obtained with t&HOn ¢

frﬁlslbbr;tlson' Thus, we present in Seft]4.3 a way to correct Pand HBC calibrations, based on the CLO1 estimates of the dust,

are not only smaller but also less significant (smaller Spaar
rank correlation coefficient).

4.1. Use of an assumed mean correction The method of the assumed mean correction thus leads to
poor results, either on galaxy-per-galaxy studies (higipeki-

When dust attenuation cannot be reliably derived from tha,dasion) or on statistical studies (non-negligible residuaps).

itis common in the literature to use an assumed mean casrectihis method applied with the [Q line is particularly inadvis-

(frequentlyAy = 1). able (worst dispersion and steeper residual slope).
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4.1.2. Additional sources of biases el

EEmamm o
733 slar—lorming galaxies
25

A A e
5&’79 slar—forming galaxies ] 2 r

5
[ a=-0.24Q b--0.556

We now discuss the additional effect of the use of awrong me; | spear
correction. Following Eq[]2 anf 6, the bias introduced on th
SFR can be computed like that:

SFRY ) — Tv
[ = )\ = v 15
Og( SFR) £ In(10) (19)
wherety is the wrong assumed dust attenuation, and'SER
the wrong derived SFR. Below, we investigate three possib ~————

-4 -2 0 2

T
7253
i
o
@

log ( SFR {(Ha:K98) /

log ( SFR (OIIA3727:K98+K04) / SFR )

sources of bias. log SFR (Mo/yr) tou ST (/o)

The first bias comes from the assumptionfgf = 1. The o[ girisstar—torming galexies | 2f é%sg slor forming galaxies | -
sample used in this study actually shows a mean dust attenual [ o055 s--002¢ ] [ a 0216 b—0040 ]
(1GH01) = 1.21 (see Secf] 2 and FifJ. 1). Converting from opacC , | 79948 ] :

ities to magnitudes, we obtaifAG-%) = (7G-01) x 1.086 =
1.31. The difference between the assumed= 1 and the actual
value in the sample is partly responsible of the non-nullmsea =
of the residuals observed in Fig. 8: applying Eq. 15, we find 2
theoretical bias of the order 6f0.15 dex, which is similar to £
the observed values for the CLO1 calibrations (Eig. 8 right)

The second bias comes from the dispersion in the distrib *C.. .. . .. . . ]

-1 -2 0 2 -4 -2 0 2

Ha) / SFR

log ( SFR (OIIA3727) / SFR )

tion of dust attenuation. In the SDSS DR4 data, the dispeisio log SFR (My/yr) log SFR (,/yr)
the derived dust attenuation is5@d, which means that the mean 2 [ 124710 st torming alonion | 2

dust attenuation may not be assumed with a better prectséon t AR

+0.64. Thus it implies a possible systematic shift of the order o L Ehsan-0.008"

1 |- rms=0.376 4

+0.30 dex. As stated in Sed] 2, the mean dust attenuation is
(1G01) = 1.10 instead of 21 when we add the selection on the
[On]line: this implies a bias of the order &f0.05 dex.

Finally, we remind the reader that he has to think carefuily o
the origin of the assumed mean correction before applyingit
he has to check whether this assumption comes from a dust at- S
tenuation derived with a constant Balmer decrement, or siam el ]
unbiased estimation. Having checked that, he would be able t e o e
apply the right calibrations. Fig] 9 gives for conveniertue te- 1o8 SHe (e/om)
lation betweerrF@™e"and the unbiasetf-** in the SDSS DR4 Figure 10. Same legend as in Fi] 2. The studied calibrations
data. We fit an empirical relation which follows this formula  are: top-left] Kennici]ttl(l_%S) ' applied on uncorrected data;

top-right: [Kennicuft (1998) (corrected Qy Kewley ef pl. 200

roamer— 1 53 1701 - 0.3 (16) [On]' on uncorrected data; middle-left: our nevark¢alibration;

o ) . ] middle-right: our new [@] calibration; bottom: our new B cal-
This implies a theoretical bias of the order-e0.25 dex, which jpration.

is again similar to the observed values for the standarthrzali
tions (Fig.[$ left). o o .
Hence we conclude that the use of an assumed mean corf%%zsli’ line luminosity with & two-parameter law as deised

tion has to be handlediith great care Fig. |10 (top-left) shows the results obtained when using the
standard Kennicyt{ (1992)dd calibration on data uncorrected
4.2. Use of a self-consistent correction for dust attenuation. We clearly see that the dust atteowati
causes an underestimate of the SFR (the mean of the residu-
5RMs —0.48 dex), and that this effect is increasing with SFR.
oreover the dispersion is82 dex, and there is a residual slope
—0.24 which is significant (Spearman rank correlation coeffi-
tﬁ]ient of—0.63). Taking this into account, a two parameter law is
ecessarydifferently from what we observed on dust-corrected
ata in Secf_3J2.
Fig. [L (left) shows the correlation between the observed H
ssion-line luminosity and the SFR in SDSS DR4 data. We
obtain the following new calibration:

log ( SFR (Hg) / SFR )

As stated in previous subsection, the use of an assumed m
correction has one main drawback: it does not take into atco
the variation of the dust attenuation as a function of SFR.
thus discuss in this subsection three possible ways to edthis
bias. The idea common to these three possibilities is treat
relation between the dust attenuation and the SFR mighséké it d
recovered from the data, i.e. self-consistently.

We explore the self-consistent corrections obtained eithg, i
from the observed line luminosities, another parameter thie
magnitude, or a combination of two emission lines.

{lognHa = 46.49+0.04

fhg = 1.141+0.001 17)

4.2.1. Single-line calibrations

The simplest way to apply a self-consistent correction fmtds  As shown in Fig[ 0 (middle-left), the dispersion of this neai-
to relate the dust attenuation to the line luminosity itddénce, bration is 030 dex, which tells us that the SFR recovered without
it consists on calibrating the SFR directly with the obsdrvet dust attenuation correction are almost twice more displeism
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Figure 11. Relation between the SFR (logarithm of.X§r) and the Hr (left), [O11] (center) or HB (right) observed emission lines
luminosities (logarithm of erg/s) for star-forming galegiin the SDSS DR4 data. The solid line is a least-square fiteaata
(errors orx andy). The dashed lines show the intrinsic calibrations obthimigh dust estimated with the Balmer decrement method
(see Fig|]3). Isodensity contours are overplotted in white.

when an estimate of dust attenuation is available. The méan o
the residuals are now almost null.Q2 dex). This calibration is
better, in terms of the dispersion, than the results obdaivith
an assumed mean correction (see S‘E 4.1, dispersio3d®f 0
dex) but, it stillquite poor

Unfortunately the use of the two-parameters law, which al-
lows in principle to take into account the dependence batwee
the dust attenuation and the SFR, does not cancel comptle&ly
residual slope which is still 0f0.13. However it is clear, from
the comparison of Fid] 8 and Fig] 10 that this remaining resiid
slope is much less significant (Spearman rank correlatieffico
cient of —0.36 instead of-0.5 to —0.7).

No estimation of the dust attenuation would be available in
most cases where one has to use the][@ the H3 emission

o o o
-~ o e

log(SFR/L(0IN)) (10*! My/yr/(erg/s))
I

line in order to compute a SFR. This is basically due to thé fac 0

the Ha line is commonly used to estimate the dust attenuation,

and thatthere is no reason to use another line if therHne is —20 18 —18 14
measured M, (Vega)

Fig.|10 (top-right) shows the results obtained when usieg th . , .
standartZ) [Q' calibration on data uncorrectegrigure 12_. Relat]on between the SFR efficiency factor of the
for dust attenuation. the dispersion i##8 dex which is high. [O!l] emission line and th&-bandk-corrected absolute mag-
There is also a significant systematic shift-00.83 dex, plus Nitude (Vega system). The data points are the values given in
a significant (Spearman rank correlation coefficient-@68) 1able 2 of[Moustakas etall (2406). The solid curve is our 2nd
residual slope of-0.47. Fig.[T]L (center) shows the relation bedegree polynomial least square fit with the coefficientsgive

tween the observed [iQ emission line luminosity and the SFRtN€ text.
in SDSS DR4 data. We obtain the following best-fit values:

lognioy = 60.06+1.9 mean correction: dispersion of38B dex instead of .39 dex,
{ £ — 1.4844+0.05 (18) smaller residual slope 6£0.19, smaller Spearman rank corre-
[Or1] . . " . . . .
lation coefficient of-0.41 for this residual slope.

But, as we can see from Fifj.]10 (middle-right) the dispersion The two-parameters calibrations presented in this subsec-
(0.54 dex) is higher than the results obtained with an assumgish do not show significant residual slopes as comparedeto th
mean correction (see S4.2, dispersion48@ex): the corre- method of the assumed mean correction. Unfortunately,dive g
lation between observed [Qluminosity and SFR is rather poor. of having no more significant residual slopes is diminishgd b
Nevertheless, this new calibration has the advantage ofishahe still high dispersion. We claim that these new self-isieat
ing a smaller residual slope ef0.22, also much less significantsingle-line calibrations are however useful when one asiaa i
(Spearman rank correlation coefficient-00.25). of the mean dust attenuation he wants to assume. As stated be-

Fig. [L1 (right) shows the relation between the observ8d Hore, the use of wrong mean correction could lead to a non-
emission line luminosity and the SFR in SDSS DR4 data, whigfegligible systematic bias.
gives the following parameters:

{ lognug = 46.54+0.04 4.2.2. Discussion of previous works

g5 = 115940.001 (19) _ |
Another way to correct self-consistently for dust attefargtas

As shown in Figmo (bottom), this new calibration shows Bng as for other parameters (e.g. metallicity, ionizatiegree,
small improvement as compared to the method of an assume} is to use the absolute magnitude. Indeed, the absulate
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0
T

31108 s fomiog galaxies | - 19878 star rorming gaiaxies 1 this smaller dispersion may be only due to the small number of
s galaxies (13678) with an available measuremen¥igfin our
sample. Finally, their is also a significant residual slap¢his
calibration of—0.36 (Spearman rank correlation coefficient of
—0.55).

We conclude that the calibrations proposed by Moustakas
et al. (200p) ang Weiner etlal. (2007) lead to poor results on
the SDSS DR4 data. They do neither significantly better, nor
significantly worse, than the results obtained with the roéth

log ( SFR ([OLA3727+MyMO6) / SFR )
log { SFR ([OIAS727+M,W07) / SFR )
°

‘ L ‘ 2k . .1 ofthe assumed mean correction, or with our direct calibresti
-4 -2 0 2 -4 -2 0 2 between the SFR and observed line luminosities.
log SFR (M,/yr) log SFR (Mg/yr)
Figure 13.Same legend asin Fiﬂ. 2. The studied calibrations are; ) ) .
left: Moustakas et %Il (2006) [g+Mg calibration; right: Weiner *-2-3- Two-lines calibrations
et al. {2007) [@]+My calibration. Finally we consider the general case where no estimatiomeof t

dust attenuation is available. Moustakas ¢tlal. (P006) agich &Y
, , , i etal. (200[) have produced calibrations of th&[®i a' line ra-

nitude provides an estimate of the dust attenuation throbgh tjo against respectivelg-band orH-band absolute magnitudes.
general correlation between mass and dust attenuationdr-gaFollowing our idea of using only emission-line measureragnt
ies. It also provides an estimate of the metallicity throtigh e explore a possible correlation betweem [®ia’ (observed-
luminosity-metallicity relation. We note that these ceditions to-intrinsic) and [@]/HS (observed-to-observed) line ratios.
are only derived for the [@] line. Again, it is better to correct Fig. [14 (left) shows the best-fit relation, as defined by tHe fo
directly for dust attenuation using the Balmer decremergmwhlowing equation:
Ha is observed. log ([On]/Ha') = 3.243+0.3) - log ([O11]/HB) — L74+0.09) (22)

The [Moustakas et al| (2006) [@ calibration is based on ' ' , ’ ' ) ,
a correction withB-bandk-corrected absolute magnitude, and 1he mean and the rms of the residuals around the fitted line
starts now to be widely used in the literature. However, sin@'€ respectively-6-10 " dex and (87 dex. We note that the
the correction is provided by the authors in a few number 8piects plotted upward the dashed line in fid. 14 (left) heag-
discrete points (see Table 2 of their paper), it is not cleav h ative dust attenuation when we derive them from/H ratio
to interpolate between them. The common approach now ud¥§h the assumption of a constant intrinsic Balmer ratio. .
in other works is to calculate a global linear regressiog. P“tt:‘”g qus_ 0 anfi 2 together, we obtain the following cali-
shows that this approach is not valid in the whole domain. V\l?éat'on ormuta: _
thus provide a parabolic fit which leads to the following finalog SFR= & (logL([O11]) —3.243-log ([O11] /HB) +1.74) —log N4 (23)

formula: Fig. [14 (center) shows the quality of the recovered SFR as

. B 2 compared to the reference CLO1 SFR. We see that our new cal-
log SFR=logL ({On]) —41+6.86+0.862x Mp+0.027x M5(20) ibration show no significant systematic shift@@ dex), and no

whereMg is the B-bandk-corrected absolute magnitude in théignificant residual slope (@1 with a Spearman rank correla-
Vega systemByega = Bag + 0.09). tion coefficient of 006). Moreover our new calibration shows a

Fia. lefty shows how the results obtained with thdispersion of ®9 dex which, while being still higher than the
oustakas et &I/ (20D6) calibration compares with the ezfee results obtained with a correction for dust attenuatiothesbest
CLOL SFR. This calibration shows a significant systematit shesult obtained in Sedt 4 between all other possibiliissumed
of —0.22 dex. However, the dispersion afi@ dex is better than Mmean dust correction, direct calibration with observed lumi-
serve also a non-negligible residual slope-d¥.30 (Spearman tude. . . .
rank correlation coefficient 0f0.46), but not stronger than the e @lso explore the results obtained by doing a direct least-

; - ; are fit of the SFR as a function of thel[dine luminos-
::%Sr'riléglof’]k)pe obtained with the method of the assumed m? and the [Q1]/H line ratio, without assuming the underlying

Ho_ri calibration. We find the following second-degree best-fit re
The [Weiner et gl. [(2007) [@] calibration is based on lation:

a correction with H-band k-corrected absolute magnitude.log SFR= —39.21+0.982: logL([Or1]) — 2.396- log ([O11] /HB)

The authors give the slope of the relation between the —0.3354-log ([On1] /HB)?

log([Or1],/Ha') ratio and theH-band k-corrected absolute - : : . I

magnitu?de:+0.23 dex/mag. The zero-point is obtained by ap- Fig. [L4 (right) shows the quality of this other calibration &

; SNe compared to the reference CLO1 SFR. As compared tq4 Eq. 23,
plying the 068 dexA(Ha) extinction to the log[Or1] ./ Hobs) : : .
fatio of —0.32 dex alMy — 21, The final formula i the SFR derived with Eq. P4 show a null systematic shift and a

smaller dispersion of.23 dex. Nevertheless this smaller disper-
log SFR= g}, (logL([Or1]) — 0.23x My — 3.83) — logn},, (21) sion is diminished by a residual slope-60.12 (Spearman rank
correlation coefficient of0.31).

whereMy is theH-bandk-corrected absolute magnitude in the Because it is much easier to use and gives better results, our
AB system. calibrations based on only two observed line fluxesii([@nd

Fig. [I3 (right) shows how the results obtained with thelf) should be preferred in most cases with no available correc-
Weiner et 4. |(20Q07) calibration compares with the refeeention for dust attenuatiorlhe minimum uncertainty when dealing
CLO1 SFR. The mean of the residuals-i9.24 dex, the dis- with data not corrected for dust attenuation is then dhBBdex.
persion of 041 dex is better than the calibration on the ob#/e discuss in the following section the different cases wfliter
served [QI] luminosity, but is still significantly high. Moreover, is better to use EcDZ3 or EQ.|24.

(24)
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Figure 14. Left Relation between the [@/Ha' (observed-to-intrinsic) and the [YHB (observed-to-observed) line ratios for
star-forming galaxies in the SDSS DR4 data. The solid line Isast-square fit to the data (errors»andy). The dashed line
is the Hr = 2.85- Hp line. Isodensity contours are overplotted in whinter and right Same legend as in FifJ. 2. The studied
calibration are the new [Q/H calibrations (center: Eq. 3, right: Eq. ).

1 TR

Table 1. Coefficients to be used to correct the SFR derived fror = |
an observed calibration, as a function of the dust atteon#di-
lowing Eq.. The coefficients are given for a dust attermurati
estimated with the CLO1 or the Balmer decrement method.

ssLarf forming galaxies

o

log ( SFR (OIIN3727/HB) / SFR )
log ( SFR (OIIA3727/HE) / SFR )

method CLO1 Balmer
calibration a b a b
Ha —0.45 056 —-0.28 044 e 7
[On] -080 088 -051 Q75 [ 1 [ 1
HpB —-057 Q70 —0.37 058 oL ] L ]
[ONJ/HB (Eq.23) —0.18 022 -0.082 Q14 P R T R
[Ou)/HB (Eq.24) -0.34 037 —-020 030 1og STR (My/y) log SFR (¥y/yr)

T T T T T e B
[[31693 star—forming galaxies
F§/N25 e

[[20611 star—forming galaxies
FS/N25 ee
[ a=-0.020 b=-0.214
| spear—-0.043
219

0.210 =

©
1
©

[ a=—0.014 b=0.140
L spear —0.039

T
3
i

4.3. The self-consistent correction on samples with different
properties

0II\3727/HB) / SFR )

It is clear at this stage of our study that all the calibradionz
derived or studied in Secf] 4 (including those by Moustakéz
et al.|2006 and Weiner et |dl. 2007), which are based on o

o
<)

served quantities, depend on the properties of the refersam-  ©

log ( SFR (OIIA3727/HB) / SFR )

ple. Nevertheless, we emphasize that such statisticajlyifsi L i P S

cant sample such as the SDSS DR4 data, with a large select T e R 0o ¢ e R e ?

function, is not expected to be strongly biased in favor of on

particular population of galaxies. Figure 16. Same legend as in Fif]. 2. The studied calibration is
It might be useful however to know how these calibratiorie new [QI]/Hp calibration given by Eq[ 23 (top) or 5@24

are sensible to the variations of the properties of the stigtam-  (Pottom), applied on the two dust sub-samples defined in ect

ple, especially in terms of dust or metallicity. Left: (z7"1) = 0.63, right: (17-!) = 1.84.

4.3.1. Dependence on dust which one has a rough estimate of the mean dust attenuation.

We now study in Fig. 15 the residuals of our new calibratiass, The corrective formula as derived from Flg] 15 is:

compared to the reference CLO1 SFR, as a function of the d orry _

attenuation estimated either with the CLO1 method, or with tqjoc’é(S':F\c ) =10g(SFR+ax v +b (25)
assumption of a constant intrinsic Balmer ratio. This hasnbe  Thea andb coefficients are summarized in Taﬂe 1. We note
done for the poor quality single-line calibrationsqH{O11], and  that this correction formula give a null correction for a tlas

HPB, see Fig| 10), and for the better qualityl[{pH3 calibration tenuation equal to the mean value in the SDSS DR4 sample:

(see Fig[ 14 center and right). 170 = 1.21in the Hr and H3 cases, and forRG %1 = 1.1 in the
In all cases, the means of the residuals are very low, which/@®i1] case.
expected as we always derived the best-fit calibration. For the [Q1]/Hp two-lines calibration given in Eq. 3, we

For the single-line calibrations, we obtain very significarsee that the residuals do not show any more any strong signif-
correlations between the residuals and the dust attemyatith icant correlation with the dust attenuation: smaller stnd
Spearman rank correlation coefficients of the order0f75to smaller Spearman rank correlation coefficients of the ooder
—0.95. Thus, we can derive linear relations which may be used.1 to —0.3. This result shows that the [QYH calibration
to correct these calibrations for a desired studied sanfpte, given in Eq.[2B is not significantly sensitive to variationgtie
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Figure 15. Same legend as in Fif] 2, except that the residuals of the @fiRation are now plotted as a function of the dust
attenuation estimated with the CLO1 method (top) or with Biaémer decrement method (bottom). The studied calibratame,
from left to right: Har, [On], HB, [On]/HB (Eq.[28), and [@]/HB (Eq.). All calibrations are related to observed quaatiti

Table 2. Coefficients to be used to correct the SFR derived frol 2 25506 star—torming gataxies ' sngb star forming aloics
an observed calibration, as a function of the gas-phaseemxyc; o et o210 A
abundance following Eq. . (first three calibrations) or Etwo( 7 , [ méns 818 18
last calibrations). g 18
calibration a b C g 2
Ha —053 480 & B
[O] -150 1335 a a
HB -0.74 667 2o 13 I
[OII]/HB(Eq.) 147 —-2518 1075 N e
[ONJ/HB (Eq.24) 051 —896 393 ~ - o 2 —4 -2 o 2
log SFR (My/yr) log SFR (M/yr)
2 _23362 slar—lorming galaxies ] J ‘
S Lo oo £
dust attenuation. This calibration can thus reliably besgdun > * T 8 13
any sample without applying a correction. This conclusgmdgt £ | g
true for the [Q1]/Hp calibration given in Eql 24 which shows § o= 5
similar, but lower, residual slopes as compared to sirigiedal- & g
ibrations. & f 1E
Fig. |16 shows the [@]/H calibrations applied on the two & [ g I
sub-samples defined in Seﬁ. 2, with two different dust prope - 4 f
ties: (17-01) = 0.63 and (rGt°1) = 1.84. It confirms that the . 2 0 2 z e o z
log SFR (M/yr) log SFR (M/yr)

calibration defined in Eq. 23 is reliable when applied on daesp

with different dust properties: the dispersion does nonifig - Figure 18. Same legend as in Fif]. 2. The studied calibration is
cantly changes, and the observed residual slopes are ndtsigthe new [Q1]/HB calibration given by Eq[ 23 (top) or EQ.]24
cant (Spearman rank correlation coefficients of the ordéra)t  (hottom), applied on the two metallicity sub-samples defime

In both cases, the observed systematic shifts are in agreeMeaci[p. Left{12+4 log(O/H)) = 8.68, right:(12+ log(O/H)) =
with the correction formula given in Ef.]25 and the coeffiteng g7

given in TablgL.

4.3.2. Dependence on metallicity mean metallicity. The corrective formula as derived from. ]

We also study the residuals of our new calibrations, as Combals'

to the reference CLO1 SFR, as a function of the gas-phase oxy-

gen abundance estimated with the CLO1 method. For the singled (SFR°") = log(SFR) +ax x+b (26)
line calibrations, FigEl? shows a significant correlatietieen

these two quantities with Spearman rank correlation caeffis with x = 12+ log(O/H). Thea andb coefficients are summa-
of the order of—0.5 to —0.6. Thus, we can derive linear rela-rized in Tablg. We note that this correction formula givepn
tions which may be used to correct these calibrations for-a dgoximately null correction for a metallicity equal to theeam
sired studied sample, for which one has a rough estimateeof tralue in the SDSS DR4 sample: 3209(O/H) = 8.89.
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Figure 17. Same legend as in Fiﬂ. 2, except that the residuals of the SHiration are now plotted as a function of the gas-phase

(Eq.

oxygen abundance estimated with the CLO1 method. The studdibrations are, from left to right: ¢, [On], HB, [On]/Hp
), and [@]/HB (Eq.[24). All calibrations are related to observed quastiti

For both [QI]/HB calibrations, we have fitted a second de-— When Ha' is not observed but a correction for dust atten-

gree curve to the residual, which leads to the followingective
formula:

log (SFRC™) = log(SFR 4+ ax X2+ b x x+¢ (27)

with x = 12+ 1log(O/H). Thea,b andc coefficients are summa-
rized in Tabld.
For the [QI]/Hp two-lines calibration given in Ed. P4, we

see that the residuals do not show any more any strong signifi-

cant correlation with the metallicity, with a Spearman raok-
relation coefficients of @8. This result shows that the [QHf3
calibration given in qu4 is not significantly sensitiveveri-
ations in the metallicity. This conclusion is not true foreth

[On)/HB calibration given in qu]S which shows a Spearman™

correlation coefficient of &7.

Fig. |L8 shows the [@]/H calibrations applied on the two
sub-samples defined in Sef}. 2, with two different metallic-
ity properties:(12+log(O/H)) = 8.68 and(12+log(O/H)) =
9.07. It confirms that the calibration defined in 24 is reli-
able when applied on samples with different dust properties
dispersion does not significantly changes. In both caseylih
served systematic shifts are in agreement with the coomre -
mula given in Eq[ 47 and the coefficients given in Tgble 2.
We conclude that:

— The [O1]/H calibration given in Eq|33 is weakly sensitive

to variations in dust attenuation. It can be applied on sam-
ples with an assumed metallicity, using the corrective for—

mula given in Eq[ 7.

— The [On]/H calibration given in Eqﬂ4 is not sensitive to
variations in metallicity. It can be applied on samples with
assumed dust attenuation, using the corrective formuéngiv

in Eq.[2b.

5. Conclusions

We draw the following conclusions from our study:

— As already shown in many previous studies, we confirm from-
SDSS DR4 data the the best emission-line calibration of the

SFR is based on &, this one being corrected for dust atten-
uation (see Secf. 3.2.1). This calibration has an uncgytain
of 0.17 dex.
— If the dust has been estimated from thengassumption of
a constant intrinsic Balmer ratio, the standard one-pat@me
Kennicuit |
Nevertheless, the SDSS DR4 data has show0d.1 dex

[1998) scaling law gives good enough results.

uation is still available, thé Kenniclft (1998) law based on
[On]" (and corrected for dust Qy Kewley et| al. 2004) gives
good results but shows a higher dispersion (see Fig. 2).

— This dispersion may be reduced by taking into account the

dependence of [@]' on the metallicity. However, the metal-
licity correction proposed by Kewley etlal. (2004) does not
end to a significant improvement, while it relies on a very
uncertain calibration of the metallicity, as shown by Keyvle

& Ellison (R008) (see Fig.|4 and FifJ. 5).

A very good correction of this effect is rather obtained by
using the [@1]' and H3' lines together or, even better3H
alone (see E(h 9, Ep. 10 and Eqf 11).

We caution the reader against the use of the inadequate SFR
calibration when data is corrected for dust estimated from
another method (e.g. CLO1 method). If the method to derive
dust attenuation is not biased towards the wrong assumption
of a constant intrinsic Balmer ratio, then a different SER ca

bration should be used (see S.3.1,|}ig. 6 Bq. 1% Fq.13
and Eq[1h).

— We advise the reader not to use dust estimated from SED

fitting in order to calculate SFR from emission lines. This
method leads to highly uncertain results because of the high
dispersion in the stellar-to-gas attenuation ratio (seefHi

We emphasize that dust attenuation estimated from SED fit-
ting would be reliable only if it is applied to the light engtt

by stars, not to emission lines.

When no estimation of the dust attenuation is available, it
is common in the literature to assume a mean correction,
typically Ay = 1. We advise the reader to use such method
with great care for two reason@) the SFRs recovered with

the assumption of a constant dust attenuation are biased by
a non-negligible residual slope, coming from the correla-
tion between dust attenuation and SFR (see 4.1.1 and
Fig. @); (i) additional biases come from the choice of the
assumed dust attenuation which is likely not to be the right
one. The choice of a wrong assumed dust attenuation leads
to non-negligible systematic shifts (see Sgct. #.1.2).

We have derived new direct calibrations between the SFR
and the observed line luminosities which are still quiterpoo

in terms of dispersion, even if they do not show any more a
significant residual slope (see Fig] 10, Fid. 11,[Ed. 17[Hq. 1
and Eq).

— The calibrations proposed y Moustakas gt al. (P006) or

Weiner et al. (20Q7) which include a correction based on the
B-band orH-bandk-corrected absolute magnitudes do nei-
ther significantly better nor significantly worse (see ).1

systematic shift which can be corrected either by applying- We derive two new two-lines calibrations based only on the

a mean shift in the opposite direction, or by using a two-
parameter power law (see F[¢. 2, Hib. 3 and [q. 7).

[On] and HB observed line flux. These calibrations give the
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best results among all calibrations based on observediguagpergel, D. N., Verde, L., Peiris, H. V., et al. 2003, ApJS3,1475
ties (i.e. not reliably corrected for dust attenuationghiows Tremonti, C. A, Heckman, T. M., Kauffmann, G., et al. 2004JA613, 898

no systematic shift, no significant residual slope, and a r\@‘-lgg& AJ, 116, 2805

duced dispersion (see F[g] 14, £d. 23 and[Ely. 24). The MiQjginer &. 3. Papovich, C., Bundy, K., et al. 2007, ApJ, 66
mum uncertainty with data not corrected for dust attenuatiqork, D. G., Adelman, J., Anderson, Jr., J. E., et al. 2000,12D, 1579
is 0.23 dex.
— We have studied the relation between the residuals of our
calibrations based on observed quantities, and the destatt
uation (see Fi@S). There is a clear correlation for single
line calibrations, which can be corrected (see Eq. 25 and
TabIeD.). We have also found a correlation between the resid-
uals of our calibrations based on observed quantities (see
Fig. [L7), which can be corrected for single-line calibratio
using Eq[26 and Tablé 2.
— Among our two new [@]/Hf calibrations, the one defined
by Eq.[23 is designed to be used on a sample with an as-
sumed metallicity and an unknown dust attenuation, while
the one defined by EEI24 give better results on samples with
unknown metallicity and an assumed dust attenuation.
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