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ABSTRACT

The measurement of the star formation rate density of the universe is of prime importance in understanding
the formation and evolution of galaxies. The [ A3727 emission-line flux, easy to measure upzte 1.4
within deep redshift surveys in the optical and upzts 5.4 in the near-infrared, offers a reliable means of
characterizing the star formation properties of higbbjects. In order to provide the highstudies with a local
reference, we have measured totaliffo\3727 fluxes for the well-analyzed local sample of star-forming galaxies
from the Universidad Complutense de Madrid Survey. These data are used to derivaifhe3d[{27 luminosity
function for local star-forming galaxies. When compared with similar luminosity densities published for redshift
up toz= 1, the overall evolution already observed in the star formation activity of the universe is confirmed.

Subject headings. galaxies: evolution — galaxies: fundamental parameters —
galaxies: luminosity function, mass function

1. INTRODUCTION 2. THE UCM SURVEY OF LOCAL STAR-FORMING
GALAXIES: [O 1] A3727 DATA

The measurement of the star formation rate (SFR) density e ycm objective prism survey (lists | and II; Zamorano
of the universe as a function of look-back time is afundamen.tal et al. 1994, 1996) provides an ideal tool for studying the pop-
parameter in order to understand the formation and evolutionjation and properties of star-forming galaxies at low redshi.
of galaxies. The current picture, outlined in the last years, iS The sample consists of 191 galaxies in 471.42deith z <
that the global SFR density has been declining from a peak atg.045 and equivalent widtBW(He + [N 11]) = 20 ~.fObjects
redshift ofz~ 1.5 to the present-day value (see Hogg 2002 were selected according to theita + [N 1] + continuum
and references therein). Despite one of the best direct meafluxes, and therefore they constitute a representative sample of
surements in the optical of the current SFR being the nebularcurrent star-forming galaxies. Accurate spectrophotometry (Gal-
Ha 6563 Aluminosity (Kennicutt 1998; Charlot & Longhetti  |ego et al. 1996, 1997) and broadband photometry in the optical
2001), this emission line is detectable only with CCDs out to (Vitores et al. 1996a, 1996b; Re-Gonzkez et al. 2000, 2001)
z= 0.4 Ha luminosities have been used to trace the SFR den- have already been published.
sity in this redshift range (Gallego et al. 1995; Tresse & Maddox In 1996 September, a new spectroscopic run was carried out
1998; Jones & Bland-Hawthorn 2001; Pascual et al. 2001). to obtain high-quality data in the [@] A3727 region. In this

The alternative indicators used in the optical for estimating run, a total of 108 (56%) UCM galaxies were observed again.
the SFR at higlz have been mainly two: UV continuum lu- The telescope used was the 2.5 m Isaac Newton Telescope at
minosities (Lilly et al. 1996; Madau et al. 1996; Madau 1997; La Palma_(Spain). The wavelength range covered was
Connolly et al. 1997) and [@] A3727 luminosities (Hammer ~ 3640-6180 Awith a dispersion of 2.5 Avixel *. The slit width
et al. 1997; Hogg et al. 1998). UV fluxes are easy to obtain from Was 2 (spectral resolution ot7 A) except for 13 galaxies that,
broadband photometry and, when combined with photometric given their large size, were observed with'aH. The reduction

redshifts, are useful to analyze large samples. Tha][flux is was made following the standard procedure using both IRAF
easy to measure when in emission and is available in the opticaPnd the REDUCEME software package (Cardiel 1999).
until z= 1.5, When joining the new results to the Gallego et al. (1996)

In this Letter, we use [®] A3727 fluxes for the Universidad ~ dat@, a final 92% (176 out of 191) of the UCM objects had
Complutense de Madrid (UCM) local sample to derive the local the [O 1] A3727 region well covered. In 145 of these 191

O 1] A3727 luminosity function. In § 2, we discuss the sample OPIECts (76%), we have measured [Q in emission with
gnd ]the new data. |ny§ 3, the local @ luminosity function P EW = 5 A. A total fraction of 24% of objects show no line.

is obtained. Finally,ri § 4 we compare the local luminosity Most of them are starburst nuclei-like objects, with a contri-

. . . . . . f i is~259
density with estimations already available for higher redshifts. g?tt'ﬁg :gtg:ea?rlgzﬁlt S1I':r|1:\)e (azéﬁfazgrtii frﬁ%?i/)f]ztcﬁa ZrS v/ zzale d
A Friedman cosmology wittH, = 100 km™$ Mpc™* and . : quaiity 1 W Sp .

_ the existence of underlying absorptions in thg Emission
0, = 0.5 has been used. . ,
line. However, we could not estimate Balmer decrements be-
* Partly based on observations collected at the German-Spanish Astronom-causle tlhe (;j re_glonhwasbnot CC:j\ﬁ:{ed.f C0|Oé eli(cesses \INere
ical Center, Calar Alto, Spain, operated by the Max-Planck-InstituteAf recalculate US'”Q the o-Serve ! B from Gallego et_a. .
tronomie, Heidelberg, jointly with the Spanish National Commission for As- (1996) but assuming equivalent widths of the Balmer lines in
tronomy. Partly based on observations made with the Isaac Newton Telescopqabsorption equal to3 .QGOHZ'AEZ Delgado, Leitherer, & Heck-
operated on the island of La Palma by the Royal Greenwich Observatory in man 1999)_ The new values, 0.2 on average smaller than pre-
X‘;rffﬁ’;gfzeoé’;ﬁ;\ﬁggr'o del Roque de Los Muchachos of the Instituto de ;1,5 ones, were used to correct for reddening. Thelike,
2 School of Physics and Astronomy, University of Nottingham, Nottingham When observed, provided a consistency check. We were not
NG7 2RD, England, UK. able to estimate extinction for five galaxies.
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TABLE 1
[O 1] A3727 LumiNosITY FUNCTION FOR THE UCM SURVEY
OBSERVED LUMINOSITY FUNCTION CORRECTED LumINoOsITY FUNCTION
log L([O 1] N3727) log Number of log ® Number of
(ergs s (Mpc® perlogL interval) Galaxies (Mpc ®perlogL interval) Galaxies
390 ...l 0 0
394 ...l —-2.63+ 0.22 4 —-2.48 + 0.43 1
398 ... -2.82+ 0.14 10 0
402 ... —2.89 = 0.08 33 -3.06 + 0.14 9
406 ...l —-3.08 = 0.06 60 -3.30 = 0.10 18
410 ... —-3.61 = 0.09 22 —-3.58 = 0.09 23
I —-4.25+ 0.19 5 —-3.47 = 0.08 33
418 ...l 0 —3.59 + 0.09 25
422 oo 0 —-3.88 = 0.12 13
426 ... 0 —-4.69 + 0.31 2
430 ......000iiinnt. 0 —-4.51 + 0.25 3

Based on the emission-line diagnostic diagrams and mor-observed [On] luminosities measured from spectroscopy not
phological properties, Gallego et al. (1996) classified spectro- extinction-corrected. The mean Galactic extinction inBtend
scopically each of the UCM galaxies. We decided to remove for the UCM sample i9.23 = 0.21 if Schlegel, Finkbeiner, &
all UCM galaxies under the Seyfert type. Independently of its Davis (1998) is considered 6t12 + 0.10 if Burstein & Heiles
spectroscopic class, each nucleated galaxy could harbor a dwarf1982) is considered.

Seyfert nucleus. Ho, Filippenko, & Sargent (1997) estimated In a sample such as the UCM survey, the completeness is
that 43% of galaxies had such a nucleus witts ldminosity determined by thédo + [N 11]  linecontinuum flux. This is a
1/100 of the typical k& luminosity of a Seyfert galaxy. This  pseudo—apparent magnitude proportional to the current star-
amount turns out to be about 1/100 of the  measured by forming activity of the source. Gallego et al. (1995) used the
Gallego et al. (1995). We decided not to include any correction V/\,,, test to obtain a complete sample of 176 galaxies within
relative to this effect. Once the active galactic nuclei and objectsthe UCM survey. These objects were selected with-tioen-

with no emission were removed, the final sample consisted of tinuum flux larger tharl.9 x 10** ergs cths . They used

134 and 129 galaxies with observed and extinction-correctedthat sample to determine thexHand SFR density luminosity

luminosity. functions for the local universe. We proceeded here in a similar
manner to estimate the [@ A3727 luminosity function. Instead
3. THE LOCAL [O 1] A3727 LUMINOSITY FUNCTION of adding artificial galaxies, we chose a final limiting flux slightly

day SFR in the local universe can be obtained by constructingincluded all galaxies having nonzero flux in j@ A3727. With

the [O 1] A3727 luminosity function for galaxies with current  th€ goal of quantifying the goodnessW\,., results, we com-
star formation activity. To correct for the signal not covered Pared with the maximum likelihood parametric fit (of Sandage,
by the slit, the total [Qr] A3727 luminosity line for each galaxy ~ 1ammann, & Yahil [STY]; see Yahil et al. 1991) and the non-
was computed from the [@] equivalent width and its contin- ~ Parametric step-wise maximum likelihood (SWML; Efstathiou,
uum as obtained from the JohnsBrband magnitude. Given  Ellis, & Peterson 1988) methods. .
that the [On] A3727 line is not included in thB band for the The resulting Schechter best-fitting parameters as provided
UCM galaxies, we analyzed the ratio of the actual continuum Py the STY method for a limiting [Q1] flux of 2.2 x 107
adjacent to the [Q1] A\3727 line, and the average continuum €rgscm?s *area = —1.21+ 0.21,¢" = 10 *°***** Mpc?,
within the B band, as measured in our spectra. The averageandL* = 10%%°*°** ergs s'.

k = Ry/RS,, ratios for each spectroscopic type (0.94, 1.15, and  The number densities for each luminosity interval obtained
1.43 for blue compact dwarfs, H-like, and disklike objects,  from the V/\,,, (both observed and extinction-corrected) are

Direct information on the amount and nature of the present- f@inter than the one provided by th,,, ~ method, and then we

respectively) were applied. The observed totalifdine lu- tabulated in Table 1. Both fit and values, within errors, are
minosity L. was computed as almost identical to the ones obtained by both ¥, and
SWML methods. The densities were corrected for the 8% of

Lo = EWQLLE D 1) UCM galaxies for which there is no [@)] data available. The

luminosity function errors are those obtained considering a
and the adjacent continuubj,2" as the scaedontinuum Gaussian distribution af equal to the square root of the number

LSS without the line contamination, of galaxies in eaclhog L(O 11) bin.
Any comparison with previous [@] luminosity functions has
con B on QE(3727 to be done with caution, given that different measurements come
Lo = Lo%q [K+ EWobsT(B) , from samples built with very different selection criteria. In Fig-

ure 1, we have plotted our [@] observed luminosity function
L2 = PP10 %“™D(2), (2) for the local universe, in comparison with the one by Hogg et
al. (1998) for the Caltech Faint Galaxy Redshift Survey
wherem, is the JohnsoB apparent magnitud®?® is the cor- (CFGRS), a sample of galaxies at intermediate redshift
responding photometric zero point, ab{z) is the luminosity (0.35<z< 1.5). The [Ou] luminosity density of the universe
distance. It is worth noting that ti&band magnitudes were not was obviously higher in the past.
corrected for Galactic extinction in order to compare with those  Given that we hav&(B—V) for every object but seven, we
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Fic. 2.—Evolution of the [On] A3727 luminosity density of the universe.
log Lionpszz7 (h™? erg s7) Both the observed and extinction-corrected values for the UCM sample are
represented as filled and open triangles. Filled circles correspond to Hogg et
Fi6. 1.—Observed [On] A3727 luminosity functions for both the UCM al. (1998), filled stars are for the Hammer et al. (1997) values, and the filled
(filled triangles) and the CFGRSfilled circles) samples. and open squares are for the observed and extinction-corrected Sullivan et al.
(2000) values.

corrected each object luminosity as
When the effect of the extinction is considered, the totah]JO

LU = EWQLLC 21100 har2rB(B-VI (3) extinction-corrected luminosity per unit volume corresponds to
10%90%=02 ergs s* Mpc 3. The extinction correction amounts
whereA,,,, = f(3727)/0.295= 4.81 (Osterbrock 1989). for a total of 1 dex. This luminosity density is similar to the one

The resulting Schechter best-fitting parameters as providedwe could estimate from tHg-band luminosity function published
by the STY method for a limiting flux o#.0 x 10°** ergs by Gallego et al. (1997) for the UCM sample. It is also com-

cm?starea = —1.17+ 0.08,¢* = 10 *™°* Mpc?® and parable to the luminosity density we would obtain if we apply
L = 10**%%°" ergs s*. Densities are in Table 1 (again the an average [Qi] A3727/Hx factor to the extinction-corrected
VI,.x and SWML results are similar). Ha luminosity density measured by Gallego et al. (1995).

Sullivan et al. (2000) published the luminosity function for In Figure 2, we have plotted all the @ luminosity densities
a sample of 273 galaxies in the range= 0.01-0.3  selected published in the literature. The CFGRS sample already revealed
by their emission in the ultraviolet. Their [@] A3727 lumi- a strong evolution fronz = 1 to the low-redshift universe.
nosities were obtained from follow-up spectroscopy and were This evolution is in agreement with the Canada-France Redshift
extinction-corrected. A Schechter fit provides the following Survey results (Hammer et al. 1997). Unfortunately, these sur-
parametersiy = —1.59+ 0.12 ¢* = 10 282%8  Mpé, and veys provide only observed luminosities. We have also plotted
L = 10*°%°% grgs s*, The differences have to be under- both the observed and the extinction-corrected value for the
stood as coming from different galaxy populations, with more Sullivan et al. (2000) sample.
abundant but less luminous galaxies in the UV-selected sample. The right-hand axis of Figure 2 shows how tHgO n]) scale

transforms into an SFR density scale using the nominal trans-

4. THE EVOLUTION OF THE [On] A3727 LUMINOSITY DENSITY formation provided by Kennicutt (19988FR/ M, yr) =
1.4 x 10 "L ,,, (ergs s*). Our total extinction-corrected [
luminosity density translates into an SFR density of 0.814
0.003M, yr* Mpc™2.

Assuming that the SFR density evolves with redshift as
(1 + 2", the combination of the UCM local value with the
CFGRS data implies = 4 . Such strong evolution is similar to
the one obtained usingdias an SFR tracer for the same
redshift range. However, we want to stress that the selection
effects and calibrations for each sample were different, and
some caution is necessary when interpreting these quantitative
results.

One of the major uncertainties when analyzing SFR densities
at different redshifts arises when results obtained with several
tracers have to be compared. This is why it is so important to
obtain the evolution of the luminosity densities for each SFR
tracer. Our local [Oi] A3727 luminosity density, when com-
bined with similar results from deep samples upzte 1.5
allows us to sketch the evolution of the SFR density as traced
by the observed [Qr1] luminosity. Given that the luminosity
function is well fitted as a Schechter function, and&k -2
¢(L) can be integrated for the whole range of luminosities:

L = f Lé(L)dL = ¢ L'T(2 + «). (4) Valuable discussions with A. Alonso-Herrero, P. Grd2e
0 GonZadez, and S. Pascual are gratefully acknowledged. We
would also like to thank the anonymous referee for his/her
For the observed luminosities, the total iPluminosity density useful suggestions that improved this Letter. This work was
is 10%°%°1° ergs s* Mpc® in the local universez< 0.045 )  supported in part by the Spanish Plan Nacional de Astréaomi
for star-forming galaxies WthEW(Ho + [N 1) =20 A y Astrofisica under grant AYA2000-1790.
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