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ABSTRACT

Aims. In this paper we study the influence of the ionizing clustessnan the emission line spectrum ofiHlegions in order to
determine the influence of low mass clusters on the intedjet@ssion line spectra of galaxies.

Methods. For this purpose, we present a grid of photoionization netlet covers metallicities frod = 0.001 toZ = 0.040, ages
from 0.1 to 10 Ma (with a time step of 0.1 Ma), and cluster alithasses from 1 to 1M, The stellar masses follow a Salpeter initial
mass function (IMF) in an instantaneous burst mode of standtion. We obtain power-law scale-relations between sinisline
luminosities and ionizing cluster masses from the grids\aacvaluate the dependences on the ionizing cluster massiiwe line
luminosities, equivalent widths and line ratios.

Results. Power-law scale-relations are shown to be useful tools tailolvobust diagnostics, as examples: (ayHB ratio varies
from the usually assumed value of 2.86, these variationgyithg existence of a lower limit to the attainable precisio®xtinction
estimations oAE(B — V) ~ 0.1.; (b) EW(HR) is a good age indicator with a small dependence on clustes mehile EW([O mi]
5007) shows a noteworthy mass dependence; (c) abundaimatests fromR,3 are practically un@iected by variations of the cluster
mass; (d) estimations froi8,; andn’ would improve if the cluster mass dependences were corsiderd (e) [Qi] 3727Ha is a
good star formation rate indicator for ages older thdrb Ma. We also show that the ionizing cluster mass depewrdexmglains why
empirical calibrations produce more reliable diagnosticsome emission lines than photoionization models gridsally, we show
preliminary results about the contribution of low mass wus M < 10* M,) to the integrated emission line spectra of galaxies,
which can be as high as 80% for some relevant lines.
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1. Introduction and motivation ulation synthesis models prove to be very useful tools, as
o ) , . they allow the control of relevant physical parameters and
The intrinsic properties of star forming regions are Ofratyn the possible emission line spectrum associated with
ten inferred from observations of emission-line indicatorg-p physical conditions. Nevertheless, one of the main is-
Examples of these indicators are the equivalent width Bf H a5 that limits their power is the ficulty of establishing
(EW(HB)) for age estimations, the radiation softness paramgnether the solution found is unique for a given observa-
terr (Vilchez & Page| 1988) for clusterffective temperature 4, One way to deal with such problem is building tailored
(Ter) estimations, or th&s (also called Q) (Pagel etal. 1979) models in which as many observational constraints as possi-
and Sp3 (Vilchez & Esteban 1996) parameters as abundang§s are assumed: an example of this strategy fiered by
indicators. Some reviews that deal with these indicatos hg \,iijiana, Peimbert, & Leitheref (1999); Luridiana & Peierb
been written by Ferland (2003), Stasifiska (2004)/and (&ikai (2001) and Luridiana et all_(2003b), where models that simul
(2007). s . o taneously reproduce the intensity of several emissiors lote
These and other indicators are used in estimation-methegd$ved through dierent apertures are computed. Afelient
andor classification methods, like the Baldwin et al. (1981) anghproach is to compute grids or sequences of models. In this
Veilleux & Osterbrock|(1987) diagnostic diagrams. Theséime case fewer parameters are used but they span a larger range
ods make use of only a handful of emission lines, more specif values; this allow to apply the grids or sequences to di-
cally, Ha, H and some collisional lines of ions of O, N and Syerse objects. Some examples can be found in the works of
so the understanding of the dependence of the intensitgschf [y chra (1977), Olofsson (1989), Garcia-Vargas & Dia0é)9
lines on the physical properties would allow us to calibtat [Stasifska & Izotdv (2003) and Dopita et al. (2006b), amdhg o

estimation methods. ers.
When using theoretical methods for such indicator-
calibration purposes, photoionization models and steitzp- One of the parameters that can be considered in the model

grids for star forming regions is the ionizing cluster magst,

Send giprint requests toM. Villaverde, M. Cervifio, V. Luridiana; e- in spite of being a fundamental physical property, littlerkvo
mail: mva@iaa.es, mcs@iaa.es, vale@iaa.es has been done regarding the ionizing cluster mass. Examples
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can be found in_Garcia-Vargas, Bressan, & Diaz (1995a,Bssumption of an instantaneous burst scenario). Suchneagre
Stasihska & L eitherer (1996), Stasihska etal. (2001) imna allow us to explore the range where the scale relations dig va
more indirect way in_Dopita et al. (2006b), neverthelessatke in a photoionization model, despite that they cannot repres
plicit dependence with the mass is not discussed in theskesworeal clusters, as well as to check if the emission line spectf

In this work we center our attention explicitly on the influ@ non-active galaxy can be modeled as a single nebula.
ence of the ionizing-cluster mass on the emission-linetspec  In the next section the properties of this grid of photoion-
There are two motivations for this choice. The first one is thzation models are described and th&etiences with grids from
long term goal of investigating the accuracy of the modetifig other authors are discussed. In secfibn 3 the results of ¢tk m
the emission line spectra of ionizing clusters by meansoliev els are analysed and the luminosity functions are compirted.
tionary synthesis models, and the influence of samplifieces subsection§3.2.1 and 3.2.2 the reliability of these fmtiis
in the initial mass function (IMF) on the emission line spanot  checked comparing it with the results obtained directlyrfiihe
(Cervifio et al. 2003, Paper I). In the first paper of the sane models. The implications that arise from the analysis ase di
investigated when samplingfects in the stellar populations ofcussed in sectidi 4, and finally the conclusions of this woek a
the cluster cannot be neglected in the modelling of the eamiss summarized in sectidd 5.
line spectrum, and we showed that cluster masses must lee larg
than 1§ M, to obtain realistic results for relevant emission lines,
10°® M, being the cluster mass limit where a single star is as 12: Modeling strategy: defining the grid

minous as the whole cluster (that is, th@vest Luminosity Limit , i i
(LLL), see alsd Cervinio & Luridiana 2004, for more details)n the following we describe the input parameters assumed fo

Cervifio & Luridianal(2004) propose to use the mean values g€ 9rid, and the dierences with the grids elaborated by other

tained from synthesis models in clusters at least 10 tintgeta 2uthors.
than the LLL to minimize IMF samplingféects. In this second
paper we aim to obtain a reference scale (calibrated with 188  continuum shape and intensity
cluster mass) that provide a mean reference value thatatiow
evaluate quantitatively the dispersion due to the IMF samgpl In this work we have used the spectral energy distributions
As it is known, and we will see below, the intensity of hydro(SEDs) computed with the evolutionary codelby Cerviiio 2t al
gen recombination lines roughly scale with the number of iof2002a). All the computations assume an instantaneous burs
izing photons, and hence with the number of massive stars ardstar formation and a _Salpeter (1955) IMF slope in the mass
the mass of the cluster. However, a similar scale relatismioa range 2 to 120 \. We have adopted the evolutionary tracks with
been established for the case of forbidden lines. In theplgser standard mass-loss rates by Schaller et al. (1992); Scteteak
of this series, we will use these scale relations to evaltrte (1993&,b); Charbonnel etlal. (1993), and the following atmo
variance due to IMF sampling in the emission line spectrua asphere models: Schaerer & de Koter (1997S@&r for main-
function of the cluster mass. sequence hot stars more massive than 2Q |Bchmutz et al.
The second motivation is to investigate the emission 1if@992) for WR stars, and Kurucz (1991) for the remainingsstar
spectrum of galaxies by the composition offdient Hi regions. No X-ray emission due to the conversion of kinetic energyer t
In general, the emission lines spectrum of galaxies has bd¥asence of young Supernova Remnants has been included. The
modeled by means of single photoionization models where giodels have been computed for the five metallicities aviilab
the stars are concentrated in a single point (whatever #ie sin the Geneva track dataset=0.001, 0.004, 0.008, 0.020 and
lar density of such hypothetic point) and with a single ieuiz 0.040) and cover the age range from 0.1 to 10 Ma with a time
gas nebulal (Stasinska et al. 2001; Charlot & LongHetti 200gtep of 0.1 Ma. The resulting SEDs have been used as an input
as examples). Only few attempts have been done to consitfethe photoionization cod&loudyversion 08.00, last described
an ensemble of cluster5_(Jamet & Morisset_2008) and to By Ferland et al. (1998).
clude an initial cluster mass function (ICMF) in the simula- The continuum intensity has been defined in terms of the
tions [Dopita et dl._2006a). It can be claimed that the form @imount of photons able to ionize hydroge&d(H®). We have
the ICMH is such that each logarithmic bin of cluster mass comsed Q(H®) values that correspond to amounts of gas trans-
tributes a similar amount to the total flux and massive chsstdormed into stars at the onset of the burst ranging from 1 to
will therefore tend to wash out the stochastieets of low-mass 10’ M. The mass step in the most relevant range ¥ 10°
clustersi(Dopita et al. 2006b). However, this statementigitly Mo) is 0.5 dex while for lower masses the mass step is 1
assumes that the flux @l relevant emission lines, includingdex. Obviously the 1 M case is just an academic case, since
collisional ones scale linearly with the cluster mass. Checkinghe lower mass limit of the IMF is 2 M Moreover, clus-
the validity of such statement is the second objective af piai- ters with masses below 10/, are also academic cases, since
per. the (average) SED used would not be representative of real
To study these questions we have computed a grid of pl’QbLlStel’S (Cervino et al. 2003; Cerviio & Valls-Gabaud 200
toionization models with ionizing clusters offtrent masses. [Cervino & Luridiana 2004, 2006). Whatever the case, the ex-
In this paper we do not consider samplirfieets but the scale- tension down to fictitious 1 M clusters allows to explore the
relations of the emission line intensities with the ionggitlus- Proportionality of the resulting emission line spectrunthathe
ter total mass. We have included in our study some extredfgident ionizing flux, independently of how "real” the inieint
(unrealistic) cases of cluster masses (e.g. clusters witkses fluxis.
lower than 18 M, affected by samplingféects, or clusters with ~ This strategy dfers from the one by Dopita etial. (2000),
masses larger than 10, which are not consistent with thewho use the SED of a zero-age stellar cluster to build a
grid where the metallicity and the ionization parameterhsf t
1 Assuming both a power law with a slope eR (Lada & Lada Model nebulae are varied. It is important to note that using
2003), or a log normal withr = 1.7 andM, = 100 [Dopitaetal. a zero-age SED is roughly equivalent to using a single stel-
2006Dh). lar atmosphere model withes between 45,000 and 50,000 K
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(c.f.IMas-Hesse & Kunth 1991; Garcia-Vargas, Bressan,&D"  In the case of nitrogen, we have assumed\Ji@ ratio given
1995a), with the exact value depending on metallicity. Ohe by:

the conclusions of these authors, specifically thatreigions

can be modelled with zero-age SEDs, contrasts with the phi- Iog(%)
losophy underlying evolutionary synthesis models, whiehia

their essencevolutionary Additionally, were the SED of ob-

served hik regions described by synthesis models at zero-age, . . .

then all observed Hregions should have similargHquivalent The relq'uon. has. been obtamegj by a fit by eye of the data
widths (with values around 500 A), which is clearly in contraP'€Sented in_Pilyugin, Thuan, & Vilchez (2003). It should b
diction with the observations. The fact that their grid hice noted that, as shown ly Pilyugin, Thuan, & Vilchez (3008), a

the observed trends in some diagnostic diagrams is a nice %§§CtN/O ratio does not exist, since its value changes from

ample of the non-uniqueness of the possible physical congit SYSteM 0 system even for a fixed metaliicity. This dispersio
that produce a given emission line spectrum could arise naturally if the chemical evolution of a galaxy

A strategy more similar to ours is the one pyvere driven by small star forming regions, so that the sam-

- % - ng effects of the IMF in the chemical evolution become
Garcia-Vargas, Bressan, & Diaz | (1995a,b), who preseqjl . 1L oRd VAT C i
their results in terms of ages, metallicity and initial ambaf re‘evant (White & Audouze 1983; Wilmes & Koeppen 1995;

; : ; . ICervino & Moll&a|2002; Carigi & Hernandez 2008). Givenghi
as transformed into stars. Our modellingfelis from theirs =~ .. e < ; ;
ﬁ] (a) the metal mixture, especially for whgz concerns tHe N situation, we think it is more meaningful to fit the resultsdye

ratio, which in our grid varies with the metallicity, and (thje rather than using a formal method.

C - ; We have also performed a consistency check on the as-
geometry, which is spherical in our case and plane-parallg| . .
geometry i Garcia-Vargas, Bressan, & Diaz (1095a). Slimed abundances of the stellar tracks. As explained inaihe ¢

X doo- 1 gl
Our grid is similar in approach to the one byrespondlngpapers(SchaIIeretaI.1J92, Schaerer et aBalis9

Stasinska & Leitherbr [ (1996) and_ Stasifska bt L (ZOOCharbonneI et al. 1993), the tracks assume a helium conyent b

Differences are in this case the metal mixture, and the highe"?ISS given by:

resolution in age and cluster size in our grid with respect to
theirs. AY
Finally,[Dopita et al.[(2006b) used for the grid a parameterY ==Yt EZ» ®)
zation on metallicity, age and on a parameter that depenttis bo
on the ionizing cluster mass and on the pressure in thetatiars  with Y, = 0.24 andAY/AZ = 3 for all metallicities except for the
medium (ISM). In this sense the cluster mass is considered baseZ=0.040 (Schaerer etlal. 1993a, twice solar) wheY¢AZ
its effects are mixed with the ones of the pressure. There are diakes a value of 2.5. Additionally, the relative ratios obge
differences in the metal mixture, in the age covering, which @lements follow the ones obtained by the Anders & Grevesse
our work is larger and has higher resolution, and in the doger (1989) solar mixture, somewhatftérent from the values by
factor , which in their work varies with the age. Grevesse & Anders (1989) quoted before, for all the metallic
ities. The absolute values have been scaled &itxcept for

) . Z=0.004 (Charbonnel et al. 1993) a#@e0.040 (Schaerer et al.
2.2. The chemical composition mesh 19934) wheré Grevesse (199 Has been used. Under this as-
In this work we assumed a dust-free nebula and the smption, aN/Oratio of 0.15is assumed for all the metallicities
lar composition listed in Hazyl (Ferldrd 2008, table 14gxceptfoiz=0.004 andZ=0.040, whereiitis 0.13. This s clearly
which corresponds to the abundances[by Grevesse & Andfeonsistent with the mixture we assume in the nebular gas, b
(1989) with the extensions by Grevesse & Noels (1993jnce we are not able to quantify the influence of a change of
except for C, N, O and He. The solar oxygen aburif€N/Oratio on stellar evolution, and we prefer to adopt a neb-
dance has been set t®/H = 4.91 x 1074 following ular metal mixture more consistent with the observatiomdihd
Allende Prieto, Lambert, & Asplund (2001). The soldOCatio there is no solution other than maintaining the inconsstemd
has been set to 0.5 (Allende Prieto, Lambert, & Asplund Pp02)0pPing that it only produces minoffects.
yielding a solar C abundance of4® x 10~4. For metallicities Finally, we have obtained the oxygen abundance from the

-15 for Iog(%) <-4
11 Iog(%) +29 for Iog(%) > —4.

Z except for He and N. For the He abundance, we have used {§Y: Z, are summarized in tabjfé 1, where we also show the gas
following relation: O/H andZ values assumed In Stasinska etial. (2001) for com-
parison.

Since there is no feasible way of solving the inconsistency
He (@) between the abundances of the evolutionary tracks and those
H 0.0786+ 18~4(ﬁ)’ 1) adopted for the gas, present in our and similar works, we limi
to call the attention to it and present our model grid in teahs

which has been obtained from the value of the primordig Without expressing the metallicity as a function of theasol
helium abundance obtained by Luridiana ét al. (2003%)= value. It should be kept in rr_und that a dlrec_t comparison with
0.2391, and the slope of the He vs. O relationship quoted Bifier works must be done with extreme caution.
Peimbert, Peimbert, & Ruiz (2000),Y/AO = 3.5.[Dopita et al.
E)2006b) assume for the He abundance a steeper relation gi¥es) pensity, geometry, filling factor and covering factors
y:
The assumptions on the electronic density, the geome#yilth
ing factor and the covering factor define the properties ef th

He @)
- 0.0737+ 525(ﬁ)~ (2) 2 The reference paper cites Grevesse ki al. {1991) instehibafrte.
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Z O/H Stasinska, Schaerer, This work
(tracks) & Leitherer (2001) 1000 T
0.0004 - 170x 10° - 3
0.001 | 4.39x10° - 246x 10
0.004 | 1L.77x10* 1.70x 104 9.82x 10°°
0.008 | 3.64x 10 3.40x 10 1.96x 104
0.020 | 9.75x 10* 8.51x 10 491x 10
0.040 | 212x 1073 1.70x 1078 9.82x 1074

Table 1. Values ofO/H implicit in the evolutionary tracks, in 1005

Stasihska et al. (2001) grid and in this work for a given <
a Zf0.00l
T 7-0008
= 7=0.020
L Z=0.040
model nebulae. For the case of the density and geometry we Tok
have assumed rather conservative values: a hydrogen nbnsta 109 - 10 M,
density of 100 cm?® distributed homogeneously over an expand- [ 10° M,
ing spherical geometry in an ionization bounded configarati ) igs“ﬂ,i::n
The assumed density of 100 chris typical for Hi regions and - 10 M
it is lower than the critical densities of the species usethis 10 Mooy
work. The internal radius of the clouR,,, has been fixed for all — 10Mg \ \
the models to 2 pc (loB(cm) = 18790426). 1 T ! L1 !
The covering facto)/4n is the fraction of the solid an- 0 2 4 6 8 10
Age (Ma)

gle around the ionization source covered by the gas nebula.
There is a large amount of observational evidence (see e.g. . .
Beckman et al. 2000; Zurita et/al. 2002; Castellanoslet #1220 Fig. 1. H3 equivalent width versus age. Grey scale colors rep-
lglesias-Paramo & Mufioz-Tufidn 2002, among others) ¢ha resent metallicities. Thin solid line: 1 M Thin dashed line: 10
substantial fraction of the ionizing photons escape froei¢in- Mo. Thin dotted line: 100 M. Thin long-dashed line: M.

ized nebulae. This finding may indicate either that the dager Thick dash-dot line: 1M, Thick dotted line: 18 M. Thick
factor is smaller than one, or that the nebula is density dedn dashed line: 19M. Thick solid line: 16 M.

(or a mixture of both situations). Although the predictiarfs

photoionization models ffer in the two situations (see, e.qg.

Luridiana et al. 2003b, for a full discussion), we have chase tors are merely convenient choices: we are not suggestatgith
model the escape of ionizing photons adopting a coveririgfacHu regions can be modelled with this set of parameters. We are
and assuming the nebula ionization bounded, rather thamassinterested here only in obtaining a rough estimation of éia-r

ing it density bounded. This choice has been motivated by si#iPn of intensity of relevant emission lines with the stetttuster
plicity considerations, since itfters the advantage of preservingnass and how these dependencies vary from line to line. This
the proportionality between the number of ionizing photand goal is the driver in our choice of the grid which drasticallfr

the intensity of Balmer lines, in contrast to what happerdein-  fers from how other authors define their grids, since theyesd

sity bounded nebulae. This means that we carlig48) estima- & different problem from the one discussed here.

tions by synthesis models based@(H°). In this work we have

assumed a covering factor equal to 1, although estimategsal .

of the covering factor range between 0.2 and 0.8 (Zuritalet 8 Results of the grid models

2002). Again, our choice is based on simplicity consideres]

s_ince our objec_tivc_e is to obFain th_e_shape of the 'Umir_‘os"w center our attention on the two hydrogen recombinatiors|ie

tions of the emission Imes_mtensmes but not to callbra_te __and HB, specifically on their use for age and extinction estima-
For each age, metallicity and mass, the photoionizatiglns Next we derive mass-luminosity scale-relationsribe

model has been computed until a minimum electron tempe{agqels and apply the same method to some relevant collisiona

ture has been reached. This minimum electron temperaturgiis.s Finally we check the scale-relations results with dhes
4000K for =0.001,0.004 and 0.008 and 200K for@020and oprained directly from models.

Z=0.040. Once a solution has been found, it has been used as
input for another iteration, and so on, until a stable solutias
been found.

Additionally, we have obtained the continuum flux resul
ing from Cloudy, obtained directly with theunch continuum
command. However, this continuum includes the luminosity @he resultingEW(Hg) from the grid is shown in Fig]1. The
the resulting emission lines. To exclude the emission lime-c plot shows the results for the complete grid (including bé t
tribution, we have obtained it using thench outward contin- assumed cluster masses)ffBient line types account for clus-
uum command and then subtract it from the continuum flux (se& masses while grey scale colors represent metallicFi@sa
Ferland 2008, for more details on the use of this command agilen metallicity, the curves atfiérent masses are similar with
thepunch continuumone). The resulting continuum has beejust slight diferences that depend on the ionizing cluster mass.
used later to obtain the equivalent widths of the correspmnd Excluding the 1 M, cases, these flierences are always less than
emission lines. 0.1 dex. The 1 M cases diverge from the rest of models at old

We want to note that the choices made here, especially th@gges because the computation goes deeper into neutral das an
concerning the geometry, density, filling factor and cavgfac- the continuum at @ wavelenght increases.

In this section we analize the results from the models. Fiest

3.1. Hydrogen recombination lines

t’3.1.1. Hp equivalent width
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Fig.2. Ratio of the K8 luminosity to the number of hydrogenFig. 3. Ha/Hp ratio versus age. Dash-dot-dot line: normally as-
ionizing photonsQ(H®), versus age for models withl > 10° sumed value. Rest of symbols as in FiQ. 1.
Me. The shaded zone corresponds to the range of values of the

ratio. Dash-dot-dot line: value assumed by synthesis nsodel with Z=0.04, 10 Ma, and masses larger thafNQ. However,

this only sets an upper limit to the bias since at such ages the
. . Hu region are so faint that they are not detected. Considering
As a safety check to the resultifg\(Hp) from synthesis |, yer and more relevant ages (0.1-6 Ma)fefiences near 18%
models computations, we have compared the ratio of m%’H are found forZ=0.04 and masses 3®and 18 M., at 6 Ma. If
minosity with the number of hydrogen ionizing photo@¢H%). e 510 exclude the highest metallicity modelsfatiences near
Synthesis models assume a putative constant value arodsfl ;e found foz=0.02.M > 4.5M, at ages near 6 Ma
_ 13 0 = =0.02,M 2 4. -
L(Hp) = .1‘18 x 10° (Qk/4”)Q(H ) (ef.g. Ce(;‘\lnno &Mas-Hesse ~ The yse of an incorrect tHg ratio leads to an incorrect
1994{ Leitherer & Heckman 1995) fik= 10" K, ne=100cnT® oy inction estimation whichftects the line intensities inferred.

and HgH = 0.1. Figure P shows that the resulting conversiop, example, a dierence of 9% with respect to the normally

value forM > 10° M, only varies~20% during the considered assumed ratio leads to a spurides — V) = 0.08. Although
ages. : o - this value is small, this exercise shows tB&B — V) estimations

Summing upEW(HB) is a "good enough” indicator of the from the emission line analysis (without the use of tailarest-
age of an Hr region (Copetti et al. 1986) once the coverings) gigfer from intrinsic uncertainties which may be as large as
factor is known.EW(Hp) depends mainly on the metallicity o 1’ This gfect is independent of the extinction due to the H
(Cervino & Mas-Hesse 1994) and age of the cluster with almqggion dust content. If dustfiects were taken in account, then
no variations due to the size of the cluster, if samplifig@s are o scatter in the B/H ratio would be diferent: bigger H re-

not considered (but see Cervifio et al. 2000, 2002b). gions would have a larger amount of dust, the dependence with
the geometry would be stronger and a tailored analysis woaild
3.1.2. Ha, HB and extinction needed.

More interesting is the behaviour of thexHH;3 ratio, used com- i
monly as an extinction index, and for which a constant ratio §-1-3- Scale-relations

2.86 is normally assumed. Figurke 3 shows such ratio, olaing order to study the variation of the intensities of the esiois
for models withM > 10°Mo, the line types have the same meanines considered in this work, we made ordinary least sqirare
ing as in Fig[lL. The ratio computed for case B ke 10° Kis  ear regressions of the logarithm of the line intensitiesusthe
also shown for comparison. The figure demonstrates thatin fﬂ)garithm of the cluster mass for each line, metallicity age.

such an assumption is incorrect. The largest discrepabeies The Jinear fits provide us scale-relations between the fitenk
tween the results of the models and the value normally assumies and the cluster mass of the form

occur generally foZz=0.040. Nevertheless, the largest ones cor-

respond to models witd=0.008, 1 M, (not shown in the figure) log(L) = « + Blog(M), (4)
and ages around 10 Ma, which arB0% greater than the usual
assumed value and lead E{B — V) = 0.36. For that cluster
mass the mean spectrum obtained by synthesis models is just a y 5, (5)

an academic result, as we pointed out before. Considerilyg on

the models withVl > 10°M,, a maximum discrepancy of 25.8%where A=10". These scale-relations, as said above, have been
with respect to the ratio normally assumed is found for medebuilt to obtain a first estimation of the behaviour of the esiua

or equivalently
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Fig. 5. Slopes of the scale-relations for some collisional linaghk plot, the dotted section of the lines represents the were
theEW > 1 A is not fulfilled for all masses in the £6- 10° M, mass range. Symbols as in Fig. 1.
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Fig. 6. Equivalent widths of a) [@] A 3727 A and b) [Qn] A 5007 A for models withVl > 10° M. Symbols as in Figl1.
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i Cloudy, which takes into account the two contributions te th
1.004

continuum luminosity (stellar and nebular continua). Weeha
” obtained continuum scale relations using Eq. 4. As expected
& 1.002 the continuum luminosity (including the nebular contriba)
% L scales linearly with the cluster mass, although there is alsm
1.000k- & dispersion when the continuum obtained from the scaleioaist
[ is compared with the continuum from particular models (acbu
03%; I 7%, compatible with the scatter in the hydrogen recombamati
— -2 lines shown previously). We have computed the EW of the emis-
7. 35.0 sion line using the scale relations following:

sun

_ Aline X MA _ Aline
Acontx M Acont

EW x MA-L, (6)

log(L[erg s*M

w
N
(6)]
L L S L LR ey )

33.0F - 31 whereAjne , following Eq.[B, is the luminosity of the line when
~ 1 the cluster mass is 1 ) obtained from the extrapolation of the
-3 ; ; ; ; 5 power law down to this value. Analogoush,ontis the luminos-
—4E 4 ity of the continuum when the cluster mass is 1.Mbince we
~ sk § areinterested in the relation of the luminosities with thester
I' s mass, we center our attention on the slopes of the scalésreda
5 Ok : —e Al However, theEW obtained from the scale-relations are more de-
8 -7 whw\y,f”ﬁlw'mﬁa pendent on the geometrical assumptions (inner radiusricave
8f o VN 3 and filling factors) than the scale-relations slopes thérase
9 due to the large dependencesf@fe andAcon: ON the geometry.
0 2 4 6 8 10 So, we will use this constraint d@W as a self-consistency check

Age (M by comparing the results from models that fuliW > 1 with

ge (Ma) scale-relations results witW estimations obtained from the
Fig.4. From top to bottom: slopes, loglerg s* M3!]) and scale-relations themselves. The values of the normalizet |
correlation cofiicient of linear regression of log(Hp)) versus Nosities will be shown in a posterior work when a proper ICMF
log(M). Grey scale colors indicate metallicities as in BigDots and star formation history will be included for models of ron

indicate models with age equal to 0.1, 1, 2, 3, ... Ma. active emission line galaxies. _
In Fig.[4 the slopes, the luminosity normalized to the total

mass and the correlation factor (plotted as d) as a function

lines with the mass of the cluster. Due to the assumptionemd the age obtained for #iline are shown. The slopes forgH
in the models and the simplicity of the description with powe intensity are practically constant and with a value almogtaé
laws, we strongly discourage from using this method when fiff@ one. This behaviour is expected for hydrogen recomtuinati
results are sought. Let us stress again that our goal isgegt-t lines (the Hr intensity shows similar results) because their in-
tain an approximate quantitative representation of theégion tensity is practically proportional to th@(H°) of the ionizing
luminosity function. cluster, which is directly related with the cluster massisTih
The regressions have been computed only with models wiherent with the small range of théH)/Q(H°) ratio shown in
M > 10°M,,. This condition to the cluster-mass agrees with tHed9-[d for each age. Also, 11 ~ 0 accounts for this proportion-
minimum cluster mass obtained(by Cervifio ét[al. (2003) fera ality- _ _ _
liable (although fected by samplingféects) description of the ~ Lines that have power-laws wi ~ 1 are particularly in-
ionizing continuum by the mean ionizing continuum obtaiired teresting because, as we have Sal%, they vary linearly Wwéh t
synthesis models. Regressions with models in all the magera cluster mass, or equivalently wiQ(H"), just as the continuum
including the purely academic case of clusters less matisive produced by the stellar cluster. In general, the use of lme r

10°M., have also been computed but they have been discardé?® With lines that have similg values provide indices that are

because the agreement in diagnostic diagrams betweersredfélépendenton the cluster mass, and so, such indices cabe ¢

sions and models in the high mass range is worse than wHfgted with observations of clusters without the need toryo
only models withM > 10°M,, are used (see sectibn3j2.1). ~ aboutthe cluster size (if IMF samplingfects are not taken into
We have also studied am posteriori additional constraint &ccount). This is the case &W(Hp), as can be seen in Fig.

on the observability of emission lines. This constraint basn 1 because the intensity of the continuum is proportionaheo

parameterized in terms of a distinction between lines &  Cluster mass.

smaller and larger than 1 A respectively. Of course, thisnis a

optimistic value: if older stellar populations were presehe 3.2, Collisional lines

continuum level would be higher and the resultiagv/s lower. ) ) )

However, we assume just a single stellar population in an iFollowing ;he same method descrlbe_d .beforg we have obtained

stantaneous burst mode of star formation in our modeling. TACale-relations for some relevant collisional lines. Ig.& the

effects of these additional populations on the continuum lev@ppes for [Qi] 1 3727 A, [Om] 1 5007 A, [Nn] 1 6584 A,

and EWs measurements can be modeled through the use dSa] 16716 A, and [Su] 21 9069 A are shown. The grey scale

different star formation history, which goes beyond the scopeaflors of the lines have the same meaning as in(Fig. 1. We have

this paper. represented with dotted lines the ages where the scal@reat
The EW computations have been carried out using ttmomputed through EQ] 6 do not produe® > 1 A for all masses

line luminosity and the continuum luminosity as computed bin the 1¢ — 10° M, mass range (we have excluded thé M),



8 Marcos Villaverde et al.: Emission-line spectra and sgsithmodels (Il)

log([O111]5007/HB)

log([O111]5007/HB)

N

log([O111]5007/HB)

-1 0

-1

log([NI11]6584/Ha)

] -2

: log([N11]6584/Ha)

] Van Zee et al. (1998)
—  Kewley et al. (2001)

Kewley et al. (2001) errors
Bt Models Scale relations
‘Y e 01Ma -.— 10M,
'{ 4 25Ma 10* Mg,

'] —e— 5Ma 10° Mg,

S m 7Ma e— 100 M,

ceee— 107 M,

Fig.7.[Om] 5007/HB vs [N11] 6584/Ha diagnostic diagrams for each metallicity. Grey scale lieggesent results from models and
scale-relations for dierent cluster mass. Narrow lines with symbols represenagieeevolution of models that fulfill theW > 1

A criteria; different symbols correspond toffidirent ages. Dottgsblid lines are the results of applying the scale relationthe
individual cluster masses, being the dotted part the regioere theEW (as computed by Edl 6) of any of the lines involved is
lower than 1 A. For reference we also show van Zeelet al. (16B8grvations (open black squares), and_the Kewleyl et &01§20
curve (long dashed) with its error limits (short dashed egjv

case, since it is a purely academic case with no implicafions two regimes, a young one with slopes around 0.7-0.8, and an a

observations). For these emission limes 0.98 in all the age
range, therefore within our models the logarithm of theristty
of the emission lines is, to a good approximation, lineahwlie

logarithm of the cluster mass.

The slopes of [@] A 3727 A, [Nn] 1 6584 A, and [Sn] A

older one with slopes around 1 (excluding theZ04 models).
The transition between the two regimes happens in the ageran
4 - 5.5 Ma and it is due to a softening of the ionizing continua
in such age range. Comparing with the evolution of the ctuste
Ter, defined as in Mas-Hesse & Kuhth (1991), the change in the

9069 A have a similar behaviour. In the three cases, there &l@Pe is associated with a clusfBg ~ 3.5 x 10* K following
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log([O111]5007/HB)

log([O111]5007/HB)

-3 -2 -1 0

log([SI1]6716,6731/H)
(o)
I
E . Van Zee et al. (1998)
= —  Kewley et al. (2001)
= Kewley et al. (2001) errors
@)
S Models Scale relations
2 ] —e— 01Ma . — 10°M,
g P ] —a— 25Ma 10' M,
—of D '] —e— 5Ma 10° Mg,
....... |.....|.-..|2..........|.........|.l - 7Ma i loﬁMsun
-3 - -1 0 o 10 M,

log([SI1]6716,6731/H)
Fig.8. Om 5007HgB Vs Su 6716,673Ha diagnostic diagrams for each metallicity. Symbols as in[Big

the results from Cervifio & Mas-Hesse (1994) and Cervifallet (slopes diferent from 1). On the other hand, tB&V is almost
(2002b§. Such clusteie; is not due to the predominance of @ndependent on the cluster mass for old ages.

specific type of star but to a mix offiiérent types of stars. [Oun] 1 3727 A and EW( 3727) are used as star

Since the dterent values of the slopes indicatéféient de- ormation rate (SFR) indicators| (Gallagher et dl. 1989;
pendences with the mass, and taking into account that thg€oncannicutt [1992: | Rosa-Gonzalez et al. 2002 among oth-
uum is proportional to the cluster mass, it is straightfaohthat ers). The metr,\od is based on linear reiations between
the equivalent widths also presenftdient dependences with the[o ] A 3727 A and H or HB. Many authors have stud-
mass. This can be seen in Fig. 6a in Wha([O"] 37_27) 'S jed the dependence of these relations on the luminosity
shown forM > 103M, and all the metallicities. There is a Clear(Jansen etal. 2001; Aragon-Salamancalkt al. [2003), the red
dependence &EW( [On] 4 3727) with the mass for young agejening (Rosa-Gonzalez et &l. 2002, Aragon-Salamanda et a
2003) and abundances (Jansen &t al. 2001; Kewleylet al. 2004;
3 http://www.laeff.inta.es/users/mcs/SED/index.html Mouhcine et all 2005; Moustakas et lal. 2006). From the value
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of the slopes for [@] A 3727 A and H (being the last similar not been plotted in such cases). Dotsedid lines are the re-
to the ones shown in Figl 4), we obtained that th@]@727/Ha  sults of applying of the estimations of the line intensitiggh
ratio roughly depends okl~%3 in the 0.1-4.5 Ma range, havingthe scale relations obtained previously to the individuasier
a dependence flatter thauf %> for larger ages. Therefore at verymasses, the dotted part being the ages wher& Weof any of
early ages the SFR estimation has a non negligible depeedeth@ lines involved in the diagram is lower than 1 A. The theore
on the mass of the ionizing cluster of the observadrigions. ical upper limit for starbursts from Kewley etlal. (2001) gbk
However, it is a good SFR indicator for older ages. Our studjashed line) and its estimated errors (black dotted line)piso
suggests that a recalibration of {0 A 3727 A using only shown for reference.
old (age> 4.5 Ma) clusters would improve its use as an SFR In general, there is a good agreement between the models
indicator and that the method should be applied to galaxiasd the results obtained using the scale relations, and trer
dominated by Hi regions older than 4.5 Ma. only noticeable discrepancies for tAe= 0.04 case. It is also in-

It is noteworthy that the slope of [@] 2 5007 A is nearly teresting to find in th& = 0.001 case that only the less massive
1. Considering all the metallicities exce@t0.04 and ages clusters produc&W([N n]) larger than 1. It is consistent with
lower than 7 Ma, we can adopt a value of 1.05 as a repi#e results of Fid.l5, which show that, given the slope lolant
sentative slope for this emission line. In such case we obtdi of theL([N 11]) scale relation, th&W([N u]) decreases as the
EW([O m] 5007)ec M995, ThereforeEW([O m] 5007) seems to Cluster mass increases for young ages. Our models and seale r
be a suitable age indicator las_Stasihska & Leithérer (1a6) lations show that for fixed metallicity arly, i.e. constant age,
proposed. Nevertheless the dependence with the clusterimaghere is a sequence in decreasing (lar equivalently in de-
large enough to produce a non-negligible uncertainty iratjee ~ creasing mass. In general, models and scale relationsiiesst
This can be checked in Fifj] 6b where the equivalent width 8imilar to, or at least compatible with, the observations.
[Om] 1 5007 A is shown. Comparing it with Fi@l 1, it can  Some of our scale-relations (and models) are slightly above
be seen that the sequences for equal metallicity span arlar@‘@ Kewley et al. [(2001) curve. Such models correspond to
EW-range than foEW(Hp3). Moreover there are more situationsusters of 10 M, and metallicities in the 0.004-0.02 range.

of age degeneracy if [@] A 5007 A is used. Therefore cauKewley et al. (2001) estimated an error£0.1 dex due to po-

tion is needed when using this line for age estimations. ¢n Fit€ntial errors in the modelling. Taking into account suotoes,

Bb it can also be seen that the age range for the appIicatiorf'i%l(f)o‘,Jr scale-relation estimations agree with the Kewlegiet
EW([O m] 5007) as an age indicator is smaller thanEaN(Hg), (001) limits.

becaus&W([O m] 5007), and therefore the detection of the line, " Fig-[8 the [Om] 5007HB vs [Su] 6716+673)Ha diag-
decreases faster th&W(Hp). nostic diagram is shown. The results estimated from the powe

The slopes of [§] A 6716 A are smaller than 1 except forIaw scale-relations follow the trends of the models, and &eds

3 : ; produce some of the features (peaks, tuffraod EW) that the
Z=0.04 at older ages. This means that B4 and ratios of [Si] sequences of models present. The diagram shows clearlf-the e

16716 A with Hxy and H3 will decrease with increasing clusterfec,[S of the cluster mass in the fF6716+6731, which produce

mass. a serie of parallel sequences. Again, there is a good agrgeme

The reliability of these scale-relations can be checked-Copveen models and scale relations, with the larger diacrep
paring the results obtained with them with the results oleghi cies atZ = 0.04. Scale relations show that it is morefdiult to

directly from the models. The comparisons have been madie Wiatect the [$] lines in more massive clusters. Since the slope
some diagnostic diagrams and computing some relevant pargiiyhe jogM — log L relation is almost constant for all ages and

eters. At the same time, clues of the influence of the clustessm lower than one, both the [§ 6716+673)Ha and theEW of the

on such diagrams and parameters have been obtained. line decreases with increasing cluster mass. In this diagoa-
servations and modétsale relations have a poorer agreement
3.2.1. Diagnostic diagrams than in the [Qu] 5007/HB vs [N1] 6584/Ha diagram. However,

_ o notice that [Si] 116716, 6731 A, as [@ 16300 A, are likely to
We have used two diagnostic diagrams to compare the scajg-afected by shocks and since Cloudy does not include shocks,
relations with the models. Let us remind that scale-retetiauilt  the results for those lines are not complete.
with models in the whole mass range (1:10.) do not agree  From these comparisions we conclude that, although not

well with the results obtained directly from the models, &spperfect, the scale-relations are suitable tools for clustesses

cially in the high-mass range where the luminosity is ovéres|arger than 1Mo

mated. The inclusion of low mass clusters, which is just a ac

demic case, produces a concave curvature in thélleglog L

plane, so the inclusion of low mass clusters produces aateep?2-2- The 7 parameter, Rpz and Szs

slope (and a lower normalized luminosity). As we explain ifpe;, harameter was defined by Vilchez & Pagel (1988) as:

section 3.1.B we primarily seek a good agreement in the high- - T

mass range. For this reason our final scale-relations hase be O*/O**

computed only with models witM > 10° M. This clearly im- 7= St/SH @

proves the results of scale-relations in the high-masserding-

thermore, we have also checked that for low masses thesesaid it is related with the observational ratio:

are acceptable (though overestimated). In the foll%wirgfw [O 1] 3727+ 37290 111] 4959+ 5007

cus only on the simulations with clusters larger than Q. n = .
In Fig. [ the [Om] 5007H3 vs [Nu] 6584Ha diagram pro- [S1]6717+673Y[S1] 9069+ 9532

posed by Baldwin et al. (1981) is shown. Narrow lines withsym  The slopes of the scale-relations computed for each of the

bols represent the age evolution of models that fulfillE#W > 1  lines involved in the ratio can be used to estimatesthéepen-

A criterion. Different symbols correspond tdidirent ages. Note dence on mass. As can be seen in Eig. 5, for each line the com-

that the models do not fulfill theW for all ages (and they have puted slopes have similar values and trends for all meitadkc

(8)
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Fig.9. n” parameter computed with scale-relations (dg#telid broad lines) and models (narrow lines) for each clustass. Grey
scale colors represent ages.

except forZ=0.04. Thus, as a rough approximation, we can déqO 111]5007) o« M*%; (10)
fine for each line a representative slope and obtain thewollp | ([S1116716) o« MO73; (11)
proportionalities valid for all the metallicities consige except 077

M- if age<4.5Ma

for Z=0.04:
or Z=0.0 1([S111]9069) o {M1-°3 it age> 45Ma (12)

MO75 if age< 4.5Ma,

H([On]3727) { MLO3 if age> 4.5Ma; )
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[Om] 14959 A, [Su] 16731 A and [Su] 19532 A present 4. Summary of results and discussion
dependences with the cluster mass similar to their assaki

t . . - .
lines from above. Using these proportionalities we obtaimf: “Using models of Hi region ionized by clusters of fierent

masses, we have studied the variation of the ridgion emis-
M-02 if age<4.5Ma sion with the ionizing cluster mass. For this task, scalatians

n o« { MO2 if ages 45 Ma. (13) in form of power-laws between the intensities of some of the

9 ’ most relevant emission lines and the ionizing cluster mase h

been obtained. The reliability of these power-law scalati@ns

is represented for each cluster mass. The grey scale comrs,{]ha;t tt)ﬁ:n gﬂgfaﬁeg t:genr;eeir;Sbg{v%ae%nOzsc:e?-llzg\z/\:asn;;‘ewelCtri]ECk

like in previous figures, indicate the age. Results obtaitied and mod%ls is bettger if we compute thg power-laws using only

rectly from models are shown with circles connected by MM Che models withvl > 10° Mo, with the intensities of collisional

lines. We have only plotted the models that fulfil tB&/ criteria. lines beina overestimated by the power law relations in Hesc
Results computed with scale-relations are representéddeit g ov y P 3 ;
of clusters with masses lower than°1®,. However, the ion-

tedsolid lines with a larger line weight. Dotted parts of theetin izing flux of such low mass clusters cannot be described by the

connect metallicity points where either point does not fiutiie 7 ; ;
EW criteria as obtained by the scale laws. The agrement wit erage ionizing flux obtained by synthesis models (c.fePap

the models and scale relations is remarkable. At ages Idwaer t /-
4.5 Ma, scale-relations produgevalues that decrease with in-
creasing mass, while at larger agesncreases with mass. This
behaviour is due to the variation of the scale relation of $1e]
and [Or] lines.

The R,3 parameter was proposed as an abundance calibr
bylPagel et al. (1979), and is defined as:

These trends can be seen in Fify. 9 whereersus logZ)

We want to stress that, due to the assumptions in the mod-
elling and the simple linear approximation, these scdlaticas

are just a partial first approach from which we can obtain an
overall view of the dependence of line intensities with thester
dngss. but these scale relations must not be used e@saatrep-
resentation of the variation of the intensities of the einisines

with the cluster mass. In this sense, our scale-relatidtguegh

[O11] 3727+ [O 111] 4959+ 5007 incomplete, are very useful tools that descnibeanluminosity
23 = a . (14) functions. Therefore they could be used when considerieg th
5 mass dependence of the properties of massivedgions sam-

_ples, but should not be applied to individual objects. Amapgke
a‘ﬁ the limitations of our scale-relations is that they catrpredict
the variation of the KH/Hg variation of the models with respect
to the normally assumed value, variation that induce a epari
~0.25 005 ; extinction dfect.
Raz o {ﬁmsmaog ++BBR2|3\AI\Q,O5 iflf azgei<4455Ml\ga (15) In spite of these limitations, simply estimating the trerid o
R23 R23 ' the luminosity distribution function allows to make intstiag

Following the same method as fgt, we estimate the de
pendence oR,3 with the cluster mass. Taking into account th
HB o« M and using EqngJ]9 afd110, we obtain:

where the s and Bes factors are obtained from the intensitypred|ct|ons. The exponents of the power-law scale-reiatio-

of the lines used ifRy3 normalized to the total mass, thereforéj'cate us the.m_ass dependence.of the Ime_ luminosity. Wigh th
they depend on age and metallicity. dependence it is possible to estimate the influence of the clu

{ mass orEWSs and on some relevant line intensities ratios.

Recalling that the continuum has a slope equal to 1 (see s? ity h d q lust " b i
[3.1.3) the same result is obtained if A&V of the lines are used a quantity has no dependence on cluster mass it can be cail-
brated with observations with no need of age and cluster mass

as Kobulnicky & Phillips1(2003) proposed. o . L )
In Fig.[I0 the values obtained fs are shown. The de- estimations, otherwise a correctlo_n in mass should beeathll
pendence in mass estimated above, in spite of being small, ¢ check thaEW(Hp) is almost insensitive to mass, while
be appreciated when comparing carefully the plots féiedént ([Om] 5007) has a small dependence. This implies that
masses. The agreement between scale-relations and medefe/Y({Om] 5007) is not as good as an age indicatoEaS(H),
better than for the’ parameter. and_that we haye to take into account the cluster mass V\(hgn est
: 2 3 ting ages witle W([O m] 5007). We also explore the variation
TheS,; parameter was defined by Vilchez & Esteban (.L99§aEW d : .
in a way similar toR3; ([Ou] 3727) with mass cluster and we obtain an impor-
tant mass dependence for ages lower tharb Ma, depending
[S1]6717+ 6731+ [S111]9069+ 9532 on metallicity, and almost no mass dependence at older ages.
= B ~ (16) The diferent mass dependences ofifl0l 3727 A, [Om] 1 5007
A, and therefore of theiEWSs, dfer a possible explanation for
For this parameter we obtain a mass dependence of the foth& diferent dispersions in their respective IBY/EW(HB)) vs
log(l/1(HB)) plots (Kobulnicky & Phillipsl 2003). The mass de-
As23sM 027 4 BgpsM 023 if age< 4.5Ma pendence of the [@] 3727/Ha ratio, similar toEW([O 1] 3727),
Sz { Ag23M 027 4 BgpsMO%® jf  age> 4.5 Ma (17) implies that the [Q1] 1 3727 A intensity is not a good SFR in-
dicator if clusters with ages lower than 4.5 Ma are presems T
where the A3 and Bsy3 factors depend on age and metallicity.suggests that the [} 1 3727 A intensity should be recalibrated
As Ry3, Spz also shows a dispersion of the results of the mo@nd that its use should be limited to galaxies dominated by H
els due to dierent cluster masses (see gl 11). A relevant fastgions older than 4.5 Ma.
is the variation ofSy3 with the age through the mass range. As The power-law scale-relations also allow us to identifygmi
the mass increase the sequences for older ages rise and/ére Igion line ratios with small mass dependence. This is the afse
ages ones go down. This behaviour can be explained with flien] 3727/[N u] 6584 ratio, proposed as an abundance indica-
different dependences 8§3 with the mass for ages below andor bylvan Zee et all (1998) and Dopita et al. (2000). The &lue
over 4.5 Ma. and behaviour of the slopes for these two lines are similen, w

23
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Fig. 10. Ry3 for each cluster mass. Black squates: van Zee et al. (1988 aditions. Rest of symbols as in Fig. 9.

greater diferences at the highest metallicities. Therefore thadue to a higher contribution of recombination emission ® th
ratio will have a small mass dependence at any age. This carf®&] 1 3727 A luminosity.

seen in Figl_IR2, where the [y 6584[On] 3727 ratio is plotted . . .
versus the age. The thin sequences obtained for low metallic The scale-relations have been used together with the defini-

: : on of some parameterg/ R,z andSy3) in order to estimate
ties account for the small mass dependence. This cIeanlyshet[I!neir depende%ce with tr?e,(clljgter mazsss).ilfcandszg the mMod-

to separate the sequences fafefents metaliicities, allowing a els show variations of these ratios with the cluster mass itha
better abundance estimation. The drop ofi[N584/[Ou] 3727 X ; .
te of the strong assumptions in the modelling, stresadieel

_ . : i
for 2=0.040 (long-dashed red line) at ages older than 6 Maj)g taking into account the mass of the ionizing clusters when
estimating physical properties from these ratios. Mo 10°
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Fig.11. S,3 for each cluster mass. Symbols as in Eig. 9

Mo, 7 andS;,3 have opposite mass dependences at ages eatligel. It turns out that it is easier to detect emission limelow

and older than 4.5 Ma. On the other haiiz shows almost mass clusters when the scale relations have slopes lower tha
no dependence on mass. In this sefsg seems a quite robustone.

indicator. Moreover, it also means thiagz could be calibrated
without having to worry about the mass of the ionizing cluste
and therefore objects offierent masses can be used together
its calibration.

It can be argued that the variation with the cluster mass can
mso be described by variations of other parameters, buistef
e mass as a parameter allow to use directly the synthesis mo
els and an easier approach to other properties parameteritre
Additionally, the scale relations allow us to estimate whan the mass (as the star formation history) and to the the IMF sam
emission line can be detected taking into account the comtm pling problem. Moreover, implementing the mass dependence
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Fig. 13. Contribution of clusters less massive thart M), to the
tal luminosity as a function of the slope of the mass lursityo
relation for diferent ICMF recipes.

in the calibration of an estimation method would improve t
estimations. Since including the cluster mass infdgion mod-
els is a non-trivial task, and it is not affgiently studied issue,
the theoretical calibrations of estimation methods witlssnde-
pendent indicators should be used with extra caution. There mum value) about 5 M However, ir_Dopita et all (2006a) they
empirical or semi-empirical calibrations would work betigan argued than they only make use of this distribution for @ust
theoretical ones since the former consider in a natural way tmasses larger than 1M, and that massive cluster wash out the
variation in the cluster mass, although it is necessarytimage stochastic fects.
the mass by alternative methods (e.qg. star counts or dyrefmic ~ We test their statement by computing the fraction of the to-
fects). tal luminosity of the emission line that is produced by chust
As we have said, our models and scale-relations are less\th mass less thaM, = 10* M. The use of 1My, instead
alistic for the lowest massed( < 10° My). To improve the Of 10° My, is because for f0M,, clusters, synthesis models in-
reliability in general, and in the low mass range in particul cludes stars more luminous than the cluster itself (the lsbwe
an estimation of the influence of Samp]inﬁ@ts of the stel- Luminosity Limit, see Cervifio et al. 2003; Cervifio & | uidtha
lar IMF is needed(Cervifio & Mas-Hes5se 1994; Cervifio et 4004, for details), so at such masses there is not only a
2000,2002H, 2003; Cervifio & Luridiaha 2006). This would asampling &ect problem, but a physical one in the modeling.
low to describe properly the possible distribution of thester Clusters in the 10— 10* M, are still dfected by sampling ef-
ionizing continua. Such distribution for low mass clusteas a fects with luminosity distributions that are not gaussiatf. (
large dispersion and bimodality i (Villaverde et al[ 2009). [Cervifio & Luridiana 2006), so we take 4®, as a conservative
That imply that there could be low mass clusters with an ionifower limit for clusters &ected by sampling. The integration of
ing flux equal or greater than a larger mass cluster. Teees alognormal ICMF with a power-law mass dependent luminosity
of the dispersion oT ¢ for low mass clusters on theiHregion IS:
spectra are treated pn Villaverde et al. (2009) to which¢laeler 2 _
ispreferred. (2009 IAM“P(M)dM - B gy |tec —InM
We can obtain the same back-of-the-envelope estimation ‘of 2 Voo
the influence of low mass clusters on the emission line spa&gith Erf(x) the gaussian error function. Hence, the comwitidn
tra of a non-active galaxy, and obtain a first order check ef tlf clusters less massive thy as a function of the slope of the
statement by Dopita et al. (2006b) on the lack of influence afass-luminosity relation is:
low mass clusters (and hence, sampliffig@&s) on the total line
flux of collisional lines! Dopita et al. (2006a) assume a lagn

} . (19)

Erf [;H(yo’z—ln M|ow] — Erf [;4+<yo-2—|n My
V2o

mal ICMF LM < My) _ r 1o (o0
Ltot Erf prac?=InMiy | Erf p+ao?=In Myp
1 - tomgh Voo TV
P(M) = ———=¢€" 27, (18)
Mo V2n We have also computed the same quantity for the case of a

with oo = 1.7 andu = In 100 M,. Such a distribution has a mearPower'laW ICMF,

about 424 M, a median equal to 100 Mand a mode (maxi- P(M) = CgM™%, (21)
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which produces the following contribution of clusters lesas- of thea codficient of the scale-relations. These similar tenden-
sive thanMy as a function of the slope of the mass-luminositgies indicate that our scale-relations are robust agahestges
relation: of density, inner radius and filling factor.

L(M < Mx) B MIZIC.;\(IX—HC\ _ M)](.+<r—(tc|

L - lta-ac _ pglta—ac’
tot Miow Mip

(22) 5. Conclusions

In this work we have studied the variation of thartegions

Figure[I3 shows the variation of the contribution of clusteSPectrum with the ionizing cluster mass. For this task weshav
less massive thaMy to the total luminosity as a function of done photoionization models for several metallicities ages
the slopex of the mass-luminosity relation. The approximativd & cluster mass range from3® 10" M. From these models
values ofa for different lines has been drawn as vertical line¥/® obtain power-law scale-relations between the emissien |
We have also assumed\i, = 10° M, and aMy, = 108,10 intensities and the ionizing cIustc_er mass. _
M, as limits of the ICMF. In the case of a lognormal ICMF as These power-law scale-relations are very useful toolsesinc
proposed by Dopita et al. (2006b), the figure shows thatelsstthey allow to estimate in a simple way mass dependendes\of
in the 16 — 10* M, range are responsible for more than 70% gind line intensities ratios. .Usmg. such scale-relationshaee
the luminosity of the [Gu] emission lines for all ages (and @, ~ checked thaEW(Hp) is practically independent of mass, a result
[Sm] and [N] at ages larger than 4.5 Ma). This contribution i§/hich supports its use as an age indicator. On the other hand,
larger than 80% for [8] in all the age range (and [@, [S ] EW([O.m] 5007) has a mass (;Iepgndence that, in spite qf being
and [Nn] at ages lower than 4.5 Ma). This result is independe@fnall, implies that some caution is needed when using it as an
of the choice of theM,, : the high mass tail of the lognormal29€ indicator. The mass dependence obtained faj [O3727
distribution is steeper than the one of power law distritsi A implies that it is a good SFR indicator if it is calibratedtiwi
so high mass clusters have a low impact on the total flux, i regions older than 4.5 Ma, and used on objects dominated by
opposition td_Dopita et al._(2006a) assumption. In thisatian, such Hi regions. As the mass dependence ofi[Q 3727 A is
the statement by Dopita et/al. (2006a) is clearly wrong. similar to the mass dependence ofifN1 6584 A, the intensity
We have also show the case of a ICMF described by a powatio of these lines has a small mass dependence. This ssppor
law with exponentr = 2. In this situation, the contribution the use of that ratio as an abundance indicator. We also check
of massive clusters to the total luminosity is more impartathat the B; parameter is almost independent of mass, while S
with a significant dependence of the choiceyf, in the ICMF.  andn’ have a non-trivial mass dependence.
However, the contribution of low mass clusters to some of the The estimation methods that use mass independent indica-
emission lines ([@], [Sm] and [Nn] at ages smaller than 4.5tors can be calibrated with no consideration for the mashef t
Ma) is around 50%, and only around 20% forifPfor all ages objects. If the indicator is mass dependent, however, timas
and [Ou], [Sm] and [Nu] at ages larger than 4.5 Ma. tion method should be recalibrated taking into accountdhéezi
Although we have not taken into account either the star fdng cluster mass. For those methods, semi-empirical eaidns
mation history or clusters less massive thafdMIg in this calcu- are, at least for now, more appropriate.
lations, it is enough to prove that the statement about tishing An additional result obtained from our models is an intiinsi
out of the stochastictiects of low mass cluster by Dopita et allimit of aboutAE(B — V) = 0.1 in the accuracy of the extinction
(2006b) needs to be revised in detail. This subject will be adstimations carried out under the hypothesis assumed thesyn
dressed in another work. sis models (case B anb= 10* K). This error is diminished if
Finally, we have compared our scale-relations with tHailored models are used.
Stasinska et al. (2001) models. Those models considevedsse Finally, we have shown that the relevant collision lineséhav
different values for density and filling factors, moreover tmein non linear dependence with the cluster mass, and that, ergken
radius varies from model to model. For a consistence check wet all the collisional lines have the same dependenceéslop
have only considered instantaneous burst models with IMF upe logM — log L differs from line to line). A direct implication
per stellar mass similar to ours. In Flgd.04], 15[and 16 tlensit of this result is that dierent collisional lines in the emission
ties of some of the most relevant emission lines versus thieH line spectrum of a non-active galaxy havéeiient contributions
tensity are shown. Since the intensity gf I proportional to the from different Hi regions and, hence, it depends on thegdp-
mass, the tendencies shown in these plots can be directly cadation in the galaxy (and the underlying initial mass chustis-
pared to the slopes of our scale-relations. Only the motiels ttribution) and that low mass clusters (0* M) can contribute
have an age, mass and metallicity for which our scale-malati more than 50% of the luminosity of the line. In this situation
predictEW >1 are plotted. Models with ages lower and great@ny attempt to infer physical properties from the emissioa |
than 4.5 Ma are plotted separately, because around thatamge nspectrum of a non-active galaxy by comparison with single ne
lines show a sudden change in their scale-relations slofress  ulae photoionization models and without taking into acddie
with slope equal to 1 and representative slopes from thescdMF sampling gfects may be a risky business.
relations are shown as a reference for each emission line and
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