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Abstract. We have constructed a chemical evolution model in order to reproduce the both
metallicity distribution functions (MDFs) of red giant branch stars (RGBs) and RR Lyrae stars
(RRLs) of a dwarf galaxy, simultaneously. The detailed chemical abundances of RGBs of the
Local Group dwarf galaxies have been measured by spectroscopic observations. Moreover, the
metallicity of RRLs of a dwarf galaxy are estimated by using the theoretical period-luminosity
relations in the previous study and it is found that the mean metallicity of RRLs are lower than
that of RGBs. In order to investigate the MDFs of RGBs and RRLs, we combine our chemical
evolution model with the stellar evolutionally isochrones and calculate the metallicity of RGBs
and RRLs, respectively. As a result, our chemical evolution model reproduces the peak metallic-
ity of both MDFs of RGBs and RRLs of Sculptor and Fornax dwarf spheroidal galaxies (dSphs),
simultaneously. Therefore, it is found that the difference of the mean metallicity between RGBs
and RRLs are caused by the effects of stellar evolution. Moreover, by using the theoretical period-
luminosity-metallicity relation of the RRLs, our chemical evolution model determines that the
distance modulus of Sculptor and Fornax dSphs are 19.68± 0.09 and 20.81+0.13

−0.11, respectively.
However, our model underestimates the number of metal-rich RRLs ([Fe/H]>−1.5) of Fornax
dSph. This result suggests that the mass-loss rate of metal-rich RGBs would be larger than that
of metal-poor RGBs.
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1. Introduction

The dwarf galaxies in the Local Group are good laboratories to investigate detailed
galaxy evolution since we can observe the individual stars. By comparing the stellar color
magnitude diagram (CMD) and theoretical stellar population synthesis model, many pre-
vious studies have derived the detailed star formation history (SFH) of dwarf galaxies
(e.g., de Boer et al. (2012a, b). Moreover, the spectroscopic observations of individual red
giant branch stars (RGBs) of dwarf galaxies have shown the metallicity distribution func-
tions (MDFs) of dwarf galaxies (e.g., Kirby et al. 2010). Furthermore, the metallicity of
RR Lyrae stars (RRLs) are estimated from the theoretical period-luminosity-metallisity
(PLZ) relation. It is shown that the MDF of RRLs is narrower and more metal-poor than
that of RGBs (Mart́ınez-Vázquez et al. 2016a). These differences are caused by the effects
of age and metallicity on the stars, that is, the metal-rich and young stars are too red to
be RRLs. Therefore, such differences of MDFs between different stellar populations (i.e.,
RGBs and RRLs) reflect the chemical evolution of dwarf galaxies.
The theoretical chemical evolution model is a basic tool to investigate the chemical evo-

lution of galaxies. In order to reproduce both MDFs of RGBs and RRLs of dwarf galaxies,
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simultaneously, we have constructed a detailed chemical evolution model combining the
stellar population synthesis model. In this study, we investigate the detailed chemical
evolution of the two Local Group dwarf galaxies, Sculptor and Fornax dwarf spheroidal
galaxies (dSphs) by using this chemical evolution model.

2. Chemical Evolution Model

In this work, we combine the chemical evolution model with the stellar population
synthesis model to calculate the metallicity distributions of RGBs and RRLs of a galaxy
and compare them with the observed data.
We adopt the chemical evolution model of Homma et al. (2015) which calculates the

chemical evolution of a galaxy according to the input SFH. The equations of the chemical
evolution are as follows.

d

dt
(ZiMgas) = −Ψ(t)Zi(t) +Ei(t)− Ṁout(t)Zi(t) + Ṁin(t)Zi,in(t) (2.1)

Mgas(t)

106M�
=

(
Ψ(t)

106M�Gyr−1

)/
A∗ (2.2)

Ṁout(t) = Aout

(
ṄSNII(t) + ṄSNIa(t)

)
(2.3)

where Zi, Ei, Mgas, Mout, and Min are the metallicity for element i, stellar ejecta
for element i, gas mass, outflow gas mass, and infall gas mass, respectively. Ψ is the
input SFH of a dwarf galaxy. We adopt SFHs of Sculptor and Fornax dSphs derived by
de Boer et al. (2012a, b). We assume that the star formation rate is proportional to the
gas mass and the outflow rate is proportional to the number of supernovae (NSNII, Ia).
A∗ and Aout are the free parameters of this model. The chemical evolution model derives
the age-metallicity relation of the dwarf galaxy.
In order to derive the MDFs of each stellar population, we calculate the stellar popula-

tion synthesis model by using the age-metallicity relation, SFH, and PARSEC isocrones
of Bressan et al. (2012). We adopt the mass-loss on RGB as η= 0.2 that is determined
by Miglio et al. (2012). From the stellar population synthesis model, we construct the
MDFs of the RGBs and RRLs which satisfy the photometric criterion (i.e., luminosity
and color range) of the sample.
The sample of the RGBs and RRLs are obtained from the observations of Kirby et al.

(2010), Mart́ınez-Vázquez et al. (2016a), and Karczmarek et al. (2017). While the metal-
licity of RGBs are spectroscopically detemined by Kirby et al. (2010), those of RRLs are
estimated from the inverse PLZ relation of Marconi et al. (2015) as follows.

[Fe/H] =
m− (m−M)0 − b log P − a

c
(2.4)

wherem and P are the mean magnitude and the pulsation period of an RRL, respectively.
The coefficients of a, b, and c are shown in Marconi et al. (2015). We adopt the observed
properties of RRLs of Sculptor and Fornax dSphs in Mart́ınez-Vázquez et al. (2016b)
and Karczmarek et al. (2017), respectively. From these literature, we adopt the distance
modulus of Sculptor and Fornax dSphs as (m−M)0 = 19.62 and 20.818, respectively.
By comparing the MDFs of our model and observed data, we calculate the likelihood
of the model and explore the best-fit model which maximizes the likelihood by using
Markov-Chain Monte-Carlo method.

3. Results

Our models reproduce the peak metallicity of both MDFs of RGBs and RRLs, simulta-
neously, and reproduce the metallicity range of RGBs (see Figure 1). As shown in Table 1,
the best-fit values of A∗ and Aout are similar to those of Homma et al. (2015), i.e., the
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Table 1. The best-fit model parameters

dSphs logA∗ log[Aout(M� SN−1)]

Sculptor −1.33+0.25
−0.21 3.73+0.07

−0.08

Fornax −1.01+0.10
−0.01 3.15+0.02

−0.01
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Figure 1. The input SFHs (left) and the best-fit MDFs of RGBs (middle) and RRLs (right)
of Sculptor and Fornax dSphs.

inefficient star formation and large gas outflow of Sculptor and Fornax dSphs result in the
lower metallicity than that of the Milky Way ([Fe/H]∼ 0.0). While our model reproduces
the metal-poor RRLs, we underestimate the number of metal-rich RRLs ([Fe/H]>−1.5).
In order to relax the discrepancy of the number of metal-rich RRLs, we discuss the effects
of the value of distance modulus and the mass-loss on RGBs.

4. Discussion

The sample metallicity of RRLs depends on the value of distance modulus. As shown
in the equation (2.4), the large value of the distance modulus results in the small metal-
licity of the RRLs. Therefore, in order to determine the best-fit value of the distance
modulus of Sculptor and Fornax dSphs, we set the distance modulus as a free parameter
in our model and explore the best-fit value reproducing both MDFs of RGBs and RRLs,
simultaneously.
The best-fit values of distance modulus of Sculptor and Fornax dSphs are (m−M)0 =

19.68± 0.09 and 20.81+0.13
−0.11, respectively. The best-fit distance modulus of Sculptor dSph

is larger than that of Mart́ınez-Vázquez et al. (2016b) ((m−M)0 = 19.62± 0.04). The
model for the best-fit distance modulus reproduce the peak and range of MDFs of both
RGBs and RRLs, simultaneously. Moreover, the best-fit value of distance modulus of
Sculptor dSph is consistent with the previous studies. Pietrzyński et al. (2008) determined
the distance modulus of Sculptor dSph as (m−M)0 = 19.67± 0.14 from the period-
luminosity relation of RRLs and Rizzi (2002) determined that as (m−M)0 = 19.66± 0.15
and 19.64± 0.08 from the analysis of the horizontal branch stars (HBs) and the tip of red
giant branch stars, respectively. However, since the best-fit distance modulus of Fornax
dSph is the same as that of Karczmarek et al. (2017), the model underestimates the
number of metal-rich RRLs of Fornax dSph. Therefore, while our model reproduce both
MDFs of RGBs and RRLs of Sculptor dSph and determines the best-fit distance modulus,
the effect of the distance modulus on the model is not enough to relax the underestimate
of the metal-rich RRLs of Fornax dSph. Such broad range of RRL metallicity of Fornax
dSph may be explained by the effect of RGB mass-loss.

https://doi.org/10.1017/S1743921318006221 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921318006221


Metallicity distributions for each stellar population 207

In this study, we adopt the stellar evolutionally isochrones with mass-loss on RGB as
η= 0.2. Since the location of a HB on CMD is depend on the mass-loss on RGB phase,
a RGB with large mass-loss evolves to a blue HB. Therefore, if the metal-rich RGBs
lose large amount of gas envelope, they become blue enough to locate on the instability
strip on the CMD and to be metal-rich RRLs. In the previous study, Salaris et al. (2013)
have simulated the HBs of Sculptor dSph with varying the mass-loss of RGBs. Their
simulation reproduced the photometric properties of the HBs and they suggested that
the mass-loss of RGB is larger than η= 0.2 and the mass-loss of RGB is slowly increasing
with increasing metallicity.
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