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The period distribution of Cepheids: a test of stellar evolution
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Abstract. The period distributions of classical Cepheids in the Small and Large Magellanic Cloud are quite diﬀerent. Using the TRILEGAL population synthesis code and a
theoretical instability strip the ultimate aim is to understand these diﬀerences quantitatively. First results are presented for one area in the LMC using VMC NIR data.

Cepheids and population synthesis
The period distributions of classical Cepheids in the LMC and SMC are very diﬀerent, as shown e.g.
in ﬁgure 9 in Soszyński et al. [1], based on OGLE-III data. The peak in the period distribution of
fundamental mode cepheids in the LMC is at log P ∼0.5, in the SMC at log P ∼0.15. The smaller and
less massive SMC has more Cepheids (4630) than the LMC (3361). Metallicity is obviously a factor
as the IS (instability strip) depends on it, and diﬀerences in the Star Formation Histories (SFHs), but,
can we understand these diﬀerences also quantitatively?
The VISTA Magellanic Cloud Survey (VMC, Cioni et al. [2]) is a survey of about 180 2 in Y JK
covering the entire MC system, i.e. SMC, LMC, Bridge and stream. The main scientiﬁc aims include
the determination of the (spatially resolved) SFH and Age Metallicity Relation (AMR) and to obtain
a 3-D view of the MCs through the use of various standard candles. Rubele et al. [3] e.g. derived the
SFH and AMR in a few tiles from the deep CMDs, and Ripepi et al. [4] studied the Cepheid population
in two tiles. In the latter paper, the known population of OGLE-III Cepheids was correlated with the
VMC data, and using the 12 epochs in K, light curves and mean magnitudes were derived.
TRILEGAL is a population synthesis code (Girardi et al. [5]) for the Milky Way, but where an
external component can be added as well. Given an SFR and AMR, it calculates the magnitudes of all
stars in a given line of sight. In combination with an assumed IS and a relation between period and the
fundamental stellar parameters, one can build synthetic populations of variable stars.
The theoretical IS and P(T eﬀ , M, L) relation for classical fundamental mode Cepheids from Bono
et al. [6] have been used. They provide relations for Z= 0.004, 0.008 and 0.02 and a logarithmic interpolation in log Z has been used. If the synthetic star (with known [M/H]) is inside the (interpolated)
instability strip the period is calculated from the relations in Bono et al., and its K-magnitude recorded.
The results are shown for the tile LMC 6 6 which has 158 FU Cepheids (Ripepi et al.). The TRILEGAL simulation is for the SFH and AMR derived in Rubele et al. for this tile. From the ﬁtting of the
CMD they derived a distance modulus of 18.40. Figure 1 shows the comparison between the observed
(ﬁlled circles) and synthetic (open circles) PL-relation. The model predicts quite some so-called ultra
long period (ULP) Cepheids which are not in the observed data. This is due to saturation either in
OGLE (the Cepheids in the OGLE shallow survey (Ulaczyk et al. 2013) have not been considered
yet), or VMC, which saturates near K ∼ 11.5). The right-hand panel cuts the absolute magnitude at
−7. The synthetic PL-relation (the blue solid line) is MK = −3.10 log P − 2.62 while the one found by
Ripepi et al. (the black dashed line) is MK = −3.30 log P + 16.07, or a ZP of −2.41 ± 0.03 for their
preferred DM of 18.47 ± 0.03.
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Fig. 1. The comparison
between the observed
(ﬁlled circles) and synthetic (open circles) PLrelation, see text.

Fig. 2. The synthetic HRD on the left, with the instability strip for Z = 0.02 (solid line) and Z = 0.004 (dashed
line) indicated. On the right synthetic histograms of eﬀective temperature, mass, period, and luminosity.

Figure 2 shows on the left the synthetic HRD, and on the right the synthetic histograms of some
quantities. The number of Cepheids found compares well to the observations but the synthetic model
has more longer period Cepheids. The slope and the ZP of the PL-relation diﬀer, but the diﬀerence
in magnitude is only ∼ 0.1 for log P = 0.5 and essentially 0 for log P = 1. For a very ﬁrst test these
results are encouraging. Future work will:
–
–
–
–

Study the inﬂuence of the location of the IS, and details of the P(T eﬀ , M, L) relation.
Extend the code to ﬁrst overtone pulsators.
Ultimately extend this to the entire VMC MC survey area.
Perform this comparison for Cepheids in the Solar Neighbourhood, to check the procedure for
another metallicity and SFH.
– Include other types of variable stars, e.g. RR Lyrae. One could then study the RR Lyrae population
in the direction of the Galactic Centre.
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