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Abstract. Classical Cepheids (hereafter Cepheids) are important standard candle as they obey
the famous period-luminosity (PL) relation. Parallax measurements from Gaia offer a unique
opportunity to derive or calibrate the PL relations for Galactic Cepheids, as traditionally their
distances were measured via different methods. In this work, we attempted to derive the Gaia
G-band PL relation based on the Gaia Data Release 1 (DR1) measurements. We adopted the
inferred distances provided by Astraatmadja & Bailer-Jones (2016), calculated using two priors
in a Bayesian analysis, and cross-matched to known Galactic Cepheids. The resulting G-band
PL relation, however, exhibits a much larger scatter than expected. Hence the inferred distances
based on the Gaia DR1 parallaxes are not suitable for calibrating the Galactic PL relation, and
future Data Releases with improved parallax measurements are desirable.

Keywords. Cepheids, distance scale, stars: distances

1. Introduction and Motivation

Period-luminosity (PL) relation for classical Cepheids is an important rung on the
extra-galactic distance ladder for the measurement of distances to nearby galaxies and
hence the determination of the Hubble constant. Therefore it is desirable to calibrate the
PL relation using Gaia’s parallaxes (Casertano et al. 2016). The Gaia’s Data Released
1 (DR1) includes the Gaia’s G-band mean magnitudes and parallaxes (p) based on the
Tycho-Gaia Astrometric Solution (TGAS, hereafter DR1 parallax) for ~ 2 million stars
brighter than ~ 12 mag. Lindegren et al. (2016) and Casertano et al. (2016) compare
the DR1 parallaxes to parallaxes calculated from an adopted PL relation for ~ 141 and
~ 212 Galactic Cepheids, respectively. They found good global agreements between the
two sets of parallaxes. Hence, the goal of this work is attempted to derive the Gaia’s G-
band PL relation for Galactic Cepheids based on the Gaia DR1 data, in order to evaluate
the performance of DR1 parallaxes in deriving the Cepheid PL relations.

2. Data, Method and Results

Astraatmadja & Bailer-Jones (2016a, hereafter ABJ-II) demonstrated that in presence
of measurement errors, reciprocal of measured parallaxes (1/p) is not a good estimator
for distances r. Instead, Bayesian approach with proper choice of prior need to be used to
infer distance r from the measured parallaxes p together with it uncertainty o,. ABJ-II
recommended two priors: a exponential decreasing space density prior and a prior based
on Milky Way model. Later, these priors were applied to DR1 parallaxes by Astraatmadja
& Bailer-Jones (2016b, hereafter ABJ-III), who derived distances r to the stars in TGAS.
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Figure 1. The G-band PL relation for Galactic Cepheids with difference adopted distances.
The magenta square in the left panel is for RW Cam, the outlier in the comparison of parallaxes
as shown in Casertano et al. (2016). Color bar represents the value of f,,s = 0, /p, restricted to
[—3, 3] for display purpose. There are some Cepheids with fo;s > |3|, shown as darkest blue/red
colors. The average f,;s for this sample is 0.22. Error bars are omitted for clarity.

We cross-matched catalog in ABJ-III to ~ 400 Galactic Cepheids listed in Ngeow (2012,
hereafter N2012), and 246 Cepheids were found matched in both catalogs.

The absolute magnitudes in Gaia G-band for the matched Galactic Cepheids were de-
rived using four available distances or distance modulus: (1) distance modulus based on
a calibrated period-Wesenheit relation given in N2012, uy ; (2) inferred distance based
on the exponentially decreasing space density prior with a scale height L = 0.11kpc,
rMoFExpl; (3) same as (2) but with L = 1.35kpc, rMoFxzp2; and (4) inferred dis-
tance based on the Milky Way prior, rMoMW . The mode distances were adopted for
(2)-(4). The G-band extinctions were estimated via Ag/Ay = 0.695 (ABJ-II), where
Ay =3.23E(B—V) and E(B—V) is taken from N2012. Fig. 1(a)-(c) displays the resulted
G-band PL relation, which shows that the PL relation based on the inferred distances
from DRI parallaxes, given in ABJ-III catalog, displays large scatter when compared
to the PL relation constructed using the py distance modulus from N2012 (Fig. 1[d]) .
These PL relations are also shallower, and in general fainter (especially the one based
on the rMoFEzpl distance), than the PL relation shown in the Fig. 1(d). ABJ-III found
that when r < 2000pc, rMoMW give a better agreement to distances based on external
method; while for » > 2000pc, rMoFExzp2 shows a better result. Assume py gives the
true distance, we adopted either rMoMW or rMoFExp2 based on the true distance. The
revised PL relation is shown in Fig. 1(e) with reduced scatter. In conclusion, distances
inferred from DRI parallaxes are not suitable to calibrate the PL relation for Galactic
Cepheids, and future Data Releases from Gaia are needed to improve such calibration.
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