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Abstract
Periodic variable stars, such as Cepheids, RR Lyrae, eclipsing binaries, and long-period variables, are important distance in-
dicators. Historically, distances to some open clusters, globular clusters, Milky Way dwarf galaxies, and nearby galaxies are
well determined based on these distance indicators. However, both the rapid development of large, wide-�eld instruments and
new insights o�ered by infrared facilities have stimulated research of variable stars. The role of variables in the context of the
distance scale should be updated. With the unprecedented Gaia second Data Release (DR2) parallaxes, the precision of the W
UMa-type contact binary period–luminosity relation (PLR) is better than 6%. The signi�cant number of the contact binaries
makes them an important distance tracer. The known number of classical Cepheids in the Milky Way’s disk has been increasing
rapidly in recent years. Based on Cepheid distances, a new 3D map of the Milky Way’s stellar disk has been constructed that is
both intuitive and complete. In the outer disk, the stellar disk agrees with the gas disk in terms of their amplitudes. The outer
disk is warped, and the morphology is complicated since the warp exhibits precession. In the next three years, new periodic
variables will be detected. Based on a large sample of these variables, the distance and structure of our Milky Way, the Local
Group, and nearby galaxies will be better understood.

1 Introduction
Periodic variables stars are stars exhibiting regular varia-

tions in their luminosity. Since their periods are directly or
indirectly correlated to their luminosity, periodic variables
usually follow period–luminosity relations (PLRs). Based on
these tight PLRs, periodic variables play an important role in
distance measurements.

In recent years, due to the development of new instru-
ments and techniques, the number of periodic variables has
increased rapidly. The Catalina survey found about 110,000
periodic variables in the northern and southern skies (Drake
et al., 2014, 2017). The Wide-�eld Infrared Survey Explorer
(WISE) catalog of periodic variable stars found about 35,000
periodic variables (Chen et al., 2018b), and 90% of them are
located in the Galactic plane. This catalog also extends the
scope of variables to the mid-infrared bands. The Asteroid
Terrestrial-impact Last Alert System (Heinze et al., 2018, AT-
LAS) found about 90,000 periodic variables down to r ∼ 18
mag. The All-Sky Automated Survey for Supernovae (Jayas-
inghe et al., 2018, ASAS-SN) found an additional ∼ 27,000 pe-
riodic variables. The Gaia second Data Release (Gaia Collab-
oration et al., 2018, DR2) also detected a large number of pe-
riodic variables (Clementini et al., 2019; Mowlavi et al., 2018),
and many more improvements will be achieved in Gaia’s fu-
ture data releases.

Given this huge increase in their number, periodic vari-
ables are more and more important in tracing the Milky
Way’s structure. Classical Cepheids, the young tracers (Mat-

sunaga et al., 2018), are suitable to trace the whole thin disk
and the spiral arms. Due to the high luminosities and tight
PLRs of Cepheids, they can be used to trace an intuitive 3D
map of the disk at high accuracy (Chen et al., 2019). W UMa-
type (late-type) contact binaries (CBs) are intermediate-age
distance tracers (Chen et al., 2016). Since they represent a
signi�cantly large number of contact binaries, they are suit-
able to study the structure of the solar neighborhood and the
Galactic bulge. Contact binaries can also be used to constrain
the phase mixing in the disk (Antoja et al., 2018). RR Lyrae
are old distance tracers and usually used to study the halo,
bulge, dwarf galaxies and substructure. In addition, Miras
and type-II Cepheids (Bhardwaj et al., 2017) provide distance
information for some regions of the Milky Way.

In this paper, we present the PLRs of W UMa-type contact
binaries that were determined using Gaia parallaxes. Then,
we show the 3D map of the Milky Way’s disk traced by classi-
cal Cepheids. In addition, we look into the future of periodic
variable research in the era of Gaia, the Zwicky Transient
Facility (Masci et al., 2019; Graham et al., 2019, ZTF), and the
Large Synoptic Survey Telescope (LSST).

2 W UMa-type contact binaries
W UMa-type contact binaries are short-period variables

(P < 1 day). Both components of the contact binary are
close to each other and �ll their Roche lobe. The materi-
als are transferred between the two stars through a com-
mon envelope. The radius of the secondary star is limited
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Figure 1: WISE W1 PLR for W UMa-type CBs using their
maximum magnitudes. The black data points are the 183 W
UMa-type CBs, while the red line is the best �t.

by the Roche limit, and as a result the total luminosity of
the system is correlated to its orbital period. We selected 183
W UMa-type CBs within 330 pc. Based on Gaia DR2 paral-
laxes (Lindegren et al., 2018; Luri et al., 2018) and a Galac-
tic extinction model, the absolute magnitudes of these CBs
were estimated via Mλ = mλ − Aλ − (5 log 1/$ − 5).
Mλ,mλ, and Aλ are the absolute magnitude, the apparent
magnitude, and the extinction in a speci�c band, respec-
tively. $ here is the Gaia parallax in units of mas. Then,
the PLRs were determined in 12 bands from the optical to
the mid-infrared (Chen et al., 2018a). Similarly to the clas-
sical Cepheids, the scatter (1σ dispersion) of the CB PLRs
decreases from the optical to the infrared bands. Hence,
CB distances can be estimated more accurately in infrared
bands. The equation for the maximum W1-magnitude PLR
isMW1(max) = −5.67 logP −0.15, σ = 0.13 mag (see Fig.
1). Here, the W1 band PLR shows a scatter of 0.13 mag (6%
accuracy in distance).

The ages of the W UMa-type CB are in the range of 0.1–10
Gyr and show a peak at 4 Gyr. This intermediate-age tracer
can �ll the age gap between the young Cepheids and the old
RR Lyrae. The number ratio of W UMa-type CBs is around
0.1–0.2% in the �eld, and as a result, the number of W UMa-
type CB is signi�cantly larger than that of other periodic
variables. Based on the characteristic CB age and its large
sample size, it is a crucial distance tracer for studying the
detailed structure of our Milky Way.

3 Classical Cepheids
Classical Cepheids are the most important distance indica-

tors on galaxy scales. However, the known Cepheids in our
Milky Way are limited by the heavy extinction in the Galactic
plane. Before 2018, only around 1000 Cepheids were known
in our Galaxy. Based on new infrared and deep optical sur-
veys, the number of classical Cepheids increased to 2330 (in
2018). Contaminants, such as type-II Cepheids and long pe-
riod eclipsing binaries, were excluded with the help of Gaia
DR2 parallaxes. We estimate the distances to these classi-
cal Cepheids using the multi-band optimal distance method

with a combination of near-infrared and mid-infrared PLRs
(Chen et al., 2017; Wang et al., 2018). After some selection
choices, a 3D map of the Milky Way’s disk was constructed
based on 1339 Cepheids (see Fig. 2). The Cepheid sample
covers about two-thirds of the disk from the Galactic center
region to the outer disk (a distance of 20 kpc). The Milky
Way’s disk is clearly warped and �ared. We adopted a warp
model of zw = a(R−Rw)

b sin(φ−φw) to �t the distribution
of the Cepheids. Here, zw, a,Rw and φw are the warp height,
its amplitude, its onset radius and the line of nodes (LON), re-
spectively. The warp and �are of the Cepheid disk agree well
with the gas disk in terms of their amplitudes. However, the
LONs are di�erent. The mean LON of the Cepheid warp de-
viates from the Galactic Center–Sun direction by 18◦. Based
on further analysis of the LON in each Galactocentric radius
bin, we found that the LON is not stable but exhibits preces-
sion. In the radius range of 12–15 kpc, the LON increase as
the radius increases. This leading pattern of the LON can be
induced by torques from the inner disk and external material;
torques owing to the massive inner disk are more dominant
than those exerted by external material (Shen & Sellwood,
2006). In the kinematic map, the LON is also twisted and
agrees with the spatial warp. This twisted LON is seen in the
kinematic map of the upper main-sequence and giant stars
(Poggio et al., 2018).

At the same time, some questions have come up. One
problem is whether the morphology of the warp varies when
traced by stars of di�erent ages (Amôres et al., 2017; Wang
et al., 2019). This issue can be answered with the help of dif-
ferent distance indicators, such as contact binaries, Miras and
red clump stars. Stars with better information on parallaxes
and radial velocities included in futureGaia data releases will
be useful to solve this problem. Another question relates to
the morphology of the warp beyond 15 kpc. Is the warp lop-
sided (Romero-Gómez et al., 2018) or even more complicated?
This morphology can be investigated with a more completed
sample of the Milky Way Cepheids based on Gaia, ZTF, and
LSST.

4 Prospects of periodic variables
In Gaia DR 3, multi-epoch photometry will be available,

and a catalog of periodic variables will be published. In ad-
dition, ZTF data release 1 became available in May 2019, and
this catalog contains multi-epoch data obtained during the
�rst nine months of the survey. Over the three-year ZTF sur-
vey, about 2 billion objects will have more than 100 single-
exposure photometric data. By 2022, the number of periodic
variables will have increased dramatically. The numbers of
classical Cepheids, RR Lyrae, and contact binaries predicted
to be found are listed in Table 1. The LSST is 6 times larger
than the ZTF in diameter, and more than tens of millions of
periodic variables will be found by the LSST.

Some periodic variables can be used to determine distances
with both smaller statistical and smaller systematic errors.
Based on an enlarged sample of periodic variables, we will
uncover a more intuitive 3D map of the whole Milky Way.
In addition, we will know the role of our Milky Way in the
Local Group. Periodic variables can also be used to constrain
the cosmological distance scale.
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Figure 2: 3D map of the Milky Way’s disk traced by 1339 classical Cepheids. The grid shows the best-�tting model of the warp.
The black upward-pointing triangle is the position of the Sun. The solid black line is the mean line of nodes, which deviates
from the Galactic Center–Sun direction by 18◦.

Table 1: Information about periodic variables

Cepheids RR Lyrae Contact binaries

Distance accuracy 3–5% 3–5% 6%
Age 1–100 Myr >10 Gyr 100 Myr–10 Gyr
Number in Milky Way (Now) 2000–3000 ∼100,000 ∼200,000
Number in Milky Way (2022) 6000–9000 ∼200,000 1–2 million
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