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Abstract

We estimated the scale-length of the thin disc with the J and W1 magnitudes of the most probable red clump stars in the
Galactic plane, −0◦.5 ≤ b ≤ +0◦.5, in 19 equal sized fields with consecutive Galactic longitudes which cover the interval
90◦ ≤ l ≤ 270◦. Our results are constrained with respect to the solar space density (D∗ = 5.95), which indicates that the
radial variation of the density is lower for higher Galactocentric distances. The scale-length of the thin disc is 2 kpc for
the fields in the Galactic anticentre direction or close to this direction, while it decreases continuously in the second and
third quadrants reaching to a lower limit of h = 1.6 kpc at the Galactic longitudes l = 90◦ and l = 270◦. The distribution
of the scale-length in 19 fields is consistent with the predictions from the Galaxia model and its variation with longitude
is probably due to the inhomogeneity structure of the disc caused by the accreted material or other features such as warp
and flare.
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1 INTRODUCTION

The photometrical and spectroscopical data obtained from
the systematical sky survey programs have an important im-
pact on the investigation of the structure, formation and evo-
lution of the Galaxy. By the beginning of 2000s, the data from
the near-infrared sky surveys have contributed to the studies
of the Galactic disc; for instance, the relation between the
star formation regions and spiral arms, distribution of open
clusters through the Galactic disc, formation and evolution
of the open clusters, three-dimensional distribution of the in-
terstellar matter in the Galactic disc, spatial distribution of
the stars from different spectral types.

Estimation of the Galactic model parameters, such as the
scale-length, the scale-height, and the relative space densi-
ties of the Galactic populations, is a part of the investiga-
tion of the Galactic structure. The researchers used different
methods for estimation of the Galactic model parameters for
the thin disc, thick disc, and halo of our Galaxy. There has
been an improvement for numerical values of the model pa-
rameters over 30 years, starting from the work of Gilmore

& Reid (1983). We present those for only the thin disc in
Table 1. There are many striking points for the numerical
values of the Galactic model parameters for a given Galac-
tic component, thin and thick discs and halo, as stated in
the following: (a) the range of values is large. For example,
Chen et al. (2001) and Siegel et al. (2002) give the local
space density of the thick disc as 6.5 − 13.5% and 6–10 %,
respectively. (b) the Galactic model parameters are absolute
magnitude dependent (Karaali, Bilir, & Hamzaoǧlu 2004;
Bilir, Karaali, & Gilmore 2006a), (c) the Galactic model pa-
rameters are Galactic longitude/latitude dependent (Buser,
Rong, & Karaali 1998, 1999; Bilir et al. 2006b, 2006c, 2008;
Cabrera-Lavers et al. 2007a; Ak et al. 2007; Yaz & Karaali
2010), (d) the Galactic model parameters change with limit-
ing distance of completeness (Karaali et al. 2007). We should
add that the scale-length also depends on the wavelength (cf.
Beckman et al. 1996; Tuffs et al. 2004).

The observed features cited above can be explained by
disc flares and warps. The disc of our Galaxy is not ra-
dially smooth and uniform. While the warp bends the
Galactic plane upwards within the longitudes 0◦ < l ≤ 180◦

1

https://doi.org/10.1017/pasa.2015.12 Published online by Cambridge University Press

http://dx.doi.org/10.1017/pasa.2015.12
mailto:esmayaz@istanbul.edu.tr
http://crossmark.crossref.org/dialog/?doi=10.1017/pasa.2015.12&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/pasa.2015.12&domain=pdf
https://doi.org/10.1017/pasa.2015.12


2 Yaz Gökçe et al.

Table 1. Scale-height and scale-length values of thin disc in the literature.

H h
Data Object (pc) (kpc) Reference

BV I dwarf 325 4.0 Gilmore (1984)
UBV dwarf, giant 350 3.8 Yamagata & Yoshii (1992)
OE dwarf, giant 325 3.2 Larsen (1996)
BV I dwarf 260 2.3 Ojha et al. (1996)
UBV dwarf, giant 250–270 2.5 Robin et al. (1996); Robin, Reylé, & Crézé (2000)
UGR dwarf 290 4.0 Buser et al. (1998, 1999)
UBV dwarf 240 2.5 Ojha et al. (1999)
u′g′r′i′z′ dwarf, giant 330 2.2 Chen et al. (2001)
CADIS, Bc, Rc, I815 dwarf 267–360 1.0–1.5 Phleps et al. (2000)
JHKs dwarf, giant – 2.8 Ojha (2001)
Ks dwarf, giant 285 3.3 López-Corredoira et al. (2002)
UBV RI dwarf 280/350 2.0–2.5 Siegel et al. (2002)
OE dwarf, giant − 3.5 Larsen & Humphreys (2003)
JKs giant 268 1.1 Cabrera-Lavers et al. (2005)
ugriz dwarf 220 1.9 Bilir et al. (2006a)
ugriz dwarf 220–360 1.6–2.5 Karaali et al. (2007)
ugriz dwarf 300 2.6 Jurić et al. (2008)
ugriz dwarf 325–369 1.0–1.9 Yaz & Karaali (2010)
Ks dwarf, giant 360 3.7 Chang, Ko, & Peng (2011)
ugriz dwarf 256 3.5 Bovy et al. (2012)
ugriz turn off star − 3.4 Cheng et al. (2012)
JHKs dwarf, giant 205 2.1 Polido, Jablonski, & Lépine (2013)
ugriz dwarf 240 2.0 López-Corredoira & Molgó (2014)
JW1 giant − 2.0 This work

and downwards within the longitudes 180◦ < l ≤ 360◦, the
flare changes the scale-height as a function of radial dis-
tance. Warp has been detected in the dust, gas and star com-
ponents of the Galaxy (Drimmel & Spergel 2001; López-
Corredoira et al. 2002; Momany et al. 2006; Marshall
et al. 2006). The stellar and gaseous flares are also con-
sistent with each other (Momany et al. 2006; Kalberla et al.
2014).

The overdensity regions also do affect the numerical val-
ues of the Galactic model parameters for a given Galac-
tic component, thin and thick discs, and halo. This is the
case for very large fields such as in the work of Jurić et al.
(2008), 6 500 deg2. Such fields are contaminated by rem-
nants of mergers which cause different numerical values for
a specific model parameter, relative to the ones estimated
in a relatively homogeneous region of the Galaxy. How-
ever, one should pay attention in explaining the origin of the
overdensity regions in the Galaxy, i.e., such a region may
originate either from a merger or from the affect of a warp
of the Galaxy. The Canis Major overdensity region can be
given as a typical example. Martin et al. (2004) interpreted
the overdensity region with Galactic coordinate (l, b) =
(240◦,−7◦) as the core of a satellite galaxy. However, Mo-
many et al. (2006), López-Corredoira (2006) and López-
Corredoira et al. (2007) confirmed its coincidence with the
Southern stellar maximum warp occurring near l ∼ 240◦ and
R ∼ 7 kpc.

The red clump (RC) stars can be used for the investigation
of the galactic structure. RC stars are core helium-burning gi-

ants. Their position in the colour-magnitude diagram (CMD)
of open clusters as well as globular clusters is discrete relative
to the main sequence stars and red giants of these clusters.
RC stars are also abundant in the solar neighbourhood which
provide accurate absolute magnitudes due to their parallaxes.
The small scattering of this population in the CMD has been
used as an advantage to adopt a mean absolute magnitude for
them in different optical and infrared (IR) bands. The final
aim of the researchers was to use the mean absolute mag-
nitude in distance estimation; could the RC stars be used as
distance indicators?

Keenan & Barnbaum (1999) claimed that the absolute
magnitudes in the optical range of the RC stars within the
spectral range of G8 III–K2 III lie within 0.7 ≤ MV ≤ 1 mag.
Also, we should note that the Alves (2000) sample covered a
metallicity range of −0.8 < [Fe/H] < +0.2 dex. The abso-
lute magnitude computed by Grocholski & Sarajedini (2002)
in the same band based on 14 open clusters with metallic-
ity and age restrictions is compatible with the one of Alves
(2000).

An absolute magnitude in any optical or IR band free of
metallicity and age would be the ideal one for the researchers.
This was the case for the I band in Udalski (1998). However,
a modest variation in MI with colour and metallicity has been
claimed in the literature (Paczyński & Stanek 1998; Stanek &
Garnavich 1998; Sarajedini 1999; Zhao et al. 2001; Kubiak
et al. 2002). The dependence of the MI absolute magnitude
on metallicity has been confirmed also theoretically (Salaris
& Girardi 2002).
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The numerical values claimed that the absolute magni-
tude MKs

in recent works are compatible with the former
ones. van Helshoecht & Groenewegen (2007) showed that
MKs

= −1.57 ± 0.05 mag can be used for the determina-
tion of the distances of the open clusters with metallici-
ties −0.5 < [Fe/H] ≤ +0.4 dex and age 0.31 ≤ t ≤ 7.94
Gyr. A value slightly different than the one just cited is the
one in Groenewegen (2008), i.e., MKs

= −1.54 ± 0.03 mag,
which is based on the re-reduced Hipparcos catalogue (van
Leeuwen 2007). Groenewegen (2008) determined also the IR
absolute magnitude for this sample as MI = −0.22 ± 0.03
mag.

There are even more recent works related to the absolute
magnitude of RC stars. Laney , Joner, & Pietrzyski (2012)
determined the absolute magnitude MKs

= −1.613 ± 0.015
mag for RC stars in the solar neighbourhood and applied it to
estimate the distance of the Large Magellanic Cloud. Karaali,
Bilir & Yaz Gökçe (2013) fitted the MKs

absolute magnitudes
of the RC stars to a linear polynomial in terms of V − Ks
colour, and Bilir et al. (2013a) calibrated the MKs

, MV , MJ and
Mg absolute magnitudes in terms of colours corresponding to
the photometric systems where the Ks,V, J and g bands are
defined. Finally, we quote the paper of Bilir et al. (2013b)
where the MV absolute magnitude had been calibrated in
terms of metallicity and B − V colour. The data are based on
a large sample of open and globular clusters with a wide range
of metallicity. A mean value for the MKs

absolute magnitude
with weak metallicity dependence can be used for distance
estimation which is rather useful for the Galactic structure
and interstellar extinction. Examples can be found in López-
Corredoira et al. (2002, 2004), Cabrera-Lavers, Garzón, &
Hammersley (2005); Cabrera-Lavers et al. (2007a, 2007b,
2008) and Bilir et al. (2012) and references therein.

The absolute magnitudes of the RC stars has been in-
vestigated also with the Wide-field Infrared Survey Ex-
plorer (WISE; Wright et al. 2010). Yaz Gökçe et al. (2013)
used the RC stars in the solar neighbourhood and deter-
mined a mean absolute magnitude on each band of W1
(3.4 μm) and W3 (12 μm) as well as a mean colour,
i.e., MW1

= −1.635 ± 0.026, MW2
= −1.606 ± 0.024, and

(W1 − W3)0 = −0.028 ± 0.001 mag. WISE can go at least
one magnitude deeper than the Two Micron All Sky Survey
(2MASS; Skrutskie et al. 2006). Also, WISE can be affected
from the Galactic extinction less than the other photometric
systems, including 2MASS. Hence, one expects more accu-
rate results for a larger sample of RC stars investigated with
WISE.

In this paper, we estimate the scale-length of the thin
disc in the Galactic plane. We used the RC stars with
Galactic latitude −0◦.5 ≤ b ≤ +0◦.5 and Galactic longitude
90◦ ≤ l ≤ 270◦ and evaluated the space density functions
for equally spaced 19 fields. The Galactocentric radial dis-
tance range in our fields is 8 ≤ R ≤ 16 kpc. Additionally, the
Galactic latitude range, −0◦.5 ≤ b ≤ 0◦.5, is rather small.
Hence, we considered the flare as negligible and fitted the

observational space density profiles to a Galaxy model which
involves only the exponential factor with scale-length. The
evaluation of the solar space density of the RC stars by us-
ing the Hipparcos catalogue (van Leeuwen 2007) is given
in Section 2. Section 3 is devoted to the estimation of scale-
length, and finally a discussion is presented in Section 4.

2 SOLAR SPACE DENSITY OF THE RC STARS

The RC star sample (the main sample) in the WISE All-Sky
Data Release catalogue of Cutri et al. (2013) used for the es-
timation of the scale-length in the Galactic plane is not com-
plete within distances 0 < r ≤ 1.5 kpc. Here, r is the distance
from the Sun. Hence, we used a second sample taken from
the re-reduced Hipparcos catalogue (van Leeuwen 2007) just
to fix the position of the RC stars in the solar neighbourhood.
Thus, the solar space density of the second sample would be
used to avoid any probable degeneracy in the space density
functions of the RC stars in the main sample.

RC stars consist of a sub-sample of Hipparcos catalogue
which contains about 118 000 objects (van Leeuwen, 2007).
We omitted those with relative parallax errors σπ/π ≤ 0, so
we used 113 596 of them with σπ/π > 0 to obtain more
accurate data. The estimation of the interstellar extinction is
based on the following density law for dust in Sharma et al.
(2011) which can be reduced to an equation with respect to
the Galactic coordinates and distance of a star:

ρdust(R, z) = ρ0

k f l

× exp

[
R0 − R

hR

− z − zw

k f lhz

]
, (1)

where R0 = 8 kpc is the distance of the Sun to the Galactic
centre, hR (4.2 kpc) and hz (88 pc) are the scale-length and the
scale-height of the dust, ρ0 = 0.54 mag kpc−1, and k f l and
zw describe the flaring and warping of the gas, respectively
(Sharma et al. 2011):

k f l (R) = 1 + γ f l × min(Rf l, R − Rf l ),

zw(R,�) = γw × min(Rw, R − Rw) × sin �. (2)

Here, γ f l , γw, R f l , and Rw values are 0.0054, 0.18, 1.12R0
and 8.4 kpc, respectively. � is the Galactocentric azimuth
that increases in the direction of the Galactic rotation and
place the Sun at � = 0.

Following the comments of Arce & Goodman (1999) and
Schlafly & Finkbeiner (2011), we reduced the colour excess
at infinite distance in Schlegel, Finkbeiner, & Davis (1998),
which will be labelled as E∞(B − V )initial hereafter, to the
final one by the following equation (Binney et al. 2014):

E∞(B − V )final = E∞(B − V )initial

×C(E(B − V )), (3)

where,

C(E(B − V )) = 0.6 + 0.2

×
[

1 − tanh

(
E∞(B − V )initial − 0.15

0.3

)]
. (4)
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Figure 1. Absolute magnitude-colour diagram for the stars in the re-
reduced Hipparcos catalogue. The location of the most probable RC stars is
indicated with a rectangular.

Then, the colour excess of a star at distance r can be evaluated
by the following equation:

Er(B − V ) = E∞(B − V )final ×
∫ r

0 ρ(s)ds∫ ∞
0 ρ(s)ds

, (5)

where ρ(s) is the reduced density law in Equation (1) in terms
of distance relative to the Sun, r, and Galactic coordinates of
a given star.

In our calculations, the distance r of a sample star is eval-
uated by means of its parallax taken from the Hipparcos
catalogue, and the integrals in Equation (5) are replaced by

two sums, i.e.,
r∑

s=0

ρ(s) and
∞∑

s=0

ρ(s), where the density ρ(s)

has been evaluated in steps of 5 pc of the distance. We used
the classical equation AV /E(B − V ) = 3.1 for evaluation of
the total absorption, AV , and combined it with the V appar-
ent magnitude of the star in question, taken from the ESA
(1997), to estimate its absolute magnitude:

MV = V − AV + 5 − 5 log r. (6)

The absolute magnitude-colour diagram of the star sample
is plotted in Figure 1. The position of the RC stars is promi-
nent in this diagram. However, we do not exclude the possi-
bility of contamination of the red giants (RGs). As stated in
Nataf, Cassisi, & Athanassoula (2014), there is only a small
colour difference between the RC stars and the red giant
branch (RGB), i.e., (V − I)RGB − (V − I)RC ≈0.15 mag, for
star sample with a given metallicity and luminosity. However,
we limited the size of the region occupied by the RC stars to
decrease the possible contamination of the RGB stars.

We used 9 789 of them in the condense region with
colour 0.8 ≤ (B − V )0 ≤ 1.2 mag and absolute magnitude

0 ≤ MV ≤ 2 in our calculations. This constraint is rather
useful for our purpose, because our aim in this chapter is
to fix a space density for the RC stars in the solar neigh-
bourhood but not to obtain a density distribution for a dis-
tance interval. RC stars satisfying this constraint lie within
the distances 100 < r ≤ 300 pc. The space density of these
stars has been evaluated by the formula D(r) = N/V (r),
where V (r) is the volume between two spheres with radii
r1 = 100 and r2 = 300 pc, i.e., V (r) = 4

3π(r3
2 − r3

1), and N
is the number of RC stars in this volume. The logarithmic
value of the space density of the RC stars thus evaluated is
D∗ = log D(r) + 10 = 5.954 ± 0.004.

3 SCALE-LENGTH OF THE THIN DISC IN THE
GALACTIC PLANE

3.1. Identification of the RC stars in the (J, J − W1)

CMD

The RC stars used for the estimation of the scale-length of
the thin disc in the Galactic plane are taken from the WISE
catalogue (Cutri et al. 2013). We plotted the (J, J − W1)

CMD of the stars with Galactic latitudes −0◦.5 ≤ b ≤ +0◦.5
in 19 fields with consecutive Galactic longitude intervals,
i.e., 85◦ < l ≤ 95◦, 95◦ < l ≤ 105◦, ..., 265◦ < l ≤ 275◦ and
identified the RC stars in each field using the Galaxia model
(Sharma et al. 2011) as explained in the following. We applied
the Galaxia model to each field defined in our study and
obtained the (J, J − W1) CMD for a set of synthetic stars.
Then, we adopted the following constrains to separate the
RC ones in each field: 1.8 < log g(cgs) ≤ 2.6 and 4 500 <

Teff(K) ≤ 4 900. As stated in Section 2, the colour difference
between the RC stars and RGs is small. Then, the same
case holds also for the temperatures for two sub-samples.
Additionally, Nataf et al. (2014) claimed the surface gravity
of the red giant branch bump (RGBB) as log g ≈ 2.6 (cgs)
which is close to that of RC stars we adopted. Hence, we
expect a possible contamination of the RG stars in our study.

The CMD for the field with 175◦ < l ≤ 185◦ is plotted
in Figure 2 as an example. It turned out that the right mode
in the right panel of this figure corresponds to the RC stars.
Then, the same case should hold for the observed RC stars,
i.e., the right mode in the left panel consists of RC stars we
are interested in, while the left one is occupied by the dwarfs.
Although the limiting apparent J magnitude of the RC stars
in our study is J = 17 mag, we could consider only those
with J ≤ 14.5 mag which corresponds to r ≤ 8 kpc.

Figure 2 shows that there is a gap between the dwarfs and
RC stars with apparent magnitude J ≤ 13.5 mag. We could
extend the borders separating the two star categories down
to the apparent magnitude J = 14.5 mag by checking the
consistency of the space densities of the observed RC stars
with the ones of the synthetic RC stars, for a given field.

We applied the constraint ‘data quality flags’ to the WISE
catalogue (Cutri et al. 2013) to select the best possible data.
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Figure 2. Colour-magnitude diagrams for the observed (left panel) and synthetic (right panel) stars
in the field with Galactic longitude 175◦ < l ≤ 185◦ and Galactic latitude −0◦.5 ≤ b ≤ +0◦.5.
Blue solid lines show intrinsic colour, (J − W1)0 = 0.665 mag of RC stars (Yaz Gökçe et al.
2013), light blue-dashed lines display the borders of the most probable RC stars.

Hence, we expect the best possible data and best possible
result in scale-length estimation of the thin disc in our study.

3.2. Estimation of the scale-length of the thin disc

The scale-lengths of the thin disc in the Galactic plane have
been estimated by fitting the observed space density functions
of RC stars in 19 fields to the Galaxy models. The distances of
the RC stars relative to the Sun used in the density functions
have been evaluated as follows. The E(J − W1) colour ex-
cess of a RC star has been adopted as the difference between
its observed J − W1 colour index and the mean true colour
index (J − W1)0 = 0.665 ± 0.032 mag of the RC sample
(Yaz Gökçe et al. 2013), while the equation for the total
absorption, AJ = 1.217 × E(J − W1), is adopted from Bilir
et al. (2011). Then, the distance r could be calculated from
the following well-known formula:

J − MJ − AJ = 5 log r − 5, (7)

here, MJ = −0.970 ± 0.016 mag (Yaz Gökçe et al. 2013).
We assumed that the RC stars in the Galactic latitude

range −0◦.5 ≤ b ≤ +0◦.5 are all thin disc stars. Hence, the
logarithmic space densities D∗ = log D + 10 evaluated for
19 star fields belong only to the thin disc population of our
Galaxy. Here, D = N/�V1,2; �V1,2 = ( π

180 )2 A
3 (r3

2 − r3
1 ); A

denotes the size of the field (10 deg2); r1 and r2 are the lower
and upper limiting distances of the volume �V1,2; N is the
number of RC stars in this volume; r∗ = [(r3

1 + r3
2 )/2]1/3 is

the centroid distance of the volume �V1,2.
We adopted the density law of Basle group (Buser et al.

1998, 1999) for the thin disc. Disc structures are usually
parametrised in cylindrical coordinates using radial and ver-
tical exponentials:

D(x, z) = n × exp

(−|z|
H

)
× exp

(−(x − R0)

h

)
, (8)

where z = z
 + r sin b, r is the distance from the Sun, b is the
Galactic latitude, z
 is the vertical distance of the Sun from
the Galactic plane (25 pc; Jurić et al. 2008), x is the projection
of the Galactocentric distance on the Galactic plane, R0 is
the solar distance from the Galactic centre (8 kpc), H and
h are the scale-height and scale-length, respectively, and n
is the normalised local density at the solar radius. In our
case, we assume that the space density does not vary in the
vertical direction due to the small range of the fields, i.e.,
−0◦.5 ≤ b ≤ +0◦.5. Then, assuming that exp(−|z|/H) ≈ 1,
Equation (8) can be reduced to the following form:

D(x) = n × exp

(−(x − R0)

h

)
. (9)

We fitted the space density functions derived from the
observations to the density law adopted for the thin disc
and estimated the model parameters n and h for each field.
We used the classical χ2

min statistic for the estimation of the
model parameters (Phleps et al. 2000, 2005; Chen et al. 2001;
Siegel et al. 2002; Du et al. 2003, 2006; Jurić et al. 2008;
Ak et al. 2007; Bilir et al. 2008; Yaz & Karaali 2010). The
comparison of the logarithmic density functions derived from
the observations and the analytical density law for the thin
disc is given in Figure 3 or four fields with Galactic longitude
l = 90◦, 140◦, 180◦ and 270◦, as example, while the results
are tabulated in Table 2 for all fields. The errors have been
evaluated by changing a Galactic model parameter until an
increase or decrease in �χ2 by 1 was achieved (Phleps et al.
2000).

We used the synthetic RC stars identified by the Galaxia
model (Sharma et al. 2011) and estimated a second set of
Galactic model parameters which are also given in Table 2.
Also, the logarithmic density functions for the same fields,
l = 90◦, 140◦, 180◦ and 270◦, are presented in Figure 3 as
example, as well as for comparison with the correspond-
ing ones of observed RC stars. Table 2 shows that the solar
normalisations estimated for two sets of data, i.e., for the
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Table 2. Galactic model parameters for the thin disc estimated by using the observed RC stars in WISE and the
synthetic ones in Galaxia for 19 star fields. N indicates the number of star for a given field.

Observed data Synthetic data

l(◦) N D∗ h (pc) χ2
min(×10−6) N D∗ h (pc) χ2

min(×10−6)

90 15 693 6.01+0.02
−0.03 1 597+109

−137 3.3 15 852 5.99+0.03
−0.02 1 635+140

−88 2.3
100 11 318 5.99+0.04

−0.05 1 624+117
−127 11.5 12 310 5.98+0.10

−0.10 1 634+306
−146 22.6

110 7 911 6.04+0.03
−0.08 1 574+94

−141 10.8 8 817 6.04+0.07
−0.07 1 579+151

−84 6.7
120 6 228 6.00+0.04

−0.03 1 697+74
−69 3.5 6 889 6.08+0.08

−0.08 1 575+159
−93 11.5
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Figure 3. Logarithmic space density functions for the most probable RC stars in the fields with
Galactic longitudes (a) l = 90◦, (b) 140◦, (c) 180◦, (d) 270◦. Filled circles indicate the observed
data, while the open ones correspond to the synthetic data in Galaxia.

PASA, 32, e012 (2015)
doi:10.1017/pasa.2015.12

https://doi.org/10.1017/pasa.2015.12 Published online by Cambridge University Press

http://dx.doi.org/10.1017/pasa.2015.12
https://doi.org/10.1017/pasa.2015.12


Scale-length of the Thin Disc 7

90 120 150 180 210 240 270
l (o)

1.0

1.5

2.0

2.5
h 

(k
pc

)

Figure 4. Scale-lengths for the observed (•) and synthetic (�) data versus
Galactic longitude.

observed RC stars and for the synthetic ones, for a given field
are compatible. Also, they confirm the solar space density,
D∗(0) = 5.954, estimated in Section 2 by means of Hippar-
cos RC stars. We plotted the scale-lengths estimated for the
same data in Figure 4, versus Galactic longitudes. Table 2
and Figure 4 show also the agreement of the scale-lengths
corresponding two sets of data for a given longitude.

The distribution of the scale-length for the thin disc in
Figure 4 is not flat. It makes a peak, h = 2 kpc, at the Galactic
longitude l = 180◦ and it decreases symmetrically in the
Galactic longitude intervals 90◦ ≤ l < 180◦ and 180◦ < l ≤
270◦, reaching to a minimum value of h = 1.6 kpc at the
terminal Galactic longitudes, l = 90◦ and l = 270◦.

4 DISCUSSION

We estimated the scale-length of the thin disc by means of the
space density functions of the RC stars in 19 star fields with
consecutive Galactic longitudes, l = 90◦, 100◦, . . . , 270◦

and with Galactic latitudes −0◦.5 ≤ b ≤ +0◦.5. We used
the solar space density of the RC stars in the Hipparcos
catalogue, log D(0) + 10 = 5.954 ± 0.004, evaluated in this
study in fitting the observed space density functions to the
Galaxy models. We used the data in the WISE catalogue
(Cutri et al. 2013) and identified the RC stars by compar-
ing their positions in the (J, J − W1) CMDs with the syn-
thetic ones in Galaxia (private communication and Sharma
et al. 2011). The RC stars are adopted as the objects which
satisfy the following conditions: (i) 1.8 < log g(cgs) ≤ 2.6
and (ii) 4 500 < Teff(K) ≤ 4900. Then, the right mode in the
(J, J − W1) CMD consists of RC stars, while the left one
belongs to the dwarfs (Figure 2). We used the gap between
the dwarfs and RC stars with apparent magnitudes J ≤ 13.5
mag as a clue and separated these star categories down to the
apparent magnitude J = 14.5 mag by checking the consis-
tency of the space densities of the observed RC stars with the
ones of the synthetic RC stars, for a given field.

The scale-lengths estimated for the thin disc with the RC
stars in different fields are not equal to each other. The
largest scale-length, h = 2 137+114

−58 pc, corresponds to the
Galactic longitude l = 180◦. The scale-lengths estimated for

the fields with Galactic longitudes close to l = 180◦, i.e.,
l = 150◦, 160◦, 170◦, 190◦ are rather close to h = 2 137+114

−58
pc. However, they deviate from this value systematically in
the fields with Galactic longitudes l ≤ 150◦ and l > 190◦,
and they make two flat distributions at the two terminal lon-
gitudes, l = 90◦ and l = 270◦. The smallest scale-length,
h = 1 574+94

−141 pc, in the second quadrant belongs to the field
with Galactic longitude l = 110◦, while in the third quadrant
it corresponds to l = 250◦, h = 1 549+119

−153 pc. The distribu-
tion of the observed scale-length is confirmed by the synthetic
RC stars, hence it is real. We estimated the scale-length of the
thin disc for three fields, l = 90◦, 180◦, and 270◦ by adopting
a scale-height, H = 350 pc (Siegel et al. 2002) and compared
them with the ones in Table 2. The differences for two sets
of data are less than 0.1 kpc for three fields, which are within
the errors given in Table 2.

The difference between the scale-lengths estimated for dif-
ferent longitudes can be explained as follows. The first reason
is that in the Galactic anticentre direction, we reach in aver-
age higher values of Galactocentric distance (R). A second
explanation can be done by the overdensities in the direction
perpendicular to the Galactic anticentre direction or close to
this direction, such as the fields with Galactic longitudes l =
90◦, 100◦, 110◦, 120◦, 240◦, 250◦, 260◦, 270◦. The scale-
lengths in the fields with such Galactic longitudes are rel-
atively small, while small number of stars in the fields in
the anticentre direction exhibit larger scale-lengths (Table 2).
Additionally, Figure 5 shows that the distance histograms for
three Galactic longitudes, l = 90◦, 180◦, and 270◦ are differ-
ent. The one for the longitude l = 180◦ is flat, while the
number of RC stars for the Galactic longitudes l = 90◦ and
270◦ are monotonously increasing with distance. As the vol-
ume increases with distance, the flat distribution results a
decreasing space density for the Galactic longitude l = 180◦

(Figure 3(c)), while the increasing number of stars for the
Galactic longitudes l = 90◦ and 270◦ supply relatively flat
space density functions (Figure 3(a)).

The scale-length for the thin disc appeared in the literature
lies in the range 2 ≤ h ≤ 4 kpc, the least ones being those of
Robin et al. (1996); Ojha et al. (1999); Robin, Reylé, & Crézé
(2000); Chen et al. (2001); Siegel et al. (2002), i.e., 2 ≤ h ≤
2.5 kpc. The most recent scale-length is claimed by López-
Corredoira & Molgó (2014), h = 2 kpc. Their observations
were carried out in an off-plane low Galactic regions with
size 1 400 deg2 and they were fitted to a model of flared thin
and thick disc. If we normalise the scale-length, estimated
for the RC stars in the fields in the opposite direction of the
Galactic centre or close to this direction, to one decimal we
obtain exactly the same value, h = 2 kpc. This is a good
result which can be used as an argument to claim that the
value h = 2 kpc can be adopted as a standard scale-length
for the thin disc for the regions of the Galaxy which are not
contaminated by the accreted material or other features such
as warp and flare.

In this study, we did not consider the effect of the contam-
ination of the RGs. However, this contamination shows its

PASA, 32, e012 (2015)
doi:10.1017/pasa.2015.12

https://doi.org/10.1017/pasa.2015.12 Published online by Cambridge University Press

http://dx.doi.org/10.1017/pasa.2015.12
https://doi.org/10.1017/pasa.2015.12


8 Yaz Gökçe et al.

Figure 5. Distance histograms for the most probable RC stars in three different star fields: (a)
l = 90◦, (b) l = 180◦, and (c) l = 270◦.

effect more or less in the studies related to the RC stars due to
several reasons. First, the RC stars and the RGB fall in close
colour intervals, i.e., the difference between their intrinsic
colours in (V − I)0 is only ≈ 0.15 mag (Nataf et al. 2014)
which complicates their separation due to the errors in colour
estimation and interstellar reddening. Second, the number of
RC stars is larger than the one of RGs in a given sample,
and their ratio is an increasing function of metallicity. Nataf
et al. (2014) give this ratio as 1.75 and 2.32 for the metallic-
ities [M/H] = −1.27 and [M/H] = 0.40 dex, respectively.
Finally, as cited in Nataf et al. (2014) the fainter RC stars and
the RGBB overlap at the distance modulus 14.80 mag (their
Figure 2).

In our study, the probable effect of the first reason is un-
voidable, while we expect minimum effect due to the second
reason, because our RC sample covers only the disc stars with
solar metallicity in the Galactic plane. The distance modu-
lus 14.80 mag just mentioned corresponds to the apparent
magnitude J0 ≈ 13.80 mag in our study which indicates that
only the faintest stars, 13.50 < J0 < 14.50 mag, can be af-
fected from the overlapping in question. However, the faint
segments of our space density functions show a smooth ex-
tension relative to the bright ones. Hence, we do not expect a
large contamination due to this reason. All these statements
are valid for the Galaxia data, because they are based on a set
of atmospheric parameters which can be valid for RC stars
as well as RGs.

5 CONCLUSIONS

The scale-length of the thin disc estimated with the most
probable RC stars in the Galactic plane is 2 kpc for the
fields in the Galactic anticentre direction or close to this
direction, while it decreases continuously in the second and
third quadrants reaching to a lower limit of h = 1.6 kpc at
the Galactic longitudes l = 90◦ and l = 270◦.
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NewA, 12, 234
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M. 2007a, A&A, 464, 565
Cabrera-Lavers, A., Garzón, F., & Hammersley, P. L. 2005, A&A,

433, 173
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