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Abstract

The maximume-likelihood analysis is applied to space velocities of 113 clas-
sical Cepheids with periods longer than 9 days, 89 young open clusters
with ages less than 40 Myr, 102 blue supergiants, 200 HII-regions and 150
HI radial velocities. We used the distance scales of objects balanced by the
statistical-parallax technique. The kinematic properties of young subsys-
tems have been derived (solar motion components, velocity-ellipsoid axes).
The rotation curve is constructed from radial velocities of all objects on
the galactocentric distances 2-14 kpc for short (Ro = 7.5 kpc) and long
(Ro = 8.5 kpc) distance scale.
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1. Introduction

The parameters of the Galactic rotation curve were determined by many au-
thors, but it should be pointed out that these parameters depend first on
the correctness of the adopted distance scale of objects under study. Objects
with known distances — classical Cepheids, open star clusters (OSC), and OB-
associations — allow the rotation curve to be determined only out to heliocentric
distances of 4-5 kpc, whereas HI and HII kinematic data allow constructing the
rotation curve over a wider interval of galactocentric distances. The main prob-
lem of using the hydrogen data is that the distances of giant molecular clouds
(GMC) and, consequently, those of HII-regions, are determined from their sin-
gle hot exciting stars whose distance scale is prone to random and systematic
errors. Therefore, our goal is to refine the distance scales of young subsystems
and to construct the rotational curve of our Galaxy.
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2. Observational Data

Our sample included 89 young OSC with logT < 7.6 and heliocentric dis-
tances determined by Dambis (1999) by fitting Kholopov’s (1980) ZAMS with al-
lowance for evolutionary deviations based on Geneva-group isochrones (Maeder
and Meynet 1991). The radial velocities of cluster members were determined
by Glushkova based on published data and can be found in the paper by Ras-
torguev et al. (1999). The proper motions of clusters were computed from
those of their member stars found in the HIPPARCOS catalog (Baumgardt et
al. 2000).

We also used 113 classical Cepheids with periods P > 9? and heliocentric
distances computed using the fundamental-mode period-luminosity relation of
Berdnikov et al. (1996): (Mxk)r = —5.46™ — 3.52™log P in accordance with
the procedure described therein. An earlier statistical-parallax analysis (Ras-
torguev et al. 1999) showed that the sample of Cepheids with shorter periods
is not homogeneous in terms of pulsation mode and may be contaminated by
first-overtone pulsators. We used published Cepheid radial velocities and HIP-
PARCOS proper motions. Young OSC and long-period Cepheids make up a
kinematically homogeneous reference sample consisting of 176 and 142 objects
with radial velocities and proper motions, respectively, including 124 objects
with space velocities.

We performed a separate analysis of a blue supergiant sample consisting of
102 stars with heliocentric distances tied to the OSC distance scale (Dambis
1990). The proper motions of supergiants adopted from the HIPPARCOS cata-
log, and radial velocities from the catalogs of Barbier-Brossat and Figon (2000)
and WEB (Duflot et al. 1995).

Brand and Blitz (1993) published the distances and radial velocities for a
total of 206 HII-regions. We selected 203 of these objects with spectroscopic or
photometric distances inferred from their exciting stars. The radial velocities
of HIT-regions were determined from the CO (2.6-mm) radio lines of their asso-
ciated molecular clouds. We did not include three HIl-regions in the final list
because of their large residual velocities relative to the provisional rotation-curve
solution. The catalog mentioned above also gives standard errors of individual
distances and line-of-sight velocities.

We adopted 150 tangent-point radial velocities of HI clouds from Fich et
al. (1989). Note that published HI and HII radial velocities are traditionally
corrected for the solar motion relative to the standard apex assumed to coincide
with the local standard of rest (LSR), and therefore we first converted them into
heliocentric radial velocities.
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3. Method of Analysis

We used the techniques of maximum-likelihood and statistical parallax (includ-
ing its simplified version) to compute the kinematic parameters and refine the
distance scales involved. See Murray (1983) for a description of the principal
ideas of the statistical-parallax method used in this paper. The tangential ve-
locity of a star is computed from its proper motion and distance and therefore
depends on the adopted distance scale, whereas radial velocities are distance
independent. The distance scale factor is defined as p = r,/r¢, where r, is the
adopted distance and r; is the true distance. The gist of the method consists of
reconciling the fields of radial and tangential velocities in terms of some model of
the field of systematic motions and ellipsoidal distribution of residual velocities.

The residual velocity of a star can be written in the following form:
AV = Vb5 — Veun — Vo, where Vs is the observed space velocity; Vg,
is the mean heliocentric velocity of the sample studied; V., is the contri-
bution of Galactic differential rotation. Residual space velocities are usu-
ally assumed to have a three-dimensional normal distribution: f(AV) =
(277)_3/2 |L0b3|_1/2 {-0.5AVT x L} x AV}, where the matrix of covariance
Lops contains the ellipsoidal velocity distribution, errors of distances, ra-
dial velocities and proper motion and influence of errors of distances on the
systematic velocities. We inferred the unknown parameters by using the
maximum-likelihood method or in other words by minimizing the function

N
LF = — Y In f(AV). To compute the parameter errors we used the method

i=1
proposed by Hawley et al. (1986).

The simplified version of the statistical-parallax technique (as used, e.g.,
by Feast et al. 1998) based on reconciling the kinematic parameters inferred
separately from radial velocities and proper motions. Thus it is well known
that Oort’s constant A inferred from proper motions is much less sensitive to the
adopted distance scale than is the value of the same constant inferred from radial
velocities. This allows not only the kinematic parameters to be determined but
also the distance scale of objects under study to be refined. When refining the
distance scale by reconciling the values of Oort’s constant A we set p = 1.

4. Results and Discussion

First, we applied the maximum-likelihood method to our sample of Cepheids
and OSC. Because the galactocentric distance of Sun Ry and the distance scale
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are correlated with each other, we performed our computations with two most
commonly adopted values — Ry = 7.5 and 8.5 kpc. We determined the angular
velocity of galactic rotation from space velocities of Cepheids and OSC and then
used it to construct the Galactic rotation curve based on the radial velocities of
all objects considered. The dispersion of the inferred absolute magnitude is equal
to opr = 0.15™ for sample of Cepheids and OSC and o = 0.38™ for sample of
blue supergiants. It should be noted that the study of the kinematics and space
distribution in the disk of other galaxies showed the exponential decrease of
surface brightness and velocity dispersion with galactocentric distance (Bottema
1993). But the real accuracy of the computed rotational curve allows us to get
rid of this effect.

Table 1 lists the distance scale factors for our samples estimated by the
statistical-parallax technique and its simplified version. We analyzed the prob-
lem of systematic differences between the distance scale factors given by this
two methods. One hundred numerical simulations have shown that the distance
scale factor is on the average equal to 1 from both methods and p; and ps are
correlated with each other. We cannot unambiguously choose between the two
approaches to the distance scale refinement. It is logical to associate the short
and long distance scales with Ry = 7.5 and Ry = 8.5 kpc. In other words
p=096 > Ry = 7.5 kpc and p = 0.84 — Ry = 8.5 kpc for Cepheids+OSC
sample and p = 1.09 - Rg = 7.5 kpc and p = 0.97 — Ry = 8.5 kpc for the blue
supergiants sample.

Table 1. Distance scale factors estimated by the statistical-parallax technique (p1) and
by simplified version (p2).

Ry, p1, | p, P, | po,
kpc | Cepheids+OSC | Supergiants
7.5 0.86 0.96 1.09 0.97
8.5 0.84 0.97 1.09 0.97
errors | +£0.05 | +0.09 | +0.08 | +0.16

The only way to match the distance scales of HII and stars is to compare
the first derivatives of angular velocities inferred from radial and space ve-
locities for gas and stars, respectively. In the result p = 0.95 for Ry = 7.5
kpc and p = 0.90 for Ry = 8.5 kpc. The good agreement between mean
heliocentric velocity components of different young-object samples allows us
to construct the rotation curve over a sufficiently wide interval of galacto-
centric distances, 2 — 14 kpc, using radial velocities of both stars and gas
(see Fig. 1, 2). The resulting local centroid velocity and Oort’s constant A
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Figure 1: Galactic rotation
curve V(R) for the short
(Ro = 7.5 kpc) and long
(Ro = 8.5 kpc) distance
scales

Figure 2: Galactic rota-
tion curve V(R) for the
short distance scale (Ry =
7.5 kpc) with young-object
data points ("+" - HI, "x"
- HII, "o" - Cepheids+OC,
"%" - blue supergiants)

are equal to V(Rg) = (206 & 10) kms™!, A = (17.1 £ 0.5) kms 'kpc~! and
V(Ro) = (226 +12) kms™!, A = (15.4+0.6) kms~'kpc~! for the short and long
distance scale, respectively. We computed the velocity ellipsoid axes separately
for Cepheids and OSC, supergiants and gas (see Table 2). We see that the axial
ratio of the Cepheids and OSC velocity ellipsoid obeys closely to the Lindblad
formula, whereas for the gas o, ~ o,.
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Table 2. Heliocentric velocity components and velocity ellipsoid axes for the young
object sample (* - fixing parameters).

Oy, Oy, Tw*, uo, Vo, Wo*,

kms™ kms™! | kms™! kms™! kms™! | kms™!
Cepheids+0OSC | 13.30 7.59 7.55
errors +1.79 +0.41 —
Supergiants 14.17 10.00 5.13

€errors +0.51 +2.12 — —9.17 —12.98 | —7.25
HII 6.71 7.19 5.0
errors +0.60 0.93 -
HI 6.60 6.05 5.0

errors - +0.34 — +0.48 +0.78 —
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