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LSR, apex
Hogyan növelhetjük a parallaxismérés bázisvonalát?

Local Standard of Rest (LSR):  
a közeli csillagok Naphoz 
viszonyított átlagsebessége 0.

U
V W

UNap = −10, 00± 0, 36km/s,

VNap = 5, 23± 0, 62km/s,

WNap = 7, 17± 0, 38km/s.

|vNap| = 13, 7 ± 0, 7km/s ∼ 2, 83cs.e./év,

vt[km/s] = d[km] · µ[rad/s] ≡ 4, 74 · µ[′′/év] · d[pc].

α, δ

v = µαcosδsinψ + µdeltacosψ

τ = µδsinψ + µalphacosδcosψ,

ψ
λ



Szekuláris parallaxis



Szekuláris parallaxis



Szekuláris parallaxis
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ABSTRACT

We present the first definitive measurement of the absolute magnitude of RR Lyrae c-type variable stars (RRc)
determined purely from statistical parallax. We use a sample of 242 RRc variables selected from the All Sky
Automated Survey for which high-quality light curves, photometry, and proper motions are available. We obtain
high-resolution echelle spectra for these objects to determine radial velocities and abundances as part of the Carnegie
RR Lyrae Survey. We find that MV,RRc = 0.59 ± 0.10 at a mean metallicity of [Fe/H] = −1.59. This is to be
compared with previous estimates for RRab stars (MV,RRab = 0.76 ± 0.12) and the only direct measurement of an
RRc absolute magnitude (RZ Cephei, MV,RRc = 0.27±0.17). We find the bulk velocity of the halo relative to the Sun
to be (Wπ ,Wθ ,Wz) = (12.0,−209.9, 3.0) km s−1 in the radial, rotational, and vertical directions with dispersions
(σWπ

, σWθ
, σWz

) = (150.4, 106.1, 96.0) km s−1. For the disk, we find (Wπ ,Wθ ,Wz) = (13.0,−42.0,−27.3) km s−1

relative to the Sun with dispersions (σWπ
, σWθ

, σWz
) = (67.7, 59.2, 54.9) km s−1. Finally, as a byproduct of our

statistical framework, we are able to demonstrate that UCAC2 proper-motion errors are significantly overestimated
as verified by UCAC4.

Key words: distance scale – Galaxy: fundamental parameters – Galaxy: kinematics and dynamics – Galaxy:
structure – stars: distances – stars: variables: RR Lyrae

1. INTRODUCTION

Determining distances using multiple methods has a long and
distinguished history in astronomy from antiquity to the present
day. Aristarchus of Samos first determined the Moon–Earth
distance from the lunar eclipse. A century later, Hipparchus
checked Aristarchus’ values using the independent method of
terrestrial parallax: the position of the lunar limb during solar
eclipse as seen from Alexandria and Hellespont. More recently,
astronomers have demanded that multiple methods be employed
for zeroing in on the precise parameters governing the currently
observed and mysterious accelerated expansion of the universe
(Albrecht et al. 2006).

Pulsating variables have enjoyed a privileged role in the
local volume. Due to their characteristic light curves and
relatively bright absolute magnitudes compared to the bulk of
main-sequence stars, they can easily be identified and readily
measured in nearby galaxies. With a local zero point for these
systems, it is straightforward, modulo metallicity and reddening
issues, to determine the distances to external systems. Cepheids,
and their more common, albeit fainter, relatives within the
instability strip, the RR Lyrae (RRL) variables, have been two
key elements in the historical endeavor to launch humanity
out of the solar system and Milky Way and into the local
cosmos. Indeed the Cepheids currently serve as the anchor of
the cosmological distance scale, having allowed the most precise
measurement of the local rate of expansion of the universe, H0,
to date (Freedman et al. 1994, 2001). In principle, once properly
calibrated, all stars of known absolute magnitude should yield
identical measurements of the distances to nearby galaxies. This
has not historically been the case.

In particular, the RRL MV calibration has varied by al-
most half a magnitude depending on the method adopted,

and, therefore, consistency with the Cepheid distance scale as
well as other distance metrics has been difficult to establish.
As a result, attempts to determine RRL absolute magnitudes
were largely abandoned over the past decade with a few no-
table exceptions (e.g., Dambis 2009). However, recently there
have been new efforts. Benedict et al. (2011) used Hubble Space
Telescope (HST) trigonometric parallaxes of five RRL stars (in-
cluding four RR Lyrae ab-type (RRab) and one RR Lyrae c-type
(RRc) variables) to obtain an average MV = 0.45 ± 0.05. Klein
et al. (2011) recently used mid-IR data from the WISE satellite
to infer a mid-IR period–luminosity relation.

In this work, we present a third measurement of RRL abso-
lute magnitudes using the method of statistical parallax (Sπ ).
The large number of RRLs that have been discovered in the
last decade allows us to make a fresh assault on this issue. His-
torically, RRL star distance measurements from Sπ have come
in systematically shorter than other distance indicators, in par-
ticular Cepheids (Barnes & Hawley 1986; Hawley et al. 1986;
Layden et al. 1996, hereafter L96; Popowski & Gould 1998a,
1998b; Gould & Popowski 1998, hereafter collectively PG3;
Dambis 2009). It is not yet fully understood why either this
method or these two classes of objects should yield different
distances to the same galaxies. Thanks to automated synop-
tic all-sky surveys like the All Sky Automated Survey (ASAS;
Pojmanski 2002), the number of RRL stars that have reliable
light curves has increased by a factor of ∼5 relative to the previ-
ous “state of the art.” The ASAS program has identified approx-
imately 2000 RRL stars with 300–500 epochs of photometry.
By obtaining high-resolution spectra for these targets, we can
both measure the radial velocities and metallicities needed for
Sπ and address outstanding issues of systematics. The light
curves allow us to accurately determine pulsation phases and
permit the measurement of the radial velocity (RV) at a single
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Parameters and IR excesses from Hipparcos 349

Figure 2. Density-coded HR diagram for the 200-pc sample (grey-scale). Overplotted are solar-metallicity isochrones from the Padova models (Bertelli et al.
2008; Marigo et al. 2008) at 10, 20, 30 and 50 Myr (solid, red lines); 100, 200, 300 and 500 Myr (long-dashed green lines); 1, 2, 3 and 5 Gyr (short-dashed blue
lines) and 10 Gyr (dotted magenta line). The thin red line to the left of the main sequence is a zero-age isochrone at [Fe/H] = −1 to illustrate the blueward
shift caused by decreasing metallicity. The black arrows show the effect of de-reddening individual sources by E(B − V) = 0.1 mag.

Figure 3. Comparison of our temperatures with those derived spectroscop-
ically from the NStars project. The lines show the approximate deviations
expected for E(B − V) ≈ 0.0, 0.1 and 0.2 mag.

neighbourhood by comparing spectroscopically derived tempera-
tures to photometrically derived temperatures. The lack of self-
consistent photometry for the Hipparcos stars probably prevents
such determination here, but may become possible in the Gaia era.

4.3 Grouping objects by type

The AKARI–Hipparcos catalogue of Ita et al. (2010) measures ex-
cess at 9 and 18 µm and contains grouping information for 2787
stars commonly exhibiting IR excess, including carbon stars, red
giants, supergiants, S-type stars, etc. AKARI only detected 44 per

cent of the Hipparcos stars, so can be regarded as a selected subset
of the Hipparcos sample, subject to its own biases. We remind the
reader that the Hipparcos sample does not include all of the local
(<300 pc) optically obscured giant stars, and that the compilation
of stellar types listed in Ita et al. is only as complete as the literature
from which they are based. The catalogue from Ita et al. (2010) can-
not therefore be treated as a definitive, complete list of each type of
sources, nor does it purport to be such. Of the 2787 classified stars
in the list of Ita et al., we retain 2764 after removing bad data. Of
these, only 749 meet the criteria for our 300-pc sample and 293 for
our 200-pc sample.

The objects classified in Ita et al. (2010) within the 300-pc sample
are presented on an HR diagram in Fig. 4. In general, the different
types of stars match up well with their expected locations. M giants
and S stars lie on the upper giant branch, along with the majority
of carbon stars [we have not made an effort here to separate in-
trinsic from extrinsic carbon stars (Van Eck et al. 1998) due to the
incomplete nature of any determination]. Be stars (which include a
variety of hot, emission-line stars) are located in the upper-left of
the HR diagram, but scatter towards temperatures cooler than the
main sequence due to reprocessing of stellar light into the IR by
the circumstellar excretion disc (cf. Kastner et al. 2006). Pre-main-
sequence (pre-MS) stars likewise mostly lie towards the cooler side
of the main sequence due to reprocessing of their optical emission
into the IR, lowering the effective temperature.

The top panel of Fig. 5 shows a similar HR diagram, indicating the
locations of the stars with greatest IR excess, as measured in terms of
average fractional excess over the mid-IR spectrum (EIR). The two
regions of high stellar density (the main sequence above 6000 K,
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ABSTRACT
In the last decade many kinematic groups of young stars (< 100 Myr) were discovered
in the solar neighbourhood. Since the most interesting period of planet formation
overlaps with the age of these groups, their well dated members are attractive targets
for exoplanet searches by direct imaging. We combined astrometric, photometric and
X-ray data, and applied strict selection criteria to explore the stellar content of five
nearby moving groups. We identified more than 100 potential new candidate members
in the β Pic moving group, and in the Tucana-Horologium, Columba, Carina, and
Argus associations. In order to further assess and confirm their membership status,
we analysed radial velocity data and lithium equivalent widths extracted from high-
resolution spectra of 54 candidate stars. We identified 35 new probable/possible young
moving group members: 4 in the β Pic moving group, 11 in the Columba association, 16
in the Carina association, and 4 in the Argus association. We found serendipitiously a
new AB Dor moving group member as well. For four Columba systems Hipparcos based
parallaxes have already been available and as they are consistent with the predicted
kinematic parallaxes, they can be considered as secure new members.

Key words: stars: kinematics – open clusters and associations: individual: β Pictoris
moving group, Tucana-Horologium association, Columba association, Carina associa-
tion, Argus association.

1 INTRODUCTION

Nearby young moving groups are gravitationally unbound,
loose associations of stars that have common origin and
move through space together. These groups occupy extended
regions (∼100 pc) in our Solar System’s neighbourhood and
due to their proximity the group members appear to us
widely spread across the sky. This makes the integrity of
the systems hardly recognizable. Members of a specific group
can be linked together through their common space veloci-
ties and common ages. Such a study requires the combina-
tion of astrometric data with radial velocity information and

⋆ E-mail:moor@konkoly.hu

application of relevant age diagnostic methods. This is why
the intensive investigation of nearby young moving groups
started only in the late nineties of the last century, after the
Hipparcos and TYCHO all-sky astrometric catalogues and
the ROSAT all-sky point source catalogues (X-ray activity
can be used as a youth indicator) became available. Thanks
to subsequent studies, up to now nine young (<100 Myr)
kinematic groups have been identified in the vicinity of the
Sun (for a review, see Zuckerman & Song 2004; Torres et al.
2008).

According to the review by Torres et al. (2008), more
than 300 members of these nine groups are known. The
census of these groups is far from complete, because the
necessary kinematic information, particularly radial veloc-

c⃝ 2013 RAS
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O. Bienaymé,7 J. Binney,8 J. Bland-Hawthorn,2 R. Campbell,9 K. C. Freeman,5

J. P. Fulbright,10 B. K. Gibson,11 E. K. Grebel,12 A. Helmi,13 U. Munari,14

J. F. Navarro,15 Q. A. Parker,16,17 W. Reid,16 G. M. Seabroke,18 A. Siebert,7

A. Siviero,14,19 M. Steinmetz,19 F. G. Watson,17 M. Williams,19 R. F. G. Wyse10

and T. Zwitter20,21

1Konkoly Observatory of the Hungarian Academy of Sciences, PO Box 67, H-1525 Budapest, Hungary
2Sydney Institute for Astronomy, School of Physics, University of Sydney, NSW 2006, Australia
3Department of Optics and Quantum Electronics, University of Szeged, 6720 Szeged, Dóm tér 9., Hungary
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ABSTRACT
We report on the discovery of new members of nearby young moving groups, exploiting the full
power of combining the Radial Velocity Experiment (RAVE) survey with several stellar age
diagnostic methods and follow-up high-resolution optical spectroscopy. The results include
the identification of one new and five likely members of the β Pictoris moving group, ranging
from spectral types F9 to M4 with the majority being M dwarfs, one K7 likely member of
the ϵ Cha group and two stars in the Tucana–Horologium association. Based on the positive
identifications, we foreshadow a great potential of the RAVE data base in progressing towards
a full census of young moving groups in the solar neighbourhood.

Key words: stars: kinematics and dynamics – open clusters and associations: individual:
β Pictoris moving group – open clusters and associations: individual: Tucana–Horologium
association – open clusters and associations: individual: ϵ Cha association.
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1 IN T RO D U C T I O N

In the last decade, many young (<100 Myr) stars have been iden-
tified in the solar neighbourhood. Most of them belong to differ-
ent moving groups, in which stars share common age and motion
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