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Abstract. Using the method of “reduced parallaxes” for théining the statistical parallax result with the absolute magnitu
Halo RR Lyrae stars in theipPARCOS catalogue we derive a of RR Lyrae itself, computed without applying any Lutz-Kelke
zero point of 0.7 0.26 mag for an assumed slope of 0.18 ifLK) type correction (see Lutz & Kelker 1973, Turon Lacarrie
the My -[Fe/H] relation. This is 0.28 magnitude brighterthan th& Créze 1977, Koen 1992, Oudmaijer et al. 1998), they deriv
value Fernley et al. (1998a) derived by employing the methodatero point of 1.05- 0.15 mag for the\/y,-[Fe/H] relation, by
statistical parallax for tha&enticalsample and using the sameassuming a slope of 0.18 0.03 (Fernley et al. 1998b). Tsu-
slope. jimoto et al. (1998, hereafter T98) used the statistical parall
We point out that a similar difference exists between thmethod, a maximum likelihood technique and the derivéd
“reduced parallaxes” method and the statistical parallax methaitthe star RR Lyrae (with LK correction included) for deriving
for the Cepheids in thelPPARCOS catalogue. a combined final valuéd/y = 0.6-0.7 mag at [Fe/H] =1.6.
We also determine the zero point for thg-log Py relation, Luri et al. (1998, hereafter L98) applied a maximum-likelihoo
and obtain a value 6f1.16 + 0.27 mag (for a slope 6£2.33). method that takes all available data into account, including p
The distance moduli to thetrpARCOS RR Lyrae stars derived allaxes, proper motions and radial velocities, considering t
from the two relations agree well. sample of 144 RR Lyrae stars given in F98. They derivéd
The derived distance scale is in good agreement with thé®.65+ 0.23 at an average metallicity of [Fe/H]=1.51.
results from the Main Sequence fitting distances of Galactic The results by F98, T98 and L98 imply dimmer RR Lyra
globular clusters and with the results of theoretical Horizontsiars by about 0.3 mag with respect to the results from either
Branch models, and implies a distance modulus to the LMC lifain Sequence fitting technique usingePARCOS subdwarfs
18.61+ 0.28 mag. (see, e.g., Gratton et al. 1997) or recent theoretical Horizon
Branch models (see, e.g., Salaris & Weiss 1998, Caloi et
Key words: stars: variables: RR Lyr — stars: distances — galax997). On the other hand, F98, T98 and L98 agree with t
ies: Magellanic Clouds results from Baade-Wesselink analyses, which predict a z
point of about 1.00 mag for théfy,-[Fe/H] relation (see, e.g.,
Clementini et al. 1995).
] Turon Lacarrieu & Cez (1977) presented two methods t
1. Introduction derive the absolute magnitude of stars from the observed pa

RR Lyrae stars are fundamental standard candles and the at&gs, hamely using individual LK-corrections and the meth
rate determination of their absolute luminosity has a wide rang reduced parallaxes” (hereafter RP) on a sample of stars.
of applications, including the derivation of the Hubble consta@glvantages of the RP method are the following: it avoids the
and the determination of globular clusters ages. The results?§€S due to the asymmetry of the errors when transforming
the HIPPARCOS mission allow in principle a calibration of this Parallaxes into magnitudes, it can be applied to samples wh
luminosity, based on the parallaxes and proper motions. contain negative parallaxes, it is free from LK-type bias if n

Fernley et al. (1998a, hereafter F98) did that by employiriglection on parallax, or error on the parallax is made (Koen
the method of statistical parallax on a sample of 84 RR Lyrd@ney 1998), and it requires no knowledge about the space

stars (out of the 144 they considered) with [Fe#H}-1.3. Com-  tribution of stars. We will apply the RP method to the sample
144 RR Lyrae stars used by F98, and will derive the zero poi

Send offprint requests tdartin Groenewegen of the M -[Fe/H] andMk-log P, relations. Recently, Koen &
(groen@mpa-garching.mpg.de)
* Based on data from the ESA Hipparcos astrometry satellite.
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Table 1. Values for the zero point of th&/y -[Fe/H] and Mk -log P, relations from the RP method

Mv-[Fe/H] MK-IOg P
Solution N  Zero point Total Slope N Zero Point Total Slope Remarks
Weight Weight

144 0.67+0.24 455 0.18 108 —1.284+ 0.25 241.3 —-2.33 whole sample

84 0.77+0.26 35.3 0.18 62 —-1.16+0.27 188.4 —-2.33 [Fe/H]< —-1.3

84 0.81+0.24 400 0.18 62 —1.14+0.26 201.4 —-233 [Fe/H]<-13,0u=0
144 0.64£0.24 46.7 0.18 as 1, all [Fe/H] larger by 0.15 dex
144 0.60+0.24 48.2 0.18 108 —1.28+0.25 2428 —-2.33 asl,alF(B - V) larger by 0.02

O~ WNPRF

Laney (1998) also briefly discussed the application of the RRars (as given in Table 1 of F98), on the extinction (as derived

method to RR Lyrae stars. from the errors on E(B-V) given in Table 1 of F98), on [Fe/H]
(again, from Table 1 of F98), and the intrinsic scatter due to

2. The “reduced parallax” method evolutionary effects in the instability strip. This last term is the
most important one, and we have adopted for ibavdlue by

Let us consider a relation of the form: 0.12mag (as in Fernley et al. 1998b), following the results of

My = § [Fe/H] + p. 1) the exhaustive observational analysis by Sandage (1990). The

final value isocy = 0.15, a quantity small enough in comparison
If V' is the intensity-mean visual magnitude dridts reddening with the parallax errors so that no substantial bias is introduced
corrected value, then one can write: on the right-hand term of Eq. 2, as we have verified by means
1002 — 7 5 0.01 100-2(Vo—3 [Fe/H)) — RHS, @) of numerical simulations. Evena; of 0.20 mag. would lead

to a bias by at most 0.02 mag.
which defines the quantitgis and wherer is the parallax  Table 1 lists the values of the zero point with error we obtain
in milli-arcseconds. A weighted-mean of the quantity #0is  with different sample selections for thely-[Fe/H] relation.
calculated, with the weight (weight =) for the individual stars  Solution 1 corresponds to the case of the whole sample; the zero
derived from: point of 0.67+ 0.24 mag is about 0.4 mag brighter than the value
02 = (0, x RHS)? + (0.2 In(10) 7 oy x RHS)?, ?) derived by F98, a_nd consistent with the va_lue Ii_sted in Koen &

Laney (1998) using the same method with slightly different
with o the standard error in the parallax. This follows fronyalues foroy. The sample with [Fe/HK —1.3 (Solution 2)
the propagation-of-errors in Eq. (2). We have adopted the slafigresponds to a sample constituted entirely (according to the
6 = 0.18 (see the discussion in Fernley et al. 1998b), whidfiscussion in F98) by Halo RR Lyrae stars, with a negligible
is the one used by F98 and which is in agreement with tBentamination from the Disk population. In this case the zero
results from Baade-Wesselink methods (see, e.g., Clemenggint is equal to 0.77 0.26 mag; it is slightly fainter than
et al. 1995), Main Sequence fitting (Gratton et al. 1997) ablution 1, but well in agreement within the statistical errors.
theoretical models (see, e.g., Salaris & Weiss 1998, Cassisi\g also re-derived the zero point for Solution 2 in the casgof
al. 1999). = 0.0, and we found a change by only 0.04 mag. A systematic

The sample we consider is identical to that of F98, that éhange in the metallicity scale (Solution 4) by 0.15 dex does
144 stars out of a total of 180 stars in theePARCOS cata- not affect appreciably the zero point determination, while the
logue. F98 discuss the reasons for discarding the 36 stars. @&ult is more sensitive to a systematic variation of the adopted
guments include the fact that these stars do not have redder#gtenings (Solution 5).
determinations, are not RR Lyrae variables, or have poor qual- The RP method has also been used to derive the zero point
ity HIPPARCOS solutions. Table 1 of F98 (retrievable from thef the Mk -log P, relation. This relation appears to be insensi-
CDS) lists all necessary data to perform the above analysige to the metallicity (Fernley et al. 1987, Carney et al. 1995)
periods, intensity-meali and K" magnitudes, colour-excessesind is also very weakly affected by reddening uncertainties,
E(B-V),and metallicities [Fe/H]. The extinction is calculate@ince Ax = 0.112 Ay (Rieke & Lebofsky 1985). Moreover,
from Ay = 3.1E(B — V) (as done by F98). the intrinsic scatter around this relation is smaller than in the
Animportant requirement when applying this method is thatse of thel/y-[Fe/H] relation (Fernley et al. 1987). In the

the value ofry is small compared to the errors on the parallaxample considered here there are 108 RR Lyrae stars with an
If the dispersiorry of the exponent in the factor RHS is largeobserved intensity-meaft magnitude. The procedure is the
the distribution of errors on the right-hand term in Eq. 2 is asyrsame as described before, the only difference is that now, in-
metrical and a bias towards brighter magnitudes is introducegad of Eq. 1, we use the expressidp = ¢ log Py + p where
(Feast & Catchpole 1997, Pont 1999). The adopted value pf is the fundamental pulsation period. For the first-overtone

oy has been computed by considering four different contribrRc variables we have derived the fundamental periods using
tions: errors on the intensity-medn values of the RR Lyrae



M.A.T. Groenewegen & M. Salaris: The absolute magnitudes of RR Lyrae starsifiernrcos parallaxes L35

12

log P, relations, using zero points 6f77 and—1.16 mag, re-
| spectively. Each data point has an error bar of 0.26 mag-n
6 1 and 0.27 mag in thg—direction. The comparison of the two
2 1 photometric distances can in principle give us an independ
| indication for possible biases in the determination of the ze
2 1 points of the two relations with the RP method. As it is evi
I o_kb, | dent from the figure, the distance moduli from both relatio
oL ® | agree very well. A linear fit to the data is consistent with
slope of unity, and the dispersion around the 1:1 relation
o 1 equal to 0.098 mag. A dispersion of this order is what is e
. o 1 pected from the dispersions in the obseruegP-[Fe/H] and
@ 1 (V= K)o — log P relations for the RR Lyrae sample.

le)\ele]

(m—M)g ¢

3. Discussion

For their preferred sample of 84 stars with [Fe&d]-1.3 F98
obtain a zero point of 1.0% 0.15 mag for thé\lv, -[Fe/H] rela-
I | tion (assuming a slope of 0.18), in agreement with results fr
S Y Baade-Wesselink methods. When applying the RP method to
v 8 9 10 t % same sample of stars, we find a zero point 0.28 mag brighter.

(m-M)gy analogous result, which means a zero peifit30 mag brighter

Fig. 1. A comparison of the true distance moduli to the 62 metal-pog?an the Baade-Wesselink one, is derived for #ig-log Fo

RR Lyrae with [Fe/H]< —1.3 from the M —[Fe/H] andMy — log P TEl@ON. . _
relations. Each point has an error bar of about 0.26 mag in beth Even if within the error bar the results derived with th
andy—direction. The solid line is the 1:1 relation. The dispersion idifferent methods formally agree, there appears to exist a s
less than 0.10 mag. tematic difference between zero points obtained using the p

allaxes directly and zero points obtained by employing met

ods which are sensitive to proper motions and radial velociti

the relatiorlog P,/ P; = +0.120 (Carney et al. 1995). We adop(F98, T98, L98), especially if one also takes into account the
a slopey = —2.33 following Carney et al. (1995); for the valuesults for themippArcos Cepheids. Also with the Cepheids on
of oy we have considered the same contributions previously di;ds that methods where the results are mostly sensitive to
scribed (with the exception, of course, of the contribution dysroper motions and radial velocities find dimmer zero points f
to the error on [Fe/H]). In this case the observational estimatee Cepheids PL-relation compared to methods which direc
of the intrinsic scatter due to the width of the instability stripise the parallax. In particular, using the RP method Feast
comes from Carney et al. (1995), and the final value results@atchpole (1997) derived a zero point-el.43 + 0.10 mag,
beo;=0.10. and Lanoix et al. (1999) using a slightly bigger sample fin
In Table 1 the values of the zero point for théc-log P, —1.44 £+ 0.05mag. Oudmaijer et al. (1998), using only th
relation are listed. When considering the entire sample we obtpwsitive parallaxes but then correcting for the LK-bias, fin
a zero point of~1.28 + 0.25 mag,~ 0.4 mag brighter than the —1.29 + 0.08 mag. On the other hand, L98 find a zero poin
value from the Baade-Wesselink method (see, e.g., Carneyp®t1.05 4+ 0.17 mag using a maximum likelihood method tha
al. 1995). In the case of a pure Halo RR Lyrae sample ([Fe/H}akes into account parallaxes, proper motions and velocity inf
—1.3) we obtain—1.16 £+ 0.27 mag, slightly dimmer but again mations. As discussed by Pont (1999), in this technique the p
in agreement with the value derived for the whole sample. Th#axes do not influence the result to first order, and the meth
influence ofoy is even less than for thely-[Fe/H] relation.  is similar to a statistical parallax analysis. A careful check of
Asthe sample ofthe RR Lyrae stars is not volume complet@gsumptions implicit in the kinematical methods could be t
may be subject to Malmquist type bias. If the space distributitey to understanding the nature of this puzzling disagreeme
of RR Lyrae is spherical itimplies that the true zero points of tHa the case of the RP method, as discussed extensively in
Mg-[Fe/H] and Mk-log P, relations may be fainter by up toprevious section, the condition for deriving the zero point wit
0.03 and 0.01 mag, respectively, for the adopted values;of out introducing a bias is to hawg; small with respect to the
This applies when average absolute magnitudes of a volusreors on the parallaxes; this condition appears to be fulfilled
and brightness limited sample are compared. Oudmaijer etthke sample considered.
(1999) showed empirically that when the averaging is done over Our zero point for thel/y,-[Fe/H] relation is in agreement
10°-2Mv the effect of Malmquist bias is less. with results from the Main Sequence fitting technique (Gratt
In Fig. 1 we compare, for the G2pPARCOS RR Lyrae stars et al. 1997), and from theoretical Horizontal Branch model
with [Fe/H] < —1.3 and both observed K and V magnitudedn particular, the Horizontal Branch models by Salaris & Wei
the true distance moduli derived from thé,-[Fe/H] andMk- (1998) and Cassisi et al. (1999) give a zero point for the Ze
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Table 2. Data on RR Lyrae in LMC clusters

Name <V> Ay [Fe/H] A Reference o+ A Vo + A—0.18[Fe/H]
(mag.) (mag.) (mag.) (mag.) (mag.)
NGC 1466 19.33: 0.02 0.28+0.06 —1.85 0.0 Walker 1992b  19.05 0.07 19.3&+ 0.07
NGC 1786 19.2#4 0.03 0.23+0.03 —-2.3 0.0 Walker & Mack 1988 19.04 0.04 19.45+ 0.04
NGC 1835 19.38: 0.05 0.40+ 0.09 —1.8 —0.03 Walker 1993 18.94- 0.11 19.26+ 0.11
NGC 2210 19.120.10 0.19+0.09 —-1.9 4+0.09 Reid & Freedman 1994 19.62 0.13 19.36+ 0.13
Reticulum  19.040.03 0.09+0.06 —-1.7 —0.08 Walker 1992a 18.9% 0.07 19.22+ 0.07
NGC 1841 19.31#0.02 0.56+ 0.06 -2.2 (~0.2) Walker 1990
NGC 2257 19.03: 0.02 0.12+0.03 —1.8 +0.18 Walker 1989
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