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Abstract. The intrinsic mean colours and the metallicity obf the period and the low order amplitudes and phases of the
RRab stars calculated from the light curve parameters are shdvaurier decomposition of their V light curve. These quantities, if
to be consistent with the Kurucz model atmosphere results if tbembined with model atmosphere and pulsational results, can
zero points of theB — V andV — I colours are corrected. Thisbe used to determine the fundamental physical parameters. It
consistency justifies the application of bolometric correctiamas shown by using hydrodynamical models that such relations
and temperature transformations derived from the Kurucz mdemktween the mass, temperature and luminaesithe period and
els in determining the corresponding static values of the lunfieurier phase-parameters;) of RRc stars do exist (Simon &
nosity and effective temperature of the variables. Since we dalement 1993). As RR Lyrae stars are one of the most impor-
also infer the mass by using the fundamental pulsation equatitamt test objects of both horizontal branch evolutionary studies
all the basic physical parameters of any variable with knowg.g., Sweigart, Renziniand Tornaent987; Lee and Demarque
light curve can be determined. The accuracy of the calculate®90; Lee, Demarque and Zinn 1990; Catelan 1993) and pul-
log L,log T, log M and [Fe/H] values are estimated to be 0.008ational model calculations (e.g., Bono et al. 1997; Feuchtinger
0.003, 0.026 and 0.14 dex, respectively. and Dorfi 1997; Ko@cs and Kanbur 1997), therefore, it has great
The method enables us to derive the above parametersifioportance to correctly determine the basic physical parameters
a large sample of RRab stars, thus the basic relations amémgnot only some individual objects but for a large sample of
the physical parameters can also be given. Although the z#hne variables.
points of the physical parameters are somewhat ambiguous, theln the present paper the consistency of our previous results
slopes of these relations are quite precise. The comparison wiith the synthetic colours and the metallicity of the Kurucz
pulsational and evolutionary model predictions leads to the fatmosphere models is proved. Utilizing this consistency we can
lowing conclusions: (a) there is no pulsational model calculatialetermine the temperature and luminosity of the stars, thus the
which explains the strong dependence of the temperature onghiésational equation can be used to calculate the mass, too. Itis
luminosity although this is one of the most significant relatiorghown that the relationships among the basic physical properties
defined by the empirical data; (b) the slopes of the differeate in convincing quantitative agreement with the predictions of
relations between the fundamental physical parameters agredzontal branch evolutionary models.
with the results of horizontal branch models well; (c) determin-
ing the metallicity dependence bfg L, log T' andlog M, the
various contributions which induce the observed shift of ttie Comparison of the empirical colours and metallicity
average periods of RR Lyrae stars with metallicity (Sandagewith Kurucz model atmosphere results
period-shift), can be correctly separated; (d) the data show that
the more evolved, post zero-age horizontal branch objects
typically found amongst the most metal-poor variables.

luminosity and temperature of RR Lyrae stars can be de-
termined by using the absolute magnitude, intrinsic colours and
metallicity calculated from the light curve parameters (called
(Lﬁ_mpirical’ data) and bolometric correction and temperature
transformations determined from model atmosphere results
(Kurucz 1993, hereafter referred to as K93). This method leads
to correct solutions only if there is no intrinsic, built-in incon-
sistency between the empirical and the K93 data. Therefore,
1. Introduction first it is necessary to check the compatibility of the two types
of data. This test is performed by determining interrelations of

In a recent series of papers (Jurcsik and &/ 1996 (JK); the various ; - :
i : . parameters given in the K93 tables and by checking
Kovacs and Jurcsik 1996; 1997 (KJ96, KJ97)) it was ShonﬂeirvaIidity using the empirical quantities.

that the metallicity, the absolute magnitudes and the intrinsic
colours of RRab stars can be expressed as linear combinations

Key words: stars: fundamental parameters — stars: horizont
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Table 1. Standard deviations of the interrelations of tBe- V', V' — I, V — K and [Fe/H] values of the Kurucz tables. Two samples of the
models are tested; all the models within the RRab parameter regimes (sanapld a subsample with temperature and metallicity in such

combination as RRab stars actually define (sarbple

sample a b a b b a b b a b a b a b

fit linear guadratic linear quadratic linear guadratic linear guadratic

Ny 0OB-V ov_1 oV_K O[Fe/H]

1 0.050 0.027 0.050 0.027 0.012 0.010 0.012 0.010 0.022 0.019 0.021 0.016 0.820 0.459 0.819 0.442
2 0.017 0.011 0.015 0.011 0.006 0.006 0.006 0.006 0.014 0.012 0.012 0.012 0.311 0.201 0.311 0.159
3 0.016 0.010 0.010 0.005 0.006 0.005 0.004 0.004 0.014 0.012 0.008 0.009 0.310 0.201 0.241 0.126
4 0.006 0.004 0.004 0.003 0.008 0.009 0.218 0.112

5 0.006 0.004 0.003 0.003 0.008 0.009 0.187 0.109

9 0.005 0.004 0.003 0.003 0.008 0.009 0.186 0.112

2.1. The empirical data within the ranges of the empirical values. There are five differ-

ent temperature and two different surface gravity model sets of

In the course of the present study we use a data base which cpn- . : . )
sists of the Fourier decompositions of 272 RRab V light curvéEHe grid which meet these requirements. We shall refer to this

The sample comprises 90 galactic field stars, 97 globular cl ssample of the K93 models as 'sample Altogether 120 dif-

ter stars and 85 variables from the Sculptor dwarf galaxy. Tlﬁlgerent models belong to this sample. A subsample of this set of

) . X odels, referred to as 'samgie will be defined later.
references of the light curves were given in JK, KJ96 and KJEW We search for interrelations between the— V, V — I,

show any evidence of light curve variability, were collected i _ K and [Fe/H] values of the K93 tables. As these are the
y 9 Y uantities we can also determine from the light curve parame-

?;;Egi\gOlijjevr\:?rrﬁlsuigso;g?e;n gfvgrﬁ tfilr?mtfrlnceasr:ZtgrosTrfgtrer-s’ these relations are suitable for checking the compatibility

wons g . pres Paper. 9 Jfihe empirical and the K93 data. Each of the above parame-

maining 272 variables still can be regarded as a sample Whigh
h

. r%are fitted with linear and quadratic combinations of the other
is large and heterogeneous enough to represent the whole RKa . - .
fee. Table 1 summarizes the fitting accuracy of the interrela-

poplljls?gorlr:g r;t?(f\t/(;e;:tzc;zt the metallicity, the intensit avéir(-)nS obtained by using the two samples of the K93 models. The
agedM gand the intrinsic mean colours areyéietermined gccorfgf?ndard deviations of the best linear and quadratic fits uging
9 v umber of terms are given. For the linear solutidhsequals to

ing to the f(_)rm_ulae given in JK, KJ96 ano_l KJ97, respecnve%e number of parameters but for the quadratic ones the number
The colour indices are calculated as the differences of the mags, o actually used parameters can be smaller tNarThe

hitude avgraged ak?so'“.te brightnesses. For easier appllcag%rhdard deviations listed in Table 1 show that the accuracies
the following equations list the formulae we use:

of the two-parameter linear formulae which predict the colours

[Fe/H] = —5.038 — 5.394P + 134503 (1) Ia_1|re alreadt)r/1 clocjs'tt.o thef typicc:ial frrtC)rs ofglbsolute E):ot(?[medtry.d

B B B owever, the addition of quadratic terms decrease the standar
My 1.221 = 1.396 P = 0.4774, + 0.103p3: 2) deviations significantly, especially in the case®f— 1V and

B -V = 0.308+0.163P — 0.1874; (3)  [Fe/H], indicating nonlinearity of these relations.

V-1 = 0.327+0.578P — 0.273A; — 0.046¢4; (4) In Fig. 1 some of the interrelations between the colours and

V- K = 1.585+ 1.257P — 0.273A; — 0.234¢3, metallicity of the K93 tables (sample) are shown. The best

one- and two-parameter linear, and quadratic formulae with 3

+ 0.062¢4;. (5)

terms are plotted. The terms of the fitting formulae are given

These quantities calculated from the V light curves of the 212 the upper left corners of the figures. The boxes in the last

RRab stars are the fundamental empirical data the present weRels of the colour fits show the observed ranges of the colours
is based on. as determined from the light curve parameters. The different

sizes and positions of the boxes in comparison with the intervals
) o defined by the K93 values indicate that, on the one hand, only
2.2. Interrelations arising from the Kurucz models a subsample of the models of sampleefers to the empirical

In order to derive precise but also simple relations on the kKggta and, on the other hand, zero point differences exist between
tables, we select model atmosphere parameters as close tdhg€mpirical and the synthetic colours. As zero point ambiguity
ones corresponding to the static equivalents of RRab starsligforts the nonlinear formulae while affects only the constant
possible. For this reason, only models within the followinfrms of the linear ones, we give preference to linear solutions
parameter ranges are concerngi0k < T.; < 7000k, If they are still sufficiently accurate.

—2.5 < [Fe/H] < +0.3 and2.5 < log g < 3.0. TheT,g inter- In Sect. 4.1.2 it will be shown that the temperature and the

val is assigned by the models which have any synthetic cold0etallicity of RRab stars are correlated. The standard deviations
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SYNTHETIC COLOURS AND METALLICITY OF THE KURUCZ MODELS vs
THEIR PREDICTED VALUES CALCULATED FROM THE OTHER PARAMETERS

V-1, [Fe/HT,
(V-K)[Fe/H]

Fig. 1. Interrelations of theB — V,
V — I,V — K and [Fe/H] values
of Kurucz models with parameters
typical for RRab stars (sample).
In the left and middle panels the
best linear fits using 1 and 2 parame-
ters, in the right quadratic formulae
with 3 terms are shown. The terms
R A ol | of the fitting formulae are given in
2 4 6 2 4 -6 2 4 6 the upper left corners of each plot.
In the last panels of thé&3 — V,
V —I andV — K fits the boxes show
the observed ranges of the colours.
Filled circles indicate models with
[Fe/H] andT.g values which fulfil
the overall relation found between
these physical parameters (sample
b), whereas open circles are for all
the other models in the parameter
ranges of RRab stars. It can be seen
4 5 6 7 4 5 6 7 4 5 6 7 that selecting models according to
IIIIlIIIlIIIlIIIlII IIIIlIIIlIIIlIIIlI the_[Fe/H]_TeﬂrelatlonbOthex_
o plains the observed narrol® — V'
VA @ B-V, Vi & range and gives better solutions for
é the [Fe/H] fits. The observed range
of the colours cover different mod-
g els, therefore zero point differences
Pﬁ between the Kurucz colours and the
@ empirical values can be suspected.
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listed for sampléin Table 1 refer to formulae defined by usinga The two-parameter linear formulae defined by sam@ee
subsample of sampteof the K93 models which have [Fe/H] andalready precise enough for all the colours and also for the metal-
T, values in such combinations as the overall relation foutidity to test the empirical data (see Table 1). The formulae of
between these parameters predicts (Eq. (21), see also Figtfgse interrelations are:

There are 58 models in the originally selected sample which

fulfil this requirement. In Fig. 1 these models are shown bé’B —V) = —0.016+ 0.814(V — I) + 0.049[Fe/H]  (6)
filled circles while open circles denote all the other models of

samplea. It can be seen that selecting models according to the (+0.002)

[Fe/H] — Toq relation explains the narrowness of the observedV — 1) = —0.021+ 0.263(B — V) + 0.443(V — K) (7)
B —V range. Moreover, for this subsample of the grid, itis also (—0.093)

possible to fit the [Fe/H] values more precisely. (V—K) = +0.045— 0.548(B — V) +2.229(V — I) (8)
(+0.203)
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[FG/H} = 40.727+ 17 358(B _ V) - 15 198(V . I) (9) EMPIRICAL COLOURS AND METALLICITY vs THEIR PREDICTED VALUES

(+0.321). aF

The constants givenin parentheses are the terms of the respe« :32 i

formulae of the zero point shifted version of the Kurucz tablez 34l
The transformation of the K93 data, that is necessary in order 32

match with the empirical quantities, will be determined in th 2-; - 11 & ]

next section. ‘ 26.28 3 32.34.36.38 .4 .28 3 .32.34.36.38 .4 .42
It should be noted that the colour formulae (Egs. (6)-(8

defined by samplé are not significantly different from the re-
spective formulae obtained from sampleThe substitution of
the empirical data into the two sets of equations yields resug
which are identical within less than005 mag standard devia-
tion.

2.3. Consistency of the empirical data with their counterpart:
in the Kurucz tables

The correctness of Egs. (6)-(9) when using the empirical de
provides answer to the question of consistency between the ¢
pirical parameters calculated from the light curve paramete
and the data of the K93 models. Fig. 2 shows the result of tt
test. In the left panels the empirical colours and metallicity ¢
the 272 RRab stars calculated from Egs. (1),(3)-(5) (observ
values) are compared with their predicted values, obtained T
substituting the other empirical values into the interrelations &,
the K93 data (Egs. (6)-(9)). Although, as itwas shown in Table
and Fig. 1, the interrelations of the K93 tables are nonlinear, ni
ther the displacement nor the scatter of these plots are sma..c. 0 -1 -2 0 -1 2
if quadratic formulae are used. The application of the 3-terpiy.2. B — v, vV — I, V — K and [Fe/H] calculated from light curve
quadraticB — V and [Fe/H] formulae even results in definitelyharameters compared with their estimations using formulae defined
larger scatter of the plots. on the K93 tables. Thé5° lines are drawn for reference. On the left
The left panels in Fig. 2 already show that the predicted vadanels the direct application of the formulae (Egs. (6)-(9)) are plotted.
ues strongly correlate with the empirical ones but constant shii@rrecting the zero points of the Kg8— V' andV” — I colours the fits
do appear supposedly due to zero point (ZP) differences. As #@ shown in the right. The standard deviations of the latter plots are

K93 colours need to be recalibrated for stars differing signiff:008: 0-010 and 0.022 mag and 0.17 dexBor- V, V. — I,V — K

cantly from the calibrating objects of the Kurucz models (tHad [Fe/Hl. respectively.

Sun and Vega), the predicted values are matched with the em-
pirical ones by determining ZP corrections of the K93 colourdV — I)emp = (V — I) ko3 — 0.085. (10)
Gratton, Carretta and Castelli (1996) and also Clementini et ﬁ\l..

interrelations of samplex of the K93 models are used
(1995) showed that the K98 — K colours equal to recentinstead of Egs. (6)-(9), these results change only slightly,

empirical calibrations based on infrared flux method and int‘?ﬁe similarly determined ZP shifts in this case ar@.057
ferometric diameter measurements for dwarfs and differ on d—o 085yrespectively Similar displacements betWeen the

slightly for giants. The sample used for the empirical calibra- g .
: : : . colour-temperature calibrations based on empirical results and
tion of giants was, however, very poor (see Fig. 1c. in Gratton

; : on the K93 data can be seen in Fig. 3 of Clementini et al. (1995)
Carrettaand Castelli 1996). 'I_'hus, assuming that the R confirming the zero point transformations we have obtained.
colours are correct, the ZP differences of the- V andV — I

! If ZP difference between the empirical and the K93 [Fe/H]
colours are determined as follows.

First the displacements between the observed and the vralyes is also allowed then the set of linear equations which is
b %@ved to obtain the ZP shifts becomes underdetermined and

dicted values of the colour indices and [Fe/H] are determineiE

. L L&s gives unrealistic results. Moreover, the inclusion of the
then using standard least squares method, it is solved, w e/H] transformation results in no changes in the final agree-
transformations of the K98 — VV andV — I colours would g g

. . ) . ment between the empirical and the predicted values when linear
eliminate these shifts. As a result, if only constant shifts beg-
. . mulae are used. Consequently, although we do not rule out
tween the observed and the predicted values are considered,the L .
) . - the possibility that ZP difference between the K93 and the em-
following ZP corrections are obtained: o : .
pirical [Fe/H] values may also exist, we only consider the ZP
(B=V)emp = (B —V)Ko3 —0.051 and corrections of theB — V and theV' — I colours as given in
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Eq. (10). Hereafter, the K93’ abbreviation is used to refer to the We estimate the accuracy of the empirical colours by using
ZP corrected version of the Kurucz tables. the following arguments. Th& — V formula fits the original

A slight inclination of theB — V plot in Fig. 2 can also calibrating values with 0.010 mag standard deviation (KJ97).
be seen but its effect is only abotit.01 mag over the whole Assumingthatthisisthe typical uncertainty of the empirigal
B — V range. Although this inclination can be corrected by values, thisis also the error of the calculated reddenings. Since
changing the coefficients of the Fourier parameters in Eq. B uncertainty of the distance estimation does not count when
within their error ranges, we also checked whether zero poadlourindices are calculated, their accuracy exclusively depends
and/or scale differences between the two types of data can aladhe error of the calculatelg . Consequently, it seems to
be an explanation. Using linear expression for the deviatibe a reliable estimation of the accuracy ofthe- I andV — K
between the empirical and the predictBd- V' colours, both valuesto multiply the 0.01 mag error Bf—V by the coefficients
linear and nonlinear interrelations, for both constant and lineaithe By _; = 1.26 Eg_y andEy _ g = 2.75E5_y formulae,
transformations of the K93 colours (including also— K) i.e.,oy_; = 0.013 andoy_x = 0.028 mag. These values do
and [Fe/H], were tested. We have found that neither constamdt differ significantly from the original 0.011 and 0.024 mag
nor linear transformation between the K93 and the observiéiting accuracies of thé, and K, formulae (KJ97).
metallicities can be the cause of the inclination between the It is important to emphasize that the fits seen in the right
observed and predicted values®f- V, in spite of the fact that panels of Fig. 2 are obtained when combining two intrinsically
the interrelations which expregs— V' are nonlinear in [Fe/H]. independent data sets, namely the Kurucz model atmosphere
The metallicity transformation which corrects the inclinatiogrid and the empirical colours and metallicity of RRab stahe
also results in very pronounced overall increase of the scatteygplicability of the formulae defined on the K93 tables to the
Reliable solution to correct the inclination can only be obtainesdime parameters but calculated from light curve characteristics
when using linear transformation between the fivo V' scales. with such precision is a very strong proof of the reliability and
It was already mentioned that the empiriéal- V' may have accuracy of both the K93 and the empirical data.
such uncertainty, but the problems of model atmospheres asHowever, the agreement could only be reached if the zero
discussed by Kurucz (1996) and also by Castelli, Gratton apdints of the K93 colours were corrected. We have found that, on
Kurucz (1997) do not rule out the possibility that besides thike one hand, previous colour-temperature calibrations based on
zero point, the scale of the K9B — V colours is also a bit empirical temperature determinations and on the K93 data led to
ambiguous. Since the effect of the inclination is small, and ve@milar displacements of thB— 1 andV — I colours as we have
cannot decide whick — V' values need to be transformed, onlyletermined and, on the other hand, scale or ZP transformation
the constant ZP shift is adopted. TBe— V' colour, however, between the two types of the metallicity values is not obviously
will not be used when deriving the physical parameters of RRabcessary. We therefore think that the colour and metallicity
stars, thus this unsolved problem has no influence ototh®, scales what we use (defined in KJ97 and Jurcsik (1995)) are
log T'andlog M values calculated later. This problem, howevequite correct. Still, we do not rule out the possibility that our
if derives from defects of the Kurucz models also warns of tielution, shifting only thé3—1V andV — I colours of the Kurucz
possible errors ofog L, log T transformations based on themodels, is not the absolutely correct one. Thus even the K93’
B — V colours of the K93 tables. values may lead to incorrect results when absolute quantities

The right panels in Fig. 2 show the empirical vs. predicteate concerned. By using only linear expressions, however, the
values of the colours and [Fe/H] using interrelations derivexrrections will be simple, if the ZP transformations are solved
from the K93’ data. As linear formulae are used, these interfdater differently.
lations differ from Eqgs. (6)-(9) only in the constant terms. The The K93 models correspondto population | compositionand
constants of these formulae are given in parentheses belowttieeempirical temperature calibrations are also based on mostly
respective equations. The ZP corrected formulae can alsopopulation | stars. RR Lyraes are, however, typical population Il
applied to control multicolour photometric data and reddenirapjects. Therefore, as a consequence of the similarity of the ZP
corrections. displacements of the K93 colours obtained by the empirical

The standard deviations of the zero point corrected fits sdemperature calibrations and by using the empirical colours of
in Fig. 2 are 0.008, 0.010, 0.022 mag and 0.17 dexdor VV, RRab stars, itcan be also concluded that the differences between
V — 1,V — K and [Fe/H], respectively. These values are clogke chemical compositions of population | and population Il
to the 0.011, 0.006, 0.012 mag and 0.20 dex accuracies of tgects cannot have a larger effect on fhe- V, vV — I and
applied formulae (see Table 1) and also to the 0.010, 0.013~ K colours thard.01 — 0.02 mag.
0.028 mag and 0.14 dex estimated errors of the empirical values.The fact that we use the magnitude mean colours of the
The error estimations of the empirical colours and metalliciyariables and these colours can be brought into agreement with
are to be explained in more details in the next paragraph andhe K93’ data, also means that they have to correspond to the
Sect. 3.1. Such an agreement in the different accuracies shetesic values quite well. A similar conclusion was drawn by
that the two types of data can be regarded as identical witlBandage (1993b), too. However, this is in contrast with the re-
the limits set by the intrinsic errors of the quantities and theult of Bono, Caputo and Stellingwerf (1995) who claimed that
formulae. ‘over the whole instability strip neither the blue nor the infrared

mean colours are representative of the equivalent static value’
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and 'the discrepancy between the synthetic mean colours daxing to the intensity averaged value) of any variable, if the
the static colour is a function of the amplitude of the light curvelight curve parameters are known.

The most probable reason why our empirical data and the hydro- Although both of the above formulae uge- K and [Fe/H],
dynamical model calculations lead to such different conclusiotie ones which utilizé” — I or (V — I)? and [Fe/H] have

is that the parameteré. (7., M and [Fe/H]) of the models in- similar accuracy. The strong dependencéogfl.g onV — I
vestigated by Bono, Caputo and Stellingwerf (1995) were ncan also be seen in Table 2, as this is the colour the best one-
chosen according to the general relations of the basic physipatameter formulae use. Table 2 also shows that the more precise
parameters of RRab stars (see Sect. 4). Consequently, their ssxpressionsinclude both colour and [Fe/H] terms. Therefore, the
ple of model stars cannot be regarded as an equivalent of &®ve formulae are more correct for RR Lyrae stars than those
empirical sample of the variables. Some defects in the treatmestich exclusively use the colour dependence of the temperature
of convection in the hydrodynamical models should also leatid/or the metallicity dependence of BC (see e.g., Clementini
to disagreement. at al. 1995; Gratton Carretta and Castelli 1996; Sandage 1993b;
Fernley 1993). When comparing Egs. (11) and (12) with other
similar formulae itis important to remember that our results are
valid only for stars in very narrow parameter ranges. However,
3.1. Temperature and luminosity it is these limitations that make it possible to reach the required

After showing the consistency of the parameters obtained fréfRouracy aIre_ady with S|mple_I|near formulae.
It is also important to estimate the errors of the such ob-

light curve characteristics with their counterparts given in tt}e. L
. : . ained temperature and luminosity values. The formal errors of
Kurucz tables, in the following we determinieg T, and

. - . the intensity averagetl/y, and [Fe/H] can be calculated accord-
log L/L¢; by using the empirical parameters of the variableg to the error formulae given in KJ96 and JK. These formulae
calculated from Egs. (1)-(6) and formulae defined on the Kgg?gld — 0.014 ma agndy — 014 dex. if the tvoical
tables. First we express thez 7.z and the bolometric correc-~ < o 7My = Y- 9 [Fe/H] = ©- : yp
tion (BC) values of the selected models with the colours afd > of thed; andps, Fourier parameters are estimated to
the metallicity. Now we use sampleof the Kurucz models. be about 0.01 mag gnd 0.10 rad, respectwe!y. If the accuracy
The application of formulae defined by samplevould yield, of the V" — K colour is 0.028 mag, as argued in Sect. 2.3, then
o . the formal errors of the calculatédg 7. and BC are 0.0031
however, negligible differences. The calculalegl. and BC and 0.0075, respectively. Concerning L, even the unrealistic
values would remain practically the same, the differences have” ™ €SP Y- 9L,

0.0003 and 0.0025 rms scatters, respectively. According to fieee of full correlation between the errorsig{, and BC gives

recommendation of IAU Commission 25 (Roger Cayrel, 1999I$|y 0.009 uncertainty, as an upper limit. Since e}ll these errors
i strongly depend on the the accuracy of the Fourier parameters,
XXIII General Assembly, Kyoto), when calculatingg L /L), . L C
using better quality light curves would decrease them signifi-
My, = 4.75magand BG, = —0.08 mag values are used. To .
© , , : cantly. E.g., ifo4, = 0.005 mag ando,,, = 0.05 rad then
match the bolometric corrections of the Kurucz grid to the Bg — 0.075 dex,oar, — 0.009 mag,opc — 0.005 mag
scale defined by the above BGralue, the K93 bolometric cor- /M — = PN ’ ' i

oeToee = 0.003 ando..1, = 0.006. The accuracy of the tem-
rections are shifted by 0.114 mag (BCK93)= —0.194 mag). 7log Tt TlogL Y

; A4 ) Eerature depends mostly on that of the calculafed K. We
Table 2 lists the standard deviations of the best linear apg\ o shown, however, that this basically depends on the correct-
quadratic fits oflog T.x and BC of the K93’ tables with the

| d lici q h ber of H ness of the expression 8f— V (Eq. (3)). Consequently, further
colours and metallicityN: denotes the number of terms t qmprovement of the accuracy of the temperature estimation can

given formula contains. Again, although the unbiased estimgs 5 chieved if a more precise formula is derived to calculate
tions of the standard deviations of the quadratic formulae L _ 1/ With the inclusion of new. good quality multicolour

smaller, we accept the two parameter linear fits. These formuI@r.EI ter observations this will become possible probably in the
considering the other sources of uncertainties, can be regarfed. ¢ t,re

as sulfficiently correct. The fact, that the best quadratic fits with
two terms are the linear formulae both fog 7. and BC, shows .
the stability of the two-parameter linear solutions. The 0.00882. Mean surface gravity and mass

and 0.0100 standard deviations of these formulae correspong i, log ¢ values of the K93 tables could also be expressed
+27 K:and=£0.004 errors of the calculate@es andlog L val-  \yith the other parameters, then itwould be possible to determine
ues, respectively. Slnce the inherent uncertainties in the K.ur.qﬁé surface gravity of the stars similarly as we deterrind .
models (see Castelli, Gratton and Kurucz 1997) are of similgry g ynfortunately, all attempts has failed to obtain such an
order, th_ese accuracies are acceptable. The two-parameterIlgﬁapession ofog g which would be accurate enough, even if
expressions aog Ter and BC are as follows: the U — B colour is also involved. Most probably, this is not
log Tor = 3.9291 — 0.1112(V — K) — 0.0032[Fe/H]  (11) because of the ?E)hars(,jg samtplln% of ?h(ihmc?;}glsg[q,ttr)]uttlls th(le
B consequence of the discontinuities in the synthetic colours.
BC = 0.2033 — 0.1736(V — K) + 0.0395[Fe/H]. (12) The recent discussion of the ATLAS9 code given by Castelli,

Using these formulae and Egs. (1),(2),(5) it is already possilsksatton aqd Kurucz_ (1997) points to the_ fact that the treatment
to calculate the mean effective temperature and luminosity (Rj_convectlon used in the model calculations led to such a short-

3. Physical parameters of RRab stars
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Table 2. Fitting accuracy of the formulae which express the effective temperature and the bolometric correction of the K93’ tables with the

colours and the metallicity

N linear fits quadratic fits
st. dev. terms st.dev. terms
log Tes
1 00030 V-1 0.0024 ¥ -1)?
2 0.0018 V — K, [FelH] 0.0018 V — K, [Fe/H]
3 0.0017 V-1,V — K, [Fe/H] 0.0017 V — I,V — K, [FelH]
4 00016 B-V,V-1,V—K,[Fe/lH 0.0014 V —1I,V — K, [FelH], [Fe/H}f
5 0.0013
14 0.0009
BC
1 0.0363 V-K 0.0323 (B — V)[Fe/H]
2 0.0100 V — K, [FelH] 0.0100 V — K, [Fe/H]
3 00094 B-V,V—1I,I[FelH] 0.0076 [Fe/H],V — I)?, [Fe/HF
4 00093 B-V,V-1I,V—-K,[Fe/H 0.0068 B —V,[Fe/H], [Fe/HF, (B — V)[Fe/H]
5 0.0065 ...
14 0.0043

coming. We think that this is the explanation of the discontinuifyeriods strictly increase with metallicity in agreement with the
indicated by an arrow in the first panel of Fig. 1, too. In this plgiositive coefficient of [Fe/H] in Eq. (14).

the vertically grouped points correspond to the five different To test the accuracy of the mass determination, noisy data
temperature model grids. The arrow points to the 6750 K moaihd formulae are generated taking into account the uncertainty
els showing that th& — V' synthetic colours and their predictedbf the V' — K and [Fe/H] values and also the errors of the coef-
values using’ — I of thelog g = 2.5 andlog g = 3.0 models ficients of the BC andbg 7.4 formulae. The uncertainty of the
differ much more significantly at this temperature than at any périod fitting formulae is simulated by taking also some artifi-
the others. This effect can also be seen in most of the panelsiaf noise of the periods. Using the 0.0003 day correct period
Fig. 1. Probably, at present these discontinuities limit the acdiiting formula of Kovacs and Buchler, or its linear approxi-
racy of all the formulae defined on the K93 tables and they menation (Eq. (14)), the rms errors of the calculated masses for
also be responsible for artificial nonlinearities. This possibilitpdividual stars are 0.026 arid030 M), respectively.

supports our preference for using linear formulae. Using Eg. (13), now we can determine the mean surface
Alternatively, we determine the pulsational mass of the staggavity of the variables in the sample. All the calculateg g

and we calculate their mean surface gravity from: values are within th@.6 — 3.0 interval, validating our original

log g = log M — log L + 4 1log Tug. (13) selection of the models. This result is not the consequence of

our preliminary restriction in the model parameters. If the BC
In Eqg. (13) all the quantities are expressed in solar units. In thed 7. formulae are defined by models of a broadef, <
following this simplified notation means solar units exclusiveliog g < 3.5, surface gravity range, then it has practically no
for the luminosity and mass. effect on the resultanbg ¢ values.

To obtain the pulsational mass, the fitting formula of the Thelog g of RRab stars calculated in this way — which is in
fundamental period given by Kaes and Buchler (1994, Eg. (1))fact some combination of the period and the Fourier parameters
is used, after expressing its coefficients with cubic functions-efcan be expressed as a simple linear functiotog@fP with
the metallicity. The so obtained formula, when using paramet&$04 accuracy:

(P, Tes, L and [Fe/H]) in such combinations as the RRab sample

defines, can be substituted with the following linear equation\©8 9 = 2:473 — 1.226log . (15)

log P = 11.904 — 0.570log M + 0.8421og L — Eqg. (15) is in good agreement with the general period — gravity
_3.575 log Tugt + 0.021[Fe/H], (14) relation of radially pulsating variables (Fernie 1995). Without

interpreting this relation, we emphasize its usefulness e.g., when
with o1, p = 0.0011 accuracy. choosing model atmosphere parameters.

The most important difference between Eg. (14) and the
generally used van Albada and Baker (1971) period formulad's
the extra [Fe/H] term. In a recent paper Bono, Incerpi and Mar-
coni (1996) also showed that the fundamental period depentls have shown that it is possible to calculd@tel g, M and
on the metallicity, too. According to their result the nonlinegdFe/H] from the light curve parameters with satisfying accuracy.

Relations among the physical parameters
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Earlier similar attempts to derive the physical parameters f

larger samples of the variables used multicolour photomet 1.7
observations and the Kurucz (1979) models (e.g., Lub 198 )
The present data define all the overall empirical relations ama

the fundamental physical parameters well, thus we can also g

the metallicity dependence of the physical parameters precist 1.6

This was previously defined only by using much more Iimiteal

samples of RRab stars (e.g., Sandage 1993b). o L
When comparing observations with evolutionary and pu

sational results it has crucial importance to know the physic 15

parameters of the variables and their global interdependen
correctly. Right conclusions can only be drawn if such problen L
as selecting models with the same parameter combinations .
real stars have, or selecting stars which have the same temp 14 = 1 v vy b
ture, are properly solved. Any systematic errors in these sels 0O -5 -1 -15 -2
tions may lead to artificial disagreement. E.g., the interpretati
of the Sandage period shift has been thought to be in confl... [Fe/H]
with evolutionary models for long, as it needs the quantitativgy. 3. |ogr, vs. [Fe/H] of 272 RRab stars. The size of the circles
measures of the metallicity dependence of the luminosity, te@-scaled bylog P, i.e. the smaller circles denote stars with shorter
perature and the mass of the stars and also the right selectiopedibds. The estimatettls accuracies of the data are shown in the
the same temperature objects. upper left corner. The variation of the luminosity and the period of the
In the following subsections we give some of the importasgme metallicity stars indicates evolutionary effects.
linear relations of the physical parameters as defined by the 272

RRab stars. Those formulae which also contain the temperatyfe, o qdels and in determining the evolutionary state of the
correspond to the respective relations at constant temperatggapjes Fitting the luminosity of the stars with [Fe/H], and in

tqq. The standard devia'tions of the regressions indicate the Yfer 15 see the variation at fixed temperature with [Fe/H] and
nificance of the correlation of the concerned parameters. 10%T , yields the following formulae:
erls .

Since only linear fits are examined, our conclusions are no
affected by the possible errors of the zero points. This wouldg . = 1.464 — 0.106[Fe/H] (16)
only result in some.c_hanges of the constants of the forrr_1u| L = 10.260 — 0.062[Fe/H] — 2.294 log Tag. (17)
below but the coefficients what we compare with evolution-
ary results would remain the same. Considering the zero poifitee standard deviations of the above regressions are 0.020 and
we recall that the luminosity calibration relies on the Baad@-013, respectively.
Wesselink magnitudes, while the temperature scale is defined For comparison, the metallicity dependence of the luminos-
by the Kurucz models with the assumptions that the K93 K ity of zero-age horizontal branch (ZAHB) modelsd Tes =
colours are correct and that they equal to the empirically det8r85, Yyis = 0.25) hasjiggg = —0.07 slope according to the
mined values. The relative values of the different empirical datalculations of Sweigart, Renzini and Tornanti987, here-
purely depend on the assumption that the physical parametfter SRT). Dorman (1993) obtained simila«).07 and—0.08,
of the variables are unique functions of their light curve paramealues {og Teg = 3.84, Yms = 0.24) using oxygen enhanced
ters. Inour previous papers we proved that regarding the intrinaiad solar-scaled composition models, respectively. Synthetic
colours, the absolute magnitudes and the metallicity, this wagrizontal branch (SHB) simulations, which also considered
true. Because it was also shown (Sect. 2) that the scales of thitiseevolution away from the ZAHB, led to slightly different
parameters of the K93 tables what we used are possibly cemtues. Atlog Teg = 3.83, (f[;;g/ﬁ] was between-0.07 and
rect, therefore the calculated fundamental physical parameteg09 for a-enhancedYyg = 0.23) models while it was be-
cannot have major systematic errors, besides zero pointambigueen—0.10 and—0.15 for the solar-scaled;s = 0.20) ones
ities. Consequently, the slopes of the various regressions cari®atelan 1993). From Eq. (17) it follows that at constant temper-

sizeof O ~logP

defined very precisely, and are determined independently freure (ﬁ;‘;g/ﬁ] = —0.062. If we compare the above theoretical
any previous estimations. results with this empirical value, the agreementiis reassuring, in-

deed. It can be also concluded that the SHB simulations slightly
4.1. The metallicity dependence of the physical parameters 0verestimate the luminosity variation and that the predictions

of evolutionary calculations using-enhanced models are in
4.1.1. Luminosity— [Fe/H] better agreement with the empirically determined coefficient of

The comparison of the well known luminosity — metallicity relF€/H] than in the case of the solar-scaled ones.
lation predicted by horizontal branch (HB) calculations with the '™ KJ96 itwas shown that besides [Fe/H], the absolute mag-

observations has great importance in checking the correctridddde of RRab stars also depends on the period (gr0p The
same is true for the luminosity, while the accuracy of Eq. (16)
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is 0.020, the il
log L = 1.611 — 0.067[Fe/H] + 0.384log P (18) 1.7 —

relation is valid with 0.009 standard deviation. To see the va L
ation at constant temperature again, wedg L with [Fe/H],

log P andlog T : 1.6 —
-
log L = —9.499 — 0.082[Fe/H] + 0.789 log P 8 i
+2.938log Tug, o =0007. (19)
1.5 -

According to this equation there are also stars in the sam| .
which have already evolved away from the ZAHB. Eq. (1¢ Eo e
shows that at fixed temperature and metallicity, different It .
minosity objects exist, the more luminous they are the long 14— | L L LT
periods they have. These conclusions are in perfect agreen 3.84 3.82 38 3.78
with both horizontal branch evolutionary models and with th
requirements of the period fitting formula, none of them beir.,
applied inany respectin the course of the derivation of Eq. (18)g_4.ogL vs.log T.q. The estimated:-1¢ accuracies of the data are
The luminosity — metallicity relation as defined by the emshown in the upper left corner. The fundamental mode instability strip
pirical data and the variation of the period with luminosity at éefined by this sample of variables is very narrow and has consider-
given metallicity can be seen in Fig. 3. able inclination, too. The strong dependence of the temperature on the
luminosity has to be taken into account when interpreting the period
shift of RR Lyraes.

sizeof O ~logP

logT

4.1.2. Temperature [Fe/H]

One of the most important consequence of the determinatiPHiS relation is shown in Fig. 5
of the physiacal parameters for a large sample of RRab stars isln Fig. 1 Kurucz models with temperatures satisfying the

that the luminosity dependence of the temperature can be Cle%}ﬁdition given in Eq. (21) within:30 were denoted by filled
shown: circles. TheB — V range of this subset of the models agrees

log Tog = 4.119 — 0.194 log L, o = 0.0046. (20) Wwith the observed range much better than in the case of the

o ) ) ) originally selected models (samplg giving a further proof of
To see the significance of this relation the HR diagram of thge correctness of our results.

RRab starsis shownin Fig. 4. Comparing the morphology of the The actual value of the coefficient of [Fe/H] in Eq. (21) has
fundamental mode instability strip as defined by the empiricg,leat importance in the explanation of the period shift of RR
data with hydrodynamical model calculation results, it can hgrae stars. Sandage (1993a) obtained 0.012 and 0.018 values
found that neither the inclination nor the width of the instabilityf this slope at the blue and red edge of the fundamental in-
strips agrees (see also Jurcsik 1997). However, the theoretigahiity strip by using the data of Blanco (1992). Considering
edges of the instability strip (e.g., Bono et al. 1995; 1997) ajigat Sandage’s result was based on other methods and data the

determined by using models with parameter combinations difymewhat different slope we have obtained is not surprising.
ferent from what the evolutionary model calculations would

demand. Therefore, it is possible that if the physical parameters
of the models are chosen according to el — [Fe/H] and 4-1.3- Mass- [Fe/H]

log M — [Fe/H] relations defined by horizontal branch modelsghe horizontal branch models also indicate dependence of the
then a similar luminosity dependence of the temperature alogigilar mass on the metallicity within the instability strip (see
the theoretically defined instability strip will also be found. Anrig, 6 in Castellani, Chieffiand Pulone 1991). Their quantitative

other source of the discrepancy may arise from the defects of fagimation on the slope of this relation for ZAHB models was
convection treatment that the hydrodynamical models apply.dloe M _ _ 358. The ZAHB models of SRT led to values
. . log Z : :

It was already mentioned in Sect. 2.2 théd@ s — [Fe/H]  petween-0.06 and—0.11 atlog T.¢ = 3.85, whereas Sandage
relation explains why the observéti- V' range is much smaller (1993p), readingt 2L 4t the blue edge of the fundamental
than all the possible Kurucz models in the parameter ranges\@§de instability strip, got-0.059 using the oxygen enhanced
RRab stars assign. The strong correlation found betweeh  7AHB models of Dorman (1992). The SHB simulations resulted
andlog Tesr (EQ. (20)), together with the empirically knownjn slightly less negative{0.045 + —0.052) values (Sandage
and theoretically explaineldg L — [Fe/H] relation (Eq. (16)), 1993b). For comparison, tHeg M — [Fe/H] relation defined
predicts correlation betweeng 7. and [Fe/H], too. Linear py the RR Lyrae sample is:
regression between the temperature and the metallicity yields
the following formula: log M = —0.328 — 0.062[Fe/H], o = 0.019. (22)

log Ter = 3.834 4 0.019[Fe/H], o = 0.0068. (21) The agreement with the HB models is very good again.
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butions of the variation of mass, luminosity, temperature and
metallicity to the observed-0.10 period shift are 0.04+-0.09,
—0.07 and 0.02, respectively. It can be seen that the effect of
the displacement of the instability strip towards higher tempera-
tures with increasing metallicity has really crucial importance in
understanding the observed period shift. It is also worth noting,
that this result changes only slightly if the original van Albada
and Baker (1971) formula is used instead of Eq. (14) to interpret
the period shift of RR Lyrae stars.

The size of the circles refer to the length of the period in
Fig. 5. The period clearly increases with decreasing metallicity
while at constant temperature period variation in the opposite
s L ' | L L | i direction can be seen. Fitting the period of the RRab stars with
. [Fe/H] andlog T.¢ this variation can be quantitatively mea-

3.84 3.82 3.8 3.78 sured. The coefficient of [Fe/H] in thisfitis 0.026, thus the period
logT shift at constant temperature defined by our data is very small
. . . _ and of the opposite sign as the global period shift of RR Lyraes.
Fig. 5. [Fe/H] vs.log Teg. This corellation explains the observed nar- e comparison of the observations with model predictions
fow range inB — V. It can be alsp seen that, although the period Beeds the correct definition of the instability strip to select the
increasing with decreasing metallicity, at constant temperature the sign - :
of the period variation is just the opposite. rresponding models or the correct selgcthn of thg same te'm—
perature stars. In general the latter solution is applied. Consid-

ering evolutionary models all the efforts to obtain significant
4.2. Explanation of the Sandage period shift (negative) period shift at constant temperature has failed. The

H log P __
The above relations make it possible to separate the compongr‘ﬁL:'B models resulted in only abOL‘échg/H] = —0.003 ac-

of the observed period shift phenomenon, i.e., they can expl&f{ding to the calculations of SRT, whereas SHB simulations
why and to what extent the average period of RRab stars d to only slightly more negative-0.004 + —0.070 values
creases with decreasing metallicity. The concentrated effort®RT: LDZ; Lee 1990). Comparing these results with the cor-
solve this problem (e.g., LDZ; Sandage 1993b; Fernley 19g§spo_nd|ng 0.026_ value obtained from the empmcal data the
Catelan 1994) led to the following main conclusions. FirstI)f/E’“OW_'ng conclusions can be drawn. The physical parameter
evolutionary effects should play an important role especially fpmbinations of RRab stars as determined in the present paper
the case of the most metal- deficient objects. Secondly, satisfi!d period shift at constant temperature which agrees with the
ing explanation of the observations can only be reached if tfesults of the ZAHB models within the estl_mated unce_rtamtles.
different metallicity stars on the average are at different terl{-S€ems, however, that the SHB simulations overestimate the
peratures, consequently, the effect of temperature shift on gegiod shift. We think that since the aim was to reach as negative
period variation has to be taken into account, too. value as possible in order to explain the observations — which,

The global period shift defined by the 272 starﬁg’% — however, had systematic errors — the SHB calculations might
—0.10. It is slightly smaller than the usually accepted.12 favour to those simulations which gave larger (negative) period

value (Sandage 1993a) due to differences partly in the metalffift values.

ity scales, partly in the selection of the samples of the stars by
which the period shift is defined. While Sandage determined the3. Hints of evolutionary effects

period shift at the blue edge of the fundamental mode instabil—S 4210 ready sh hat th din the lumi
ity strip on the metallicity scale of Butler (1975), we determind! S€ct- 4.2.1, itwas already shown that the spread in the lumi-

the average period-metallicity relation of a large sample of {R@sity at a given meftarl]llc(ljt_);rand templer_ature can be e;q;]lalnec_i
variables on a metallicity scale, which is consistently valid f@}S & consequence of the different evolutionary states of the vari-

both field and cluster variables as defined in Jurcsik (1995). ables.

The linear expression of the fundamental period (Eq. (14)) I;'S alsofpﬁs&lale Fo tlest this resultl?yhchecklng thed|.rf1fterde-
leads to the following interpretation of the period shift ph Jendence o _t e physical parameters. t ere were nodifierence
in the evolutionary stages of the stars, i.e., they all were zero-

[Fe/H]
\

O, © sizeof O ~logP —

nomenon: age horizontal branch objects, then both the luminosity and the

dlogP .- dlogM o ,dlogl temperature would have to be unique function of the mass and

d[Fe/H] ©d[Fe/H] ~  d[Fe/H] the metallicity. On the contrary, if the same mass and metal-
_3 575dlog Tt 4 0.021 (23) licity objects are not located at the ZAHB position on the HR

’ d[Fe/H] e diagram but along the HB evolutionary tracks then no accurate

_ ou M L(M,[Fe/H]) andT.g (M, [Fe/H]) relations are expected to be
From Egs. (16),(21) and (22) it follows th§{zE 4 = —0.062,  found. Therefore, by checking the accuracy of these relations,

(ﬁ;‘;g/é] = —0.106 and ‘fil[%gefﬁf]f = 0.019. Thus the contri- we also check the spread of the evolutionary state of the stars.
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linear cubic positions of the stars in the HR diagram. Therefore, it is also
functions of logM and [Fe/H] possible that besides evolution, subtle differences in chemical
composition ', a-elements), core mass, rotation, etc., have

[ I I I ] . : :
\ \ \ J also some influence on the scatters seen in Fig. 6.
s, —

5. Conclusions

logL

- In the present paper we have shown that the colours and metal-
— licity of RRab stars calculated from light curve parameters can
- be brought into perfect agreement with the Kurucz model atmo-
T sphere results if the zero points o_f tBe- V andV — I colours
are corrected. Consequently, using the Kurucz tables and also
14 15 16 17 14 15 16 17 the pulsational formula of the fundamental mode period, it be-
37g 1 T 17 .\' IR N came possible to calculate the luminosity, temperature, mass
: - and metallicity of any variable if the light curve parameters are
| known. As a result, the fundamental physical parameters of a

=3 38 L i large sample of RRab stars can be determined by using the same
S 38 . ] technique.
L i The comparison of the related changes of the above param-
3.84 eters as defined by a large RRab sample with the predictions of

T T zero-age horizontal branch models show very good quantitative
[ O IR O I : : : ;
agreement. The SHB simulations, however, slightly overesti-
3.84 3.82 3.8 3.78 3.84 3.82 3.8 3.78 mate the absolute values of the variation of the luminosity and
Fig. 6. Linear (left panels) and cubic (right panels) solutions to preditihe period with metallicity. Since indications of evolutionary
the luminosity and temperature of RRab stars from their mass agffects were also shown, the overestimations are probably due
metallicity. The increase of the scatter of the plots towards the cooferthe uncertainties of the SHB calculations and do not mean
temperature and larger luminosity stars can be interpreted as evidepgg gl the RRab stars were close to the ZAHB position.
of evolutionary effects. _The estimatetllo errors of thelog L and There are also arguments that the absolute values of the lu-
log 7" values are shown in the upper left corners. minosity and the mass of RR Lyrae stars if calibrated to the
Baade-Wesselink data are in conflict with some observational
In Fig. 6, the linear and cubic least squares fitdoaf7.; andtheoretical results (Cacciari and Bruzzi 1993; Fernley 1993;

andlog L with log M and [Fe/H] are plotted. The plots showCastellani and De Santis 1994; Walker 1995). The confronta-
that in the case of the lower temperature and more lumindi@ between the empirically determined physical parameters of
stars, which are also the most metal-deficient ones, the diff&R Lyrae stars and evolutionary and pulsational model calcula-
ences between the 'observed’ and predicted values are laf#f?s in more details, may also help to solve the very important
than the estimated errors of the parameters would explain. THgblem of the zero points.

increasing dispersion of these plots can be interpreted as SA%E led o Id like to thank Gza Kowcs f helo-
of evolutionary effects. The figures show that there are st AloWlecgemen’s.would ixe o thani 1£2a FFOXCS for many nelp

h | d which h Iread ved f ?&?diSCUSSiOI’]S and comments. | am also grateful to Robert Kurucz for
at the metal-poor end which have already evolved away rOd’n)viding the model grid and some useful information. This work has

the ZAHB. Similar conclusion was drawn by LDZ; they Sugpeen supported by OTKA grants T-024022, T-019640 and T-015759.
gested that evolutionary effects have to be considered when

interpreting Oosterhoff Il clusters. Fernley (1993) also found
that a large number of the most metal-poor field stars are higfigTerences
evolved. The extensive study of SHB simulations given by Cgtanco V.M., 1992, AJ 104, 734
puto et al. (1993) pointed to the fact that the observable effeBisno G., Caputo F., Castellani V., Marconi M., Staiano L., Stellingwerf
of post-ZAHB evolution in globular clusters also depend on R.F., 1995, ApJ 442, 159
the HB type, besides the metallicity. According to their modeRpno G., Caputo F., Castellani V., Marconi M., 1997, A&AS 121, 327
only the bluest HB type, most metal-poor clusters are expec®eno G., Caputo F,, Stellingwerf R.F., 1995, ApJS 99, 263
to show evolutionary effects. On the contrary, Sandage (19%$"© G-, Incerpi R., Marconi M., 1996, ApJ 467, L97
determined the vertical heights of the horizontal branch of tler ., 1975, ApJ 200, 68
clusters and came to the conclusion that evolutionary effe geclan C., Bruzzi A., 1993, A&A 276, 87
. ._Caputo F., De Rinaldis A., Manteiga M., Pulone L., Quarta M.L., 1993,

are more pronounced in the less metal-poor clusters. The inter- , o o 276, 41
pretation of Fig. 6, however, definitely favours to find evolve@agteliani v., Chieffi A., Pulone L., 1991, ApJS 76, 911
objects amongst the most metal-poor stars. Castellani V., De Santis R., 1994, ApJ 430, 624

It should be also noted thdtg, L, M and [Fe/H] are the Castelli F., Gratton R.G., Kurucz R.L., 1997, A&A 318, 841
most important but not the only parameters determining tiatelan M., 1993, A&AS 98, 547
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