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Abstract. The consistency of the metallicity distributions otion model. Infall models also seem very suitable to reproduce
F, G and K dwarfs is studied. We present a new metallicitiie shape of the new metallicity distribution, as shown by RPM
distribution for K dwarfs using metallicities determined fromand Chiappini et al[{1997).

uvbyphotometry. There is a remarkable paucity of metal-poor Recently, Favata et al. (1997) have obtained spectroscopic
K dwarfs in analogy with the G dwarf problem. We show thahetallicities for a sample of 91 nearby G and K dwarfs. They
late-type dwarfs have consistent metallicity distributions. Weund a very narrow K dwarf metallicity distribution, in which
also propose preliminary corrections to these distributions fo stars have [Fe/Hk —0.4, in contrast with the broader G
take into account the contamination of theby indices due dwarf metallicity distribution they have also derived. They have
to the chromospheric activity in these stars, since around 3@ffered two possible explanations for this discrepancy: the Se
of the nearby late-type dwarfs have active chromospheres. ¥émd Catalogue of Nearby Stars (Gliese 1969; Gliese & Jahrei3
consider the possibility that the metallicity distribution of cool€f979; hereafter CNS2) from which they have selected their
stars may be different from that of the hotter stars due to §ample could have a metallicity bias, in the sense of favouring
metal-enhanced star formation and (ii) a metallicity bias in theetal-rich stars; alternatively, less massive stars should prefer-
catalogue of nearby stars. We conclude that these hypothesisly form in metal-rich regions.

are unlikely to produce important differences in the metallicity |n this paper, we make an effort to derive the metallicity

distributions of late-type dwarfs. distribution of K dwarfs in the solar neighbourhood, along the
same lines followed for the G dwarfs (RPM). Our main purpose
Key words: stars: abundances — stars: late-type is to see whether or not these distributions are different from

each other. As it will become clear in the following sections,
the metallicity distribution by RPM can be taken as representa-
tive of the true late-type star metallicity distribution in the so-
lar neighbourhood. We also present preliminary corrections to

Thirty six years after its discovery by van den Bergh (1962), tiotometrically derived metallicity distributions that take into
G dwarf problem still presents challenges to the astrophysiciggcount the effect of the chromospheric activity on tivby
studying Galactic Evolution. Although several mechanisms fstdices (Giampapa et al. 1979; Basri etlal. 1989; &iew et
decreasing the number of metal-poor dwarfs in the Galaxy ha¥¢1991; Morale et al. 1996; Rocha-Pinto & Maciel 1998). The
already been devised, the shape of the metallicity distributiéAntamination of the photometric indices by the chromospheric
is generally not very well reproduced by the majority of modactivity is one of the mostimportant sources of systematic errors
els in the literature. In fact, given the uncertainties in the dafl,photometric [Fe/H] surveys, and has been often ignored.
obtaining a good fit to the G dwarf metallicity distribution was ~ This paper is organized as follows: in Sect. 2, we present the
less significant than to search for an explanation for the pauc#§lection criteria for the sample of K dwarfs, and derive the cor-
of metal-poor objects. However, after the recent derivation g#sponding metallicity distribution. In Sect. 3, the derived dis-
a new G dwarf metallicity distribution (Rocha-Pinto & Maciefribution is compared with the G dwarf metallicity distribution,
1996, hereafter RPM), the G dwarf problem cannot be regardgit the consistency of the metallicity distributions of late-type
as just the paucity of metal-poor stars, compared with Simplwarfs of types F, G, and K is considered. In Sect. 4, we present
Model predictions. RPM showed that, besides the small num[i@@ proposed corrections owing to the chromospheric activity,
of metal-poor objects, there is also a small number of metal-righd apply them to both G and K dwarf metallicity distributions.
dwarfs and an excessive number of dwarfs with intermediafediscussion of the results by Favata et al. (1997), especially
metallicities. These results were already predicted by Maliniégarding the differences between their derived distributions is
et al. [1993) on the basis of an inhomogeneous chemical evdixen in Sect. 5.

1. Introduction

Send offprint requests tél.J. Rocha-Pinto
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2. The K dwarf metallicity distribution oot
We have selected a preliminary sample from the Third Catalog
of Nearby Stars (Gliese & Jahréil3 1991, hereafter CNS3). Tt ] R4
sample comprises around 870 objects classified as K stars. 0.0 aa .
searched fouvbyindices for these stars in the surveys of Olse | oS M
(1993,1994) and in the compilation by Hauck & Mermilliod T’ .
(1998), favouring the data by Olsen when a star had measu £ -
ments in both sources. Disregarding unresolved binaries, st .2 ] .
with variable indices, giants and subgiants, our sample has b¢ 3
reduced to 242 objects. For some of these, the spectral ty|
available in the literature do not allow the identification of thc § T .
star luminosity class. In these cases, the identification was me a5 .
by checking the star’s position on thie— y) x ¢; diagram. Sev- .
enteen objects occupy a region in this diagram which is main ] o Favata etal. (1997)
populated by subgiants, according to Olden (1984), and we  -2.04 4 Cayrel de Strobel etal. (1997) | |
eliminated from the sample. One star (BD +00 3077) was al:
removed from the sample, as it has a col@ur 31) = 0.972 of 20 45 40 05 00 05
an M dwarf, although being classified as K7 V in the CNS3. spectroscopic [Fe/H]

Metallicities were found from the calibrations of Schuster &
Nissen((1989) for stars bluer théin—1) = 0.550, and from the Fig. 1. Comparison between the photometric and spectroscopic metal-
calibration for K2-M2 dwarfs by Olser (1984) for the redddicities for 42 K dwarfs. The spectroscopic data are from Favata et al.
stars. The calibrations by Schuster & Nissen are assumedXg2/) and Cayrel de Strob&l(1997).
be valid for (b — y) < 0.590. However, we decided to apply
them for (b — y) < 0.550 only, since beyond this value theTable 1. Metallicity distribution of 218 nearby K dwarfs
calibrations yield spuriously high metallicities of 0.45-0.75 dex-
On the other hand, the calibration by Olsen (1984) is valid fére/H] number
the rangeb — y) > 0.514, but it is rather uncertain fofb —

-1.0 1 —

otom

y) > 0.550, as it is based on a small number of stars W|th1 15 8
spectroscopic [Fe/H] determinations. Therefore, the accuracy 95 0
of the metallicity determinations for the cooler stars is poorer g5 0
than for the hotter objects. —0.75 3

Fig.[O shows the comparison between our derived photet.65 2
metric metallicities and spectroscopic metallicities taken from0-55 5
the literature (Cayrel de Strobel et al. 1997, Favata et al. 1997945 11
for 42 dwarfs. It can be seen that the photometric and spectro- 18
scopic data are in good agreement with each other, especﬁlg/ gg
when data by Favata et al. (1997) is used. _0.05 36

Characterization of the disk population has been made hygs 30
applying the chemical criterion (see RPM for details), accords.15 28
ing to which stars witHFe/H] < —1.2 are considered as halo 0.25 6
members. From the application of this criterion, 6 stars were.35 1

removed from the sample, which comprises 218 K dwarfs in
its final form. Detailed data on these stars can be supplied by

request to the authors. As discussed by RPM, the chemical cri-

terion is a very simplistic one and does not take into account Particular care must be taken in the sense of avoiding any
the recent results on the chemical and kinematical propertiebas towards metal-poor stars in our sample. Some bias could
the halo and thick disk (Beers & Sommer-Larsen 1995; Grattbe produced by intrinsic biases in thebydatabases we have

et al.[1996). In fact, the chemical criterion is presently morgsed. From the 218 K dwarfs in our final sample, 138 have pho-
traditional than astrophysical, as it allows a straight compatémetric data from Olsen (1993), 40 from Olsgn (1994) and 40
son between our distribution and previous studies in the litdrom Hauck & Mermilliod [1998). It is difficult to investigate
ature. More rigorously, the characterization of a pure thin diske presence of any bias in the compilation by Hauck & Mermil-
late-type dwarf sample should be made by considering bdibd, as it contains objects from several heterogeneous sources.
the chemical composition and spatial velocities of the stars. @n the other hand, the samples in Olsen’s papers are very well
presentthisis not possible, as radial velocities are available odgscribed and different subsamples are easily identified, partic-
for a few late-type disk stars. ularly in Olsen|(1998). Three subsamples of this last catalogue
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ood T Tt 3. Comparison of the metallicity distributions of F, G, and
] —— This work (K dwarfs) g K dwarfs
0.18 —— RPM (G dwarfs) i
016 ] Fig.[2 shows a comparison between our K dwarf metallicity dis-

tribution and that of the G dwarfs (RPM). It can be seenthatthere
] ] is a very good agreement between these distributions, with only
0.12 . some small differences in the rang®.7 < [Fe/H] < —0.4,

] and inthe amplitude of the peak aroyfd/H] ~ —0.25. There-

1 ] fore, there seems to be no essential difference in the distribu-
0.08+ 1 tions of hotter and cooler dwarfs, in opposition to the findings by

| Favata et al[(1997). This conclusion is supported by many inde-
pendent metallicity distributions in the literature, which agree
0047 ] with the G dwarf metallicity distribution by RPM. This is shown
0024 1 4 in Fig.[3, where we show, besides the metallicity distribution of

0.14 -

0.10 -

Relative number

0.06 — -
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-0.02 +——-5+—"F—"+—"T—"—"T"—"T—"—T—"—"T—"—T——1—
12 -10 -08 06 -04 -02 00 02 04 06
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1. The metallicity distribution of the F dwarf sample studied
by Twarog|(1980), comprising 936 stars, after applying cor-
Fig. 2. Comparison between the metallicity distributions for K dwarfs ~ '€ctions due to stellar evolution and scale height, assuming
(this work) and G dwarfs (RPM). the Salpeter initial mass function (IMF). Twarog’s (1980)
sample was built with the primary purpose of studying the
age—metallicity relation. It is composed exclusively by F

are present in our sample: G5-type HD stars, calibration stars dwarfs, selected by.« range, and is expected to be repre-
and high-velocity stars. Biases could be present in the calibra- Sentative of our vicinity. Metallicities are found froavby

tion stars due to selection effects, and high-velocity stars which Photometry, but using a very simple calibration in which
are likely to be old metal-poor stars. Of the 138 stars in our [F€/H] depends linearly obim; .

sample taken from Olseh (1993), 38 are G5-type HD stars, 27 The metallicity distribution of Wyse & Gilmore (1995), with
are calibration stars and 23 are high-velocity stars. The aver- 128 F and G dwarfs. Wyse & Gilmore (1995) use the same
age metallicity of G5-type stars is around.19 dex, while the photometric calibrations as RPM. The major difference be-
calibration and high-velocity stars have average metallicities of tween these works is that Wyse & Gilmore (1995) have used
—0.10 and—0.07 dex, respectively. The average metallicity of Photometric data by Olsen (1983), while RPM have used the
the stars coming from the catalogues of Ol$en (1994) and Hauck More recentdata from Olsen (1993). This last paper is specif-
& Mermilliod (L998) is around-0.15 dex. The standard devi- ically concerned with G stars, while Olsen (1983) gives more
ation of the metallicity distributions of all these subsamples is attention to stars ranging from AO to GO. Therefore, their
0.21-0.23 dex. Therefore, no bias towards metal-poor objects is Metallicity distribution includes some late F dwarfs, apart
likely to be present in our sample. The differences in the metal- from the G dwarfs.

licity distribution of the subsamples may suggest a small bias The metallicity distribution of Flynn & Morel[(1997), com-
towards metal-rich objects. However, these differences may be Prising 179 G and K dwarfs, after applying the chemical cri-

caused by the fact that the subsamples have diffetenty) t_erion._ They have _built their sample from G and K dwarfs,

ranges, some of which depend more strongly on the different listed in CNS3, with(R — I) measurements and Geneva

metallicity calibrations we used. photometric indices available in the literature. Their sample
The resulting metallicity distribution is presented in Table 1. has 179 stars witffe/H] > —1.2 after applying the chem-

It can be seen that no stars hdie/H] < —0.80, in excellent ical criterion, from which 97 are G dwarfs and 82 are K

agreementwith the previous results by RPM. The datain Table 1 dwarfs. In order to improve the statistics of their database,
show that the ‘G dwarf problem’ is not a characteristic of the G W€ have used the metallicity distribution for their combined
dwarfs only, ruling out all previous arguments that the paucity S@mple of G and K dwarfs. .

of metal-poor dwarfs could be caused by the non-legitimady The metallicity distribution derived by Rocha-Pinto & Ma-
of the G dwarfs as representative of the long-lived stars (see Ci€! (1998), based on the chromospheric activity survey
Rocha-Pinto & Macié[1997a). Infact, the existencekiidwarf ~ (Soderblom 1985; Henry et al. 1996), with 730 dwarfs of
problemconfirms that the paucity of metal-poor long-lived stars  tyPes late F, G and early K. All stars in the chromospheric
is a real feature of the galactic disk. It is interesting to note that, activity survey are expected to be located within 50 pc from
according to Worthey et al. {1996), the G dwarf problem could the Sun, and are mostly G dwarfs, with some late F and

even be a universal consequence of the evolution of galaxies. €@y K dwarfs. Ssmgren photometric indices for these
stars were taken from Olsen (1983, 1993, 1994) and used to

find metallicities adopting the same calibrations used here.
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0.30 ———————F——T——T——7—

4. Correction factors owing to chromospheric activity

| S ] The raw data of the metallicity distributions are often subjecttoa
warog . . . .
0251 wyse & Gilmore (1995) 7 variety of corrections due to observational errors, cosmic scatter
L e et ooy ] and scale height effects. When a sample has stars with lifetimes

lower than the disk age, corrections due to stellar evolution must
also be applied. Such corrections are needed to conve rt the
observednetallicity distribution into thdrue distribution.

For a distribution based on spectroscopic [Fe/H], these cor-
rections are generally sufficient. However, for photometric dis-
tributions there is an additional correction which has been totally
neglected in past studies. This correction is needed in order to
take into account the effects of the chromospheric activity on
the photometric indices.

By studying the metallicity distribution in a sample of 730
late-type dwarfs with varying levels of chromospheric activity,
Rocha-Pinto & Maciell[{1998) have shown that, for the active

0.20

0.15

0.10

Relative number

0.05

0.00 F
. . . . . . . stars, the difference between the spectroscopic and the photo-
12 10 08 -06 -04 02 00 02 04 metric metallicity increases systematically as a function of the
[Fe/H] stellar activity. This result is a consequence of the defi-

ciency, which is more pronounced in active binaries (&iez
Fig. 3. Comparison of the G dwarf metallicity distribution (RPM) andet al 1991), but actually seems also to be present in normal ac-
other distributions in the literature. tive stars (Giampapa et al. 1979; Basri et al. 1989; Morale et al.
1996). A metallicity distribution that does not take into account
Table 2. Fraction of dwarfs with [Fe/Hk —0.40 in the metallicity this effect will be biased towards metal-poor stars. The elimina-

distribution tion ofidentified active stars from the sample is not an ideal solu-
tion to this problem as, in single late-type dwarfs, the activity is
This work 9.6% linked to the stellar age (Soderblom efal. 1991). Samples free of
Twarog (198D) 22% active stars will be also free of young stars, which will introduce
\é\’g:/le & Gilmore (1995) %g-i? another bias, in the sense of avoiding the expected metal-richer
A% . ! L
Flynn & Morell (1997) 31.3% dwarfs. Even if there was no relation between age and activity,

there would always remain some unidentified active stars in the
photometric surveys, as we do not know how to identify such
stars from their indices. The only way to keep a minimum com-
promise between the achievement of anon-biased sample and an
accurate metallicity distribution is to make use of approximate
&orrections for the effects of the chromospheric activity.
g The corrections we are proposing assume that all active
s, for which the chromospheric index Ry > —4.75
(>oderblom et al. 1991), have photometric metallicities lower

Rocha-Pinto & Maciel[(1998) 13.2%

All these distributions use metallicities estimated by ph
tometric data. However, they differ in the selection criteria an
calibrations used. In spite of these differences, the agreem

of the metallicity distributions (Figs. 2 and 3) is very good. Th X
fraction of stars with [Fe/Hk —0.40, for each distribution, is than the spectroscopic values by a constant amaur fact,

presented in Tabl@ 2. From these data, it can be estimated fhas lIkely to depend ofog Ry, but for the sake of simplicity

around (22+ 7)% of the late-type dwarfs in our neighbourhoolf’® Shall adopt here an average value given by

should have metaII|C|tle§ onver_thar().40 dex - fi.m x(log Rl ) A(log Ry ) dlog Rlg

Note also that all distributions, except that by Flynn & = foo (log Ri) dlog R,

Morell (1997), show a prominent single peak around.20 —4.75 XU08 T & MK

dex. As shown by Rocha-Pinto & Maciel (1997b), this featuighere (log R}y ) is the distribution of stellar chromospheric

could be explained by an intense star formation era from 5 4etivity, that can be found from the combined data of Soderblom

8 Gyr ago. Therefore, the main conclusion that can be dra\@#®85) and Henry et al. (1996), aris estimated by using Eq.

from the comparisons above is that there is a remarkable cgg) of Rocha-Pinto & Maciel (1998). Using Ed(1), we have

sistency amongst the distributions of F, G and K dwarfs. This — (.149 dex.

consistency could only be attained if the chemical enrichment The normalized photometric metallicity distribution of the

and star formation histortyave been essentially the same for alictive starsD([Fe/H]), from Rocha-Pinto & Maciel{1998),

late-type dwarfs is shown in Tablé 3. Instead of identifying the active stars in
the data sample, the approach we have taken here assumes that
a fractionc of the total number of stars in the samplg(;)

: 1)
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Table 3. Metallicity distribution for active stars and corrections wod ' T
[Fe/H] D[Fe/H] r ra rK 0154
—1.15 0 0 0 0 010 . . .
—1.05 0 0 0 0 . °
—0.95 0 0 0 0 & . y y o e " .
0.05 . ., . °
—0.85 0 0 0 0 ° ,3"' &,..;'..,g.:.,f, 4 " .
—0.75 0.00508 —0.00009 —0.01 —0.01 8':-,;?;'.: X ':g-,)
—0.65 0.01015 —0.00096 —0.08 —0.06 000 go WAL e .
—0.55 0.01523 —0.00685 —0.58 —0.44 ‘
—0.45 0.02030 —0.03097 —2.63 —2.00 0057 o o K dwarts
~0.35 0.09645 —0.08674 —7.37 —5.60 e
—0.25 0.20305 —0.14168 —12.04 —9.14 010 +—r e P P P
—0.15 0.26396 —0.10795 —9.17 —6.97 log R"
—0.05 0.20305 0.02736 2.32 1.77 i
0.05 0.09645 0.13495 11.46 8.71 Fig. 4. ém; as a function of the chromospheric activity for the active
0.15 0.07107 0.12700 10.79 8.19 stars in the sample of Rocha-Pinto & Maclel(1998). G dwarfs and K
0.25 0.01015 0.06311 5.36 4.07 dwarfs are marked by solid and open circles, respectively.
0.35 0.00508 0.01884 1.60 1.22
0.45 0 0.00352 0.30 0.23

them to a distribution binned in a different way, we provide the
equations below:

rx = 0.296 02 Nyt (X) [G([Fe/H] — A) — G([Fe/H))], (2)

are active stars. Therefore, the number of active stars in eadieredz is the bin size in dex, assumed constant, and
metallicity bin isc N+ D([Fe/H]), and to correct the metallicity )

distribution, these active stars should be allocated to more mefa exp [_ ([Fe/H] — 1) ]
richbins by an amount ah. 202

1
o\/2m

The fractionc is likely to depend on the spectral type con- o ) S
sidered, as the chromospheric activity is thought to be caudgdhe gaussian fit to the normalized distribution in Telble 3.
by the interaction between the stellar rotation and the convétecording to this fity = —0.143 ando = 0.152.
tion in the stellar envelope. The decrease of the outer convective FOr distributions based on different photometric systems, a
zone towards hotter stars indicates that young hotter stars do#¥/ value forA should be computed, since the extent of chro-
show much activity (Elgargy et al. 1997). For a sample center@@Spheric activity effects on the photometric indices depends
on G dwarfs, we can take= 0.296 as a good value, according®n the spectral range sampled by the filters, as well as on their
to Henry et al.[(1996). transmission functions. This could be an explanation for the fact

. . that the metallicity distribution of Flynn & Morell is somewhat

Table[3 also presents the normalized correctionis the . SRR

metallicity distribution. The numbers in the table were foun ffferent from the others (see FIg. 3), as this distribution uses

by the subtraction oD[Fe/H] from a gaussian curve fitted toaﬁeen;\éz E\ h;;??e ergzi v?/gd :rr:)%l?r?ggsir?(;i::hei Cv?lu?éﬁt;?gzscsg be
this distribution with a mean shifted lty. These corrections are y Y '

S by all other distributions in FidL] 3.
to be multiplied first byc Vo, before they can be added to the Morale et al. [1996) report that, in active K dwardsg, is

metallicity distribution, andbeforethe application of any other : . . .
. . . stematically greater thanin active G dwarfs as afunction of the
corrections due to observational errors, cosmic scatter, steﬁ%r g : - -
! . stellar activity, which would indicate a great&rfor those stars.
evolution or scale height. L : : . .
. ~_ Thisisnotconfirmed for the active stars in the sample studied by

The absolute corrections to the G dwarf metallicity distrirocha-Pinto & Maciel{1998), as can be seen from[Hig. 4. This
bution of RPM and the K dwarf distribution derived in thigy|ot shows that the:, deficiency, reflected in a larger value for
work are shown in the last columr_15 of Table 3, whexe = 4, , is about the same for G and K dwarfs, as a function of the
rcNeot (K) andre = reNiot(G) With Nt (K) = 218 and  getivity. However, the stars analyzed by Morale et al. (1996) are
Niot(G) = 287. Note that we have assumed the same valuggnerally much more active than ours, as they were detected by
for candA for G and K dwarfs, as there is no information abouthe X-ray flux-limited EinsteinExtended Medium Sensitivity
their dependence on the stellar mass. Survey (Gioia et al._1990).

It should be stressed that these corrections are valid only for This can be verified from the data in Talile 4 where we
distributions binned by 0.1 dex, with each bin centered at thempare the activity indice$og Rj;i andlog(fx/fv), in the
metallicities presented in the first column of Table 3, and fehromospheric activity anfinsteinsurveys, respectively, for
[Fe/H] determined by Séimgren photometry. In order to applythe four stars in common to these surveys. The bulk of the active

{TFe/H]) =

@)
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Table 4. Activity indices for common stars in the Einstein and chro5. Metal-enhanced star formation of K dwarfs or a biased
mospheric activity survey catalogue?

In the last few years, several works have investigated the obser-

Name log Ry log(/x/fv) vational aspects of the G dwarf problem (Wyse & Giliore 1995;

HD 105 —4.36 358 Rocha-Pinto & Maciel 1996, 1997a; Flynn & Morell 1997).

HD 166 —4.33 —3.43 All these works have followed the steps delineated by Pagel &
HD 25680 —4.54 -3.93 Patchett/(1975) for the selection of a unbiased metallicity dis-
HD 97334  —4.40 —4.06 tribution of long-lived dwarfs, by choosing stars in a volume

limited sample and using photometric metallicities.
The recent paper by Favata et al. (1997) also analyzes the
020 — - - - - - - - - metallicity distribution of the solar neighbourhood. The ma-
G dwarfs ' 1 jor novelty of this work is that the authors made the first at-
015- Rt (007 | 1 tempt to systematically study the local metallicity distribution
by using spectroscopic metallicities. In fact, the first local spec-
troscopic metallicity distribution was made by Rana & Basu
(1990). However, their selection criteria were not appropriate
to define a unbiased sample, and their metallicity database was
largely heterogeneous. Recently, some papers have also made
use of a spectroscopic metallicity distribution from the data of
1 Edvardsson et al. (1993). However, this distribution cannot be
L L 4 L o o &L, takenasrepresentative either, as Edvardsson etal. have selected
(FeH] their stars in order to have nearly equal numbers of them in
pre-determined metallicity bins.
0BT - - - - - - - - The results by Favata et al. (1997) are quite peculiar: stars
| Kawarfs 1 hotter than 5100 K present metallicities spanning the whole
) R vt et al (1997) P 1 range of [Fe/H] values expected for the disk, whereas amongst
| the cooler objects, no stars shiie/H] < —0.40 dex. Their
sample comprises 91 stars, 65 of which are considered as G
dwarfs and 26 are K dwarfs, their separation being made at
]l 5100K.
- The authors present two alternative hypotheses to explain
the lack of cool metal-poor stars:

0.104

Relative number

0.054

0.00

0.154

0.104

Relative number

0.05 4

0.00 T — E

. . : : : : : : : 1. Low mass stars would preferably form in higher metallicity
deoomeee e ’F:e » veo00em e 00 clouds, due to the efficient cooling driven by the radiation
of molecules containing metals.
Fig. 5. Comparison between the metallicity distributions for K dwarfs2. The Catalogue of Nearby Stars could have a metallicity bias,

(this work) and G dwarfs (RPM), and Favata et al.'s distributions. in the sense of favouring metal-rich stars amongst the cooler
ones.
stars, according to the distribution functigiilog R} ), has In what follows, we shall examine these hypotheses sepa-

(log Ryyk) =~ —4.50, which from the values in Tablg 4 wouldrately.

correspond tdog(fx/fv) ~ —3.9 or lower. Thus, our Fig14

does not rule out the conclusions by Morale etlal. (1996). N .

that our most active stars, that would have( fx /v ) ~ —2.8 %% . Metal-enhanced star formation of K dwarfs

if we extrapolate the relation for the stars from TdHle 4, havéhe first hypothesis resembles the metal-enhanced star forma-

domy ~ 0.07in good agreement with Fig. 3 by Morale et al.. Wéion model (MESF; Talbot & Arnett 1973; Talbot 1974; see

can see that dbg(fx/fv) = —3.0, the G and K dwarfs still also Tinsley 1975, 1980). This model was proposed to explain

present similabm; indices. the lack of metal-poor G dwarfs, when the G dwarf problem
From the considerations above, we can conclude that, omigs identified. The idea of Favata et al. (1997), although not

for the most active dwarfs, the cooler stars will present lafgerexplicitly stated in this way, is that stars of progressively lower

compared to the G dwarfs. From the functigilog R} ), these masses are generally born with metallicities above than average,

very active stars comprise arailb % of theactive stars we are just like a mass-dependent metal-enhanced star formation.

dealing with (that is).05¢ N stars), so that their influence on  There are problems with this hypothesis. If MESF could

the metallicity distribution will be negligible, and our hypothesiproduce a lack of metal-poor K dwarfs compared to G dwarfs,

for equalc andA is fairly reasonable. then the same reasoning indicates that there would be a paucity
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of metal-poor G dwarfs compared to F dwarfs, and so on. It
not possible to test this hypothesis using stars earlier than |4so
since the older earlier stars have already evolved away from 15
main sequence. However, the F dwarf metallicity distributio 32
corrected by stellar evolution (Twardg 1980) is not differer 2%
fromthe distribution of the G dwarfs in the metal-poorrange (s¢ 1%
Fig. [3). The F dwarf metallicity distribution could have anothe  ©
intrinsic bias towards metal-rich stars due to the accretion K stars
Jupiter-mass planets (Laughlin & Adams 1897). However, tt

extent of these effects is not presently known. Moreover, as the

is a metallicity gradient in the Galaxy (see for example Macic.

and Koppen 1994), the fraction of cooler dwarfs related to thgg. 6. Sources for the parallaxes in the Third Catalogue of Nearby Star
other stars should increase towards the Galactic center. Stug@@se & JahreiZ1991).

of the variation of the IMF as a function of galactocentric radius

show justthe opposite (Scalo 1986; Matteucci & Brocato 1990).
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Fig[8 compares the metallicity distributions found by Favafg around 10K, putting the IMF cutoff at 0/, according to

et al. (1997) with the G dwarf (RPM) and our present K dwaF e formu-lae by Padoan et 4. {I997). .

metallicity distributions, after the application of the corrections EVen if the IMF cutoff were around 0.9/, in the hot-

due to chromospheric activity. These corrections were not &' cloudg, 'there would be no such a direct relation betwgen
plied to these distributions in the previous figures, since we wépg Metallicity and the cloud temperature. The temperature in a

comparing photometric distributions, which are expected to éecular cloud is not solely determinated by the cooling rate

affected in the same way by chromospheric activity. HowevéYYhiCh can depend on the metallicity), butit depends also on the

to compare a photometric distribution with a spectroscopic orféc,’Ud density and on t.he existence o_f internal and exte.rnal heat-
the corrections in Tabl@ 3 are needed. The G dwarf metallicljl Sources (Goldsmith 1988; Cernicharo 1991). A difference
distributions show a good agreement (upper panel of[Big. 8),° K as that required for the IMF cutoff to bel¢, or 0.6
except for [Fe/H}> +0.10, where the distribution by Favata et o, could exist even inside the same cloud, where the metal-
al. (1997) shows a larger number of metal-rich stars. The sal{dy S likely to be the same everywhere, as shown by Young et
occurs in the K dwarf distribution (lower panel of Fg. 5). Not&@!- (1982) and Cernichard (1991). There is no strong evidence

also the lack of metal-poor K dwarfs in the sample by Fava@&at the star formation mechanisms would be different for G and

et al. (1997) compared to ours. This difference is not likely f6 dwarfs. The bump at 0.7(, in the present-.day mass fun'c-
be caused by errors in the photometric calibrations we hai@: duoted by Favata et al. (1997) as an evidence favouring a
used, since Fig]1 demonstrates the good agreement with Jfgodality in the star formation of low mass stars, was more

spectroscopic metallicities, which is even closer for their dat§Sily €xplained by Kroupa et &l. (1990) as a real feature in the
mass—magnitude relation due to the effects of the increasing im-

The MESF model was not successful in giving a reasonajgrtance ofii~ as an opacity source. Given the considerations
explanation to the G dwarf problem, as it requires both vegpove, it is reasonable to conclude that MESF cannot account

large chemical inhomogeneities in the interstellar medium agg} the |ack of metal-poor K dwarfs in the sample by Favata et
very inefficient star formation in metal-poor regions (Tinsley (1ggy).

1980). Our present knowledge of star formation and initial mass

function corroborates this, as we shall show below.

. 5.2. A metallicity bias in the catalogue of nearby stars
Padoan et al[ (1997) have recently presented analytical ex-

pressions for the initial mass function (IMF) taking into accourficcording to Favata et al._(1997), the use of photometric par-
the dependence of the star formation on the physical paramegdiaxes could introduce a metallicity bias in the CNS2. Note,
of the molecular clouds. Their model shows that cooler cloutiswever, that our sample does not show this problem, in anal-
form preferably lower mass stars. The IMF has a single maxigy with the K dwarf metallicity distribution found by Flynn &
mum and an exponential cutoff below it. For the idea of Favaldorell (1997). The samples by RPM and Flynn & Morell were
et al. to be valid, regions with [Fe/H} —0.4 should form stars also selected from the Catalogue of Nearby Stars, although both
with an IMF cutoff just below 1M/, and in more metal-rich papers have considered a more recent version.

clouds the IMF cutoff should lie beyond 0.6—-0\Z,. Using the We decided to investigate the parallax sources in CNS3. This
expressions given by Padoan et @l. (1997), and taking averagesion of the catalogue was used instead of CNS2, as all recent
values for cloud density and velocity dispersion, the tempenaerk on the metallicity distributions is based on it. Moreover,
ture of the clouds for such cutoffs should be 22 K and 19-17 Kny bias in the CNS2 would also be present in the CNS3, since
respectively. This is hotter than the mean temperature expedteth catalogues were built in the same fashion. We begin by
for typical dark clouds, 8-15 K (Goldsmith 1988). However, acselecting all stars witliB — V') between 0.5 and 1.4, as in Fa-
cording to Lin (1997), at the present metallicity of the globularata et al.[(1996). The sample was further divided into ‘G stars’
clusters ([Fe/HIS —1.0 dex), the cold dense clouds could coohnd ‘K stars’ at B — V') = 0.8. There are 1421 objects in this
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300 T T T T T 1 poor stars, with [Fe/Hk —0.4, estimated as being located at
S | 25 pc from the Sun, are in fact closer by 2.5-8 pc. Also, solar-
- 2107 metallicity stars assumed to be within 25 pc from the Sun, could
<£ 250 1 be farther away by up to 5 pc. This effect depends slightly on the
o 27 stellar colour, being lower for cooler stars. Thus, it is expected
£ 1 that such effects would be slightly more pronounced amongst
E 22.5 1 the G dwarfs, in comparison with the K dwarfs.
= 1 We have looked for such effects in the data by comparing
5 20.04 the distances from the CNS3 with the distances measured by
2 5 ] the HIPPARCOS satelite, both for stars with trigonometric and
o T UBVRIparallaxes. The sample of G and K dwarfs, built accord-
= 150 ing to the prescriptions above, was further divided into four
' 10 08 06 04 02 oo samples: (i) G dwarfs included in the CNS3 with trigonometric
parallaxes (hereafter tG); (ii) G dwarfs with spectroscopic and
[Fe/H] UBVRIparallaxes (ubvG); (iii) K dwarfs included with trigono-

Fig. 7. The real inclusion limit of the CNS3 as a function of [Fe/H] an(gnetric parallaxes (tK); and (iv) K dwarfs with spectr_oscc_)pic and
(B — V) for UBVRIparallaxes. The curves correspond B— V') of UBVRI parallaxes (ubvK). The number of stars with distances

0.5,0.6, 0.7, 0.8 and 0.9. The labels indicate the curves for the codizP0th the CNS3 and in the HIPPARCOS database is 236 (tG),
and hotter stars. 204 (ubvG), 262 (tK) and 272 (ubvK).
Fig.[8 shows a comparison of the CNS3 and HIPPARCOS
distances of these four groups. A number of trends can be seen
colour range, from which 550 are G stars and 871 K stars[ Fign&hese panels. Let us consider first the two groups included in
shows the number of stars included in the CNS3 accordingttee CNS3 with trigonometric parallaxes, tG and tK. Itis possible
the parallax sources. These sources are: (i) trigonometrical garsee that the agreement between the CNS3 and HIPPARCOS
allaxes; (ii) spectroscopic parallaxes and parallaxes determinstances improves as we consider stars closer to the Sun, re-
from broad-band photometric colours; (iii) photometric paraftecting the better accuracy of ground-based parallax measure-
laxes determined fromvbycolours; (iv) photometric parallaxesments of nearby objects. A very small number of stars was also
determined from other photometric systems; and (v) photoméateluded in the catalogue in spite of having trigonometric par-
ric parallaxes for white dwarfs. As can be seen, the main souredlaxes smaller than 0.039. There are nearly 10% of the stars in
for the CNS3 are the trigonometrical parallaxes, and parallaezch group tG and tK that are located much farther away than
determined from spectral types UBVRI colours (which we 25 pc. Thisis due to errors in the parallax measurements, so that
will call UBVRI parallaxes). The contribution by photometriave do not expect any chemical composition differences between
parallaxes at this colour range is negligible. Both the spectithose stars and the stars with accurate distances. The situation
scopic andJBVRI parallaxes are determined from mean calis different for the groups ubvG and ubvK, whose distances are
brations built using the stars for which accurate trigonometrshiown in the bottom panels of Fig. 8. For these groups, the scat-
parallaxes are available (Gliese & Jahreil’ 1989). As these dal-around the line of same distance does notdepend on the actual
ibrations include stars with varying chemical composition, thigellar distance. Such scatter is very likely to be produced by the
must refer to an average metallicity. At a given colour, metaftarying chemical composition of these stars. There is a group of
poor stars have higher absolute magnitudes than their ricktars with underestimated distances in CNS3, both amongst the
counterparts, because their main sequences lay below thaGaind K dwarfs. We separate these stars by a dot-dashed line.
the average-metallicity stars in the colour-magnitude diagrafhe possibility that the inclusion of metal-rich stars in CNS3
Therefore, metal-poor stars would be estimated to be systemaith UBVRIparallaxes has an important effect can be checked
cally farther away than they really are by the use of spectroscopic comparing the metallicity of the stars at both sides of the
andUBVRIparallaxes, as Favata et al. (1997) suggested. Codlut-dashed lines in the bottom of Hig. 8.
this effect be large enough to introduce a metallicity bias in the To estimate the metallicities we used the same procedures
CNS3? described in Sect. 2. The number of stars with metallicities
In order to investigate this problem, we need to know how thie each subgroup is: 185 (tG), 176 (ubvG), 111 (tK) and 121
‘25 pc limit’ for inclusion in the CNS3 depends on the metaltubvK). The number of stars deviating from the line of same
licity as well on the colour of the stars by using an averaghstance is 21 G dwarfs and 20 K dwarfs.
colour—-magnitude relation. We have used the theoretical zero- In Fig.[9a and b, we show the metallicity distributions of
age main sequences (ZAMS) calculated by VandenBerg (1985 groups tG, ubvG, tK and ubvK. There is no indication that
His ZAMS for [Fe/H] = —0.23 was chosen as the mean ZAMSthe metallicity distribution of G stars is different at the extreme
since this metallicity corresponds roughly to the average metaletallicities, regardless of the parallax source. However, the
licity of the solar neighbourhood stars (cf. RPM). In Kijy. 7, wenetallicity distribution of the group ubvG has a remarkable sin-
show the real limit for inclusion in the CNS3, fdB3 — V') gle peak afFe/H] ~ —0.20 dex, which is not present in group
colours ranging from 0.50 to 0.90. The figure shows that met&6. This peak is also apparent in the metallicity distributions
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Fig. 8. Stellar Distances from the CNS3 and from the HIPPARCOS database, for different stellar groups defined by their parallax sources. The
dot-dashed lines at the bottom panels separate stars with good distance estimates in the CNS3 from those assumed to be closer than they are.

discussed in Sect. 2, but it is not clear whether it is caused &lyow any bias derived frotrdBVRI parallaxes, although some
something related to the colour—-magnitude calibration, sincesikcess of metal-rich stars is apparent in the group of K dwarfs
is also present in Twarog’s (1980) distribution which uses vewith trigonometric parallaxes.

different selection criteria. On the other hand, the metallicity dis-

tributions of K dwarfs seem to depend strongly on the parallax

sources of the CNS3. A Kolmogorov-Smirnov test indicates that However, this result is not conclusive, since the metallicity
both distributions are different at a significance level of 99.99¢gistribution of group tK is more strongly dependent on the cal-
However, the difference occurs in the opposite sense of what iEation by Olsen’(1984) than group ubvK (the fraction of stars
were expecting as group tK shows much more metal-rich objebtsthese groups that havé — y) > 0.550 is 0.55 and 0.37,
than the group ubvK. Also there seems to be more meta|_p(5§§pectively). It is worth to note that the metallicity distribution

stars amongst the ubvK dwarfs. Therefore, these groups do fbgroup ubvk agrees better with the groups of G dwarfs. The
hypothesis that the metallicity distribution of group ubvK is the
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0.30 ————F——F——F——1——7——

There is no indication that this group has more metal-rich stars
i compared to the others. The absence of stars with metallicities
trigonometric parallaxes (185) lower than—0.5 dex can well be ascribed to the size of the
sample. As an illustration, the KS test gives significance levels
of 0.517 and 0.314 for this distribution not to be taken from
4  the same population of groups ubvG and tG, respectively. The
situation is different for K dwarfs. The group of deviating K
dwarfs has metallicities ranging from1.6 to —0.05 dex, with
71  anaverage around0.65 dex. This result is very peculiar since
it suggests that the stars which have systematically underesti-
mated distances in the CNS3 are metal-poor, while we would
expect that metal-poor stars would have overestimated distances
according to Fid.J7. However, this question cannot be properly
answered because the metallicity of the group of deviating K
dwarfs also strongly depends on the metallicity calibration for
stars cooler thaf® — y) = 0.550.
. In spite of that, if such bias is likely to be present in the
. . . . . . . . catalogue, it should occur for both G and K dwarfs, being in
12 10 08 06 04 02 00 02 o4 factstrongerforthe hotter stars. The non-existence of such bias
[Fe/H] amongst the G dwarfs, which have even more accurate photo-
metric metallicities, indicates that it does not affect the content
of the CNS3. This can happen because the limit for inclusion of
objects in the CNS3 due to spectroscopic biidy/RIparallaxes
e e is more flexible than the limit for trigonometric parallaxes. This
{ isevidentfrom Fid.B. Inthis plot we see that there are many stars
005 K onometic parallses (11) | inthe CNS3 whose distances in this catalogue are greater than
"7 UBVRIparaliaves (121 25 pc, amongst those included witlBVRI parallaxes. Thus,
in the CNS3 there is not a fixed limit at 25 pc for the inclu-
| sion of stars witlJBVRI parallaxes, and there seems to be no
corresponding metallicity-bias.
The simplest hypothesis to account for the results found by
1 Favata et al[(1997) is that their sample is not representative of
the galactic population of K dwarfs, due to its small size. The
original sample randomly selected from the CNS2, and consist-
ing of around 100 G and 100 K dwarfs (Favata et al. 1996), can
be expected to be representative. However, the number of stars
that were effectively observed is 63 G dwarfs and 26 K dwarfs.
As Favata et al[ (1997) themselves state, relatively fewer cooler
stars were observed due to their faint magnitudes. This obser-
4 vational selection is not likely to remove the representativeness
of a large data sample. However, small samples are much eas-
12 10 08 06 04 02 oo o2 o4 Ilyaffected by statistical fluctuations due to the elimination of
[Fe/H] some stars. This can explain why the distributions by Favata et
al. (1997) show large fluctuations and not a single prominent

Fig. 9a and b.Comparison of the metallicity distributions of the stellapeak as the other metallicity distributions in the literature.
groups included in the CNS3 with different parallax soureagroups

tG e ubvG;b groups tK and ubvK.
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Itis then particularly important to see whether there are dif-
ferences amongst the groups of deviating stars, that is, th?zse%erences
objects to the right of the dot-dashed lines in Elg. 8, and the re-
maining groups. The metallicities of the deviating G stars rangasri G., Wilcots E., Stout N., 1989, PASP 101, 528
from —0.5 to +0.1 dex, with an average around0.10 dex. Beers T.C., Sommer-Larsen J., 1995, ApJS 96, 175
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