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Abstract. We present a lithium survey for a sample of 91 Pop. The signature of the second mixing (or RGB extra—mixing)
| stars.JH K L photometry was also obtained for 61 stars iapisode is evident in thisg n(Li) vs. B—V andlog n(Li) vs.
the sample. Besides Li abundances, [Fe/H] values were d&s,, distributions of the stars in the sample; it seems however
rived. Thanks to Hipparcos parallaxes, we could infer absoluteat the extra—mixing occurs at luminosities lower than pre-
V magnitudes for our sample stars and were able to place thditted by the models of Charbonnel (1994).
on the color-magnitude diagram, which allowed us to constrain Finally, a few evolved giants are found that should have
their evolutionary status. Masses and ages were derived for nmsdsed the second mixing episode, but that do not show signs
of the stars by comparison with evolutionary tracks. The samfit. At least half of them are spectroscopic binaries.
ple was originally selected so to include class IV stars later
than spectral-type FO, but, based on the location on the coléfey words: stars: abundances — stars: fundamental parameters
magnitude diagram, we founa posteriorithat a fraction of — stars: late-type
the stars (about 20%) are either main sequence stars or evolved
giants.

As it is the case for dwarfs and giants, a large spread {n |ntroduction
lithium abundance is present among the subgiants in our sample.
As expected, the average lithium decreases as the stars eth@@VOlUtion of surface lithium abundance is far from being un-
a|0ng the Subgiant branch; however, thereis nota one_to_oneq'é[StOOd and the stellar lithium content is not eaSily predictable
lationship between the position on the color-magnitude diagr& a function of age, evolutionary status, mass, and metallicity.
and lithium abundance, and the observed dispersion is only ghts now well established that, with the exception of very low
tially explainable as due to a dispersion in mass, metallicity, af#®Ss stars, convection is neither the only one nor the main mix-
age. In particular, a dispersion in lithium is seen among slighifyd mechanism. Non standard mixing—processes acting during
evolved subgiants with masses close to solar but in the saffigidence on the main sequence (MS) are indeed required in or-
evolutionary stage as the G2 IV sfaHyi. The comparison of der to explain several observed features, such as, for example,
theﬁ Hy|-||ke samp|e with a Samp|e of non evolved So|ar_|ik§'le fact that SOIar'type stars deStroy lithium while on the MS, as
stars indeed Suggests ﬂmHy| has most ||ke|y evolved from evidenced by the difference between the 120 Myl’ Pleiades and
a main sequence Li-rich star, rather than from a Li—poor st&€ 700 Myr old Hyades (but see Swenson et al. 1994a,b for an
(like the Sun) that has dredged—up previously stored lithiumalternative interpretation), or the significant lithium depletion

Our sample includes several stars that have completed @served in a fraction of F-type stars with very thin convective
first-dredge up lithium dilution, but that have not yet evolved t#°nes when they leave the MS (Balachandran 1990).
the evolutionary point where extra—mixing in the giant phase is The Sun, whose low lithium abundance cannot be explained
thought to occur. A large number of them have Li abundanc@y standard models including convection only, is probably the
considerably below the theoretical predictions of first dredge—gst known example of the need for an additional (or extra)
dilution. We confirm that this is due to the fact that the progerfitixing mechanism acting on the MS (e.g., Chaboyer etal. 1995;
tors of these stars are most likely stars that have depleted lithiffisonneault 1997 and references therein). Both in the field and
while on the main sequence; the fraction of post—dredge upifithe open cluster M67 (which has solar age and metallicity)
rich/poor stars, in fact, is consistent with the observed distribelar-type stars are observed with a lithium content as low as or
tion of Li abundances among stars that have just left the m&yen lower than in the Sun; at the same time, however, a high

sequence. percentage of the stars have a factor of ten higher lithium or
more (Spite et al. 1987; GdecLopez et al. 1988; Pasquini et
Send offprint requests 1&. Randich al. 1994; Pasquini et al. 1997). The G2 IV staHyi is a well

* Based on observations carried out at the European Southern ®Bown example of an old, but lithium rich star. Itis slightly more
servatory, La Silla, Chile massive than the Sun, but it is older and in a more advanced
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evolutionary stage (see Dravins et al. 1993, 1998); its lithium We present here a lithium survey for a sample of nearly
abundance is a facter 30 higher than in the Sun. Dravins et al100 Pop. | stars, a large fraction of which are in the subgiant
(1993) suggested that Li could have diffused downward duriegolutionary phase. Whereas the distribution of lithium among
MS lifetime, and temporarily stored below the convective zondwarf and giant field stars is observationally well constrained
As the star evolves off the MS, Li could be dredged—up to ti{although not so well understood), additional information for
surface, thus leading to a short-lived enhancement of surfélce intermediate evolutionary stages is certainly needed. Our
Li abundance before appreciable dilution occurs. According poimary goal is to follow the evolution of lithium from the lat-
this scenario, the high lithium content 8fHyi is linked to its est phases on the MS to the first ascent of the giant branch;
evolutionary status and, in principle, the Sun should also pamsre specifically, we intend to use a large sample of stars to in-
through a short phase of lithium enrichment. On the other havestigate the dependence of lithium on evolutionary status and
the alternative hypothesis can be made that, as it is the casenfiass, disentangling the effect of the other stellar parameters
the lithium—rich old solar-type stars in M67 or in the fiefsl, (e.g., metallicity). Our sample contains stars just evolved—off
Hyi left the MS with a high lithium content which, therefore the main sequence which are in an evolutionary stage similar to
would just be the result of a reduced mixing (with respect to thieat of 3 Hyi, and should allow us to further investigate the diffu-
Sun) during MS lifetime. sion mechanism proposed by Dravins et al. (1993). In addition,
Observations of giant stars also challenge our understasdveral stars in our sample are crossing the Hertzsprung gap or
ing of lithium evolution. In principle, the lithium content ofare approaching the first ascent giant phase; these objects will
giants after the first dredge—up has occurred should be simalpw us to put further constraints both on the first dredge—up
the product of the lithium content at the end of the MS times tlidlution and on the signatures of the extra—mixing.
dilution factor due to the deepening of the convective envelope Observations of subgiant stars have sparsely been carried
and to the mixing with lithium depleted material. The first caleut within various lithium surveys of field stars (e.g., Pallavicini
culations of lithium dilution during post—main sequence phas&887 and reference therein). However, to our knowledge, only
were carried out by Iben (1965; 1967ab) who predicted a facfour lithium surveys specifically focussed on subgiants were car-
of about 28 and 60 Li dilution at the end of the first dredgeried out in the last decade. Balachandran (1990) derived lithium
up for 1-1.5M, and 3-5M,, respectively; therefore, lithium abundances for a sample of 200 F stars slightly evolved off the
abundances of the order bfg n(Li)=1.85 and 1.5 should be MS. Her primary goal was to investigate the processes of lithium
observed for stars which left the MS with their original lithiundepletion during MS lifetime for these rather warm stars. Her
content [og n(Li)~3.3). Evolved giant stars in several clussample is complementary to ours, since it includes on average
ters with different ages and turn—off masses (Gilroy 1989) antbre massive and less evolved stars; we will use this sample
in the field (Brown et al. 1989) show lithium abundances th&d complement our one. Pilachowski et al. (1993) determined
are not in agreement with these theoretical predictions sifliteium for 79 metal poor ([Fe/Hk —1.4) subgiants with the
they are, on average, lower than the predicted maximum valirpose of studying lithium dilution; their results are consis-
ues. At least two different, but complementary explanations ftant with the indications that come from CNO elements. They
this have been proposed. First, stars that, for whatever reasonnd a qualitative agreement with first dredge—up predictions
show apparent signs of lithium depletion at the end of their M8r stars warmer than 4900 K, but their data suggested that addi-
lifetime, will have n(Li) below the predictions once they evolvéional Li destruction and extra—mixing should occur for cooler
to the giant branch. Second, an extra—mixing mechanism actstgrs. Similar results were obtained by Carretta et al. (1998)
during some phases of the post—-main sequence evolution is &g sample of metal poor stars ([FeAd]—1). We consider
likely to be at work. The need for a mixing mechanism whicthese samples also as complementary to ours, both because of
adds to the first dredge—up is also evidenced by measuremdémsdifferent metallicity and because of the restricted range of
of the '2C/'3C and'2C/**N ratios in evolved stars in open andnasses of halo subgiants in comparison with Pop. | subgiants.
globular clusters: observed post dredge—up values of those ratiesy recently a study of lithium in subgiant stars was carried
are in agreement with the theoretical predictions, but, at a lateit by De Medeiros et al. (1997) who, however, used lithium
stage in the evolution along the giant branch, they become sabundances from the literature and investigated the relationship
stantially lower (e.g., Charbonnel 1995 and references thereimgtween lithium depletion and rotation, rather than following
Observations of CNO elements suggest that the extra—mixiitgium evolution itself.
process acts only in stars with masse® M., and that it be-
comes efficient when the stars reach the so—called luminosity
bump or RGB bump; this corresponds to the evolutionary po'r%t The sample

where the hydrogen burning shell crosses the chemical discofir sample contains 91 stars later than spectral-type FO with
tinuity left by the convective envelope at its maximum extengleclinationd < +10 selected from the Bright Star Catalogue
for stars that have not reached this point the mean molecyigbffleit & Jascheck 1982). The sample selection was carried
weight gradient constitutes a barrier to any mixing mechanissiit on the basis of the published spectral types and, therefore,
(e.g., Charbonnel 1994; Charbonnel 1995; Charbonnel et @lr sample includes also stars with uncertain luminosity class
1998). (IV-V or IV-1ll) which eventually turned out to be dwarfs or
evolved giants from their position on the color-magnitude (C-
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Table 1. The sample stars Table 1. (continued)
HD # Sp. MW B-V b—y v sini  note HD # Sp. My B-V b—y v sini  note
(kms™1) (kms™)
142 G1IV 366 0.519 0.33% - 152781 KO IV 3.30 0.952 - 1.0
469 G4IV 055 0.738 0.4539 - sb 154556 K11V 199 1.062 - 1.0
645 KOIV 177 1.000 0619 1.3 155974 GOIV-V 355 0.478 03%0) 7.2
3303 KOIV 159 1.001 - 1.0 156846 G3IV 305 0578 0368 4.9
6269 G5IV  1.03 0.932 057 4.6 157347 G5 IV 483 0.680 0428 1.1
8779 KOIV -0.22 1.241 0.759 1.0 160691  G3IV-V 420 0.694 0.43% 1.7
9562 G2IV 339 0.639 0.398 4.1 165438 K11V 3.02 0.968 0592 1.0
10142 KOIV  0.96 1.045 0.64% 23 165978 KO IV 115 1.025 0.635 1.8
11332 K1IV 025 0998  — 2.2 166599 KO-V 0.79 0.944  — 4.3
12583 G3IV 0.85 0.966 0.595 - 169233 KO-V -0.93 1.138  — 1.0
13421 GOIV 250 0569 0.3%8 9.9 170525 G5V 289 0688 0480 2.7
16589 GOIV 2.84 0521 0.3%88 342 sb 172223  K2Hl-lVv - 078 1.220 - 2.6
18262 F7IV 273 0478 0362 99 173902 Kilv. 188 1085 - 1.0
18907 G5 IV 3.47 0.794 0.49§ 1.3 177389 G8-KOIll-IV 2.48 0.901 - 1.0
19826 KOIV 174 0912 0578 25 sb 177565  G5IV  4.98 0705 0487 32
26913 G5IV 534 0680 0450 4.7 188512 GBIV 303 0855 0521 12
26923 GOIV 469 0570 0368 3.3 191067  K1IlVv 257 1.023 0625 1.0 sb
27442 K2IV 314 1.078 0630 1.2 194433 K2IV-V 325 0961 0596 2.1
29613 K1V 154 1054 0645 10 195564 G251V 374 0689 0481 18
30608 K1IV 0.36 1.071 _ _ 196755 G511V 2.68 0.702 0.482 3.5
34642 KOIV 217 0.987 066 1.0 199223 GGV 0.82 0.824 0528 1.0
36553 G3IV 226 0615 0.390 _ 200011 G31Iv 2.09 0.663 0.424 25
37501 G5I1V  1.18 0.845 — - 200073 KO IV 1.84 1.106 0.680 2.7
39937 F7IV 041 0656 0410 86  sb 202773  G8IV 094 0966 0618 1.6
40105 G8IV 3.82 0891 0559 _ 210434 KO-V 1.30 0.981 0.598 3.3
41700 GOIV-V 422 0517 0.348  16.2 211391  G8II-lV  0.33 0.979 0594 1.6
50806 G5IV 3.99 0.708 0.43%Y — 212330 G31IV 3.75 0.665 0.494 1.5 sb
51825 F8IV-V 3.05 0.465 0.308 28.3 214599  KOIV 053 1.006 0.607 1.0
62644 G6IV 3.13 0.765 0479 _ 216385 F71v 3.02 0487 0.3i8 57
66011 GOIV 2.34 0570 0.360 136 216437  G2-3IV 392 0660 0492 3.7
72954 G5IV-V 242 0752 0472 38 sb 216718 KO-V 095 0.881 0.54% 2.6
80170 K51-IV 0.12 1.166 - 15 217107 G8 IV 470 0.744 0458 17
82074 G6IV 257 0.838 0508 2.1 217703 KO-V 154 0.946 058P 2.0
82734 KOIV -0.03 1.023 0.62% 38 219834 G5 IV 362 0.787 0478 29 sb
85655 K2IV -1.01 1.354 - 14  sb 223524 KO IV 1.06 1.133 0763 1.0
90170 G8IV 198 0.884 - 1.4 224022 F8 IV 3.80 0572 0364 54
92588 K1V 357 0.880 0537 1.1 224750 G3IV 1.97 0.763 - 6.1
94386 K3IV. 191 1176 - 1.0 Sources forb — y colors: (1) Olsen (1993); (2) Olsen (1983);
99491 KOIV 525 0778 0488 26 (3) Anthony—Twarog et al. (1991) (4) Schuster & Nissen (1988);
100219 F7IV 326 0537 0389 52 (5) Hauck & Mermilliod (1980).
104055 K2IV  -0.13 1.257  — 2.0
104307 KOIV 022 1.220 - 1.0 sh
107773 G8-KOIV 2.83 0.887 0.557 1.3 M) diagram based on Hipparcos parallaxes. More specifically,
114837 F7IV  3.62 0.489 0.3% 9.7 sb 70 of the stars are class IV stars, whereas the remaining 21
120237 G3IV-V 4.30 0.561 0.357 - are classified as V-V or IV-lll. The sample stars are listed in
121056 K1IV-V 2.13 1.009 0.629 1.4 Table 1. HD numbers are given in Column 1, while basic in-
121384 G6IV-V 3.09 0.780 0.482 1.4 sb formation are listed in Columns 2-5; sin ¢ values and notes
125184 G2IV  3.89 0.723 0454 1.1 on binarity are given in the last two columns of the table. The
126400 G7IvV 2.05 0.941 - - information on spectral types was taken from the Bright Star
126868 G2IV  1.72 0.693 0487 143 Catalogue itself: in most cases, the spectral classification is the
140301 KONV 080 1.124 - 1.0 same as given in the Simbad database, although for a few stars
144585 G4IV-V 402 0.660 0418 27  sb differences in the luminosity class are present\Bcolors, V
145148 KOV 351 0988 0605 1.0 magnitudes and parallaxes and, therefore, absolute magnitudes

147723 GOV - 0.590 0.377 - My were retrieved from the Hipparcos catalogbie; y colors
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were taken from various sources in the literature as indicatst@rs with noubvy photometry available an initial [Fe/H} 0

in the table’s notes. Rotational velocities and information amas assumed. Initial effective temperaturegijwere derived
binarity, obtained using Coravel, were kindly provided by Dusing both the colors from our NIR photometry (specifically,
De Medeiros. J-K and V—K) and B-V andb — y colors from the literature.

As we will show in the following sections, the sample inThe empirical calibration of Gratton et al. (1996) for population
cludes stars in a range of masses, metallicities, evolutiondstars and the abundance dependence given by Kurucz (1993)
stages, and, obviously ages. It is, however, a magnitude limitaddels were employed. Surface gravitiesg were determined
sample (but we caution that it is not complete), and thereforauging the relation:
should be unbiased with respect to kinematics, chemical com-
position, activity, and rotation. This on the one hand allows y§gg = 0.4 (My +BC — 4.72) + log M/Mg

to investigate the issue of lithium abundance for an unbiased +4 log Teg — 10.60
sample and, on the other hand, to investigate the dependence of . )
lithium itself on at least some of the above parameters. where BC are the bolometric corrections (from Kurucz, 1993)

and masses were derived as explained in Sect.4.3. A mass
M = 1.3Mg —the average for the stars for which we deter-
mined the mass—was assumed for the stars with unknown mass.
The spectroscopic observations were carried out at ESO La Sfiaally, microturbulence velocities were estimated using the re-
in two different observing runs, in May and October 1992. THationship:

1.4m Coue Auxiliary Telescope (CAT) with the CoédEchelle .

Spectrograph (CES: Kaper & Pasquini 1996) in combinatién= —0-322logg +2.22kms™"  (Gratton et al. 1996)

with a Sh‘?” Camera_and ESO CCD #9 was used. With suchg, equivalent widths were analyzed using the first order stel-
configuration we achieved a resolving powet= 60,000 and |, 4 -ameters and [Fe/H] values were determined (see next
a spectral range of 58 centered at = 6708 A. Typical S/N section). Whilelog g and¢ were then kept fixed, J; were

ratios for the sample stars are in the rangd00-150, with derived again based on the new [Fe/H]; the procedure was iter-

a very few stars having a slightly lower S/N. The data Welted until a consistent set of parameters was obtained. The final

reduced using MIDAS and following the usual steps: namel?’gff together withog g values are listed in the second and third

bias subtraction, flat fielding, and wavelength calibration. Tr&%lumns in Table 3
spectra can be made available by SR or LP under request. '

3. Observations

h ic ob . in th Errors in the atmospheric parameters are as follows: we esti-
I bNejr ;R (’\SR) [:;Ooojon;eglc 0 servatrzons n tl e H, KI;' (ﬂmted random errors in.& by comparing temperatures derived
ands for apout o of the stars in the sample were KNG, giterent color indices, obtaining a mean quadratic error

cat:ried outat La Sirllla by Drl. P. Bouchet. anddR.'\r/]e%a on O‘é’ ual to+42 K. Systematic errors due to the adopteg Ecale
tober 8-14 1992. The 1m telescope equipped with the ESO y be larger, but stilk 100 K, as discussed in detail in Gratton

photometer and InSb detector (Bouchet 1989) was used. g, (1996). Finally, a contribution to the errors igTis given

photo?etry vvlas obtained usir(ljg th_e ESO Stanq?jrd stars sysfmeglecting the reddening (the internal error is of the order of
(Bouchet et al. 1991). Data reduction was carried out assumi % K). As to gravities and microturbulence, we estimate that

the standard values of the atmospheric extinction coeﬁiciem% errors should be of the order-80.25-0.3 dex forlog g and
at La Silla, namely: E = 0.125, Eg = 0.080, Ex = 0.110, of the order oft 0.3km s for ¢.

and g, = 0.170 mag/airmass. Most of the stars were observed

at low airmass and thus systematic errors due to atmospheric

extinction are typically below 1%. The statistical errors are 2. Metallicities and lithium abundances

the range 0.1-2%. Whereas part of the stars were observed 9al\ | yajues have been determined using the Fe | lines included

once, others had two or more observations. In those casesjfie spectral range covered by our observations. The number of

weighted mean of the single measurements was adopted; {oLs ;sed for the analysis varies between four and eight (namely,

all the stars observed more than once no significant differenges _ 99 1428 6703.57282. 6704.4857. 6710.3228

among the different measurements were found. J, H, K, Lma@713_745&, 6725.358, and 6726.674, 6733.157,&), de-
nitudes are listed in Table 2. pending on the quality of the spectrum. The equivalent widths
(EWSs) of the above lines have been measured by means of a
4. Abundance analysis Gaussian fitting routine applied to the core of the lines; EWs
can be made available by one of us (RG) under request. Ku-
rucz (1995) model atmospheres and the same line parameters
The abundance analysis was carried out for most stars in #rel solar abundances (in particulag e(Fe), = 7.52) used by
sample by means of equivalent widths, following an iterativgarretta & Gratton (1997) were adoptedf values had been
procedure similar to that described in Clementini et al. (199%erived by carrying out an analysis of the solar spectrum, using
A first order set of parameters was estimated as follows: InitiaWs measured on the spectrum of the solar flux (Kurucz et al.
metal abundances were estimated from dhey photometry 1984). Therms of the [Fe/H] obtained from the single lines is
and using the calibration by Schuster & Nissen (1989). Foomprised between 0.020 and 0.165 dex (but is larger than 0.1

4.1. Atmospheric parameters
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Table 2. Near-infrared photometry

HD J H K L HD J H K L HD J H K L
142 4.803 4.542 4.466 4.428 80170 3.400 2.810 2.684 2.596 165978 4.677 4.083 3.965 3.876
469 4.986 4.543 4.443 4.388 82074 — - - - 166599 4.071 3.588 3.484 3.390
645 4.183 3.675 3.566 3.497 82734 3.396 2.926 2.812 2727 169233 3.485 2.811 2.674 2534
3303 4.325 3.748 3.632 3.557 85655 — - - - 170525 - - - -
6269 4.657 4.146 4.046 3.982 90170 — - - - 172223 4.581 4.004 3.859 3.732
8779 4335 3.650 3.513 3.408 92588 — - - - 173902 4.827 4.272 4.148 4.041
9562 4.664 4.368 4.298 4.271 94386 — - - - 177389 3.813 3.335 3.233 3.153
10142 4.226 3.673 3.570 4.475 99491 — - - - 177565 - - - -
11332 4.529 4.025 4.924 3.837 100219 — - - - 188512 - - - -
12583 4.282 3.821 3.716 3.656 104055 — - - - 191067 4.240 3.729 3.621 3.541
13421 4.675 4.415 4.355 4.320 104307 — - - - 194433 4.670 4.183 4.068 3.997
16589 5573 5.321 5.265 5.231 100219 - - - - 195564 4.417 4.097 4.021 3.971
18262 5.144 4941 4.886 4.861 107773 — - - - 196755 - - - -
18907 4.362 3.899 3.811 3.752 120237 - - - - 199223 4.540 4.098 3.992 3.919
19826 4.773 4.295 4.192 4.142 121056 — - - - 200011 5.497 5.161 5.079 5.029
26913 5.737 5.401 5.330 5.270 121384 — - - - 200073 4.084 3.493 3.362 3.280
26923 5.281 5.003 4.945 4.906 125184 — - - - 202773 4.677 4.099 3.998 3.930
27442 2710 2.198 2.079 2.005 126400 — - - - 210434 4.437 3.952 3.843 3.776
29613 3.710 3.073 2.965 2.887 126868 — - - - 211391 2.630 2.150 2.045 1.960
30608 4.553 3.637 3.859 3.772 140301 - - - - 212330 4.176 3.837 3.751 3.696
34642 3.144 2.628 2.524 2.448 144585 — - - - 214599 4.647 4.123 4.016 3.962
36553 4.446 4.183 4.110 4.077 145148 — - - - 216385 4.292 4.021 3.965 3.922
37501 4.850 4.409 4.316 4.267 147723 - - - - 216437 4.949 4.648 4.576 4.534
39937 4.633 4.223 4.116 4.055 152781 — - - - 216718 4.248 3.770 3.670 3.598
40105 4.986 4.533 4.437 4.404 154556 — - - - 217107 4970 4.637 4.559 4518
41700 5.427 5.175 5.116 5.084 155974 — - - - 217703 4.347 3.850 3.752 3.690
50806 4.812 4.470 4.399 4.377 156846 — - - - 219834 3.873 3.513 3.436 3.387
51825 5.424 5201 5.150 5.114 157347 5.150 4.802 4.729 4.685 223524 4.077 3.524 3.402 3.322
62644 3.728 3.343 3.258 3.218 160691 4.033 3.693 3.610 3.558 224022 5.069 4.768 4.714 4.689
66011 5.273 4.985 4.909 4.861 165438 — - - - 224750 4.909 4.460 4.358 4.299

72954 4991 4545 4.458 4.423

for six stars only). For the two most rapid rotators in the sampileg the metallicity found in the previous step. A full spectral
(HD 16589 and HD 51825) we were not able to get reliable essiynthesis analysis was carried out for HD 16589, HD 41700,
mates of the EWs and metallicity was inferred by carrying outdD 51825, HD 66011, and HD 126868, the only stars in our
complete spectral synthesis analysis. The same line parametaraple where the Fe | blend could not be separated from the
used for the EWs analysis, same model atmospheres, andlithium doublet. Lithium equivalent width&g n(Li) and [Fe/H]
own synthetic code described in Gratton & Sneden (1990) wesadues are given in Columns 4—6 of Table 3.
employed. The errors ifog n(Li) values come from errors in measured
The sources of internal errors in the estimated Fe abundanegsivalent widths and uncertainties in the inferred stellar pa-
are as follows: 0.028 dex are due to errors in EWs, 0.072 dex fameters, T, surface gravity, and microturbolence. Given the
+/— 100K uncertainty in Tg, 0.030dex for+-/— 0.3dex in high S/N of our spectra, errors in EWs are negligible in most
log g,and 0.035 dex for /— 0.3km s tin &, giving atotal error cases and, in any case, the largest errors come from the uncer-
of 0.090dex. Systematic errors are more difficult to evaluatajnty in T.¢. We estimate that an error &f100 K would result
since we carried out a differential analysis with respect to tire Alog n(Li)+ 0.15 dex, while both an error of 0.3 dexlisg; g
Sun, we estimate that they should not be larger than 0.1 dmd of 0.3kms! in £ would produce a negligible error ing
and they should be dominated by possible errors in the effectivg.i).
temperatures scale. We have searched through the literature for previous de-
Our resolution allowed us to separate the lithiurterminations of lithium and/or iron abundances for our sample
6707.8A line from the nearby 6707.444 blend in the spec- stars, findinglog n(Li) determinations for 13 stars (from var-
tra of slow rotators; for these stars we could measure the EWas sources) and [Fe/H] for 24 stars (from Cayrel de Strobel
of the Li 6707.82 alone and use them to derive Li abundancest al.'s catalogue, 1997). In Fig. 1 we compase n(Li) (panel
Specifically,log n(Li) were determined using the same model)) and [Fe/H] (panel b)) values derived by us with those from
atmospheres which we employed to determine [Fe/H] assuthe literature. The figure shows a very good agreemenbfor
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= L P e ? . .E? L o ® i Fig. 1. alog n(Li) inferred in the present
RN 1 5 - e . 1 work vs.log n(Li) from the literature (Dun-
§” r o ’ ] =, 05 [ . e ] can 1981; Pallavicini et al. 1987; Balachan-
ol o b “ L . ," i dran 1990; Soderblom et al. 1993; Pasquini
Fee a) ] L ) b) . etal. 1994; Favata etal. 1995, 1997pame
I ] o 7 as paneh but [Fe/H] values are compared.
4 C i il et i 1 L [Fe/H] values from the literature come from
-1 0 1 2 3 -1 -0.5 0 0.5 the catalogue of Cayrel de Strobel et al.
log n(Lik;t, [Fe/H)jq. (1997).
n(Li) values. If we exclude upper limits, that are obviously dit B ,
ferent due to different resolution and S/N ratios, for the majc L ]
ity of the stars the differences iog n(Li) are very small. In 20 L N
most cases the differences are due to the assumed effective 1 r 7 ]
peratures. The only significantly discrepant point is HD 134: r 7 ]
(HR 635). This star has been observed by Balachandran (19 15 |- -
who gives an equivalent width of 144for the lithium feature. . F 7 i
Our spectrum does not exhibit thé707.8 lithium line and we L ]
were able to infer only an upper limit of 3Anto its equiva- or 7 i
lent width. Panel b) of the figure evidences a larger scatter; il r ]
few cases the difference between our values and the ones fi r 7 1
. . . 5+ —
the literature is larger than our internal error of 0.09 dex, b - 777 1
no systematic shifts seem to be present. One of the reasons L o i
the discrepancies could be that some of the Cayrel etal. [Fe oL VT % ]
determinations have been taken from rather old paperswithp ' 0 resm) ° 0

sibly less accurate metallicity determinations (due to the worse o o

data quality). The most discrepant star is HD 62644 for whidHg. 2. Histogram of the metallicity ([Fe/H]) distribution of our sample
we derived [Fe/H]=-0.06, while Cayrel de Strobel et al. quote@"s:

[Fe/H]=—0.35-0.22,—-0.21 (from Hearnshaw 1972; Gratton

& Sneden 1991, 1994); as far as Gratton & Sneden results N interpolating tracks, we neglected the possibility that a star
concerned, the difference between the metallicities inferred b 9 ’ 9 P y

them and by us is due to the fact that we use a 181K lar S3uld be in the short phase between the red and blue hook on

T . . .
T, and measured slightly different EWs. Note that the [Fe/ ie MS. The inferred masses and ages are listed in the last two
e

. . . . : lumns of Table 3. Note that in the following discussion we
value derived by us is more consistent with the value ImcerrW|II make extensive use of masses, but not of ages directly; the
from Stomgren photometry ([Fe/H +0.01). ' g y, they

The distribution of [Fe/H] values is shown in Fig. 2. Thé’j‘re however listed mthgtable for sake pf completeness. Masses
S S S~ and ages were not derived for stars witky M 1, due to pos-
distribution peaks around solar metallicities, but a significan ; : .

. Co -sible confusion with He—burning phases, nor for stars whose
dispersion is present. About 70% of the stars have [Fe/H] typICf%)sition in the color magnitude diagram was not reproducible
of disk stars £0.2 < [Fe/H] < 0.2), about 20% are somewha b 9 9 P

et por (e most meta poor s s FelF79),an. £ ar? 1% 8 4411, e wer e o ghe ar simate
the remaining 10% have [Fe/H] 0.2. 9 P g

Zero Age Main Sequence for their measured [FEVIHhmer,
HD 26913, HD 26923, and HD 41700. Information on age for
4.3. Masses and ages these stars, based on the Ca Il H &K lines fluxes, is available

Masses and ages were derived using Bertelli (1998) evolution:fslrrOm the literature (Soderblom et al. 1993; Duncan 1984) ac-
9 9 cc}?ding to which, they are all MS stars younger thah years.

tracks (see also Bertelli et al. 1994), assuming that all stars h?_.ve . . . ;
. o ; . : or this reason we exclude them from the following discugsion

not yet ignited He. Specifically, a linear interpolation (extrap-

olation) within t_he tracks for different metallicities was carried s go i et al. tracks assume the following relatish= 0.23 +

out: for stars with [Fe/Hk 0 thez = 0.008 ([Fe/H]= —0.4) 55 7 petween helium and metal contents.

andz = 0.02 ([Fe/H]=0) tracks were used, while for stars with 2 ajthough we have mentioned that MS stars might be present in

metallicity larger than solar the interpolation was carried Otie sample, we want to be sure that they are old MS stars, i.e., that their

between thee = 0.02 andz = 0.05 ([Fe/H]= +0.4) tracks. lithium content has already undergone the phase of MS depletion.
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Table 3. The inferred parameters Table 3. (continued)
HD# Ter logg EW(Li) logn(Li) [Fe/H] logage M HD# Ter logg EW (L) logn(Li) [Fe/H] logage M
(K) (mA) (yrs) (Mo) (K) (mA) (yrs) (Mo)
142 6170 4.2 57 +42.780 +0.07 9.5 1.2 155974 6265 4.0 46 +2.724 -0.11 9.9 +.9
469 5298 2.6 14 +1.195 —-0.03 156846 5989 3.9 <2 <+41.007 +0.11 95 1.4
645 4833 3.0 7 +40.326 —0.00 9.2 1.8 157347 5659 4.4 <2 <+40.703 +0.05 9.6 1.0
3303 4700 2.7 <6 <+0.084 -0.41 9.7 1.2 160691 5668 4.2 <4 <+41.015 +0.20 9.9 11
6269 4872 2.8 <6 <+40.307 -0.39 9.1 1.8 165438 4862 3.4 4 +0.115 40.02 95 1.4
8779 4325 1.8 <4 < -0.658 —0.40 165978 4660 2.6 9 +0.211 -0.37 95 14
9562 5825 3.9 62 42530 +0.18 9.7 1.2 166599 5005 2.6 <2 < -0.013 —-0.03
10142 4739 2.5 <3 <£-0.170 -0.09 169233 4341 1.5 <2 <-0.960 -0.79
11332 4894 2.3 <3 <+40.029 40.02 170525 5535 3.7 <2 <£+40.578 -0.20 95 1.3
12583 4955 2.6 <7 <+40.478 40.09 172223 4532 2.3 42 +0.791 +0.29 ..
13421 6100 3.8 <3 <+41.278 +0.23 95 15 173902 4678 2.9 7 +0.123 +0.10 9.4 15
16589 6194 3.9 -<+1.400 +0.15 94 1.4 177389 5018 3.4 8 +0.614 -0.11 93 1.6
18262 6438 4.0 7 41922 +0.32 9.1 1.6 177565 5519 4.4 <2 < +0.562 +0.01 9.7 1.0
18907 5081 3.6 <10 < +0.791 -0.63 9.9 1.0 188512 5097 3.5 <2 <40.097 -0.27 9.6 1.3
19826 4934 3.1 13 +0.731 -0.09 9.1 1.9 191067 4759 3.1 <3 <£-0.037 -0.13 9.9 11
26913 5634 4.6 66 +2.384 +0.01 1.0 194433 4916 3.5 30 +1.156 +0.09 9.5 14
26923 5980 4.5 88 +2.918 —0.02 11 195564 5614 4.0 33 +1.970 +0.02 9.9 11
27442 4749 3.3 <3 < -0.157 40.22 10. 1.2 196755 5510 3.6 14 +1.418 —0.09 9.5 14
29613 4656 2.7 <5 < -0.056 -0.26 9.8 1.2 199223 5113 2.6 <2 <40.116 +0.13
30608 4622 2.2 <3 <-0.331 -0.34 .. 200011 5652 3.5 <2 <+40.696 -0.09 93 16
34642 4811 3.1 <2 <-0.254 -0.15 95 1.4 200073 4569 2.7 <3 <-0409 -0.15 10. 11
36553 5964 3.7 <5 <+41.389 +0.32 94 1.6 202773 4714 2.5 3 -0.203 -0.59
37501 5132 3.0 <2 <+40.139 -0.17 8.9 2.2 210434 4928 3.0 <4 <+40.197 40.09 8.8 2.4
39937 5432 2.6 -<+1.136 —0.00 211391 4968 2.4 <4 <40.246 +0.15
40105 5034 3.7 29 +1.227 -0.06 9.9 11 212330 5653 4.0 17 +1.652 -0.04 9.9 11
41700 6180 4.4 - +2.923 -0.01 1.2 214599 4812 2.4 22 +0.820 -0.14
50806 5578 4.0 11 +1.377 -0.02 9.9 1.0 216385 6250 4.0 <2 <+41.221 -0.20 95 13
51825 6445 4.1 - +42.600 -0.15 9.2 1.4 216437 5781 4.1 26 +1.976 +0.21 9.8 11
62644 5365 3.7 <4 <+40.706 —-0.06 9.6 1.3 216718 5071 2.7 28 +1.254 +0.14
66011 6025 3.7 -<+2.000 +0.25 94 15 217107 5597 4.3 <2 <£+40.641 +0.30 10 1.0
72954 5204 3.4 <2 <£40.222 -0.42 93 15 217703 4897 3.0 27 +1.025 -0.20 9.2 1.8
80170 4537 2.1 8 —0.016 —-0.02 219834 5495 3.9 49 +42.078 +0.09 9.8 11
82074 5055 3.3 <2 <+0.047 —0.48 9.4 1.4 223524 4609 4.2 <3 <-0.350 +0.07 9.2 17
82734 4897 2.2 44 +1.333 +0.19 224022 6021 3.3 61 +2.689 +0.12 9.5 1.2
85655 4254 1.4 94 40.842 -0.10 224750 5217 3.5 <2 <£40.237 -0.17 9.2 1.8
90170 5029 3.2 34 +41.359 -0.15 9.2 1.8
92588 5044 3.6 <2 <£40.034 -0.10 9.8 11 4T ]
94386 4545 2.7 <4 < -0.315 40.08 10. 11 F g
99491 5338 4.4 <3 <+0.549 40.16 9.8 1.0 ol i
100219 6124 4.0 <4 < +1.425 40.02 94 1.3 r 7
104055 4396 1.9 7 -0290 —0.01 .. .. i ¢ s
104307 4451 2.0 9 -0.091 -0.01 or P oL N ]
107773 4870 3.3 <2 <-0.179 -0.51 9.8 11 F AL AL L AP R
114837 6191 4.2 26 +2.335 -0.40 10. 13 Z 2F e 2 o e £ Bless _
120237 6021 4.4 <2 <+1.034 +0.09 9.1 1.2 i et et m e e 1
121056 4711 3.0 <2 <£-0.386 -0.11 95 14 F ceg %un, 2 ®%a * g
121384 5181 3.6 6 +0681 —051 96 12 T ce U6 ]
125184 5533 4.0 <2 <+0.576 40.16 9.9 11 i <, 1
126400 4814 30 <2 <-0.250 -0.32 95 14 6 1
126868 5521 3.3 - +2.643 -0.06 9.2 18 i ]
140301 4494 2.3 <2 <£-0.708 -0.17 oL | | b
144585 5778 4.1 13 +1.647 +0.28 9.8 11 05 1 15
145148 4768 3.4 4 -0.004 —0.07 10. 11 B-v
147723 5929 3.8 28 +2.145 +0.10 - - Fig. 3. Color-magnitude diagram of our sample stars. Filled symbols
152781 4982 3.6 9 +0.623 —0.00 96 13 denote stars with [Fe/H} 0.05, triangles indicate stars with0.3 <

154556 4713 2.9 3 -0205 +0.04 95 1.4  [Fe/H]< 0.05, and crossed circles indicate stars with [FedH}0.3.
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5. Discussion r 1
+ [Fe/H] > 0.05 E
5.1. Different stellar populations in the sample

InFig. 3we showthe BV vs. My color—magnitude diagram for
our sample stars. The sample has been divided in three meta
ity groups; namely, [Fe/HK —0.3 (crossed circles, groug@)),
—0.3 < [Fe/H]< 0.05 (open triangles, groufb)), and [Fe/H]
> 0.05 (filled circles, group(c)). The figure shows that for all
metallicities starswith M < 1, i.e., evolved giants, are present
The subgiant branch is very well defined by the 14 starsin gro
(a), while it is very dispersed for stars in gro(ip), evidencing
the spread in age and mass which appears from Table 3. On
other hand, whereas only one star in gr@apis close to the
MS, a fraction of stars in groug®) and, particularly(c), are
very close to it. It is likely that some of the metal-rich stars ai
actually MS stars rather than subgiants; as we have mentior
our sample has been selected on the basis of spectral type,
for metal-rich dwarfs there is a tendency to underestimate 1
spectral class since the MS becomes more luminous. We
nally note that the C-M diagram for stars in grofg) exhibits
an evident Hertzsprung gap, and that, among evolved stars,
objects are present that seem to define the He central burr
clump. To summarize, our sample contains stars belonging
different stellar populations and in very different evolutionar
stages; a large percentage of subgiants are included in it,
some MS stars as well as first ascent giants and, possibly,
clump objects are also present.

5.2. Li abundances in the C-M diagram
[Fe/H] £-0.3

In Fig. 4 we show again the C-M diagram of our sample sta
with symbols of different sizes indicating different lithium abun
dances. Stars in grouiga), (b), (c)as defined in the previous
section are plotted in the bottom, middle, and top panels, |
spectively. Known binaries and/or active stars are indicated >
filled circles, while supposedly single stars are plotted as o
symbols.3 Hyi is also plotted in the middle panel (star sym
bol). The 1, 3, and 10 Gyrs isochrones of Bertelli (1998) fc
z = 0.008, z = 0.02, andz = 0.05 are superimposed in the
three panels (from bottom to top, respectively).

A first, qualitative look at Fig. 4 indicates that, as expecte
most of the evolved stars have a low lithium content and at le:
a part of the evolved stars with high lithiudwg n(Li)> 1) are
binaries or known active stars. Several papers in the last f_.. B-V

years have addressed the problem of lithium in close binariela. 4. Color-magnitude diagrams for stars with [FefH]0.05 (top

and chromospherically active stars (e.g., Pallavicini et al. 1985ne), —0.3 < [Fe/H] < 0.05 (middle pané), and [Fe/HK —0.3
Fekel & Balachandran 1993; Fernandez—Figueroa et al. 198zttom panél Different symbol sizes denote stars with different
Randich et al. 1993, 1994, Pallavicini & Randich 1994 and réefthium abundances; namely, from the smallest to the largest symbols,
erences therein; Barrado y Navasstet al. 1997, 1998); all of log n(Li) < 0, 0 < log n(Li) < 0.5, 0.5 <log n(Li) < 1,1 < log
these papers agreed that active binaries tend to be more lithit(ld) < 1.5,1.5 <logn(Li) < 2,2 <log n(Li) < 3, andlog n(Li) > 3.

rich than inactive stars of the same spectral type, albeit higltgten and filled symbols represent supposedly single stars and bina-
than normal lithium is not a characteristics of all active bindleS. respectivelyjj Hyiis shown as a star symbol in the middle plot.
ries. Our sample, which has not been selected on the basid 8t 1 3 am.j 10 Gyrisochrones of Bertelli (1998) for 0.05 (top),
activity and/or binarity, indeed confirms this result. Although i ?'02 (middig), = = 0.008 (botton) are also shown in the three
the following we will mention again about the binarity—lithiurﬁoame S

relation, a throughout investigation of the reasons why active
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a) . - d) Balachandran (1990) sample (open squares)
Y A A N I I N P P A I B B B and starsinthe presentsample (filled circles)
2 18 16 14 12 1 0.8 2 18 18 14 12 1 08 are plotted. Inthe latter, only stars bluer than
M/ Mo M/Mg B—V= 0.7 are considered (see Sect.5.4).

binaries seem to have a different lithium evolution is beyorgknitors of the stars in the more advanced phases of the subgiant
the purposes of the present paper. branch. In so doing, we take advantage of the fact that we are
Fig. 4 in addition indicates thail: a one—to—one correspon-able to derive masses for these stars (in the same way as it was
dence between lithium abundance and position in the diagrdone for our sample stars). We show in Figogn(Li) vs. mass
is not evident, although an average decrease of lithium is cléarthe stars in the sample of Balachandran (open squares) com-
going from the left side to the right side of the diagram. For solptemented by the stars in our sample with ¥ lower than 0.7
and over-solar metallicity stars a significant spread in lithiufhe., those that have not yet undergone first dredge—up dilution
is present both among slightly evolved stars and for stars in thdled circles). Four metallicity bins were considered: [Fe/H]
Hertzsprung gapi) lithium destruction seems to be rather fast —0.3 (panel a)),—0.3 < [Fe/H]< —0.1 (panel b)),—0.1 <
once a star has evolved away from the turn—off; on the otH&e/H] < 0.05 (panel c¢)), and [Fe/H} 0.05 (panel d)). The
hand, there does not seem to be considerable variation innh&in points to be noticed in the figure atethe large scatter in
abundance from the MS to the TO or red hook (i.e., during theg n(Li) that characterizes stars of all masses and metallicities;
earliest phases of evolution out of the MS); a féwHyi—like 2. the lithium ‘dip’ (e.g., Boesgaard and Tripicco 1986; Bal-
stars, i.e., slightly evolved stars with high lithiutng n(Li)> 2) achandran 1995 and references therein) is evident in all the four
are present in the sample, as well as stars in a similar evolutipanels. The position of the center of the dip varies with metal-
ary stage, but showing a larger Li depletidii); although a dis- licity, from about 1.25M, for low-metallicity stars to about
persion in lithium is present along the whole subgiant branchb M, for stars with [Fe/H}> 0.05. The dip in the Hyades is
a drop of the average lithium content is evident for stars lateentered at 1.4/, (e.g., Balachandran 1995). Note that the dip
than B-V ~ 0.9, qualitatively witnessing the second mixingamong field stars is not as sharp and well delineated as in the
or extra—mixing episode. In the following we will address thelyades, due to the large scatter in lithium among stars of both
above points in greater detail. higher and lower masse8; several F-type, relatively massive
stars outside the lithium ‘dip’ show significant Li destruction.

5.3. Early—stages of evolution out of the MS

5.3.1. Lithium vs. mass 5.3.2. The case of Hyi

. . 3 . L
Before addressing the issue of the evolution of lithium abuR—Id § Hyi dredge-up previously stored lithium? In order to

dance along the subgiant branch, we wish to briefly recall tF’;}ddress this question, a sample of solar—like stars (i.e., stars that

main results of Balachandran (1990) regarding the distributiaﬁfﬁweogtgﬁz ?IAS V;’L?r;ne\:;fﬁ ;;ri(lj:rnﬁ%gszgd ;Z??ari/lg glfrea dy
of log n(Li) among stars that have just left the MS, i.e., the pr . ' ’

Tett the MS, but that have not yet undergone significant post-MS
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o_— __ Fig.6. log n(Li) vs. mass for stars in
| | the present sample (circles), Balachandran
L 1 (1990, diamonds), Pasquini et al. (1994,
L | squares), M67 (triangles). Filled and open
L | symbols represent, respectively, slightly
T S S S R S S A A R O S SRR R evolved and non—evolved stars as defined in
12 1.15 1.1 1.05 1 0.95 the text. The Sun an@ Hyi (asterisk) are
M/ Mg also plotted.

evolution) should be compared. We show such a comparisorthiat 3 Hyi—like stars are most likely the descendants of old MS
Fig. 6, where we plaiog n(Li) vs. mass for slightly evolved and stars which did not destroy a large amount of lithium, rather than
unevolved stars in a narrow mass range (&9 < 1.25M). stars which left the MS with an apparently low lithium content
Evolved, org Hyi—like, stars are indicated in the figure as filleé&ind then dredge it up as soon as they evolve off the MS.
symbols, while open symbols denote MS stars. Squares and
circles indicate stgrs in Pfasquini et. aI._'s (1994) aqd the presgnt | i avolution along the subgiant branch
samples, respectively. Diamonds indicate stars in the sample
of Balachandran (1990) and open triangles indicate M67 datbotted in Fig. 7 idog n(Li) vs. B—V; all stars in our sample
from Pasquini et al. (1997). In order not to bias the results, wedder than the turnoff and fainter thanyM= 1 are consid-
excluded from the sample of Pasquini et al. likely young staesed. Different symbols indicate stars with different metallic-
as indicated from their chromospheric activity level (stars witkies: namely, triangles, squares and circles denote stars with
a Ca Il K line flux dog Fy— larger than 5.7erg cnts'). [Fe/H]< —0.3, —0.3 < [Fe/H] < 0.05, and [Fe/H]> 0.05, re-
The subdivision non—evolved/slightly—evolved was done on thpectively. The sample of Balachandran (1990, open symbols)
basis of the location of the stars on the C-M diagram; namehgs again been combined with ours (filled circles), since it is
we considered as slightly evolved the stars that are redder thepresentative of thieg n(Li) distribution of the progenitors of
the turn—off, but bluer than BV = 0.7 (see Sect. 5.4 below). our sample stars. Under the assumption that, at a given mass,
3 Hyi (symbol = asterisk) and the Sun are also plotted in tliee B—V color can be regarded as an indicator of the evolution
figure. The figure suggests that the distributions of abundanedsng the subgiant branch, the figure permits us to follow such
for slightly evolved and unevolved stars are rather similar. Bo#éim evolution as far as lithium is concerned. The figure shows
groups show a large dispersion in abundance with several sthat for all metallicities first dredge—up dilution is completed
having lithium comparable to or slightly higher/lower th&n for stars later than BV ~ 0.7, or T.g ~ 5600-5700K (ac-
Hyi and as many stars with a very low lithium content. Neitherording to our Tg—B—V calibration); such a value is similar
the Sun norB Hyi appear as peculiar objects in the figure. Oto what observed by Pilachowski et al. (1993) for population ||
the contrary, if the mechanism proposed by Dravins et al. (19%8)bgiants, indicating that the color where complete Li dilution
to explain the high lithium content ¢f Hyi were at work, one occurs does not depend much on either mass or metallicity. In-
would expect that, on average, stars in the same evolutiontetestingly, the only two stars with-Bv greater than 0.7 andg
status ag? Hyi should show systematically higher lithium tham(Li) larger than 1.5 are a spectroscopic binary (HD 219834) and
stars in the same evolutionary status as the Sun. Fig. 6 suggastsry active star (HD 126868), suggesting that binarity and/or
that this is not the case and, in particular that several solar—migd rotation may in some way affect first dredge—up dilution.
slightly evolved stars have a very low lithium content. Fig. 7 also exhibits a large spread in Li, with only a minority of
We conclude that, before significant dilution occurs (sdbe stars that have undergone dilution having abundances close
next sections), the Li distribution of stars that have just evolvéad log n(Li) ~ 1.5-1.8, the value predicted by first dredge—up
off the MS closely resembles that of stars still on the MS armmputations; many of the stars indeed hkygen(Li) signif-
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icantly below 1. At variance with Pop. Il stars which have metallicity groups are the same as in Fig. 7. The luminosity of
uniform Li abundance when they leave the MS, it is difficult tthe evolutionary point where extra—mixing is thought to occur
give an exact estimate of the amount of dilution for our samplehich, we recall, corresponds to the point where the hydrogen
stars and to discern whether the diluted lithium content is cdmdrning shell crosses the chemical discontinuity created by the
sistent with theoretical predictions. As we have shown in tlienvective envelope at its maximum extent, depends on mass
previous sections and as Fig. 7 itself indicates, Pop. | stars atémel metallicity (Charbonnel 1994). Accordingly, we subdivided
end of their MS permanence are characterized by a spreadim sample stars in two mass bins: in the bottom and top panels
lithium, with several stars showing severe Li depletion. Consstars with masses above and below 1.4 Bte displayed. The
quently, a dispersion itog n(Li) among stars that have passedix lines in each panel indicate the expectegl,Mvhere extra—
the first dredge-up is expected, and finding stars with a very lamixing should take place as computed by Charbonnel (1994
lithium is neither surprising nor it necessarily means a largeffable 3); the lines refer to different masses and metallicities,
than expected dilution/depletion during first dredge—up. Moess explained in the figure caption.
quantitatively, 36 and 87 out of the 188 stars in the sample of Due to the spread in mass and metallicity among the stars in
Balachandran (1990), i.e~y 20 and 45% of them, havivg the two groups and to the limited sample sizes, it is not possible
n(Li)> 3 and 2.5, respectively; considering a dilution factor db give a precise estimate of the luminosity where extra-mixing
about 60,log n(Li) ~ 3 and 2.5 would correspond to dilutedactually occurs and, specifically, to tabulate such a luminosity as
log n(Li) ~ 1.3 and 0.7. We find that 12 and 44% of the stars ia function of mass and metallicity. Nevertheless, looking again
our sample with 0.K B—V < 0.9 (i.e., stars that have underat the upper envelope of theg n(Li) vs. My, distribution in
gone the first dredge—up dilution, but have not passed the sectiretwo panels, it seems evident that extra—mixing becomes effi-
mixing episode - see below) halez n(Li) > 1.3 and 0.7, re- cient at luminosities lower than those predicted by Charbonnel
spectively. Given that neither Balachandran’s nor our samglE994). This is particularly the case for stars with masses below
are complete and that the distributions in mass and metallicity? M. No stars are present in the upper panel with,M< 2
of the two samples are not necessarily the same, the agreenf@ntog /L, > 1.1) andlog n(Li) larger than 1; therefore,
between the observed and predicted lithium is rather good. logL/Ls ~ 1.1 can be regarded as an upper limit to the lu-
An additional feature to be noted in Fig. 7 is the drop ahinosity of the point where extra mixing starts for stars with
the upper envelope of theg n(Li) vs. B—V distribution which masses below 1.4 M at least as far as solar and over—solar
occurs at B-V ~ 0.9-0.95 and which is indicative of a sec-metallicity stars are concerned. There are very few stars in the
ond mixing episode. In order to investigate this issue in mosample with [Fe/Hk —0.3 and virtually all of them are already
detail, we show in Fig. &g n(Li) vs. absolute bolometric mag- severely depleted in lithium after the first dredge—up dilution;
nitudes M,,1, that have been inferred from{Mand BC from it is therefore difficult to constrain the magnitude where the
Kurucz (1993 —see Sect. 4.1). Only stars with\Blarger than second mixing episode occurs for these stars and we cannot ex-
0.7 are considered in the figure; evolved giants with M 1 clude that it actually occurs at lowergM/higher luminosities.
are again not taken into account. Symbols indicating differeffbr stars with masses above 1.4,Mhe distribution of points
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L than for less massive stars (although the extra-mixing signature
(@) (@) is not as evident as in the top panel).

! At variance with our results, Carretta et al. (1998) found
that, for their sample of Pop. Il metal poor stars, extra-mixing
occurs atlogZ/Ls ~ 2 (Mpo ~ —0.3) in good agreement
with the prediction of Charbonnel (1994). On the other hand,
Bertelli (1998) models predict bolometric luminosities of the
RGB bump (which corresponds to the point where the mixing
episode occurs) which are fainter than those predicted by Char-
bonnel (1994) (by 0.4-0.5 mag foe=0.02 anc:=0.05) and in
better agreement with the indications from our data. In conclu-
sion, the above points and, specifically, the comparison of our
results with those of Carretta et al. (1998), suggest that the de-
pendence on metallicity and mass of the luminosity where extra—
mixing occurs (lgn) is stronger than predicted by the models,
which seem to work fairly well for relatively high masses and/or
low metallicities, but which fail to reproduce the results of lower
M masses and close to solar metallicities. Unfortunately, although

bol our sample as a whole is considerably large, we end up having
LI I L L L B L L L very few stars per mass/metallicity bin, which does not allow
(a (ﬁ‘i) us to empirically constrain in a more quantitative waytand
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to disentangle its mass and metallicity dependence. Additional
observational and theoretical efforts should be undertaken in
order to clarify this issue.
Sofar we have not considered stars witkt M 1, both since
we do not derive masses of these stars and since e.g., clump
giants have rather blue colors, but are certainly evolved, and
thus including them in the plots could have raised confusion.
Virtually all these evolved giants should have passed the second
mixing episode. Table 3 indicates that whereas most of these
stars have indeed a very low lithium content, a few of them
havelog n(Li) still larger than 1. Among these, three are known
binaries (HD 469, HD 39937, and HD 85655). There is again
an indication that binaries may have higher lithium than single
stars and this could be due, in turn, to reduced extra-mixing in
L | the giant phase. Actually, if all the Li-rich evolved giants in our
2 1 0 -1 —2 sample turned out to be binaries, with “anomalous” rotation and
Mpol rotational history with respect to single stars, this would provide

. . . . . an additional indication that the extra mixing process is linked
Fig. 8. log n(Li) vs. absolute bolometric magnitude for stars in ou rotation (e.g., Charbonnel et al. 1998).

sample with B-V > 0.7 (i.e., star that have completed the first—dredg
up dilution) and M, > 1. Open triangles represent stars with [Fe/H]
< —0.3, open squares stars with0.3 < [Fe/H]< 0.05, and open .
circles stars with [Fe/Hp 0.05. Stars with masses above and belov(\?' Summary and conclusions
1.4 Mg are shown in the bottom and top panel, respectively. The 3j¥e have addressed the problem of post-main sequence lithium
vertical lines in each panel represent the position of the evolutionasyo|ution using new lithium data for a large sample of Pop. |
point were extra-mixing should occur, as predicted by Charbonngpgiant stars, complemented by data from the literature. The
(1994). Solid curves labelled as (a), (b), (C) refer 6 0.05,z = 0.02, 5y 4ilability of Hipparcos parallaxes has allowed us to infer ab-
?bnc()jtfo; gfr?éf)r?ﬁ:ﬁgﬂ}fgg?baesiféﬁf(gf pz;a?f;a Ir)e?erfec}dso? solute magnitudes for our sample stars and for the stars in the
2 = 0.02, and.z — 0.001, respectively, and r’nas’sewuf) (top’) samples from the literature. We were Fhus ablg to locate the stars
pane) and 1.7 My (bottom panél on the_ C-M diagram, to constrain their evolutionary status, and

to derive masses and ages.

Our analysis indicates that, as it is the case for MS stars

and giant stars, subgiants are characterized by a large spread
in the bottom panel of Fig. 8 suggests an upper limit to the extia-log n(Li) and that there is not a one—to—one lithium—mass or
mixing episode luminosityog /L, ~ 1.5 and the difference lithium—age correlation. In particular, amorgolar—-mass stars
between the observed and predicted luminosities seems smétighe same evolutionary status/ablyi, stars are observed with
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