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Abstract. A detailed analysis of the Call triplet [in@s\8498, high enough spectral resolution exceptin the very luminous stars
8542, 8662 in 146 cool stars of all luminosities spanning a largéclass 0—la (Anderson 1974, Linsky et al. 1979, Mallik 1994,
range in metallicity has revealed that stars with similar ted997). However, Linsky et al. (1979) found in their study of 49
perature, luminosity and metallicity have different Call centratars of spectral types F9-K3 that stars having the same effec-
depths due to different degrees of their chromospheric activitiye temperature and luminosity have different central depths;
Based on this idea, 14 stars in the sample have been idetite shallower lines indicating a more active chromosphere. Ob-
fied as chromospherically more active than their counterpastsrvations of the Ca ll triplet lines3498 and\8542 in a sample
with similar values of atmospheric parameters. In order to exf F, G and K dwarfs randomly selected from the ‘Catalogue
plore the interdependence between chromospheric activity, afj@&earby Stars’ of Gliese (1969) by Cayrel de Strobel (1992)
and lithium abundance, CCD echelle spectra of the Lil line atso showed that the central depths of the Call triplet lines are
6707.8A have been obtained at a spectral resolution of 8.35a potential probe of chromospheric activity in stars. More re-
in these 14 active stars, 18 relatively inactive stars and anothently, a detailed survey of the Call triplet lines in 146 stars
17 stars randomly selected from the above sample. The analgsisipled from the Bright Star Catalogue (Hoffleit 1982) and the
shows that although a few of the active stars are Li-rich, theifee/H] catalogue (Cayrel de Strobel et al. 1992) spanning all
does not exist a one-to-one correlation between Li abundahominosity types, spectral types from F7 to M4 and metallicity
and chromospheric activity. There is almost an equal numbei{B&/H] from —3.0 to +1.1 was undertaken to explore the sensi-
inactive stars which are Li rich. Otherwise, lithium depletionvity of the Ca ll triplet strengths to luminosity, metallicity and
are large and there is a large spread in Li abundances in bothtamperature (Mallik 1997). A careful inspection of the spectra
tive and inactive stars especially among giants and supergianfghe stars, when grouped together according to the same lumi-
For most of them, the abundance log N(Li) lies roughly betwe@wosity, metallicity and spectral type, revealed that stars within a
—0.3to +0.7. A similar large range in Li abundances is fourglven group have central residual intensities (CRIs) of the Calll
for giants not selected on the basis of chromospheric activitsiplet lines higher than in their counterparts suggesting higher
The above observations suggest there are parameters besilesmospheric activity in them. 14 stars were thus found to be
the activity related ones controlling the lithium abundance more chromospherically active than stars of similar luminosity,
these stars. metallicity and temperature.

Based on the assumption that chromospheric activity is
Key words: stars: abundances — stars: activity — stars: chromtaghtly correlated to the age of a dwarf (i.e. the more active stars
spheres — stars: late type are younger), Cayrel de Strobel (1992) used the central depths
of the Call triplet lines as a parameter for ranking the age of the
observed disk stars and showed in particular HD 17925 to be
very young. Cayrel de Strobel & Cayrel (1989) also detected a
1. Introduction very strong lithium line in HD 17925 (K2 V). On the other hand,
The emission components of the Ca Il H anc\KB968, 3934) stars with I_es_ser c_hrom_ospher_ic aqtivity (deeper line cores) did
lines have long been known to be important indicators of 9t Show lithium, implying lithium is already totally depleted
presence of chromospheres in late F, G, K and M stars (see Ll{h;hese older stars. Chromosphenc activity and lithium abun-
sky 1980, Cassinelli & MacGregor 1986). The infrared tripléfance would thus seem linked to each other through the age
lines of Ca Il at\\ 8498, 8542, 8662 although not as widely useff @ Star. However, it is well known that the cool evolved RS
as the H & Klines, are more easily observed in cool stars af/n binaries are chro_m_ospherlcally actlve! so the phenomenon
are an alternative activity tracer. They do not show any emissighchromospheric activity is not necessarily connected to the

of chromospheric origin within their absorption profiles even ¥Puth of a star. Also the lithium content of a star is not solely
determined by its age. There are several other factors that control
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ically active RS CVn type binaries and several other normatogenitors are stars with main sequence masses greater than
giants by Pallavicini et al. (1992), Randich et al. (1993, 1994)5M . Since lithium abundance results from both Li destruc-
and Fekel & Balachandran (1993) have shown that severaltioh on the MS and dilution during post MS evolution, according
these are Li-rich, in excess of the predictions of stellar model them, a variety of different situations have occurred for the
calculations (Iben 1967). However, a significant Li excess is ndifferent stars in their sample.

a general property of all active stars. Due to the various destruc- With the idea of further exploring the connection between
tion, dilution and production mechanisms affecting the surfaceromospheric activity, age and lithium abundance, we have in
Li abundance of a star, an accounting of its abundance in terows present study observed the Lil line)@707.8A in the 14

of chromospheric activity alone is difficult to assess. Fekel &ars identified to be chromospherically active and their coun-
Balachandran (1993) in their study of chromospherically activerparts and in several other stars chosen in an unbiased fashion
single giants argue that tHéC/*3C ratio of 7-25 in these starsfrom the sample of 146 stars initially observed for the Call
reaffirms that mixing has indeed taken place. It would appe#iplet study. Li abundances have been derived to investigate
therefore, that either Li is newly produced or is protected frohow closely these depend upon age, mass and other parame-
destruction of its initial content. These authors have exploréats that might influence the lithium content. Sect. 2 details the
the possibility of Li being synthesised in these giants. Actwbservations and data reduction. The analysis and results are de-
ally, the manufacture of Li vidBe synthesis (Cameron-Fowlerscribed in Sect. 3. Sect. 4 gives the interpretation and discussion
mechanism) has been predicted and observed in the AGB phafsiihese results. Conclusions are given in Sect. 5.

(Sackmann & Boothroyd 1995, Smith & Plez 1995) but is not

predicted for the first red giant phase because the temperature . .

required to synthesid@e is about a factor of 10 higher than that- OPServations and data reduction

expected at the base of the convective envelope of these stagsm a detailed examination of the observed sample of Call
Even if there is a feasible mechanism of bringing freshly syfiplet spectra, we have picked out stars that are chromospher-
thesised Li to the surface in the first ascent giants, whether Sl|!(§.‘é'||y more active than stars of similar |uminosity, meta”icity
amechanism is aided by the phenomenon of chromosphericagd temperature. The Lil line at 670Agas been observed
tivity remains a problem, for if it were so, one would expect ajh these 14 stars and in their less active counterparts. The data
active stars to be Li-rich. This is not the case although Fekelge listed in Table 1. Earlier studies of Call lines by Wilson &
Balachandran (1993) find that if one isolates the chromospheppu (1957) and Wilson (1976) led to the assignment of a cer-
cally active single giants, then the proportion of the Li-rich statgin chromospheric activity indek, based on the eye estimate
is significantly larger. Pallavicini et al. (1992) and Randich gff the Call K emission intensity of each star. 9 out of our 14
al. (1993, 1994) in their detailed survey of both northern arglars are in common with Wilson’s list. Except fot Ori they
southern RS CVn binaries and some chromospherically actiehaver, > 3 as seen in Column 11 of Table 1. And they all
single giants find significant amounts of Li only in a fractiomaver,, consistently higher than their counterparts except in the
of the stars surveyed. Activity seems neither a necessary n@age of the Vir- Gem pair where the values are comparable.
sufficient condition for Li excess in these cool, evolved StarS.ThiS further vindicates the premise that the Call trip|et lines
Randich et al. (1993,1994) discuss several mechanismsap¥ a good diagnostic of chromospheric activity. It must be em-
which Li could be enhanced or modified, the firstamong them[-}ﬁasized here that stars of the same spectral type and roughly
asuggestion originally by Pallavicini etal. (1987, 1993) that thRe same metallicity were paired and the ones of higher central
Li line may appear enhanced as a consequence of the presgfgfth than their counterparts are deemed relatively more active.
of large cool spots. The second possibility is that Li is produc&bme of the counterparts are by no means inactive in the abso-
in the surface Iayers of these stars by Spallation reactions tmﬁé sense, as one can judge by the value of their activity index,
occur during powerful flares. Both these are ruled out by thegty. 1, Gem,« Tau, n Per,e Gem,¢ Gem. However, the less
on the grounds that there are several active stars with onlg@ive one in each pair will often be referred to as inactive or
weak Li line; Li abundance is not directly related to activity byjuiet in our subsequent discussion for the sake of a convenient
a cause-and-effect relationship. The third possibility of modéxpression. Strassmeier et al. (1993) in their catalogue of chro-
fying the Li abundance is through rotationally induced mixinghospherically active binary stars have classified the stars based
and the fourth is the one suggested by Fekel & Balachandi@ithe Call H and K emission estimates. For consistency they
(1993) where enhancement of Li in moderately rapidly rotatingave defined intensity relations between the different scales due
chromospherically active single giants is a consequence of {geHearnshaw (1979), Wilson (1976) and other classifications.
transfer of both angular momentum and simultaneous dredger example, strong emission in their catalogue is equivalent to
up of freshly Synthesized Li. The lasttwo interpretations are a|W|Son’S I, =5; moderate emission refersj@ =4 and 3 and
ruled out by Randich et al. because of the poor correlation kgeak emission td;, < 2. The chromospherically active stars in
tween Li abundance and rotation. They have found no obviogg catalogue encompass the entire range ffpm 2 to I, =
dependence of Li abundance on activity parameters. Randich ethe activity indexl;, of the active stars of the present study
al. (1993) instead suggest that cool giants with an appreciabifmpares well with those of Strassmeier et al. (1993). Table 2
amountof Li have evolved from sufficiently massive progenitogntains the data for another 17 stars (mostly giants) chosen at
with very shallow or absent outer convection zones — the likefindom from the rest of the sample of the Calll triplet survey.
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Table 1. Chromospherically active and inactive stars: stellar parameters and lithium abundances

Star Identification  Spectral BV  Tofr(°K)  T.pr(°K) logg [Fe/H] & vsini I, LitFel Fel Lil *log N(Li)  [Fe/H]
HR  Name type from from Kmsec™ )  (kmsec™") (mA) (mA) (mA) present
(B—V) Catalogues analysis
2269 K3 1b 1.61 3950 3294 1.13 —-0.07 10.0 145 31 114 0.46 +0.03
9103 3 Cet K3 1b 1.63 3700 4235 0.80 -0.20 4.5 <15 7 38 <39 <0.48 —0.03
2269 K3 1b 1.61 3950 3294 1.13 —-0.07 10.0 145 31 114 0.46 +0.03
834  nPer K3 1b 1.69 3500 4307 1.0 -0.15 2.5 35 4 72 43 <29 < -0.12 +0.09
8796 56 Peg G8lb 1.36 4250 5100 1.2-0.15 2.8 <15 4 71 20 51 0.62 -0.20
8465 ( Cep K1.51b 1.57 3900 4500 0.75 +0.22 3.0 <15 3 82 56 26 —0.15 +0.28
8796 56 Peg G8lb 1.36 4250 5100 1.2 -0.15 2.8 <15 4 71 20 51 0.62 -0.20
2473 ¢ Gem G8lb 1.40 4150 4582 0.8 —0.05 2.9 <15 4 85 50 35 0.44 +0.20
6536 [ Dra G21b-Il 0.98 4925 5250 1.60 +0.14 1.9 10 3 26 18 8 0.70 +0.06
2650 (¢ Gem GO Ib 0.79 5450 5727 1.9 +0.33 3.0 25 30 10 20 1.59 +0.16
4910 4§ Vir M3 I 1.58 3700 3652 1.3 -0.09 2.3 4 180 20 <160 <0.95 —0.16
2216 nGem M3 I 1.6 3600 3600 1.5 3.0 5 86 28 <58 <0.17 +0.04
2574 6 CMa K411 1.45 4000 4000 1.8 -0.37 1.7 <20 3 43 21 22 —-0.32 —0.16
1457 « Tau K51l 1.54 3850 3875 0.55 —-0.16 1.9 <15 3 77 40 37 0.02 -0.10
4232 v Hya K211 1.25 4250 4330 2.32 —-0.30 2.1 <15 3 31 18 13 —0.09 —-0.24
2040 3 Col K2 11 1.16 4450 4582 2.8 +0.13 1.8 2 105 34 71 1.04 +0.28
2973 o Gem K11l 1.12 4500 4541 2.4 -0.30 1.7 25 56 21 35 0.66 —0.02
2990 [ Gem KO Illb 1.00 4750 4865 2.75 —0.04 15 <15 1 38 22 16 0.71 -0.01
8961 X And G8 il 1.08 4550 4600 3.11 —-0.56 2.0 <20 5 25 10 15 +0.28 -0.43
1907 ¢ Ori KOl 0.95 4900 4750 2.46 —0.53 1.7 2 24 8 16 0.74 —0.50
3482 ¢Hya G511l 0.68 5700 5300 3.02 -0.14 2.0 15 39 9 30 1.74 -0.11
3323 oUMa G5l 0.80 5300 5220 2.67 —-0.21 0.8 15 1 26 14 12 1.13 +0.06
5409 ¢ Vir G211V 0.70 5600 5478 3.9 +0.00 2.0 10 3 122 7 115 2.60 -0.02
6623 p Her G5 IV 0.76 5450 5520 3.7 +0.04 2.6 10 0 38 12 26 1.68 +0.11
5409 ¢ Vir G2 IV 0.70 5600 5478 3.9 +0.00 2.0 10 3 122 7 115 2.60 -0.02
6212 (¢ Her GO IV 0.65 5750 5825 3.8 +0.05 0.85 10 0 14 7 <7 <1.05 +0.15
1084 €Eri K2V 0.88 5000 5180 4.75 —0.09 1.9 <15 4 12 9 3 0.25 +0.06
1325 o? Eri K1V 0.82 5200 5091 431 -0.34 2.4 2 48 8 40 1.32 -0.25
509 7 Cet G8V 0.72 5500 5305 4.32 —0.66 1.1 <15 19 8 11 1.22 —0.38
1008 82 Eri G8V 0.71 5550 5498 4.25 -0.48 0.8 14 6 <8 <1.09
2047 ' Ori GOV 0.59 5950 5953 4.46 —0.03 1.3 10 2 106 9 97 2.93 +0.11
4983 (3 Com GOV 0.57 6025 6029 4.38 +0.03 1.8 10 1 73 6 67 2.61 +0.07
2047 ! Ori GOV 0.59 5950 5953 4.46 —0.03 1.3 10 2 106 9 97 2.93 +0.11
4540 3 Vir FoV 0.55 6100 6176 414 +0.13 1.8 10 0 51 6 45 2.38 +0.12
5317 F7V 048 6350 6417 4.04 —0.02 1.9 25 44 6 38 2.53 +0.08
7776 [ Cap F8V 0.79 5350 6146 4.0 +0.62 1.7 65 36 22 14 1.37 +0.52

* Based on the standard scale log N(H) = 12.0

The Lilline was also observed inthem. These stars were pickedarfs, giants and supergiants. These are tabulated in Column
without any reference to their activity index. It does not impl$. The agreement with tHE. ;¢’s from the [Fe/H] catalogue is
they are all necessarily quiet. In fact 7 of them hdye> 3. excellent for dwarfs and giants except foCap and HR 3664.
These constitute our unbiased sample. The values are much more discrepant in the case of supergiants.
Columns 3 and 4 of Tables 1 and 2 give the spectral type amdhe case of HR 3664 ; from (B—V) seems more realistic
B—V ofthe star. Columns 6, 7 and 8 list respectivély ¢, logg for its spectral type, whereas just the opposite holds trug for
and [Fe/H], taken from the Catalogue of Cayrel de Strobel et @lap. The microturbulent velocity tabulated in Column 9 has
(1997). The catalogue often gives more than one set of value®eén taken from the individual sources for each star listed at the
the above parameters for a given star, based on different studied of the [Fe/H] Catalogue (1997). The projected rotational ve-
done of that star. Care was taken to choose the values derilaaity, v sin i, listed in Column 10 is adopted from the Revised
from the best quality data, i.e., data obtained at high resolutiGatalogue of Stellar Rotational Velocities of Uesugi & Fukuda
and/or in red/near infrared and the ones based on fine ang982). These values do not differ much from those listed in the
sis/spectrum synthesis. ¢y given in Column 6 has been deterBright Star Catalogue.
mined using different methods/calibrations for different stars. Each pair in Table 1 have very similar valuesiof s, log g,
For a really meaningful comparison of lithium abundances, it§g and [Fe/H]. The only glaring case is that of the HR 5317-
very important to use a uniform temperature scale. We, thefeap pair. At the time of analysis when stars of similar types were
fore, rederived th&, s ;’s using the calibratiod s ;-(B—V) of  being grouped, the 1997 [Fe/H] catalogue was not available; the
Schmidt-Kaler (1982) and Bohm-Vitense (1981) separately fd®92 catalogue was made use of where the latest value of [Fe/H]
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Table 2. Unbiased sample of stars : stellar parameters and lithium abundances

Star Identification ~ Spectral BV T.;r(°K)  Ter(°K)  logg [Fe/H] &t vsini I, LitFel Fel Lil *log N(Li)  [Fe/H]
HR  Name type from from Kmsec™)  (kmsec™) (mA)  (MmA) (mA) present
(B—V) Catalogues analysis
2646 o CMa K7 lab 1.73 3200 3877 1.00 +0.00 3.0 5 201 68 <133 <0.75 +0.16
2580 o' CMa K2 lab 1.73 3200 4235 0.00 —0.11 35 <20 3 229 74 <155 <0.93 +0.25
2286 1 Gem M3lllab  1.64 3450 3600 1.0 +0.11 1.9 5 154 28 <126 <0.75 +0.00
4069 p UMa M2lllab  1.59 3700 3847 1.35 +0.00 2.1 5 150 26 <124 <0.70 +0.00
6705 ~ Dra K5 11 1.52 3900 3930 1.55 -0.14 2.0 <15 3 68 27 41 0.00 —0.08
3518 v Pyx K311 1.27 4200 4270 235 -0.11 2.1 3 74 19 54 0.60 —0.04
1580 o Ori K211 1.15 4400 4440 256 —0.26 2.1 <15 3 38 22 16 0.30 —0.10
5744 . Dra K21 1.16 4400 4490 2.74 +0.03 15 <15 2 55 36 19 0.37 +0.33
5176 K211 1.35 4075 4032 1.1 -0.80 1.8 13 10 <3 <-1.0 —-0.73
5908 6 Lib G85I1llb  1.02 4700 4730 299 -0.31 1.6 <20 1 26 15 11 0.52 —0.08
4608 o Vir G8 llla 0.97 4850 4825 2.34 -0.33 2.0 <20 1 38 10 28 1.23 —-0.25
2985 kK Gem G8llla 0.93 4950 5000 2.90 -0.16 3.8 10 1 32 10 22 1.08 -0.20
4932 ¢ Vir G8 b 0.94 4950 4990 2.7 +0.10 2.0 <15 1 32 20 12 0.81 +0.15
2134 1Gem G7 1l 0.87 5125 5100 3.18 -0.01 2.0 42 17 25 1.14 +0.05
3664 G6 1l 0.86 5150 4165 2.2 -0.85 1.92 1 18 6 <12 <1.16 —0.35
458 v And F8Vv 0.54 6125 6212 417 +0.09 1.3 10 53 7 46 241 +0.11
799 0 Per F8V 0.48 6350 6309 4.3 -0.02 1.3 10 69 5 64 2.84 +0.01

* Based on the standard scale log N(H) = 12.0

cited for HR 5317 was +1.01. The 1997 catalogue now citedivided by an estimated continuum. The placement of the con-
as—0.02. So the metallicity difference between the two statimtuum in an M giant is a difficult task; the primary problem is
is large. Later we shall see that Li abundance does not depémelgeneral overlying haze arising from myriads of TiO lines, as
crucially upon [Fe/H]. Also]. ;s of 5350 K for 3 Cap obtained has been emphasized by Luck & Lambert (1982). We have 4 M
from (B—V) is much less than that given in the catalogue, thtggants in our program list, three of which, namelyir, n Gem
latter value in fact is very close to that of HR 5317. andp Gem have particularly messy spectra. Luck & Lambert
The Lil observations of the 49 stars listed in Tables 1 arf@982) have discussed how best to place the continuum on the
2 were carried out at the 102 cm telescope at Vainu Bapgpectra of M giants. We have followed their procedure and used
Observatory, Kavalur with the coude echelle spectrograph aheir value of ‘TiO depth’ for§ Vir and . Gem to place the
a CCD detector (384576) with a pixel size of 23 square. The continuum in these stars as accurately as possible.
spectrawere obtained witha#9m ! echelle grating blazedat ~ The reduced spectra of a few sample pairs of active and in-
6746A in the 34th order, a 150nm ! cross dispersion grating active stars in the vicinity of Li| are displayed in Fig. 1. Fig. 2
blazed at 8008 in the first order. This configuration with theshows spectra of a few stars of the unbiased sample. The spec-
slit width used gave a spectral resolutiond.35A in the 33rd  tral coverageisaround 7080A althoughthe figures here show
order where the Lil line lies. A Thorium-Argon hollow cathoddrimmed spectra of 48 each. The spectra are centered around
lamp was used for line identification and a Xenon lamp waise A\6707.8A Lil line and include several Fe| lines that have
used as a flat field source. A number of bias, comparison aaeady been mentioned. In most cases, the S/N ratios were be-
flat field frames were taken well spaced out in time in betwe@neen 40 and 60. The equivalent width (EQW) of the Li | feature
the star frames. Data reduction was carried out with the IRAE 6707.80 was measured for each star from the normalised
software package. spectra obtained as above. Repeated settings of the continuum
The reduction procedure involved bias subtraction, flat fielhd measurement of the EQW indicated that errors in the mea-
correction, extraction of the orders of the echelle spectrusyrement were less than @min the case of M giants these
wavelength calibration and normalisation by fitting a contirerrors tended to be higher. Measurements of the EQWs from
uum. The bias was subtracted from the raw spectrum, then thwe spectra of the same star yield differences of abouf5 m
spectrum was divided by the flat field image accounting for tli&lumn 12 of the Tables 1 and 2 lists the measured EQW of the
pixel to pixel sensitivity difference of the detector. The echellei | feature.
orders ranging from 25 to 35 were extracted. The wavelength
scale for the 33rd order of the spectrum where Li is observed )
was derived using the absorption lines in the stellar spectr@m/Analysis and results
itself, ensuring that the lines are of photospheric origin (With The Li | feature is blended with an Fe | line at 6707.4¢&hose
> 2eV). The stellar features chosen in the neighbourhood of Lldfrength becomes comparable to the Lil EQW in supergiants.
arethe Alllines ah\6696.032,6698.669; Sila6721.844and The TiO bands seriously affect the Li | spectrum only in M stars.
the Fel lines a\\6677.997, 6703.576, 6705.105, 6713.0444owever, the CN lines of the red system do affect the Li | EQW,
6713745, 6715386, 6716252, 6725364, 6726673, 67331@%N(5,1)R1 (64) being the major contaminant. There is also a
6737.978, 6750.164, 6752.716. Each observed spectrum waseature but it is much weaker than the CN and TiO features.
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Fig. 1. The normalised Lil spectra in a few active and inactive stars. Note the strong Li | line in HR 2269

The contribution of CN is negligible in F, G and K dwarfs andited here are upper limits in the sense that there is likely to be
subgiants but is enhanced in giants and supergiants. A detadesimall contribution to it from CN. Since it is a comparative
spectroscopic analysis 6{Gem (KO I1l) by Ruland et al. (1980) study of pairs of stars with very simildf, ¢, log g, & and

has shown that CN contributes less than 20% to the Li| EQ{¥e/H], itdoes not drastically alter the conclusions of our present
In his study of abundances in G and K supergiants, Luck (197%&tudy. However, the absolute values of the abundances derived
has discussed in detail the effect of CN blending in these stdrem the measured EQWSs tend to be higher. In order to get an
In the present work, we have not rigorously accounted for tapproximate idea of how much the lithium abundance is affected
presence of CN in the Lil feature. So the EQWs of the Lilby CN contamination, the Li abundances were recomputed with
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Fig. 2. The normalised Lil spectra in a few stars of the unbiased sample. The Lil line is specially steo8§fia, o' CMa, 1 Gem and: UMa.

the EQW reduced by 20%-30%. The log N(Li) values differ by, [Fe/H] and¢; are already known for the program stars from
0.1 to 0.15 which as will be seen later is within the accuracy fihe analysis. Based on these parameters, an appropriate model
the determination of the lithium abundances. was chosen for each star from the grid of model atmospheres.
The contribution of the Fe | line to the Lil feature was estifhe spectra include 6 other Fe | lines\ai6705.105, 6713.044,
mated using LINES (the standard LTE line analysis code dueGd15.386, 6726.673, 6733.153 and 6752.716 having the same
Sneden 1973) and the model atmospheres of Gustafsson dbaler excitation potential as the 6707.445F¢| blend. The
(1975) and Bell et al. (1976) with the grid generated by Lud#ata for the Fel lines considered and the Lil line under study
(1992). The stellar atmosphere parameters such.as log are givenin Table 3. For each of these lines, the LINES program
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Table 3.Line data to 6-8 mA for other similar stars. This is principally due to its

high metallicity ([Fe/H] = +0.62). The difference in metallicity

Wavelength  Excitation log gf also explains the low Fe | EQW in 56 Peg compared to that in

(A) potential(eV) its counterparts.

Fel The Lil EQWSs range from around 5Anto 100 mA for
stars spanning all luminosities and covering a range of spec-

6705.105 4.61 —115 tral types from F7 to M3. All abundance determinations of Li

6707.445 4.61 —2.31 are based on the measurements of the EQW of the Li line at

6713.044 4.61 —-1.61 o . . . L

6715.386 461 164 6_3707.8A. Itisa d9ublet split by ane.structure consisting of two

6726.673 4.61 113 lines at 6707.7_6A and 6707.912 with gf values of 0.989 and

6733.153 4.64 _158 0.494 respectively (Andersen, Gustafsson & Lambert 1984).

6752.716 4.64 ~1.36 The blended feature is at 6707.83 with a of value of 1.483.

Ll We assume in our calculation of Li abundances that the Li fea-

ture is a single line with this value of gf. Balachandran (1990)
6707.811 0.00 0.171 has done an exercise over a large range of EQWs to show that
the error in treating the Li doublet as a single line is negligi-
ble for small EQWSs; at EQWSs higher than 108\t is close

was used to calculate Fe abundance with the chosen model@#0 per cent. This result is independent of the effective tem-
mosphere and the observed EQW as the input. The EQW of figsature of the star and other model atmosphere parameters.
Fe | (6707.443\) blend in the Li feature was then estimated usThere are 7 stars in the present study with Li EQW exceed-
ing LINES, the same model atmosphere and the Fe abundalfige100 mA. LINES was used to calculate Li abundances from
determined above. The average of the EQWs thus obtained #¥gsinput equivalent widths and model atmospheres. These are
adopted as the strength of the Fe | blend and subtracted fromtgfulated in Column 15 of the Tables 1 and 2. In order to de-
measured EQW of the Li feature to yield the EQW of the Litermine the accuracy of log N(Li), several runs of LINES have
component alone. The differential Fe abundances derived usi@gn made for a given change in a parameter, keeping other
LINES above are listed in Column 16. It would be worthwhil@arameters of the model fixed. The lithium abundance is very
comparing these with the [Fe/H] taken from the Catalogue é¥sensitive to changes in gravity. A changetdf.25 in the grav-
Cayrel de Strobel et al. (1997). Any difference would obviousiy changes the Li abundance by 0.01 to 0.03. It changes by an
be due to the use of different codes and model atmospheres.@fgal amount for a change /0.5 in¢;. The dependence on
note that the new abundances for most of the stars are well witHig metallicity of the model is even more negligible. A change
+0.2 of the old ones. It must be pointed out that the [Fe/H] vdR Tess of 200 K however changes the Li abundance by a sub-
ues taken from the Catalogue refer to the most recent referefigtial amount of 0.22 to 0.30. An error in EQW of Bieads

cited and where they differ by more thai0.2 from the new val- t0 a larger change in log N(Li) for stars with lower Lil EQW
ues, there exists an older determination of [Fe/H] which matcheg-, & change of 0.18 for EQW of 15A0 The same error for a
with the new value. The only serious discrepancy is in the caiar with high Lil EQW of 115 M yields a change in log N(Li)

of HR 3664; it would partly be attributed to poor signal-to-nois@f only 0.05. So for a measured EQW of Lil, the calculated
ratio of the HR 3664 spectra obtained in the present study. THeabundance depends almost exclusivelylop; and on the
EQWs of the Fe | blend and of the Li| component are tabulatéfoice of the model atmosphere (see Spite 1996 and Spite 1997).
in columns 13 and 14 in the Tables 1 and 2. Typically the Féccounting for uncertainties arising froffi.s ¢, §; and log g,
blend has an EQW ranging between B o 50 mA for the stars the accuracy in the determination of log N(Li) is expected to be
studied. It is usually less than 10or dwarfs and subgiants. Within +0.2t0+0.25, given the error in the EQW measurement.
For most of the giants it lies within the range 20-3AnfFor The value of Li abundance determined is critically dependent
some of the supergiants, it is even higher than 80 8ince an upon the choice of. ;. The grid of model atmospheres of
incorrect estimate of the Fe 1 6707 AFEQW reflects on an in- Gustafsson et al. (1975) and Bell et al. (1976) extends down to
correct estimate of the Li abundance, it is worth exploring what s = 3750 K. Because of the non-availability of model atmo-
parameters the former crucially depends on. We find that tpeheres withl. sy < 3750K, only the upper limits of lithium
largest error in [Fe/H] and Fe | 6706.4FEQW is caused by an abundance could be given for several stars that faye <
uncertainty in the microturbulence. A higher microturbulend®’50 K. Actually for supergiants 3 Cej,Per,c CMa ando'

yields a lower EQW. For example, a difference of RBibsec ' CMa, theT, s obtained from the [Fe/H] Catalogue are closer
in & in thexl Ori-3 Com pair causes a difference of inn to 4000 K. Upper limits are also given for HR 5176, HR 3664,
their Fe | EQWSs. On the other hand, the Fe | EQWs are not 88 Eri and( Her either because of the low S/N of their spectra
sensitive tal s ;. A change of as high as 300K ih s, effects Or because of extreme weakness of the Lil line in them.

a change in the EQW of only around #niThat is why in spite Lithium abundances have been determined in the pastin sev-
of a difference of 250K i, ;; between3 Gem ands Gem, eral of the stars that are common with the present study. Four
similar EQWs are obtained for the two stars. One notesﬁhapf the dwarfs and subgiants name#y,\Vir, HR 5317, v And

Cap, aF8V star has arather high Fe | EQW ofggmmpared andu Her studied here have also been observed by Balachan-




630 S.V. Mallik: Chromospheric activity in cool stars and the lithium abundance

dran (1990) and Fekel & Balachandran (1993). The abundanbese Li abundance significantly higher than their inactive coun-
agree rather well, th&log N(Li) = +0.2, which is within the terpartsg Vir and g Cap. On the other hand,Eri, the more
accuracy of the present determinations. F@set, our value is active of the K dwarf pair, has a Li abundance over an order of
much higher than that obtained by Pallavicini et al. (1987)s;Fomagnitude less thast Eri. In order to understand the existence
Per,( Cep,e Gem,3 Draand! CMa, the agreement is excellenbf any link between chromospheric activity and Li abundance,
with the previous studies of G and K supergiants (Luck 1977).is worth analysing the observed abundances in the light of
The value for{ Cep by Brown et al. (1989) is much larger. Thisvhat is already known about lithium.
is most likely due to the loweF, ¢ we have adopted from the  Old Population Il stars are observed to hakeabundances
(B—V) colour of this star. The Li abundance éinCMa in the up to a maximum of log N(Li) ~ 2 (Spite, Maillard & Spite
present study is quite a bit higher than that obtained by Lut®84) and young, Population| stars up to a maximum of log
& Lambert (1982). There are previous determinations of the Ni("Li) ~ 3.1 (see, e.g., Duncan & Jones 1983; Boesgaard &
abundance (Brown et al. 1989, Luck & Lambert 1982, Lambe&feigman 1985; Pilachowski, Booth & Hobbs 1987; Boesgaard,
Dominy & Sivertson 1980, Fekel & Balachandran 1993) for 1Budge & Ramsey 1988). Observations of ISM, T Tauri stars
giants in common with the present study. FoHya, o Gem, and other pre-main sequence stars, stars in young galactic clus-
8 Gem, X And and@ Lib, the agreement is very good. Therders and analysis of abundances in meteorites (Boesgaard &
are large disagreements for cooler stars, the late K and M 8teigman 1985, Rebolo 1992) also provide evidence that stars
ants. Ours are consistently larger perhaps owing to not havieng formed with a Li abundanee3.0, referred to as its cosmic
accounted for the CN blending and in addition for the M giantsbundance.
also due to the difficulties with the placement of the continuum. As a star evolves, Li is subject to destruction and dilution.
The presentvalues of several giants thus tend to be overestimatetemperatures 2x 106 K, Li is easily destroyed through the
of the Li abundance. reaction’Li (p,«)*He, so that on the main sequence itself, Li

It should be noted that the following discussion of the Lis depleted except in the very outer layers. The maximum Li
abundance of the active star relative to its inactive counterpablundance expected in a main sequence star is the initial value
should be viewed keeping in mind the errors/uncertainties in tbklog N(Li) ~ 3.0. However, main sequence lithium burning
choice ofT. ;s in each case. is amply evidenced by the Sun and by dwarfs in the Hyades
(Thorburn et al. 1993) in comparison with those of the Pleiades
(Soderblom et al. 1993). These stars including the Sun are ob-
served to be depleted considerably; the solar abundanee is

As a consequence of several ways in which Li can be destroylel: down by 2 orders of magnitude. This is clearly borne out
and/or produced, the observed Li content of stars spans 6 ord&§ur observations of MS stars. Fig. 3 shows that Li depletion
of magnitude. Even the Tables 1 and 2 in the present study wigtegligible in F and early G dwarfs; the abundance is close to
alimited number of stars show that the Li abundance varies ol initial value of 3.0 except i¥ Cap. Depletion is severe in

4 orders of magnitude. Fig. 3 displays the lithium abundanceldte G and K dwarfs (2 orders of magnitude and more). As it
the stars observed as a function of their effective temperatu®gpears fromits (BV), 3 Cap is probably a late G/KO star with
Both the active and the inactive stars of each pair as also thwrong spectral classification. Based on the fact that in dwarfs,
stars not selected on the basis of their chromospheric actiifjfomospheric activity directly relates to age, itis not surprising
are shown. Itis a heterogeneous sample encompassing F af@aty' Ori the more active star has much higher Li content than
dwarfs, K giants and supergiants and also M giants. It is cldk respective inactive counterpart. On the other hartgfj, is

from this figure that F and early G dwarfs have log N(Li) closkkely to have been on the MS a much longer time, and hence
to 3.0 and late G and K dwarfs are heavily depleted. Most of th@s a Li abundance lower thaf Eri. The above observations

G and K giants and supergiants seem to have undergone se@é@eexplained by the fact that the destruction of Li is a func-
depletion resulting in log N(LiX 1.0. There are a few whosetion of both mass and age during pre-main sequence and main
Li abundances exceed 1.0. The most striking result is the laggguence evolution (Herbig 1965, Wallerstein, Herbig & Conti
range in Li abundance especially among giants (more than 2 5954, Zappala 1972 and Herbig & Wolff 1966). Fig. 4 shows the
ders of magnitude) and that it exists both for the active as welpt of log N(Li) vs.T¢ s for the Pleiades dwarfs (Soderblom et
as the inactive stars. A similar range is also found in the sam@le 1993) and the Hyades dwarfs (Thorburn et al. 1993). On the
not specifically selected on the basis of chromospheric activiggme plot are also shown the small sample of dwarfs observed
Since in dwarfs chromospheric activity is tightly related to ad8 the present study. It is to be noted that our sample of dwarfs
and it is not so in giants, the interpretation of observations f@lls more in line with Hyades than Pleiades suggesting some of
terms of the connection between lithium abundance and chfeem have spent long enough time on the main sequence. This

mospheric activity is best done separately for dwarfs and giarR§e€nomenon has been observed in Duncan’s (1981) survey of
field F5-G5 dwarfs also. Stars within a given cluster are close

to the same age, so they would show the influence of differing
4.1. Dwarts masses. However, a large spread in Li abundances is observed
4 dwarf pairs §* Ori with 2 counterparts) are displayed in Taat & given mass among late type stars in young clusters, e.g.
ble 1. Among these, 2 active stars namelyOri and HR 5317, Pleiades (Duncan & Jones 1983, Soderblom et al. 1993) and

4. Interpretation and discussion
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also among solar type stars in old clusters, e.g. M 67 (Pasquabundance than the active stars. It is worth noting that a consid-
et al. 1997). It is also worth noting that there are stars as @dably large range in Li abundance exists for giants for a given
as the Sun that show much less Li depletion (Pallavicini et apectral type, e.g., for G5-K0 and for K1-K4 in Table 1 and
1987). The persistence of the scatter suggests that Li deplefionG5-G8 and K2-K5 in Table 2. Fig. 3 clearly exhibits this

is not dictated by age and spectral type alone. Besides cHevge range of over 2 orders of magnitude in lithium abundance
mospheric activity, there are perhaps other variables that maygiants. During the post MS evolution, dilution becomes the

influence the Li depletion. dominant process for the change in surface Li abundances. Sub-
giants, since they are less evolved, may not show a Li depletion
4.2. Giants and supergiants as large as in giants and supergiants. Our observations of sub-

giantse Vir, 1 Her, ¢ Her confirm this. The more active star in
The situation is more complex in the case of evolved stars. Chtiee pair has log N(Li) closer to 3.0 whereas the counterpart has
mospheric activity and age do not have a one-to-one correlatiarmuch lower Li content.
Also Li abundance depends not only upon age but on several As a star evolves up the giant branch, a deepening convec-
other parameters. Among the subgiant, giant and supergiawve envelope dilutes the remaining Li from the MS and subgiant
pairs, only a fraction of chromospherically active stars hayhases. Predicted Li dilution for the first dredge-up ranges from
a Li excess (5 of them by sizeable amounts). On the other haadactor of 60 for a 3V/, model to 28 for a 1M, model (Iben
an equal number of inactive stars is observed to have higherl9i67). These refer to a star at the tip of the red giant branch.
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| They also show a similar spread in Li abundance, again several
| of them exceeding 1.0. This behaviour is better expressed in a
T ACTIVE STARS | histogram shown in Fig. 5 expressing the number of stars in bins
| -—-INACTIVE STARS of Li abundance of 0.4 dex. Here the active stars are denoted
! by the solid curve and the inactive ones by a dashed curve, the
! —1 criteria being those witlf;, > 3 are in the active category and

! those withl;, < 3 in the inactive category. We see that in the

! bin 1.0-1.8 inactive stars are many more. There is a suggestion
of almost equal numbers of active and inactive stars in the other
bins. Our data do not give any definite indication of a higher
lithium abundance in active stars. However, it is very important

i to extend the sample to a much larger number of stars before
we can make definite deductions.

It will be interesting to compare our sample with another
large sample of cool giants not specifically selected on the basis
of chromospheric activity to see if our stars are unique in any
Fig. 5. Distribution of stars of the present sample vs. lithium abundanegy. Fig. 6 displays our data which now include stars of both
with a bin size of log N(Li) = 0.4 dex Tables 1 and 2 along with that of Brown et al. (1989) which
consists of a heterogenous sample of 644 giants. Their num-
bers are large and the Li depletions are large but by and large

Thus G, K and M giants and supergiants are expected to hg@ilar trends are seen in the 2 samples. Our stars are clearly
log N(Li) down to the limit 1.5, the value reached if no MS deintermixed with those of Brown et al. The active stars of our
pletion occurs. However, in reality giants and supergiants shé@mple are not particularly weighted towards higher lithium. In
much greater dep|etion5 - eas”y ranging from 2 to 4 Ordersfa:pt the ten really Li-rich giants of Brown et al. lie above the
magnitudes with respect to the cosmic value. Lambert, Domif§st and the sheer number of their data gives a large scatter at
& Sivertson (1980) in their study of Li in 50 G and K giants£ach temperature. The inverted triangles denote upper limits to
found really low abundances:1.0 < log N(Li) < 1.0. The thelithium abundance. Stars to the rightfof ; = 3750 are 4 M
same is also revealed in the study of 644 giants by Brown@gnts and 4 supergiants observed by us. The supergiants stand
al. (1989): Bulk of the stars have lithium content log N(ki) apart from the rest also because their progenitors are perhaps
1.0. Only 10 stars were found to be Li rich. Incidentally one dhassive stars which leave the main sequence with almost their
our program stars Vir is among them with log N(Li) = +2.3, original Li content. Whatever depletions are observed must be
the value agreeing well with ours. Severe Li depletions wefl€ to the dilution of Li caused by the gradual deepening of the
also observed in 31 giants and supergiants by Luck & Lambé&gnvective envelope as the stars evolve off the main sequence.
(1982),—0.89< log N(Li) < +0.84. In the present study, similar |t would also be worth comparing our sample with the sam-
depletions are observed. There are also several stars in the gfhof chromospherically active stars like that of Randich et
ple that have Li content close to 1.0 and higher as Fig. 3 shov@b.(1993, 1994). Fig. 7 shows our data superimposed on that of
The abundances are still moderate and do not exceed the v&agadich et al. which includes observations both of Northern and
1.5, the limit suggested by theoretical calculations, the excdpe Southern RS CVn binaries. Though our sample is not large
tion being¢ Gem with log N(Li) as high as 1.59. Consideringznough, there is a definite indication of intermixing here also
that the predicted upper limit of log N(Li) = 1.5 is rarely obover the entire range of temperature. The symbols with arrows
served and that most of the stars have Li abundances far beRfinting downwards denote upper limits to the lithium abun-
this value (among the large sample of 644 giants of Brown et &lance. Larger spread at each temperature exists in the sample of
only 4% have log N(Li)> 1.3 and another 4% between 1.2 anRandich et al. perhaps because of the larger numbers observed.
1.3), the occurence of giants having log N(Li) above 0.5 and c&therwise the same general trends are seen in the 2 samples,
tainly above 1.0 is quite surprising. Although the large range i particular, in the amount of depletion and the overall range
Li abundance could be due to the intrinsic heterogeneity of takabundance. It is unlikely that there is a higher percentage of
sample, the Li abundances seen in many of the stars could @§tve/Li-rich stars in our sample relative to their sample. On
be due to other causes including chromospheric activity. Ittiiese plots we have tried to locate the log N(Li) values from
worth investigating, therefore, whether chromospheric activitie literature of stars in common with the present sample which
p|ay5 any role in Con'[ro”ing the Li abundance in giantg_ are notably different from those of ours. We find that there is
Both active and inactive stars of Table 1 show a fairly large0 tangible change in the results; the general patterns like the
spread in their Li abundance (close to 2 orders of magnitud@ynge of Li abundance and the amount of depletion remain the
with several of them in excess of log N(LH 1.0. There is no Same. Comparison of our data which is a combination of active
apparent preference in active stars for higher lithium than tB&d inactive stars with Brown et al.'s sample of ‘normal’ giants
inactive stars. The stars of the unbiased sample (Table 2) congfisl with Randich et al.’s of RS CVn binaries and other chromo-
of amixture of active and inactive stars judging by theivalue. Spherically active giants suggests that both active and inactive
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stars are similarly spread in the lithium abundance over the dbat at any value o¥ sin i, log N(Li) shows a full range of val-
served temperature range and similar depletions are observads suggesting, in other words, there is no definite correlation
Iflithium abundance had a direct relation to the phenomenbetween the lithium abundance and rotation. Although we have
of chromospheric activity, then one would expect all active stashown earlier that stars identified as chromospherically active
to have systematically higher Li abundance. This certainly is nading the Call triplet as the diagnostic also have the Call H

the case. & K emission indexl;, > 3, it would be useful to see how the
lithium abundance relates 1@ for all the stars with knowd},
4.3. Lithium and the other stellar parameters of the samples both of Tables 1 and 2. Fig. 9 displays such a cor-

relation. This plot shows that larger Li does not go with higher
In Fig. 8 log N(Li) is plotted against the projected rotational veF,. In fact there are several stars with strong Ca Il emission but
locity v sin i, available for 34 stars of our sample. One notices
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3.0 D Supergiants - plain on the one hand a small fraction of giants that are Li rich
A Giants (log N(Li) > 1.0) and on the other hand, the rest of them that
have severe Li depletions like in Brown et al. (1989). It must
20} —{ be recalled that theoretical calculations of Li dilution during
post main sequence evolution show that a star that has suffered
= ﬁ no Li depletion on main sequence should have a maximum Li
=z 1.0 A o A — abundance of 1.5. Randich et al. (1993, 1994) have suggested
o % A " E ] that the modest yet significant amount of Li (between 0.5 and
i A A A 1.5) in cool starsTc sy < 5000) thus could be due to the fact
0.0} 6 - —| that these stars have undergone little depletion on the main se-
A guence. In other words, cool giants with appreciable amount of
Li have evolved from sufficiently massive stars with very thin or
-0} —1 absentconvective zones. As has been observed in previous stud-
| | A | I ies of field dwarfs and the Pleiades and the Hyades dwarfs, Li
0 1 2 3 4 5 ¢ depletion on MS is a strong function of mass. Large Li implies

stars have evolved from progenitors with <M/ M. <3.0 for
which the convective mixing has been minimal. Where Li is
Fig.9. Lithium abundance vs. Ca Il K line emission indéx The low, it is presumed that Li has got depleted during MS lifetime
symbols are described in the key. and further decreased during post-MS evolution. The moder-
ate amount of Li found in a fraction of the stars in the present
sample (log N(Li)}>0.5) could thus trace its origin to minimal

no appreciable amount of Li and several stars with weak Cé:ﬁnvect'ive mixing ikr: thg mainhseqluence ;tage.hcl)n thﬁ other
emission having significant Li. In general, for any given valu3nd: since mostother giants show log N(Li) much less than 1.5

of I, there exists a range of lithium abundances. As seentriHS would imply that these stars have undergone MS depletion

Tables 1 and 2, the stars in our sample span a large rang@'?ﬁ‘ therefore perhaps evolved from main sequence stars later
Fe abundances:0.73< [Fe/H] < +0.52 as inferred from the than G dwarfs. Randich et al. contend that mass has to have a
present analysis. In order to see if metallicity has any effect BHmary influence on the Li abundance of a giant and that the

Li abundances, we plot Li abundance vs. these values of [Fef@'9€ Of abundances has its origins in the MS stage itself. The
in Fig. 10 for all the stars. There is no obvious correlation b&Préad in the MS lithium abundances due to the different masses

tween Li and Fe abundance. There is a faint suggestion of a nfi€"Y likely to be reflected in the red giant abundances. This

increase of log N(Li) with higher [Fe/H] when dwarfs, gian,[énterpretation based on mass decouples the Li problem from the

and supergiants are each viewed separately as a group. A lajS activity and explains in a natural way why significant Li

sample spanning a still larger range of metallicity would aid i ozserved Onrlly 1|‘or 6} frfactlc.)n. of thel stars \IN'_th ng clear de-f
making a definite conclusion. Of course the data would haveR§Ndence on the level of activity. It also explains the range o
be corrected for log N(Li)F.; dependence also. Li abundance observed in these stars. It further explains why

Although the present sample does not have giants and suﬁ p_lved stars with similar amounts .of Li are _observed in sam- .
giants with Li abundance as high as log N(Li) = 1.5 and high8t€S that are not selected on the basis of activity. The observed Li

(except¢ Gem), it does show a large spread in Li abund(,j‘m:@tgundances are consistent with the theoretical upper limit pre-

Iy



S.V. Mallik: Chromospheric activity in cool stars and the lithium abundance 635
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_03 I ; A | A A | | Fig. 10. Li abundance vs. Fe abundance for
-10 —08 _06 -04 -02 0.0 02 0.4 0.6 0.6 the stars of the present sample. Filled sym-

[ ] bols are the active stars whereas the open
FelH ones inactive stars.

dicted for giants. In this framework the larger fraction of Li-ricts. Conclusions

stars in the sample of Randich et al. with respect to an unbias[(%de detailed survey of the Call triplet lines in 146 stars of

sample of evolved stars could simply reflect the different magﬁ luminosities ranging in spectral types from F7 to M4 and in

istributions within the twi mples. -
dist butq S within the two samples : . metallicity from—3.0to +1.1 has shown that the central depth of
AtagivenT, ¢, arange of masses exist for giants and SUpEEH d . . -
. . ._the Call lines is a good measure of chromospheric activity. The
giants and masses are virtually unknown for most of the 9l R allower the lines are in the spectrum of a star, the more active
and supergiants. So there is no clear indication that at a given P '

T.s¢ the cool giants with larger lithium abundance are als |ts'9hromosphere. Based on this parameter, 14 stars were
I ed'ltlfled from the above sample to be chromospherically active.

the more massive ones. Randich et al. (1994) have attempte . ; .
to study possible correlations between Li abundance and Sjn order to explore the link between chromosgherlc activity,
Ellmium abundance and age, the Lil line at 670&.Bas been

lar mass by comparing the position of stars in their sample’in ;. . . . . .
y parnng P b ?ud|ed in these 14 active stars, 18 relatively inactive stars and

the HR diagram with theoretical evolutionary tracks. Lambef
Dominy & Sivertson (1980) and Luck & Lambert (1982) ha hoth'er. 17 stars chosen at rgndomfrom th(? sample of 146 stars.
he lithium abundances derived show that:

earlier used the same technique and found that the Li abundanc
in G, Kand M giants and supergiants is primarily controlled byy The Lj depletion is negligible in F and early G dwarfs except
the stellar mass. Randich et al. however have found a clear dis-, 3 Cap. Log N(Li) for these stars is close to 3.0. On the
tinction between warmer stars (5000 K) and the cooler stars  ther hand, depletion is severe in late G and K dwarfs. This is
(< 5000K). Among warmer stars there is a tendency of stars i conformity with the idea that the latter, being less massive
with larger Li to be also the more massive. However, for cooler paye deeper convective envelopes, and hence show evidence
stars this trend completely disappears: similar Li is found at vir- ¢ higher Li depletion.
tually all masses. There are several high mass stags{3M) 2) G, K and M giants and supergiants are expected to have
that have Li as low as those of low mass stavsl (/) of sim- low Li abundances with log N(Li) up to a maximum of 1.5
ilar T, ;. A similar result has been found for giants in general pecause of the further deepening convective envelope and
(Brown et al. 1989, Gilroy 1989, Pilachowski et al. 1990, Pi-  consequent mixing and dilution. The observations show that
lachowski & Sowell 1992). It suggests that Li depletion and the gepletion is even higher than predicted by the model cal-
dilution in evolved stars is much more complex than predicted ¢jations and thatthere is alarge spread in the Li abundances.
by standard models. Lithium abundances among these stars igqr most of the stars, log N(Li) lies betweed.3 and +0.7,
a consequence of the entire evolutionary history of the star andmych less than the theoretical limit of 1.5. It is equally true
of the complex interplay of Li depletion, dilution and possi-  of active and inactive stars. Similar range is also observed
bly production during MS and post-MS evolution. The present fqr stars of the unbiased sample. However, a few stars in the
paper with a limited sample however has provided convincing present study have log N(Li) exceeding 1.0¢iGem it is
evidence that lithium abundance has not much to do with chro- 54 high as 1.509.
mospheric activity. 3) Although a few chromospherically active stars are Li-rich, it
appearsthereis little correlation between excess Li and chro-
mospheric activity. A significant Li excess is not a general
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property of chromospherically active giants.This amount Gfustafsson B., Bell R.A., Eriksson K., NordluAd 1975, A&A, 42,
lithium is also found in a few normal inactive stars and the 407 _ _ _
spread in Li abundances is also not dissimilar in inactivéearnshaw, J.B., 1979, in IAU Collog. No. 46, Changing Trends in
the basis of activity. (Hamilton: Univ. of Waikato), p. 371
4) The above observations fit rather well with the suggestiﬁ‘?rb!g G.H., 1965, ApJ, 141, 588
. erbig G.H., Wolff R.J., 1966, Ann. Astrophys, 29, 593
by Randich et al. (1993, 1994) that these stars have evol\{$ - . . .
f . ith diff ith differina denth offleit D., 1982, The Bright Star Catalogue, Fourth revised edition,
rom progemtors with a farent masses with diitering ePt S vale University Observatory, New Haven, Connecticut
of convection zones. This alsol holds true for the unblasmén 1. Jr., 1967, ApJ, 147, 624
sample of stars and thus explains the similar amounts ofjldmbert D.L., Dominy J.E., Sivertson S., 1980, ApJ, 235, 114
and the spread of Li in them. Linsky J.L., 1980, ARAA, 18, 439

In this study we chose a sample of 49 stars from our CaLI'PSX%:]]éL"AfTuzéeln D-M., SowellR., Glackin D.L., Kelch W.L.., 1979,

trip]gtsurveyto_explore the relationship betwc_aen chromospheﬂgck R.E., 1992, private communication

activity anq Ilthlum abundance. Welare wo_rklng onan enIar_gggck R.E., 1977, ApJ, 218, 752

sample which includes all the subgiants, giants and supergianisk r ., Lambert D.L., 1982, ApJ, 256, 189

of the triplet survey, besides several more observed indepgfdiik S.V,, 1994, A&AS, 103, 279

dently. Effect of the Li abundance — mass relationship for thelsrillik S.V., 1997, A&AS, 124, 359

stars is best explored by plotting these stars on an HR diagrBafiavicini R., Cerruti-Sola M., Duncan D.K., 1987, A&A, 174, 116
and superposing evolutionary tracks to obtain the masses. Rgdavicini R., Cutispoto G., Randich S., Gratton R., 1993, A&A, 267,
hope to do this for several of these for which absolute magni- 145 . .

tudes could be determined from the parallaxes available in ff@lavicini R., Randich S., Giampapa, M., 1992, A&A, 253, 185
recently published Hipparcos Catalogue. We would thus like f§§Sauini L., Randich S., Pallavicini R., 1997, A&A, 325, 535

. . . Pilachowski C.A., Booth J., Hobbs L.M., 1987, PASP, 99, 1288
investigate in our next paper whether stars at any glig i, howski C.A., Sneden C., Hudek D., 1990, AJ, 99, 1225
with higher Li are also the more massive ones. ' ' ’ TeRa

Pilachowski C.A., Sowell J.R., 1992, AJ, 103, 1668
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