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Abstract. The presence of possible blends in the spectral region of the Li resonance line at 6708 A in solar-type metal-rich
stars is investigated using high resolution and high signal-to-noise spectroscopic observations. Our analysis does not confirm the
identification of a weak absorption feature at 6708.025 A with the low excitatiofirié proposed by Reddy et al. (2002). Our
spectrum synthesis suggests that the unidentified absorption is most probably produced by a high exaitatearigjinally

proposed by Miller et al. (1975). Reanalysis of tRki/’Li isotopic ratio in HD 82943 was performed by taking the Bie into

account and using new VI/DVES spectra of HD 82943 with a signal-to-noise ratio close to 1000. We confirm the presence

of 5Li in the star’'s atmosphere while the updated value for the isotopic rafifflis) = 0.05+ 0.02.
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1. Introduction Nuclear reactions destroy the lithium isotopési (and

Li) in stellar interiors at temperatures 2 10° (6Li) and
An interesting opportunity for testing the planet(s) ingestiops x 106 K (7Li). Convection cleans the upper atmosphere of
scenario is fered by théfLi test (Israelian et al. 2001). This| j nuclei by transporting them to deeper, hotter layers where
approach is based on looking for an element that should not gey are rapidly destroyed. Young low mass stars are entirely
pear in the atmosphere of a normal star, but would be presgghvective and most of the primordial Li nuclei are burned
in a star that has swallowed a planet. We have proposed jfetheir interiors in a mere few million years. However, many
cently that a light isotopéiLi, is an excellent tracer of any solar-type stars preserve a large fraction of their initial atmo-
planetary matter accretion. The detectiorloifin HD 82943  gpheric’Li nuclei. According to standard models (Forestini
by our group (Israelian et al. 2001) was considered as corg94; Montallah & Rebolo 2002), at a given metallicity there
vincing observational evidence that stars may accrete plapgy mass range, whetki but not’Li is being destroyed. These
tary material, or even entire planets, during their main sequenggdels predict that nfLi can survive pre-MS mixing in metal-
(MS) lifetime. Other explanations (such as stellar flares or syjch solar-type stars. Observations seem to support this scenario
face sports) of this phenomenon were ruled out (Israelian etghce no clear detections 8Ei have been reported in solar-
2001). It has been suggested (Sandquist et al. 2002)lthedn  ype solar-metallicity stars (Andersen et al. 1984; Rebolo et al.
be used to distinguish betweerfdrent giant planet formation 1986). We note, however, that the mass and the depth of the

theories. convection zone also depend on the metal content of the star,
and for this reason several old metal-poor stars have preserved
Send gprint requests toG. Israelian, e-mailgil@iac. es a fraction of their initial®Li nuclei (Cayrel et al. 1999; Hobbs

* Based on observations collected at the La Silla Observatory, E€0al. 1999). This suggests that any deteétddn a metal-rich
(Chile), with the FEROS spectrograph at the 1.52-m ESO telescopé)ar-type star would most probably signal an external source
with the VLT/UT2 Kueyen telescope (Paranal Observatory, ES@pr this fragile isotope.

Chile) using the UVES spectrograph (Observing run 67.C-0206, in . .
service mode), with the TNG and William Herschel Telescopes, both Observations ofLi are extremely diicult for several rea-
operated at the island of La Palma by the Isaac Newton Group in #fns. First of all, it is a weak component of a blend of the much
Spanish Observatorio del Roque de los Muchachos of the Institutosteonger doublet ofLi with an isotopic separation 0.16 A. In
Astrofisica de Canarias. the case of metal-poor halo stars with [Fé < -1, blending
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Table 1. Observing log and stellar parameters adopted from the references listed in the last column: (1) Santos et al. (2002), (2) Santos
(2001), (3) Santos et al. (2003), (4) Mallik (1999), (5) this article, (6) Boesgaard et al. (20013/Nhe calculated near 6706.5 A.

Target Configuration V Exp. time  A/AQ S/N Date Ter logg & [FeH] Ref.
[s] [K] [ems? [kms™]
HD 1461 1.52nfFEROS 6.46 1200 48000 400 2000 Nov.10 5785 4.47 1.23 0.18 1
HD 13445 1.52nFEROS 6.10 900 48000 350 2000 Nov.10 5190 4.71 0.78-0.20 2
HD 16141 WHTUES 6.78 8100 55000 600 2001 Oct.03 5805 4.28 1.37 0.15 1
HD 22049 WHTUES 3.73 700 55000 800 2001 Oct.03 5135 4.70 1.14-0.07 2
HD 75732A WHTUES 5.95 1200 55000 400 2001 Oct.01 5307 4.58 1.06+0.35 3
HD 82943 VLTUVES 6.54 700 105000 900 2001 Mar.05 6025 4.53 1.10 +0.30 3
HD 82943 WHTUES 6.54 8400 70000 1100 2001 Feb. 05 - - - - -
HD 130322 TNGSARG 8.0 3600 57000 300 2002 May?25 5430 4.62 0.95 +0.06 2
HD 134987 TN@SARG  6.45 1800 57000 300 2002 May25 5780 4.45 1.06 +0.32 3
HD 134987 WHTUES 6.45 2000 55000 300 2002 Jun. 20 - - - - -
HD 137759 TNGSARG  3.31 150 57000 550 2002 May 26 4553 2.74 1.50 +0.03 4
HD 145675 TN@SARG  6.67 19800 57000 900 2002 May 27 5255 4.40 0.68+0.51 3
HD 177830 WHTUES 7.17 800 55000 300 2000 Jul.09 4840 3.60 1.18+0.32 3
HD 192263 1.52fFEROS 8.1 1800 48000 300 2001 Oct.31 4995 4.76 0.90+0.04 3
HD 198084 WHTUES 451 1500 55000 800 2002Jun.20 6171 4.13 1.90+0.15 6
HD 200790 WHTUES 5.97 2400 55000 600 2002 Jun.20 6240 4.26 1.70+0.02 5
HD 210277 TNGSARG  6.63 3000 57000 400 2001 Aug.02 5560 4.46 1.03+0.21 3
HD 210277 WHTUES 6.63 1400 55000 400 2002 Jun. 20 - - - - -
HD 217107 WHTUES 6.18 4800 55000 800 2001 Oct.03 5655 4.42 1.11+0.38 2

of the Li line with other weak absorptions is not expected, aryielded a resolving power d® ~ 105000 as measured from
also the placement of continuum does not pose serious prifte FWHM of Th—Ar lamp lines.

lems.5Li has been unsuccessfully sought in many metal-poor -
The 4.2 m William Herschel Telescope on La Palma

tars but unambiguously detected in only few (Hobbs et al
stars but U guoLsy ! y few ( S O%(;anary Islands, Spain) and the UES spectrograph were used

1999; Cayrel et al. 1999; Nissen et al. 1999). The meth IS b | solar-t ¢ ith | Li depleti .
used in the analysis SLi have been widely discussed in the© OPSErve several solartype stars with farge LI depletions in

; ; . . ir atmospheres. Our first targets were HD 171888 (F8 V),
literature (e.g. Nissen et al. 1999; Cayrel et al. 1999; Hobﬂ%g" a
et al. 1999). In metal-rich stars the identification of any pogl 4747 (G8 V), HD217580 (K4 V), HD217107 (G3 V)

ggd HD 210277 (G4 V). These stars were observed on 2000

sible weak blends in the region of the Li absorption becom : .
crucial (King et al. 1997). Recently Reddy et al. (2002) urf—UIy 8. The CCD SITE1 (214& 2148 pixel), grating E31,

dated the line list of Lambert et al. (1989) based on the an3|i—t width 1” (providing a resolving power of 5.5 000.) and the
ysis of the solar spectrum of Kurucz et al. (1984) and Hink entral wavelength of 5140 A were used during this run. Our

et al. (2000). They claimed that a previously noticed weak a?,gectra had aB/N ratio in the range 300-350, which was suf-

sorption in the solar spectrum at 6708.025 A(lléF et al. icient to guarantee the detection of any spectral lines with a

1975) belongs to T With this assumption their analysis Oi,g]inimulm eqlgivalentlw;%tglofvll.S ?A' Thehse Ea;a were used f
the Li feature in HD 82943 did not confirm the presenc@lof y us (Israelian et al. ) in order to check the presence o

With the goal of establishing the nature of the absorptié%endS near 6708 A with thEW larger than 1.5 mA. More tar-

at 6708.025 A and better understanding the line list near ets (Table 1) have been observed in order to reduce this limit to

we have obtained high resolution, hi§fN spectra for several élot\)/v 1 mAHghleGiiTeHcggfé%lirgtﬁgv;/gi :;stzd mdzgglzggtl%b?er
metal-rich stars with no detectable Li line. Our targets cove|1%o serve ' ' an '

wide range of &ective temperature, allowing a more reliablénozge neﬁtéé)\s/eé\éi:rlsg “:R (ZQOZI J_u ne f20), Wteh usEegla 4‘396
identification of the lines in the spectral region of the Li fea- “Pixe with a pixel size of 14m, the grat-

ture. We have also obtained new spectra of HD 82943. Here (e @ slit width of ' and a central wavelength of 7215 A. T_en
present new analysis of tiii/"Li ratio in HD 82943 and crit- exposures of HD 82943 were taken on 2001 February 5 with a

ically discuss the line list of the Li region. Our observations d_r(posglc Ct)f tV\l/)Ct) I.EEVf]’. tEe Eﬁ gr?tmg aind a S}“tth\.N'dE[h of0.7
not confirm the Ti line of Reddy et al. (2002) and support oyt Oraerto obtain a high quality of Spectrum ot this star.

previous claim for detection t.i. The SARG high resolution echelle spectrograph at the
3.5 m Telescopio Nazionale Galileo (La Palma) was used dur-
ing two runs in 2001 August and 2002 May. The spectra were
obtained with the yellow grism and span the wavelength range
We used the 8.2 m VLT Kueyen (ESO, La Silla), th&d600-7820 A at a resolving power 67 000. The CCD was
UVES spectrograph and an EEV detector to obtain spectrasofosaic of two 409& 2048-pixel EEVs with a pixel size of
HD 82943 during the night of 2001 March 5. The 0.8lit 15um.

2. Observations
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All our VLT /JUVES, WHT/UES and TNGSARG spectra and modified by King et al. (1997). Following 0ér et al.
were reduced using standard IRA®utines. Normalized flats (1975), these authors used a fictitious high excitationlise
created for each observing night were used to correct the pixglth y; = 6 eV in order to account for the weak absorption in
to-pixel variations and a Th—Ar lamp was used to find a dispehe spectrum synthesis.
sion solution. The line was also considered by Nissen et al. (1999) in their

Some observations were made with the FEROS spectamalysis of metal-poor disc stars. According to Nissen et al.
graph at the ESO 1.52 m telescope in La Silla. The mos#i999), the equivalent widthEW) of the 6708.025 A absorp-
of two 4096x 2048-pixel EEV CCDs were used to observéon is 0.6 mA in the solar spectrum. Reddy et al. ’s (2002) iden-
HD 1461 and HD13 445 on 2000 November 10 and HD 1922@8cation of this absorption with the Ti line (lagf = —2.252,
on 2001 October 31. The spectra were flatfielded, calibraged= 1.88) implies a slightly dierent valueEW = 0.75 mA.

with a Th—Ar lamp and reduced using MIDAS routines. While this feature is too weak toffact the determination of
) the Li isotopic ratio in metal-poor halo stars (where it cer-
3. Spectrum synthesis and stellar parameters tainly disappears), it may cause problems in solar metallicity

In this article we used models of atmospheres provid@§more metal-rich stars. Apart from this unidentified feature,

by Kurucz (1992) and the spectrum synthesis code MOGEEe are other weak lines of C6707.64 A, Ce 6,707'74_A
(Sneden 1973). We have compared abundances of variou$8@ CN 6707.816 A with uncertainf values. Itis interesting
ements computed with our atmospheric models and with thdB8t the best synthetic spectra fits to the Li region dfedent
used by Reddy et al. (1999) (i.e. Kurucz 1995). We found thS2"s can be achieved only by altering g#ievalues of these

differences induced in the abundances by the two types of my§ak lines by dferent amounts. This led King et al. (1997) to

els are less than 0.01 dex and can therefore be neglected. SY@POSe that various uncertainties in the analysis of the solar

abundances of chemical elements were taken from Anders$S@ectrum allow Li isotopic ratios as high as 0.1.

Grevesse (1989). We have also made an extensive use of thd/10St Of the lines in the list of Reddy et al. (2002)
VALD database (Kupka et al. 1999). The parameters of sori@Me from the original compilation of Lambert et al. (1989).
of the planet host stars listed in Table 1 were slightly UI])-jowever, the_ Ti 6707.752 A line was not listed in any of the
dated with respect to the values given in Santos et al. (206ferences cited by Reddy et al. (2002). On the other hand,
2002). Three stars in our sample (HD 1461, HD 108084 afe€ V1 6707.563 A line in the list of Reddy et al. (2002) ap-
HD 200790) are not known to harbour planets and were dpEa'S under 6707.518 A in the VALD-2 database (Kupka et al.
served because of the absence of Li. We have attempted-$99)- Thegf values of many lines have been modified by
estimate the parameters of a cool subgiant, HD 137759, fr&RddY et al. (2002) in order to fit the solar spectra of Kurucz
the set of Fe lines used in our previous analysis (Santos et@l- (1984), Hinkle et al. (2000) and 16 Cyg B. In most cases
2001). However, given the low temperature of this object, ofhere is a clear disagreement with the list of ng etal. (1997),
final values had large error bars and we have decided to 44 eémployed the same spectrum synthesis code, model at-
the parameters based on colours and accurate parallax nffdasPheres and, as a matter of fact, the same targets (i.e. the
surement from Hipparcos (Mallik 1999). Two Li-poor dwarfs>Un @nd 16 Cyg B). Despite this, King et al. (1997) found for
HD 198084 and HD 200790, were taken from Boesgaard et GIN 6707.816 A logf = -1.74 while Reddy et al. (2002)
(2001). The parameters of HD 200790 were estimated in figived at log/f = -2.317. Futhermore, King et al. (1997)
same way as for the other stars in our sample. HD 198084Rve considerably increased the igvalue of a Cet line at

a metal-rich F8IV-V (Boesgaard et al. 2001; Malagnini et af 9774 A and obtained lagf = —1.86 while Reddy et al.
2000) spectroscopic binary (@h 1990). The iron lines in our (2002) decreased it 160.8 dex after Lambert et al. (1993)
spectrum were strongly blended owing to the presence of #ifl obtained a value lag = -3.81. The Vi 6708.07 Aline

second star and we did not make a new estimate of the steffdif! l09¢f = —2.33 from Lambert et al. (1989) appears under
parameters. V16708.094 A with logjf = —3.113 in the list of Reddy et al.

(2002). The latter took it from the list available in the web site
4. The line list in the Li region of R. Kurucz. Theyf values of the Cr6707.64 A line in King
et al. (1997) and Reddy et al. (2002)tdr by 0.14 dex. The

Accurate measurements of the wavelengths and oscillad@f;rce of these discrepances was not investigated by Reddy
strengths of the Li lines are available in the literaturg, al. (2002).

(Sansonetti et al. 1995). Unidentified blends in the Li region Our own synthesis of the solar spectrum sugggétsal-

of the Sun and other cool stars have been discussed by sevetal.|ose to those proposed by King et al. (1997). For example,

authors (Miller etal. 1975; Lambert et al. 1989; Andersen et a),han, doing a synthesis 6Li in HD 82943 (Israelian et al.
1984; King et al. 1997). Miller et al. (1975) were the first to 2001) we set logf = —1.81 for the CN 6707.816 A line

notice the weak feature at 6708.025 A in the solar spectrum aleich is similar to Io_ggf — _1.74, as found by King et al.

attributed it to the Siline with loggf = ~2.7,y = 6 eV. The 1997y |n addition to these weak lines, there is a fiie at
line list of Lambert et al. (1989) has been extensively discussgéh7 964 A withy = 1.88 eV and log/f = —6.903, which

1 |RAF is distributed by National Optical Astronomy@PpPearsinthe VALD-2 database. This fact probably led Reddy
Observatories, operated by the Association of Universities 6 al. (2002) to assume that the feature at 6708.025 A also be-
Research in Astronomy, Inc., under contract with the Nationkdngs to Ti and has a similar excitation energy but much larger
Science Foundation, USA. oscillator strength. For some reason Reddy et al. (2002) did not
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Fig. 1. High resolution and higi$/N spectra of the Sun and Arcturus in the Li region. The unidentified feature is centred on 6708.025 A in th
Sun but appears at 6708.094 A in the spectrum of Arcturus.

incorporate the Ti line at 6707.964 A in their final list. The tw@bservations of Arcturus and other cool giants. Both wings of

Ti1 lines at 6708.025 and 6708.125 A of Reddy et al. (2008)is line are disturbed by blends. The figure also demonstrates

have never been tested in stars other than the Sun and 16 CythBt blending is not the only problem in these studies. The exact
Itis clear thatthe Liline listin the solar spectrum is not wellocation of the stellar continuum becomes a critical issue when

calibrated. Diferent authors obtain fierent adjusteg f values We deal with absorption features as small as 1 mA.

even when they use the same tools and spectra. Our goal is not

to make a better fit to the solar Li region since this does not We know that echelle spectra are not calibrated in the ab-

guarantee a unique identification of the spectral lines. Insteg@lute flux scale, and that, therefore, the placement of local

we have decided to use the same list as Reddy et al. (2002) @@tinuum levels is either visually estimated after fitting the

see if we can explain observations of stars other than the Siracted spectra with polynomials, or results from a detailed
and 16 Cyg B. spectral synthesis. We have marked several points (C1-C6) in

Fig. 1. which indicate very narrow windows theoretically free
from spectral lines. These windows are used in metal-poor stars
o ) to make a fine tuning of the continuum and estimateSHe.
5. The Liregion in the Sun and in Arcturus Points C1, C2, C5 and C6 mark the solar continuum fitted by
ﬁurucz et al. (1984). We do not know how the continuum was
aced in Arcturus but it appears from the figure that only C5
and C6 can be considered as continuum points. Neither is it
clear whether C2 and C4 are continuum points in the solar
spectrum. The point C3 lies on the continuum in those stars
that do not have CN and Li absorptions at 6707.78 A. The

The unidentified line at 6708.025 A is clearly seen in the so
spectrum (Fig. 1). In the same figure we show a small sp
tral window from McDonald’s atlas of a K Il giant Arcturus
observed with a resolving power 150000 aBtN ~ 1000

(Hinkle et al. 2000). Most of the absorptions in this small r

gion appear in the spectra of both stars, which have véfgreli )
ent temperature, gravity and metallicity. It is interesting that ttf&€"9th of the unkngwn line at 6708.025 A and the ab-
feature at 6708.025 A does not become stronger in ArcturusSffPtion at 6708.28 A define whether or not C4 is placed on

may still exist in the spectrum but is severely blended witthe local Zo_ntlcr;uum. Thde_regrllon bletween C2and thd'ﬁe at. h
strong absorption centred at 6708.094 A. 6707.01 A is depressed in the solar spectrum as well as in the

The line at 6708.094 A is certainly not a redshifted Tispectra of many other stars probably owing to some weak, still

6708.025 A of Reddy et al. (2002). It also cannot be one gpknown, blends that start to appear in cool and very metal-

the TiO lines observed in much cooler stars (Luck 1977) a”&h stars (e.g. HD 145675 in Fig. 2). Depending on the exact

aken o account n our synnessof e coo gams. THEZ1CT 0 1S PO 1 COoe ney euedenEel
wavelength of this line corresponds to tha &t 6708.094 A ' ' '

in the VALD-2 database and also appears in the list of Red %#;rzzvgebsekl)()e\/tv\;vz\;nggi:Jvr;g:ggtg ddgejcrtlgnirgeﬁrhtgsshyv%;
et al. (2002) but with an oscillator strength that does not P y

he Ti line of Reddy et al. (2002) is considered.
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Table 2. Abundance of Ti (Col. 4) as derived from tB&Vs of two Titl lines (Cols. 2 and 3) measured in our spectra. E¥\éof the unidentified

feature (Col. 5) at 6708.025 A was computed assuming that it is due to the Ti line of Reddy et al. (2002) with abundances from Col. 4. Observed
EWs of unidentified line are listed in Col. 5 with@ errors estimated using a Cayrel formulae (Cayrel 1988). Values in parentheses in Col. 6
indicate that the line is not centred on 6706 + 0.01 A. The last two columns provide the Si abundance in our stars from Bodaghee et al.
(2003) and th&W of the unidentified feature assuming that it belongs torBih y = 6 eV and logyf = —2.97. Itis not clear if the 6708.025 A

feature in HD 200790 is real.

Target Tirx Tilx [Ti/H  EWpred(TiT) EWgbs [Si/H]  EWpred(SiT)
5418.77 A 5336.78 A 6708.025 A 6708.025 A 6708.025 A
HD 1461 61.0 84.1 0.18 1.1 1160.8 0.20 1.2
HD 13445 38.2 61.2 -0.18 1.7 (1.5:1.0) -0.14 0.4
HD 16141 61.3 86.6 0.09 0.8 0490.5 0.10 1.0
HD 22049 39.7 62.8  -0.17 2.0 (2.0:0.5) -0.10 0.5
HD 75732A 58.2 80.2 0.28 3.7 31.0) 0.38 1.5
HD 82943 61.5 82.4 0.27 0.9 - 0.27 1.3
HD 130322 45.7 69.8  -0.06 1.4 <15 -0.04 0.7
HD 134987 62.6 85.2 0.3 1.4 <15 0.27 1.3
HD 137759 86.8 109.6 0.03 14.0 <1.5) 0.18 1.3
HD 145675 59.4 79.6 0.42 45 (5:51) 0.42 1.6
HD 177830 75.1 97.4 0.28 11.0 <2.0) 0.45 1.9
HD 192263 43.2 64.6 -0.01 4.0 €1.5) 0.02 0.5
HD 200790 63.5 89.7 0.02 0.3 <0.6> 0.04 0.7
HD 210277 58.3 81.3 0.2 1.8 1451.0 0.23 1.3
HD 217107 59.5 83.6 0.29 1.8 19.5 0.37 1.7

within 0.1 dex in F8—G2 stars while there is a systematic dif-
ference at lower temperatures. The abundances obtained from
the Tit lines are about 0.1-0.15 dex smaller than those derived
using Tir. Because of a small non-LTHect on Tir, the use of
Ti1t lines is preferred (N. Shchukina 2002, personal commu-
nication). In addition, the abundances derived fronm Tines
are insensitive to the errors iy (Santos et al. 2000). In any
case, even if we suppose that our Ti abundances are uncertain
by up to 0.3 dex (which is very unlikely, given the errors con-
sidered in this work), this will not change our final conclusion
regarding the reliability of the line proposed by Reddy et al.
(2002).
; Using the abundances from theiillines, we have esti-

Uows wmes wwes mwo wwz swa wws wors emo ewz ews Mmated theEW of the feature at 6708.025 A, assuming that it

e @ belongs to the line proposed by Reddy et al. (2002). Predicted
Fig.2. Observed (filled small squares) and synthetic spectra @hd observedEWs of the Ti line are listed in Table 2. We
three metal-rich stars: HD 217107, HD 75732A and HD 145675. TR@e an obvious disagreement at [dw: the predicted line is
Ti abundances were computed for /H] = 0 (thin continuous), mych stronger than the observed one. In Fig. 2 we show spec-

0.2 (dashed), 0.4 (thick continuous) in HD 217107 /ifi= O (thin tr(is,lm synthesis for three metal-rich stars witlffelient param-

continuous), 0.15 (dashed), 0.3 (thick continuous) in HD 75732A a .
[Ti/H] = O (thin continuous), 0.2 (dashed), 0.4 (thick continuous) % ers. The abundances of V, C, Si and other elements were

HDR17107

HD75732A

Relative Flux

1.00

.98

R HD145675

HD 145675, scaled with Fe and then modified by small amounts (always
less than 0.1 dex) in order to fit the observations. HD 217107,

6. The spectral feature at 6708.025 A with Teg = 5655 K, is more similar to the Sun than the two

6.1. The Til line of Reddy et al. (2002) other stars and apparently for this reason the agreement be-

tween predicted and observed profiles of 6708.025 A is good.
Let us investigate how the T6708.025 A line of Reddy et al. There is small room for making adjustments in continuum level
(2002) fits our observations. We have computed Ti abundaric@rder to accommodate [fH] = 0.3 and fit the observations.
in the sample of metal-rich stars (Table 1) using two lines @his plot alone cannot be used to argue against the identifica-
the ionized Ti from Santos et al. (2000). TE®Vs of these lines tion proposed by Reddy et al. (2002). As a matter of fact, the
and derived abundances are listed in Table 2. Tiierdince in observed and predictdelWs of the Ti line agree within errors
abundance from the two lines was always less than 0.03 diexdD 217107 (Table 2). The discrepancy is larger in cooler ob-
Our tests with the neutral Tilines from Santos et al. (2000)jects HD 145675 and HD 75732A. We also note that the centre
showed that the abundances derived fromdnd Titt agree of the Ti line is slightly shifted to the blue in the spectrum of
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Fig. 3. Observed (filled small squares) and synthetic spectra of thig. 4. The unidentified feature at 6708.025 A HaSV < 1 mA in
Arcturus, HD 177830 and HD 137759. The Ti abundances were coht® 198084 and HD 200790.
puted for [TfH] = —0.2 (thin continuous);-0.3 (dashed);-0.5 (thick
continuous) in Arcturus, [TH] = —0.2 (thin continuous), 0.0 (dashed),
0.3 (thick continuous) in HD 177830 and [Mi] = —0.4 (thin continu- towards cooler temperatures. It is clear that any molecular or
ous), 0.0 (dashed), 0.4 (thick continuous) in HD 137759. a low excitation line from a neutral metal will behave like the
Ti line of Reddy et al. (2002). Since this is not observed, we
HD 145675. This shift and the disagreement between predicte left with two possibilities. Either the transition belongs to
and observe@W become much larger when we study K-typan ion, or it is produced by a neutral element with a high exci-
stars (Fig. 3). One of our targets is the well-known red giat#tion energy of the lower level.
Arcturus. The atmospheric parameters and the abundances ofrhe most abundant ions at these temperatures belong to Fe,
elements in this star were taken from the literature (Petersgn Mg, Ca and Ti. Reliable experimental line lists exist for all
et al. 1993). This figure demonstrates that the predicted Ti lipethese ions and are available in VALD-2. Most of thaiSi
becomes strong and its wavelength clearly does not corresp@nés in the Li region have very high excitation energies of be-
to the absorption observed at 6708.094 A. Although our comyeen 10-16 eV. The same is true for Mdy = 11-13 eV)
putations rule out the [JH] ratios—0.2 and-0.4 (thin contin- and Car (y = 7-9.7 eV). Tii has several transitions wijh=
uous lines in Fig. 3) considered by us as the lower limits in theg—3.1 eV. A Tit line with y = 1.9 eV and logyf = —4.1 will
synthesis of HD 177830 and HD 137759, we provided them j8produce the solar feature wilhV = 0.75 mA. This line will
order to show the wavelength shift between the fictitious Ti lingsgo fit the spectra of the coolest objects in our sample, such
and the absorption at 6708.094 A. These plots clearly deme’-HD 137759 and HD 177830, where it will be weaker than
strate that the feature at 6708.025 A disappears at low tempergnA. In HD 82943 it will haveEW = 1.1 mA, which is not re-
tures while a dierent line at 6708.094 A (not clearly observeg|ly different from the strength of the neutral Ti line (0.9 mA).
in the solar spectrum) becomes stronger. The wavelengtht-Rjwever, small discrepancies may appear in hotter stars. For
this line corresponds to Min the VALD-2 database. Two lines example, given the Ti abundance in HD 200790, we anticipate
at 6708.025 and 6708.094 A appear as a single absorption fggout 1 mA absorption which we think is not observed in the
ture in stars withTer = 5000-5400 K. It should be possible tthigh S/N spectrum (Fig. 4). The marginal feature observed at
separate them in very high resolution and h&MN spectra of 6708.028 A is about 0.6 mA and it is hard to judge by eye if it
stars with intrinsically narrow absorption lines. is real. On the upper panel of the same graph we show the spec-
When estimating th&W of the Ti line in HD 82943 we trum of HD 198084. Unfortunately, this star is in a binary sys-
found another disagreement with Reddy et al. (2002), who staéen and we cannot make any strong statements regarding the
that the combined strength of the tworTines (6708.025 and strength of the unidentified absorption. However, we would still
6708.125 A) in the spectrum of HD 82943 is 2.2 mA, whilexpect to see the blend of two unidentified lines at 6708.025 A.
our analysis using exactly the same tools and parameters shpwact, there is a broad absorption around 6708.0 A, most prob-
1.1 mA, in which the 6708.125 A line contributes only 0.2 mAably caused by the shifted unidentified lines butEt/ does
The same disagreement appears when we consider the setfexceed 1 mA.
spectrum. Using the list of Reddy et al. (2002), we found that e have studied a spectrum of the hot Li-poor star HR 7697
the EWs of the Tit lines at 6708.025 and 6708.125 A are 0.78r = 6588 K, logg = 4,24, [FgH] = 0.01) withS/N ~ 550
and 0.17 mA, respectively. Thus, the combiiad/ = 0.92mA  kindly provided by Ann Boesgaard (Boesgaard et al. 2001).
is at odds with the 1.5 mA claimed by Reddy et al. (2002). The jonized line of Ti in this object would produce about 1 mA
absorption, which we could not find in the data. These tests
6.2. Identifying the line make the idea of an ionized Ti line less attractive, although,
We have attempted a new identification of the 6708.025 A fegiven the errors in the data and our analysis, we still cannot
ture knowing that the strength of the line does not increasempletely rule out this possibility. We also note that it will be
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Table 3. Mean abundance [$i] = 0.27 + 0.02 was computed from Si line at 6708.025 A proposed bywér et al. (1975) can ex-
11 Silines observed i&/N ~ 1000 VLT/UVES and WHTUES spec- plain our observations. In fact, the high excitation Si line that

tra of HD 82943. appears at 6707.01 A (Fig. 1) is very similar to the one pro-
posed by Miller et al. (1975). It behaves exactly in the same
Wavelength () x  loggf EW(MA) [Si/H] way in stars with dierent temperatures as the absorption at
5665.56 4.92 -1.980 53.5 0.27 6708.025 A. Given thEW (= 0.75 mA) of the 6708.025 A fea-
5690.43 4.93 -1.790 62.8 0.22 ture in the solar spectrum, we have estimateqytbog= —2.97
5701.10 4.93 —-2.020 52.2 0.30 for the Sit line with y| = 6 eV proposed by Miler et al. (1975).
577214 508 -1.620 69.8 028 Our ¢f va_lue is slightly difererjt from that of Miller et al.
5703.09 493 -1910 573 0.26 (1975) owing to the dferencgs in the model atmospheres an_d
the adopted abundance of Si (Anders & Grevesse 1989), which
5948.55 .08 -1.110 109.7 0.26 is 0.05 larger than the value used byil&f et al. (1975). We
6125.02 561 -1.520  46.1 0.26 have computed the Si abundance in our stars using the lines
6142.49 5.62 -1.480 50.9 0.29 from Bodaghee et al. (2003) listed in Table 3. The new list is
6145.02 5.61 —1.400 54.9 0.25 an extended and improved version of the one considered by
6155.15 562 -0.750  113.0 0.27 Santos et al. (2000). The abundance errors were always less
6721.86 586 —1.090 65.4 0.26 than 0.07 dex and do noffact our analysis. PredictdgWs of

the Si line are listed in the last column. As we can see, there is

much harder to identify the line if it belongs to an ion of argood agreemgnt betweeh ops,.ervat|ons. and synthesis.
element whose abundance does not scale with Fe. In conclusion, we think it is more likely that the spectral

Rare Earth elements were also considered. The best dgiure at 6708.025 A belongs to a high excitation transition

didates are perhaps two @elines listed in the DREAM of some neutral atom. The small spectral window near 6708 A
databaseHttp: //www.umh.ac.be/ astro/dream.shtml) contains many high excitation Si lines; therefore, the identifi-

with wavelengths 6708.077 and 6708.099 A. The lines af8tion proposed by Mlier et al. (1975) seem to be the best
weak (loggf = —2.57 and logyf = —2.12) and have excita- choice. However, we cannot rule out the possibility that the

tion energiesy; = 2.25 and 0.7 eV, respectively. Let us Sup(;3_708.025 A line belongs to an ion or to a rare element. More

pose that the 6708.077 A line is responsible for the feature™igh guality observations are necessary to tackle this problem.
6708.025 A. The 6708.077 A absorption is absolutely negli-

gible in the solar spectrum, and in order to produce 0.7 mA o1 Ty i

it must have log/f = 0.43. This very large correction is not”- The °Li/‘Liratio in HD 82943

allowed by accurate radiative lifetime measurements (Zhap@) 82943 was newly observed at VIIVES with a resolv-

ﬁﬁ'g power 105000 and a signal-to-noise ratio close to 1000.

Atr)cturusa HOV\;fTVGr’ the synthetjgc\: sp(lactra will notdr_eprcr)]duce t@%me tools as in Israelian et al. (2001) and the line list of Reddy
IO seLve pt:q |fe at 670?}'0%1 p un ef]s we mor ify t ie Wavgt g, (2002). The only change we have made in this list is a
engths. In brief, we can hardly force these two lines oide replacement of the Tiline at 6708.025 A by the high excita-

explain observgtions. tion Sit line with loggf = —2.97 andy, = 6 eV. This change
Our synthetic spectra also demonstrate thagthealues of - y,eq not help in giving a highéti/’Li ratio in HD 82943 since

V1lines at 6708.094 and 6708.280 A in the list of Reddy et gha £y of the Sir line in HD 82943 is even larger than that

(2002) do not explain observations of HD 137759, HD 17783 the Tj of Reddy et al. 2002 (see Table 2). Furthermore,
and Arcturus (Fig. 3) assuming that the abundance of V scalgs 5 ocrate abundance of Si in HD 82943 needs to be cal-
with Fe (Sadakane et al. 2002). Our tests show that even ade@iizted. For this purpose we have used eleven Si lines from

ing [V/Fe]= -0.5 in these stars, we still cannot fit the featurg,pe 3 and computed thelfWs using very higtS/N spectra

at 6708.280 A. Such low abundances of V are excluded frQiiained with VLTUVES and WHTUES. In Table 3 we list

the analysis of other spectral lines. On the other hand, theyfit |ines measurements and resulting abundances. We found
to the same line in HD 82943 was achieved by boosting t'f@i/H] = 0.27 + 0.02 in excellent agreement with the value

abundance to [¥H] = 0.8. This high value is ruled out from a6 by Sadakane et al. (2002) after accounting fetdnces
synthesis of dferent Vi lines. We faced similar problem for <ialiar parameters.

the line at 6708.094 A but in the opposite direction. The newly The identification of the chemical element is also impor-

added T line at 6708.'125. Ain the list of Reddy et aI._(2002 ant, although Reddy et al. (2002) have ignored this point by
cannot salvage the situation as it appears too weak in our

[-. . - . . . L.
ating that the identification of the pair asii$ not critical
gets. We also note that therVine at 6708.280 A does not ap- : .
pear in the VALD-2 database (Kupka et al. 1999). to the analysis. Th&Ws of the Ti line of Reddy et al. (2002)

are 0.45 and 0.9 mA in HD 82943 for [H] = 0 and [TjH] =
6.3. The Sil line of Muiller et al. (1975) 0.3, respectlve_ly. Thls_f?c_torqf 2_fmrence inth&EWs is (_aqual

to 0.05 correction i§Li/’Li ratio if the total EW of the Li line
Given the large number of high excitation Si lines in the Llis 10 mA. This is a significant fierence, and given the fact
region (see VALD-2 database), we have decided to test if ttigat in many stars [JTH] can be larger than 0.3, the abundance
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Fig.5. The spectrum of HD 82943 (small filled squares) and two 50 L (9 |
synthetic spectra computed without Li. The first synthesis (solid | i
line) is computed without CN, and assuming //gi = 0.1 and 40 Loy N
[V/H] =0.3. Computations with [ﬂH] = [N/H] =0.35, [S}IH] =0.27 1.2 1.6 2 3.6 4 4.4
and [V/H] = 0.8 are presented with a dashed line. The position of the v sin i Vioero

SLi line is indicated.
Fig. 6. Observed and computed profiles of two Fe lines and results of

x? analysis. Filled dots in the upper panel are observations and contin-
correction may fiect theSLi/’Li ratios by at least 0.03 dex, uous lines are synthetic spectra derived fromythanalysis. Dashed
depending on the strength of thigi line. and solid lines in the lower panel are tge analysis of F& 6703.6

To demonstrate the blending of the Si and CN lines in ti#&d 6705.1 A lines, respectively.
Li feature of HD 82943, we have computed synthetic spectra
without considering any of the Liisotopes. Figure 5 shows thigérations it was fixed to [#H] = 0.27. Additional computa-
CN and Si make a significant contribution to the tdi&l of the tions were carried out allowing for large variationsusini
Li line. Given the high C and N content of HD 82943 (SantogndV,,,c exceeding the 3 limit derived from the Fe lines. We
et al. 2000; Sadakane et al. 2002) one may consider the abfaéind that these fiects do not change our final results. The
dances of these elements as free parameters jpPtaralysis. minimum y2 was derived by optimizing all free parameters
The strength of the Si line mayfact the synthesis as well. Itfor each value. The new analysis using Reddy et al.’s (2002)
is also important to realize that this line cannot exactly mimijge list and the Si line yieldd (6Li) = 0.05 + 0.02 (Fig. 8,
the ®Li component at 6708.0728 A because their wavelengtfagt panel). The best fit fof (°Li) = 0 has an rms of 2.869
differ by 0.05 A. 103, which is significantly larger than the rms a2 x 10~%) of

In obtaining the broadening parameters we used the satie best fit withf(°Li) = 0.05. Wavelength fisets in the best
Fel lines as in our first paper (Israelian et al. 2001). Frofits for f(5Li) = 0 and f(®Li) = 0.05 were-0.65kms?! and
the x? analysis of two Fe lines (Fig. 6) we obtained a mear0.44 kms?, respectively. These values agree perfectly with
vsini = 1.6 + 0.05kms?! andVmsc = 4 + 0.3kms?, in good those reported by Cayrel et al. (1999) in th&ii/’Li analy-
agreement with our previous results and also with those %§ of the halo star HD 84937. The synthetic and the observed
Reddy et al. (2002). The synthetic spectra were also convolyadfiles for two cases are shown in Fig. 7. Given the strength
with a Gaussian function representing the instrumental profitef.the Li line (about 50 mA), these shifts are consistent with
Given the low rotational velocity in HD 82943, it is possible tmbservations of Fe lines in the solar spectrum (Allende Prieto
obtain fits using simple Gaussian functions. As we have notic&dGarcia Lépez 1998). Since the scatter of the velocity shifts
before (Israelian et al. 2001, see also Reddy et al. 2002), theofi+e lines in the solar spectrum is large (ranging fre®8 to
nal values ofLi/’Li are not dfected by using a pure Gaussia®.2 km s?), one cannot make any predictions for the blueshifts
broadening function. Average broadening parameters obtairddhe Li lines based on a statistical trend observed for the solar
from the Fe lines were used to derive fté/’Li ratio. Fe lines. So the best option still remains to keep the wavelength

The free parameters in a standgfdanalysis of théLi/’Li ~ shift of the Li line as a free parameter.
ratio in HD 82943 were the total abundance of Li, the wave- The minimumy? is not dfected by large variations in
length shift, theSLi fraction and the position of the contin-the continuum either. Relaxing the upper limit of continuum
uum. The final®Li/’Li ratio is not strongly &ected by the change from 0.2 to 0.5% does not change our conclusion
blue CN absorption, and after few a iterations we fixed th{€ig. 8, right panel). The final value dfLi) is also not sen-
CN abundance equal to [B] = [N/H] = 0.35. Small ad- sitive to the Si abundance. If we repeat the analysis fixing the
justments of the continuum level not exceeding 0.2% (givenntinuum but changing the abundance of Si, we will find that
the S/N of the spectrum) were allowed to optimize the fitghe best fit to the observed profile is achieved fofHi$i= 0.27
The abundance of the Si line was also considered as a f(Ew. 9, right panel). The same analysis fidfLi) = 0 yields
parameter in the range [8i] = 0.27 + 0.1 but after a few [Si/H] = 0.51 (Fig. 9, left panel). Such a high abundance of
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into the 50 mA Li line, which, according to these authors, cor-
responds téLi/’Li = 0.06. Given that without this blend the

SO o N T T B B ratio was®Li/’Li = 0.12 (Israelian et al. 2001), one should
67072 67074 67076 67078 6708 67082 wonder what is causing the remaining 0.06 contribution. If the
A(&) contribution of the blend is only 0.06, then we are still left with

S o
Fig. 7. Comparison of the observed (filled large dots) and synthef?cnOthe'ﬁ:‘l/ II‘I _I_O‘_OG' Thﬁ blendeillne Isf n%th-_strolnr? enc;]ugh
spectra of HD 82943 corresponding’td/’Li = 0.05 (continuous) and to completely eliminate the contribution frofi. Althoug

6Li/’Li = 0 (dotted) isotopic ratios. They correspond to the best figeddy etal. (2002) have stated that our spectra agree very well,
with f(5Li) = 0 and a wavelengthffset of—0.65 km s (small dots) they did not explore this puzzle.

and to thef (°Li) = 0.05 with a wavelengthffset of-0.44 km s* (con- In order to judge the validity of our spectral synthesis and
tinuous line). Fits to the blue wing of the Li profile can be improved ithe placement of the stellar continuum, we have synthesized
we adopt the wavelengths of CN lines from Brault &uNEr (1975). spectra ofx Cen A and HD 82943 in the 7 A region near the
The CN lines observed in the arc spectrum by these authors appgajoublet (Fig. 10). Observations afCen A with a resolving

at 6707.55 A while Reddy et al. (2002) and Lambert et al. (1993) li bwer of 105.000 are taken from Rebolo et al. (1986) and have
them between 6707.464 and 6707.529 A. The residuals (O-C) of ?N > 500 in the Li region. As stellar parameters fo€en A

observaltio'n? allftler'SIIJb'trellct'ioP of the syrlltP:e'ti'c IsF)e'cltrtal 'arle's'hcl)v'vn. we have adopteTley = 5800 K, logg = 4.31,& = 1.1 kms,

oD B s c0.02 oD B s c0.02 [Fe/H] = 0.24 (Chmielewski et al. 1992) and abundances were
151 peini S, 80 n/s 15 peini s, 80 n/s taken from the literature (Abia et al. 1988; Santos et al. 2000;

Chmielewski et al. 1992; King et al. 1997).
Given that we are not able to make a unique identification
of the chemical element responsible for the blend Sthi¢’Li

found from the analysis cannot not be considered to be a final
value. The abundance of Si usually scales with Fe in planet host
stars (see for example Santos et al. 2000; Gonzalez et al. 2001;
Sadakane et al. 2002; Takeda et al. 2001). However, if the spec-
tral line belongs to an element which is under- or overabun-
Fig. 8. Results from the/? analysis for théLi//Li ratio. Ay? = 1,4, dantwith respect to Fe, then thiei/"Li ratio will be different.
and 9 correspond to 1,2 andrZonfidence limit is (dotted lines). I Most cases the elemental abundances are not viéeyedit
Continuum adjustments were allowed within 0.2% (left panel) afffiom that of Fe (typically within+0.1 dex) and therefore the
0.5% (right panel). overall éfect on theLi/’Li ratio will not be large.
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Si is ruled out by our data. However, even if we assume that
it is possible, the quality of the fit whef(®Li) = 0.05 and
[Si/H] = 0.27 is about 4 times better (i.g? is smaller) com- High quality observations of metal-rich stars with undetectable
pared with the case whefif®Li) = 0.0 and [SiH] = 0.51. Onthe Li have essential consequences, first for the identification of
other hand, the Siline may sifer from convective blueshifts weak lines in the Li 6708 A region, and second for the anal-
as well. To account for thistkect, we have repeated th&anal- ysis of theSLi/’Li isotopic ratio. Our results clearly rule out
ysis considering the wavelength of the Si line as another fréw TiI line at 6708.025 A suggested by Reddy et al. (2002).
parameter. We found that théfect is very small. For example, Alternatively, we propose that this feature can be attributed
whenf (6Li) = 0.05, the-8 mA wavelength shift will introduce to the Si line of Muller et al. (1975). The identification and

a negligible change ig? of about 5%. This would also imply the presence of anotheriTiine at 6708.125 A in Reddy et al.

a small increase in the Si abundance equal tdH|S 0.31. (2002) line list is also not justified and cannot be verified with
These changes do ndfect our final results. our dataset as this line is extremely weak in all our targets.
Reddy et al. (2002) noted in their paper that the Ti liné&/e also find that two lines of Yat 6708.094 and 6708.280 A
contribute 2.2 mA (while our own estimate BV = 1.1 mA) from the same list have incorrect parameters. However, these

Conclusions
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