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Abstract. In this paper, we present a study of the abundances of Si, Ca, Sc, Ti, V, Cr, Mn, Co, and Ni in a large set of stars
known to harbor giant planets, as well as in a comparison sample of stars not known to have any planetary-mass companions.
We have checked for possible chemicafeliences between planet hosts and field stars without known planets. Our results
show that overall, and for a given value of [A§ the abundance trends for the planet hosts are nearly indistinguishable from
those of the field stars. In general, the trends show no discontinuities, and the abundance distributions of stars with giant planets
are high [F¢H] extensions to the curves traced by the field dwarfs without planets. The only elements that might present slight
differences between the two groups of stars are V, Mn, and to a lesser extent Ti and Co. We also use the available data to describe
galactic chemical evolution trends for the elements studied. When comparing the results with former studiesferéweel

emerge for the high [FEl] tail of the distribution, a region that is sampled with unprecedented detail in our analysis.

Key words. stars: abundances — stars: fundamental parameters — stars: chemically peculiar — stars: evolution —
planetary systems — solar neighborhood

1. Introduction not clear) anomalies. The situation concerning the light ele-

ments (in particular Li and Be — GaecLopez & Perez de Taoro

Stars with planetary companions have been shown to be, Qfyg. Kajiyannis et al. 2000; Gonzalez & Laws 2000; Ryan
average, cor_15|derably metal-rich when compared with starsz 0; Gonzalez et al. 2001; Israelian et al. 2001; Santos et al.
the solar neighborhood (e.g. Gonzalez 1997; Fuhrmann et 02; Reddy et al. 2002; Israelian et al. 2003) is not veffedi

1997; Gonzalez 1998; Sadakane et al. 1999; Santos et al. Z%QR; L L .
' the debate is just beginning to heat up and many questions
Gonzalez et al. 2001; Santos et al. 2001, 2003). The most 18hain open J g g P ya

cent results suggest indeed that thiéceency of planetary for- In almost every casethe authors have been constrained to

mation seems to be strongly dependent on the metal Contenéc(%pare the results for the star-with-planet samples with other

the SIOl.JId that %ave origin to thehstar.anld pIa(;etar;; s%sterln. studies in the literature concerning stars without known plane-

h nt ngw, owevehr, mofst c emlcla stu |e_|§ho ft € pan?z&ry companions. This might have introduced undesirable sys-
QStS used iron as the reference € ement. The few Systeliy, 4tic errors, given that theftbrent studies have not used

atic studies in the literature concerning other metals (Gonz A% same set of spectral lines and model atmospheres to derive

1997; Sadakane et al. 1999; Gonzalez & Laws 2000; Sanfﬁ stellar parameters and abundances. How important are the

et a:. 588(1) gagatane et aII. ;88; Gonz?lzz eft al. 2001't;>ls tematic dterences between the various studies? And how
etal. » Sadakane et al. ) revealed a few possible these dierences lead to mistakes? A systematic compar-

Send gfprint requests toN. C. Santos ison between two groups of stars (with and without planetary
e-mail:Nuno.Santos@oal .ul.pt companions) is thus needed.

* Based on observations collected at the La Silla Observatory, ESO T0 try to fill (at least in part) this gap, we present in this pa-
(Chile), with the CORALIE spectrograph at the 1.2-m Euler Swidger a detailed and uniform study of the elements Si, Ca, Sc, Ti,
telescope and the FEROS spectrograph at the 1.52-m ESO telesc¥p€r, Mn, Co, and Niin a large sample of planet-host stars, and
with the VLT/UT2 Kueyen telescope (Paranal Observatory, ES@ a “comparison” volume-limited sample of stars not known
Chile) using the UVES spectrograph (Observing run 67.C-0206, ip have any planetary-mass companions. In Sect. 2, we present
service mode), with the TNG and William Herschel Telescopes, bath
operated at the island of La Palma, and with the ELODIE spectrograph With probably the only exception being the studies of beryllium
at the 1.93-m telescope at the Observatoire de Haute Provence. by Santos et al. (2002).
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our samples as well as the chemical analysis, and in Sect. 3anset of (weak) lines was chosen from the literature, with wave-
compare the abundances. The results seem to indicate thalengths between about 5000 and 6800 A (the usual spectral do-
clearly significant dierences exist between the two groups ehain of our data). Then, using the Kurucz Solar Atlas (Kurucz
stars. In Sect. 4, we use the current data to explore the galetcal. 1984), we verified each line to check for possible blends.
tic chemical evolution trends. Given the high metal content &nly isolated lines were taken; for these, the solar equivalent
many stars in our sample, we could access the higiHJRail widths (EW) were measured.
of the distributions with Unprecedented detail. We conclude in Using these measurdel\W values and a solar atmosphere
Sect. 5. with (Te, l0gg, &) = (5770K, 4.44 dex, 1.00knT¥), we have
derived logy f values for the individual lines from an inverted
solar analysis (using thewfind driver in MOOG). The solar

2. Data, atmospheric parameters, and chemical abundances were taken from Anders & Grevesse (1989). In or-
analysis der to do the subsequent chemical analysis for our targets in a
reasonable amount of time, we reduced the number of lines per

2.1. The data element to a maximum o£10. The final list of lines used is

. presented in Table 1.
In a series of recent papers (Santos et al. 2000, 2001, 2003)’WeFor each line in our targets, t was measured using

have been gathering spectra for most of the planet-host SttWéIRAF’- splot tool, and the abundances were computed us-

known today. This data has been used to derive precise and "MOOG with theabfind driver. The average of the abun-
form stellar parameters for the target stars, as well as accur\;’f:%\)ﬁceS for the lines of a given élement was then considered
iron abundances. The results published to this point have b?ﬁr} '

. _ ables 3, 4, 5, and 6 we summarize the derived abundances
used to show that stars with planets are substantially metal-r]lgp all stars with and without planetary-mass companions. The
when compared with average field dwarfs.

uncertainties in the tables denote the rms around the mean. The

The current paper employs the same spectra and stellar §@mber of lines used in each case is also noted.
rameters derived in these works. This allowed access to el-

tal abund for 77 st it | . We remark that in particular cases, some lines were elim-
emental abundances tor 77 stars with fow-mass companigiige y from the analysis when the quality of the spectrum in
(planetary or brown-dwarf candidates).

the region of interest was not good enough to permit a reliable

Spectra for the comparison sample used in this work weggy measurement (e.g. lower than usudd 8r the presence of
obtained with the main goal of deriving the metallicities for Rosmic-rays).

large sample of stars in a limited volume around the Sun and

not known to harbor any planetary-mass companions (Santos

et al. 2001). With the exception of HD 39091 (that was, in th2 3. Uncertainties

meanwhile, found to have a brown-dwarf candidate compan- o ) )

ion, Jones et al. 2002), the comparison sample used here ddAcertainties can sway the abundances in various ways. For
sists of the remaining 42 objects in Table 1 of Santos et §kample, errors canfi@ct individual lines with random er-
(2001). This sample is indeed perfect and appropriate for S in theEWSs, oscillator strengths and damping constants.
currentwork, as its stellar parameters and iron abundances hagiematic errors in thEWs can arise from unnoticed blends

been derived using the same methods as those used for alfh Poor location of the continuum. These errors are hard to
planet hosts analyzed in this paper. spot, but they are minimized thanks to the normally high qual-

We should caution that this comparison sample is buiYOf our data. Atmospheric parameter uncertainties should be
P P lhe primary source of abundance error in a species with many

from a list of stars that are surveyed for planets, but for whi . o .
: nes, whereas inaccuracies in t&Vs are eventually more im-
none have yet been found. Of course, this does not mean tha . .

ant when only a few lines are available.

these stars do not have any planetary mass companions 2% ) i . ]
(they might have e.g. very low mass @odong period planets Assumlng perturbations of 0.19 dex in the overall _metalhc-
which are more dficult to detect with radial-velocity surveys).ty (scaled with [Fﬁ"])s* 0.15 dex in log;, 0.10 kms* in &,
However, the odds that planets similar to the ones found to daf! 50 K in éfective temperatures (usual values for our sam-
are present among these stars are not very high. ple), this leads to a total t_yplcal uncertainty of_ about 0_.05 d(_ex in
the [X/H] abundance ratios (see Table 2) using the lines listed

In the rest of the paper, all the stellar parameters antHJFe . . . . .
values have been taken from the uniform studies of Santos eg(]il'.l'able 1. Adding quadratically to the abundance dispersions

(2000, 2001, 2003) for both samples. For more details on tor each element, we estimate that the errors in the abundances

€.
. ) eérived here are usually lower than 0.10Hex
reduction and analysis we refer to these works.

) ) 2 IRAF is distributed by National Optical Astronomy
2.2. Chemical analysis Observatories, operated by the Association of Universities for

. . Research in Astronomy, Inc., under contract with the National
Abundances for all the elements studied here were derivedsiflence Foundation, USA.

standard Local Thermodynamic Equilibrium (LTE) using a re-2 The usual errors in this quantity for the stars in our sample are
vised version of the code MOOG (Sneden 1973), and a gehaller than this value (Santos et al. 2001).
of Kurucz (1993) ATLAS9 atmospheres. For each element} In a relative and not absolute sense.
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Table 1. Spectral lines of the elements used in this experiment.
Column 1: wavelength (in Angstroms); Col. 2: excitation energy of the
lower energy level in the transition (in eV); Col. 3: oscillator strengths
based on an inverse solar analysis.

a X loggf A X loggf

Sil;loge, =7.55A =14 6261.11 1.43 -0.4881
5665.56 4.92 -1.9788 6303.76 1.44 -1.6003
5690.43 4.93 -1.7878 6312.24 1.46 -1.5850
5701.10 4.93 -2.0227 Vl;loge, =400A =23

5772.14 5.08 -1.6179 5727.05 1.08 -0.0004
5793.09 4.93 -1.9134 6090.21 1.08 -0.1549
5948.55 5.08 -1.1135 6216.35 0.28 —-0.8996
6125.02 5.61 -1.5157 6452.31 1.19 -0.8239
6142.49 5.62 -1.4788 6531.42 1.22 -0.9208
6145.02 5.61 -1.4012 Crl;loge, =567A=24
6155.15 5.62 -0.7520 5304.18 3.46 -0.6777
6721.86 5.86 -1.0872 5312.86 3.45 -0.5850
Cal;loge, =636 A=20 5318.77 3.44 -0.7099

5512.98 2.93 -0.4377 5480.51 3.50 -0.8268 . L -
558197 252 —0.6536 557439 4.45 —0.4814 Fig. 1. [X/H] distributions of planet-host stars (solid lines) and for our

5590.12 2.52 —-0.7077 5783.07 3.32 —0.4034 comparison sample (dotted lines).

5867.56 2.93 -1.5900 5783.87 3.32 -0.1487
6161.29 252 -1.2182 5787.92 3.32 -0.1067

6166.44 2.52 -11163  Mnl;loge =539A=25 of stars without any known giant planets, concerning metals
gigg'gg ggg _8'1252 2288'2(7) gg; ‘é'gggg other than iron. There are already a few studies in the lit-
6449.82 252 —0.6289 6440.93 377 12518 erature on this subject. Santos et al. (2000) compared the
645560 252 —1.3736 Col:loge, = 492A = 27 gbundqnces of planet hosts and non—h_os_ts for s_evgrlal elements
Scll:loge, = 310A =21 5301.04 1.71 -1.9318 (including C and O), and found no statistically significant dif-
523982 1.45 —0.7594 5312.65 4.21 —-0.0199 ferences. Gonzalez & Laws (2000) and Gonzalez et al. (2001)
5318.36 1.36 —1.6989 5483.36 1.71 —-1.2182 have discussed some possible anomalies concerning Na, Mg
5526.82 1.77 0.14612 6455.00 3.63-0.2839 and Al, in the sense that the [Re] abundance ratios for the
6245.62 1.51 -1.0409 6632.44 2.28 -1.8827 planet-host stars seemed to be slightly lower than those found
6300.69 1.51 -1.9586 Nil;loge, = 625A=28 for field dwarfs. Zhao et al. (2002) have further discussed a pos-
6320.84 1.50 -1.8386 5578.72  1.68 -2.6517 sible anomaly for Mg, but in contrast to Gonzalez et al. (2001),
6604.60 1.36 -1.1611 5587.86  1.93 -2.3819 they observed an enrichment of Mg in planet-host stars. On the
Til loge, =499A=22 682.20  4.10 -0.3872 other hand, Sadakane et al. (2003) found no special (general)
5471.20 144 -1.5528 5694.99  4.09 -0.6020 trends concerning any of the elements discussed above. Finally,
5474.23 146 -1.3615 5805.22  4.17 -0.5767 both Smith et al. (2001) and Sadakane et al. (2003) compared
5490.15 1.46 -0.9829 5847.00 1.68 -3.4089 . )
5866.46 1.07 —0.8386 6086.28 4.26 —0.4436 the condensatlon—temperature slopes (compyted as the slope of
6091.18 2.27 -0.4559 6111.07 4.09 —0.8013 the points in thél¢ vs. [X/H] pIane) for stars with and without
6126.22 1.07 —-0.4145 6128.98 1.68 —3.3665 planets. They found no significantftirences, although a few
6258.11 1.44 -0.4365 6130.14 4.26 —-0.9469 particular planet-host stars deviated from the main trend.

This confusing situation is due, in part, to the fact that all
the studies until now have been based upon comparisons of

Non-LTE dfects, that are not taken into account in our anafon-uniform sets of data. Frequentlyfférent line lists and
ysis, and the assumption of plane-parallel model atmospheraesdel atmospheres were used in the chemical analysis for the
are also sources of errors. These are discussed in more déilcomparing samples. The data that we are presenting here
in the Appendix. Overall, these produce errors that are of tgyes us the possibility to solve this problem (at least for the
same order of magnitude (or lower) as the errors in the anagfements studied). Let us then see what we find.
sis, and are thus more or less negligible (see also discussions
in e.g. Edvardsson et al. 1993; Feltzing & Gustafsson 1998; o
Thév%nin & Idiart 1999). g g.l. The [X/H] distributions

In Fig. 1, we provide the distributions of the [{] for planet
hosts and non-hosts. These histograms, which are similar to
the ones presented for iron in Santos et al. (2003), indicate that
The major goal of this work is to check for any significant difthe excess metallicity observed for planet hosts is, as expected,
ferences between the planet-host star sample and the saroldarly widespread, and is not unique to iron.

3. Comparing the samples
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Table 2. Sensitivity of the derived abundances to changes of 0.10 dex in metallicity, 0.15 dex in gravity, 0.T0ikmm&roturbulence, and
50 K in effective temperature for the K dwarf HD 50281 A, for a solar-type star (HD 43162), and for the late-F dwarf HD 10647.

Star Si Ca Sc Ti \Y Cr Mn Co Ni

HD 50281A (IFe/H];l0g g & ; Ter) = (0.07;4.75;0.85 ; 4790)

A[Fe/H] = +0.10 dex 0.03 0.02 0.04 0.01 0.02 0.02 0.02 0.03 0.03
Alog g = +0.15 dex 0.03 0.02 0.06 -0.02 -0.03 -0.01 0.00 0.03 0.02

A& = +0.10 kms? 0.00 -0.01 -0.01 -0.03 -0.04 -0.01 -0.01 -0.02 -0.02
AT =+50K -0.02 0.05 -0.01 0.06 0.06 0.03 0.01 0.01-0.01
HD 43162 ([Fe/H];log g; & ; Ter) = (—0.02;4.57;1.36 ;5630)

A[Fe/H] = +0.10 dex 0.01 0.00 0.03 0.00-0.01 0.00 0.00 0.01 0.01
Alog g = +0.15 dex 0.01 -0.04 0.06 0.00 -0.01 -0.01 0.00 0.01 0.01

A& =+0.10kms?  -0.01 -0.03 -0.01 -0.01 -0.02 -0.01 -0.01 -0.01 -0.01
ATer = +50 K 000 003 000 005 005 003 003 004 003
HD 10647 ([Fe/H];log g; & ; Ter) = (-0.03;4.45;1.31;6130)

A[Fe/H] = +0.10 dex 0.00 -0.01 0.02 0.00 0.00 0.00 -0.01 0.00 0.00
Alog g = +0.15 dex 0.00 -0.02 0.06 0.00 0.00 0.00 -0.01 0.00 0.00
Aé = +0.10 kms? -0.01 -0.02 -0.02 0.00 0.00 -0.01 -0.01 -0.01 -0.01
ATe =+50K 0.01 0.03 0.01 0.04 0.05 0.03 0.02 0.04 0.03

An interesting feature of these histograms is that they sh@ample. The abundance distributions of stars with giant plan-
that the star-with-planet sample is usually not symmetrical. &ss are high [F#1] extensions to the curves traced by the field
observed for iron (Santos et al. 2001, 2003; Reid 2002), tHe/arfs without planets (no discontinuity is seen), and in the
distributions for the various elements (this is particularly evegions of overlap, we do not find any clearly significarifedt
ident for e.g. Ca, Ti and Cr) seem to be an increasing fureace between samples.
tion of [X/H] up to a given value where the distribution falls  In Fig. 3, we present the same kind of plots, but with binned
abruptly; possible interpretations for this are discussed in eayerage values. For both samples, the bins are centered ai
Santos et al. (2001, 2003). [Fe/H] = -04, -0.2, 0.0, 0.2, and 0.4dex, and are 0.2dex

On the other hand, for a few elements (e.g. Co, and Miyide. These plots show that for most elements, the two groups
the star-with-planet distributions appear to be slightly bimod#lf stars seem to behave in the same manner. Overall, V and Mn,
The significance and possible implications of this are not clegnd to a lesser extent Ti and Co, are alone in featuring some-
It is difficult to conceive that some of the planet hosts had be@hat distinguishing and systematic traits between the two sam-
enriched only in these particular elements (producing the ples. Field stars are consistently more abundant in vanadium
modal distributions). If stellar “pollution” were involved, wethan the planet hosts (up to 0.15 dex apart). Sadakane et al.
would not expect large fierences between all the element€2003) proposed a similar overabundance foyfje> 0.0 dex,
studied here since their condensation temperatures are not @gept that in their case, the planet-bearing stars were the ones
different (Wasson 1985). This feature may be related to the |dBRt were vanadium-enriched. Strong star-to-star scatter per
of stars in our samples with [Ad] around+0.3. metallicity obscures vanadium trends and could be responsible

In Table 7, we list the average values of [ for each el- for disagreemen_ts between the t\_/vo groups (see also discussipn
ement in the two distributions, as well as the rms dispersiofisthe next section). The same is true for Co. Manganese is
and the diference between the average/HiX for stars with somgwhat more prevalentm the field sample but the fact that a
and without planetary-mass companions. THeedénces vary maximum of three spectral lines are available casts some doubt

from 0.13 (for Ti) to 0.30 (for Mn). Given the usually high disOn this assessment. A_s for Ti, theéfdrences found are small.
persions around the mean values, these discrepancies are ndhll these trends might be related to the NLTEeets de-
very significant. In any case, they probably reflect the “norma$€ribed in the Appendix In any case, these dissimilarities are
chemical evolution of the galaxy (see Sect. 4). subtle, and may very well be negligible, but they are still in-
triguing enough to merit renewed tests using comparable tech-

niques and parameters.
3.2. Comparing in the [X/Fe] vs. [Fe/H] plane It is important to note that these possibl&eiiences, if con-

Ei 5 he abund . tallel firmed, are probably not indicators offtéirential accretion of
'gure presents the abundance raug'd;:p}o all elements as rnaterial by the star, for example, since the condensation
functions of [F¢H] for both samples discussed above. Overall,

the abundance trends for the stars with planets are nearly indis-These 4 elements seem tafen the strongest NLTEfEects; fur-
tinguishable from those of the field stars. The only conspicuot#@rmore, in average, planet hosts have highgrthan stars without
difference is the higher average iron content of the planet-hpisinets by about 250 K.




Table 3. Atmospheric parameters (taken from Santos et al. 2001, 2003) and abundances derived for Si, Ca, Sc, and Ti for the stars with giant
planets studied in this paper. All the abundances are expressedHis$Xog N(X) /N(H)+12. The number of spectral lines used is givempy
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while o~ denotes the rms around the average.

Star Ter logg & Fe Si o n Ca o n Sc o n Ti o n
HD 142 6290 438 191 0.11 0.14 0.04 10 0.08 0.08 10 0.10 0.07 4 0.03 0.04
HD 1237 5555 4.65 1.50 0.11 0.06 0.06 11 0.09 0.07 10 0.08 0.09 5 0.12 0.06
HD 2039 5990 456 1.24 0.34 0.33 0.03 11 0.29 0.05 10 036 005 5 0.33 0.04
HD 4203 5650 4.38 115 0.40 044 005 11 0.33 0.07 10 048 007 6 0.39 0.09
HD 4208 5625 454 095 -023 -020 005 11 -020 0.03 10 -0.18 008 5 -0.17 0.07 10
HD 6434 5790 456 140 -055 -0.34 005 11 -040 0.04 10 -033 008 5 -032 0.06 6
HD 8574 6080 441 1.25 0.05 -0.02 0.04 11 0.01 0.08 6 0.12 0.07 4-0.05 0.04 3
HD 9826 6120 4.07 1.50 0.10 0.12 0.04 9 0.16 0.08 5 0.08 0.09 3 0.08 0.00
HD 10697 5665 4.18 1.19 0.14 0.14 0.02 11 0.09 0.04 7 023 009 6 0.12 0.03
HD 12661 5715 449 1.09 0.36 035 0.05 11 0.23 0.12 9 049 013 6 0.30 0.04
HD 13445 5205 470 082 -020 -0.14 0.05 11 -0.19 0.07 9 -012 012 6 -0.01 008 10
HD 16141 5805 4.28 1.37 0.15 0.10 0.03 11 0.09 0.03 10 022 009 7 0.13 0.04
HD 17051 6225 465 1.20 0.25 020 0.04 11 0.23 0.05 10 024 0.06 6 0.20 0.08
HD 19994 6175 414 152 0.21 0.22 0.08 11 0.22 0.07 8 020 012 4 0.15 0.05
HD 20367 6100 455 131 0.14 0.06 0.08 11 0.05 0.06 10 0.01 011 .01 0.14 6
HD 22049 5135 470 114 -0.07 -0.10 0.05 11 -0.10 0.07 9 -0.07 016 5 0.00 0.04 10
HD 23079 5945 444 121 -011 -0.14 005 11 -0.08 005 10 -0.12 013 7 -0.11 0.05 7
HD 23596 6125 429 1.32 0.32 0.30 0.03 11 0.27 0.05 9 033 001 5 0.28 0.05
HD 27442 4890 3.89 124 0.42 046 013 11 0.18 0.09 8 057 012 6 0.39 0.09
HD 28185 5705 459  1.09 0.24 023 004 11 0.16 0.04 10 035 009 6 0.23  0.05
HD 30177 5500 445 1.07 0.39 041 0.07 11 0.23 0.07 10 052 020 7 0.32 0.09
HD 33636 5990 468 122 -0.05 -0.06 0.04 11 -0.04 0.03 10 0.04 009 5 -0.03 0.08 7
HD 37124 5565 462 090 -037 -0.24 006 11 -028 005 10 -0.16 010 5 -0.14 0.05 8
HD 38529 5675 4.01 1.39 0.39 039 005 11 0.32 0.05 10 043 004 6 0.37 0.05
HD 39091 5995 448 1.30 0.09 0.08 0.02 11 0.05 0.02 10 0.13 005 7 0.05 0.04
HD 46375 5315 454 111 0.21 021 0.06 11 0.14 0.10 10 021 0.08 5 0.28 0.07
HD 50554 6050 459 1.19 0.02 -0.01 0.06 11 0.01 0.06 10 0.10 0.06 0.03 0.05
HD 52265 6098 429 131 0.24 022 004 11 021 0.05 10 021 006 5 0.18 0.03
HD 74156 6105 440 1.36 0.15 0.13 0.03 11 0.12 0.07 10 0.19 0.00 4 0.10 0.03
HD 75289 6135 4.43 1.50 0.27 022 004 11 0.24 004 10 0.27 010 5 0.22 0.03
HD 75732 5307 458 1.06 0.35 0.38 0.06 11 0.19 0.09 10 040 010 6 0.38 0.11
HD 80606 5570 456 1.11 0.34 036 0.04 11 0.22 0.09 10 040 011 6 0.36 0.07
HD 82943 6025 454 1.12 0.32 031 0.07 11 0.24 0.03 10 030 005 6 0.24 0.05
HD 83443 5500 4.50 1.12 0.39 044 0.07 11 025 0.10 10 041 009 6 0.38 0.07
HD 92788 5820 4.60 1.12 0.34 032 0.03 11 0.25 0.05 10 044 011 7 0.35 0.03
HD 95128 5925 445 1.24 0.05 0.01 0.08 11 0.01 0.03 6 0.09 004 6 0.04 0.03
HD 106252 5890 4.40 1.06 -0.01 -0.07 004 11 -006 003 10 -004 010 7 -0.10 0.06 9
HD 108147 6265 459 140 0.20 0.14 003 11 0.14 0.02 10 020 0.08 4 0.10 0.03
HD 108874 5615 458 0.93 0.25 021 004 11 0.12 0.05 8 036 010 6 0.23  0.09
HD 114386 4875 4.69 0.63 0.00 0.00 0.06 11-0.06 0.13 10 0.11 0.07 4 0.20 0.09

HD 114729 5820 4.20 1.03 -0.26 -0.24 0.03 10 -0.23 0.05 8 -0.06 011 6 -0.18 0.04 6
HD 114762 5870 425 128 -0.72 -0.57 0.02 8 -057 005 10 -0.61 006 7 -0.58 0.08 9
HD 114783 5160 4.75 0.79 0.16 0.14 0.05 10-0.03 0.10 6 027 005 6 0.25 0.08

HD 117176 5530 4.05 1.08 -0.05 -0.07 0.09 11 -0.06 0.03 7 002 009 7 -0.03 0.03 10
HD 121504 6090 4.73 1.35 0.17 0.12 0.03 11 0.09 0.03 10 019 009 5 0.17 0.04
HD 128311 4950 4.80 1.00 0.10 0.07 0.07 10-0.04 0.12 8 0.15 013 5 0.16  0.09

HD 130322 5430 4.62 0.92 0.06 0.02 0.08 10 0.01 0.06 6 009 012 7 0.11 0.04
HD 134987 5780 4.45 1.06 0.32 0.32 0.03 10 0.23 0.03 6 045 011 7 0.31 0.03
HD 136118 6175 4.18 161 -0.06 -0.08 0.06 10 -0.03 0.08 6 -013 013 7 -015 0.12 5
HD 137759 4750 3.15 1.78 0.09 0.12 0.06 9-0.09 0.14 6 028 005 5 0.18 0.13

HD 141937 5925 4.62 1.16 0.11 0.15 004 11 0.10 0.03 10 0.18 013 7 0.11  0.07
HD 143761 5835 440 129 -0.21 -0.15 0.04 10 -0.17 0.03 6 -005 006 7 -011 0.06 10
HD 145675 5255 4.40 0.68 0.51 049 0.09 10 0.29 0.10 6 051 013 6 0.44 0.08
HD 147513 5880 458 1.17 0.07 -0.01 0.03 11 0.08 0.04 10 0.04 010 6 0.03 0.03
HD 150706 6000 4.62 1.16 0.01 -0.06 0.03 10 -0.03 0.04 8 -0.04 008 5 -005 0.07 8
HD 160691 5820 4.44 1.23 0.33 032 003 11 0.22 0.03 10 0.38 004 6 0.31 0.04
HD 162020 4830 4.76 0.72 0.01 -0.08 0.07 8 -0.15 0.11 8 -012 022 4 0.09 0.09 10
HD 168443 5600 4.30 1.18 0.06 0.08 0.05 10 0.02 0.04 6 0.19 0.03 4 0.13  0.02
HD 168746 5610 450 1.02 -0.06 0.01 0.04 11 -0.03 0.06 10 0.09 015 5 0.08 0.04

HD 169830 6300 4.04 1.37 0.22 0.15 0.03 11 0.18 0.08 10 015 012 6 0.09 0.02
HD 177830 4840 3.60 1.18 0.32 0.35 0.06 8 0.17 0.11 8 038 010 5 0.33 0.12
HD 179949 6235 441 138 0.21 0.16 0.05 8 0.20 0.07 8 0.11 0.07 4 0.10 0.02
HD 186427 5765 4.46  1.03 0.09 0.04 0.06 10 0.04 0.02 6 0.16 010 7 0.06 0.04
HD 187123 5855 4.48 1.10 0.14 0.06 0.07 11 0.08 0.02 6 0.15 011 7 0.08 0.05
HD 190228 5340 399 111 -024 -0.23 0.02 11 -0.24 0.03 6 -012 008 7 -015 0.02 9
HD 190360 5590 4.48 1.06 0.25 0.26 004 11 0.14 0.08 8 041 013 6 0.28 0.05
HD 192263 4995 476 0.90 0.04 0.02 0.07 10-0.06 0.11 10 009 016 5 0.11  0.09

HD 195019 5840 436 124 0.08 0.04 0.02 11 0.05 0.03 10 0.15 008 6 0.10 0.04
HD 196050 5905 4.41 140 0.21 0.23 003 11 0.13 0.02 10 0.33 008 6 0.17 0.06
HD 202206 5765 4.75 0.99 0.37 0.30 0.03 11 0.24 0.03 10 045 004 4 0.28 0.04
HD 209458 6120 456  1.37 0.02 0.01 0.03 9 0.01 0.02 10 0.07 0.06 -0.02 0.06 8
HD 210277 5570 4.45 1.08 0.22 023 004 11 0.20 0.08 10 023 010 6 0.27 0.04
HD 213240 5975 432 1.30 0.16 0.12 004 11 0.09 0.04 10 024 008 6 0.11 0.04
HD 216435 5905 4.16 1.26 0.22 019 004 11 0.14 0.06 10 020 005 5 0.11 0.04
HD 216437 5875 4.38 1.30 0.25 0.22 003 11 0.16 0.03 10 033 012 7 0.17 0.03
HD 217014 5805 451 1.22 0.21 021 004 11 0.12 0.03 9 029 009 7 0.18 0.05
HD 217107 5658 4.43  1.08 0.39 037 004 11 0.28 0.07 10 046 013 5 0.34 0.04
HD 222582 5850 4.58 1.06 0.06 0.00 0.05 9-0.10 0.15 9 0.08 010 5 -0.03 0.10 4
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Table 4. Same as Table 3 but for V, Cr, Mn, Co, and Ni.

Star Ter \Y o n Cr o n Mn o n Co o n Ni o n

HD 142 6290 0.08 000 1 0.05 0.05 3 - - 0 - - 0 0.03 0.06 4
HD 1237 5555 0.11 0.07 3 0.12 005 6 0.18 010 2 0.01 0.03 3 0.07 0.04 10
HD 2039 5990 034 012 4 033 005 6 050 0.00 1 045 0.04 3 0.35 0.06 10
HD 4203 5650 040 0.07 4 036 0.06 7 054 017 2 054 001 3 0.45 0.05 9
HD 4208 5625 -0.29 010 4 -028 005 7 -041 000 1 -029 000 3 -023 0.05 10

HD 6434 5790 -045 007 3 -055 003 4 - - 0 -051 009 2 -054 0.05 10

HD 8574 6080 -0.08 000 2 -006 003 6 -018 000 1 -009 019 2 -0.03 0.03 9

HD 9826 6120 -0.05 0.01 2 0.03 002 3 -002 000 1 - - 0 0.02 0.07 4

HD 10697 5665 0.14 0.09 4 0.11 0.03 7 0.12 0.09 2 015 0.09 5 0.11 0.05 10
HD 12661 5715 0.38 0.07 5 031 0.06 7 050 0.16 2 048 005 4 036 0.07 10
HD 13445 5205 -0.06 001 3 -019 005 7 -039 005 2 -007 008 4 -021 006 10

HD 16141 5805 0.12 0.02 4 0.16 0.05 7 0.05 0.09 2 0.14 0.06 4 0.10 0.05 10
HD 17051 6225 0.24 0.07 3 021 0.06 4 0.25 0.00 1-0.02 012 2 0.19 0.03 10

HD 19994 6175 0.17 0.09 3 0.14 001 3 0.13 0.00 1 - - 0 0.20 0.05 7
HD 20367 6100 0.07 0.06 3 0.09 0.05 4 0.00 000 1-021 000 1 -0.02 0.09 10

HD 22049 5135 0.07 011 4 -009 003 8 -009 011 2 -009 010 5 -0.16 0.04 10

HD 23079 5945 -0.22 003 3 -019 005 6 -028 000 1 -030 009 3 -018 0.06 10

HD 23596 6125 037 011 5 0.27 004 7 031 0.00 1 034 009 3 032 007 10
HD 27442 4890 065 014 3 025 004 7 069 030 2 0.84 0.08 4 0.45 0.11 9
HD 28185 5705 031 0.07 3 0.24 003 7 0.42 000 1 038 009 4 031 004 10
HD 30177 5590 045 013 3 034 003 7 041 034 2 056 016 4 0.38 0.09 10
HD 33636 5990 -0.09 0.06 3 -012 005 4 -028 000 1 -017 010 2 -0.12 0.06 10

HD 37124 5565 -0.30 011 3 -046 006 7 -072 000 1 -031 002 2 -042 005 10

HD 38529 5675 0.40 0.02 3 0.34 007 7 033 000 1 055 011 4 0.40 0.06 10
HD 39091 5995 0.07 0.08 3 0.05 005 6 0.06 0.00 1 0.04 009 2 0.08 004 10
HD 46375 5315 0.34 0.04 3 021 005 7 041 023 2 042 014 5 0.24 0.03 9
HD 50554 6050 -0.06 0.05 3 -004 005 6 -015 000 1 -001 030 2 -0.04 004 10

HD 52265 6098 0.18 0.07 3 020 0.04 5 0.17 0.00 1 0.06 001 2 021 0.04 10
HD 74156 6105 0.11 0.08 3 0.08 0.04 6 0.02 0.00 1 0.07 011 2 0.13 0.04 10
HD 75289 6135 0.25 0.09 3 0.19 0.02 3 0.15 0.00 1 0.12 0.02 2 0.21 0.04 10
HD 75732 5307 0.52 0.08 3 029 004 8 053 027 2 064 016 4 039 0.09 10
HD 80606 5570 0.47 019 5 035 0.07 7 052 011 2 052 014 5 0.40 0.06 9
HD 82943 6025 0.30 0.08 4 025 003 7 029 009 2 021 005 5 031 0.04 10
HD 83443 5500 0.46 0.05 3 0.32 0.06 8 0.64 027 2 056 017 5 042 0.07 10
HD 92788 5820 040 005 5 030 0.05 8 040 011 3 042 010 5 037 0.06 10
HD 95128 5925 0.05 0.05 3 0.02 005 7 0.04 007 2-002 006 5 0.04 0.04 9

HD 106252 5890 -0.11 005 3 -009 002 5 -014 000 1 -010 012 2 -0.09 0.04 10

HD 108147 6265 018 011 3 0.13 003 3 - - 0 - - 0 0.10 0.04 8
HD 108874 5615 023 011 4 020 0.08 6 024 008 3 027 021 5 0.27  0.06 9
HD 114386 4875 0.34 014 4 -0.04 0.07 8 011 012 3 0.16 020 5 0.02 0.09 10
HD 114729 5820 -0.25 0.17 4 -033 010 6 -049 000 1 -0.38 013 4 -0.31 0.04 9

HD 114762 5870 -0.71 006 3 -087 022 2 -118 000 1 -0.87 008 4 -075 0.04 9

HD 114783 5160 033 001 2 0.11 0.03 8 027 019 2 032 0.08 4 0.19 0.08 10
HD 117176 5530 -0.07 007 4 -011 003 7 -016 000 1 -0.08 010 5 -0.10 0.03 9

HD 121504 6090 0.18 0.07 3 0.14 004 6 0.12 0.00 1 0.09 010 2 0.13 0.05 10
HD 128311 4950 025 0.09 2 003 010 6 016 0.09 3 021 0.09 4 0.05 0.11 9
HD 130322 5430 0.12 0.18 4 0.06 0.03 8 010 0.09 2 011 013 5 0.06 0.04 10
HD 134987 5780 035 007 4 028 0.03 8 029 026 3 041 013 5 0.36 0.04 10
HD 136118 6175 -0.20 000 2 -0.07 0.05 3 -024 000 1 - - 0 -0.14 0.04 8

HD 137759 4750 029 009 3 0.08 0.10 8 023 002 2 047 021 5 0.11  0.15 9
HD 141937 5925 0.13 0.06 5 0.12 0.03 8 0.02 014 2 0.03 0.06 5 0.13 0.03 10
HD 143761 5835 -0.16 004 3 -028 003 7 -044 000 1 -026 004 5 -025 0.05 10

HD 145675 5255 058 012 2 039 010 8 051 0.00 1 0.77 024 5 0.60 0.09 10
HD 147513 5880 0.03 003 3 003 004 7-006 000 1 -0.09 006 5 -004 0.03 10

HD 150706 6000 -0.04 006 3 -004 005 5 -022 009 2 -027 003 3 -0.08 0.05 9

HD 160691 5820 033 008 5 028 004 7 037 0.07 2 039 0.09 5 0.34 0.04 10
HD 162020 4830 0.18 011 4 -0.07 0.06 7 001 000 1 0.08 0.15 3-0.07 0.09 9

HD 168443 5600 0.10 0.10 4 0.02 005 8-0.02 011 2 0.15 0.09 5 0.05 0.05 10
HD 168746 5610 0.02 012 3 -0.12 004 7 -023 000 1 0.02 011 4 -0.08 0.06 10

HD 169830 6300 0.13 012 3 009 002 6 0.03 0.00 1-0.09 0.00 1 0.10 0.04 10

HD 177830 4840 050 0.08 3 019 004 7 068 041 2 0.72 013 3 041 013 10
HD 179949 6235 0.05 0.00 2 0.13 003 3 0.07 000 1 - - 0 0.14  0.06 7
HD 186427 5765 0.11 010 4 0.04 003 8 0.06 002 2 0.09 0.06 5 0.08 0.03 10
HD 187123 5855 0.11 003 3 0.08 003 8 0.13 004 2 0.09 0.06 5 0.12 0.03 10
HD 190228 5340 -0.14 004 3 -029 003 7 -035 000 1 -016 013 5 -025 0.05 10

HD 190360 5590 023 009 4 019 005 6 025 017 2 035 015 5 0.27 0.03 8
HD 192263 4995 0.15 004 3 -001 0.04 6 009 015 2 0.14 013 3 0.03 0.05 10
HD 195019 5840 0.07 003 4 005 002 6 0.02 000 1 0.03 003 4 0.04 004 10
HD 196050 5905 021 001 3 0.18 002 7 033 000 1 023 0.06 4 0.22 0.06 10
HD 202206 5765 031 012 4 027 003 6 047 000 1 045 0.06 2 0.33 0.04 10
HD 209458 6120 004 009 5 -003 004 4 -008 000 1 -013 007 5 -0.04 0.03 9

HD 210277 5570 026 0.00 3 0.18 005 8 019 013 2 033 012 5 0.22 005 10
HD 213240 5975 0.15 003 3 0.10 0.06 6 0.07 0.00 1 0.09 004 2 0.14 0.04 10
HD 216435 5905 0.13 010 3 011 004 5 0.15 0.00 1 0.11 004 3 0.18 0.04 10
HD 216437 5875 022 0.08 4 0.14 0.08 8 029 000 1 023 005 5 022 0.04 10
HD 217014 5805 020 0.06 5 016 001 6 024 000 1 026 001 3 021 0.03 10
HD 217107 5658 040 011 5 034 004 7 051 026 2 047 013 5 0.41 0.06 10
HD 222582 5850 006 004 3 -002 004 6 -004 000 1 0.08 0.16 3 -0.05 0.12 8
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Table 5. Same as Table 3 for the comparison sample (stars without giant planets).

Star Tetr logg & Fe Si o n Ca o n Sc o n Ti o n

HD 1581 5940 4.41 1.13 -0.15 -0.13 0.06 11 -0.11 0.03 9 -010 005 7 -012 0.06 10

HD 4391 5955 4.85 1.22 0.01 -0.04 0.06 11 -0.02 0.04 9 0.07 008 5 0.06 0.03 7
HD 5133 5015 482 092 -0.08 -0.13 0.07 11 -0.14 0.12 10 0.09 019 4 0.07 0.06 10
HD 7570 6135  4.42 1.46 0.17 0.19 0.03 11 0.14  0.02 9 0.17 0.05 6 0.12 0.02 6
HD 10360 5045 477 0.89 -0.19 -0.18 0.05 11 -0.29 0.07 9 -018 011 5 -0.07 0.05 10

HD 10647 6130 4.45 131 -0.03 -005 003 11 -0.01 004 10 -008 005 4 -0.10 0.02 4

HD 10700 5370 4.70 1.01 -050 -038 004 11 -041 006 10 -035 006 6 -023 004 10

HD 14412 5410 4.70 1.01 -044 -043 0.04 11 -0.44 0.04 9 -033 004 4 -035 005 10

HD 17925 5220 4.60 1.44 0.08 0.03 0.06 11 0.07  0.06 9 0.05 015 6 0.13 0.03 10
HD 20010 6240  4.27 223 -020 -0.18 005 11 -026 004 10 -0.18 0.09 5 -0.16 0.06 6

HD 20766 5770 4.68 124 -020 -0.19 002 11 -020 003 10 -0.12 0.09 6 -0.13 0.02 8

HD 20794 5465  4.62 1.04 -036 -019 003 11 -024 005 10 -0.13 0.09 6 -0.04 0.05 8

HD 20807 5865  4.59 128 -0.22 -020 002 11 -0.24 002 10 -0.13 0.07 6 -022 0.04 8

HD 23249 5135 4.00 1.12 0.17 0.18 0.06 11 0.10 0.07 10 020 0.08 6 025 011 10
HD 23356 5035 473 096 -0.05 -0.06 0.05 11 -0.10 0.08 9 0.08 0.18 4 0.10 0.07 10
HD 23484 5230 4.62 1.13 0.10 0.07 004 11 0.06 0.08 9 0.06 0.09 5 0.15 0.05 10
HD 26965A 5185 473 075 -0.26 -0.11 004 11 -0.21 0.08 9 -0.07 006 5 0.08 0.04 9

HD 30495 5880  4.67 1.29 0.03 0.00 004 11 0.02 0.03 10 0.02 0.06 6 0.03 0.06 9
HD 36435 5510 4.78 1.15 0.03 -0.02 0.03 11 -0.02 0.03 9 0.04 010 6 0.03 0.03 10
HD 38858 5750 456 122 -022 -020 003 11 -0.21 0.03 10 -0.18 007 5 -0.18 0.04 10

HD 40307 4925 457 0.79 -0.25 -0.27 0.06 9 -0.18 0.08 9 -024 010 5 0.03 0.07 10

HD 43162 5630 4.57 1.36 -0.02 -0.03 0.03 11 -0.02 0.06 9 -002 010 5 -0.03 0.04 8

HD 43834 5620 4.56 1.10 0.12 0.14 003 11 0.07 0.06 10 0.18 010 7 0.13 0.05 10
HD 50281A 4790 475 0.85 0.07 -0.04 0.04 8 -0.03 011 10 0.11 0.16 4 0.15 0.07 9
HD 53705 5810 440 118 -0.19 -0.14 003 11 -0.17 003 10 -0.08 0.07 6 -0.13 0.03 8

HD 53706 5315 450 090 -0.22 -0.16 005 11 -0.18 0.06 9 -013 012 6 -0.03 0.03 10

HD 65907A 5940 4.56 119 -029 -0.12 002 11 -0.16 0.03 10 -0.08 008 7 -0.06 0.07 9

HD 69830 5455 456  0.98 0.00 0.00 0.03 11-0.02 0.05 9 0.06 010 6 0.08 0.05 10
HD 72673 5290 4.68 0.81 -0.33 -0.33 0.04 11 -0.32 0.05 9 -023 009 5 -018 0.03 10

HD 74576 5080 4.86 1.20 0.04 -0.01 0.05 11 -0.06 0.08 9 0.08 0.16 6 0.09 0.06 10
HD 76151 5825 4.62 1.08 0.15 0.14 0.02 11 0.11 0.04 10 0.15 0.03 4 0.14 003 10
HD 84117 6140 435 138 -0.04 -0.03 003 11 -0.06 005 10 -0.05 0.07 4 -0.06 0.07 5

HD 189567 5750 4.57 121 -0.23 -0.18 002 11 -022 004 10 -0.14 007 7 -0.13 0.04 9
HD 191408A 5025 4.62 0.74 -051 -040 004 10 -0.33 0.09 9 -038 009 4 -004 006 10
HD 192310 5125 4.63 0.88 0.05 0.09 0.06 11-0.01 0.08 9 018 014 7 0.17 0.07 10
HD 196761 5460 4.62 1.00 0.27 -0.24 0.03 11 -0.28 0.02 9 -021 010 5 -019 0.06 10
HD 207129 5910 4.53 1.21 -0.01 0.00 0.03 11 -0.01 0.03 0 0.07 008 6 -0.02 0.07 9
HD 209100 4700 4.68 0.60 0.01 -0.05 0.06 9 -019 0.12 9 005 016 6 0.10 0.11 10
11 9
8 9
9 9
9

=

HD 211415 5925 4.65 1.27 -0.16 -0.17 0.04 -0.21 0.03 -010 010 6 -0.13 0.03 8
HD 216803 4647  4.88 0.90 0.07 -0.01  0.09 -0.20 0.09
HD 222237 4770 479 0.35 -0.22 -0.20 0.04 -029 0.11
HD 222335 5310 464 097 -0.10 -0.13 006 11 -0.12 0.06

0.18 0.02 2 0.05 011 10
-0.05 0.09 3 0.10 0.10 9
-0.17 012 6 -0.02 0.05 10

temperatures of these elements are all in a short range of merelyin this section, we will therefore make a brief comparison
~300K (e.g. Wasson 1985) (they are all refractory). The reaf the results we have obtained with those presented in the ma-
son would then probably have to do with the source of the métr studies in the literature regarding this subfe@iven the

als examined. Whether the general trends (see discussiomsrrall (and probably insignificant)fiiérences argued above be-
Sect. 4) are so that planets might form more easily around stiwsen planet hosts and non-hosts, we will consider our sample
with specific metallicity ratios is not excluded. Once again, thas a whole in the rest of the analysis. We will also keep the dis-
does not seem very likely given the nature of the elements anassion brief, leaving the interpretation of the galactic chemical
lyzed here. evolution to a future paper.

Unfortunately, this comparison is somewhat limited since Of course, some of the trends discussed below (in partic-
the two stellar samples overlap in a small region of/fe ular for the more metal-rich stars) may eventually be seen as
In particular, the (high-)metallicity region where most of theignatures of the presence of planets, since these stars are (in
planet hosts are located does not contain many comparisem sample) all planet hosts. For exampldlatiences between
stars. Thus, we can not completely exclude the existencetld observed trends and those published in the literature could
important diferences for these objects. reflect the presence of planets, and would thus be of great im-

portance. However, the trends are probably (and easily) best in-

terpreted as simple byproducts of galactic evolution, and their
4. Galactic trends relation to the presence of a planet are probably coincidental

(besides the fact, of course, that these are the more globally
Although the main goal of this work is to compare the elawnetal-rich stars). Furthermore, given that there are no metal-
mental distributions for stars with and without giant-planetarjch stars that lack planets in the current sample, it is not pos-
companions, a clear byproduct of this study is the chancesible to compare the two groups of stars in these higlhHFe
increase our knowledge of galactic chemical evolution trends.
This is especially true for the high [A] region, for which the ¢ This comparison might be seen (also) as a test for the reliability
number of detailed studies is still limited. of our analysis.
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Table 6. Same as Table 4 for the comparison sample (stars without giant planets).

Star Tetr \ o n Cr o n Mn o n Co o n Ni o n
HD 1581 5940 -0.20 011 4 -021 002 6 -027 012 2 -020 010 3 -0.22 0.05 10
HD 4391 5955 005 002 3 -007 009 6 -023 008 2 -013 000 1 -0.05 0.06 10
HD 5133 5015 0.04 023 5 -013 004 7 -0.08 004 2 001 013 3 -0.16 0.08 9
HD 7570 6135 0.16 0.10 3 0.13 0.03 6 0.14 000 1 0.06 0.06 4 0.14  0.06
HD 10360 5045 -0.06 004 3 -024 003 7 -027 006 2 -010 011 5 -023 0.04 10
HD 10647 6130 -003 010 2 -0.09 005 6 -021 000 1 -038 000 1 -014 004 10
HD 10700 5370 -031 003 3 -051 003 6 -073 000 1 -040 005 1 -050 0.04 10
HD 14412 5410 -035 004 3 -049 005 7 -061 000 1 -045 0.02 3 -049 004 10
HD 17925 5220 014 014 5 011 005 7 0.07 0.08 2 0.08 0.08 4 0.01 0.07
HD 20010 6240 -0.11 012 3 -029 009 6 -046 000 1 -045 0.00 1 -023 0.07 10
HD 20766 5770 -0.18 003 4 -024 006 7 -029 000 1 -028 005 3 -023 003 10
HD 20794 5465 -025 015 5 -038 004 7 -057 000 1 -021 005 5 -035 0.02 10
HD 20807 5865 -0.22 004 4 -026 003 7 -032 006 2 -031 003 3 -026 003 10
HD 23249 5135 034 005 3 0.07 004 6 028 026 2 0.36 0.08 3 0.21  0.08
HD 23356 5035 0.15 007 3 -0.08 003 7 -002 001 2 0.09 010 4 -0.07 0.06 10
HD 23484 5230 024 010 4 0.09 003 7 014 012 2 0.16 0.09 4 0.05 0.05
HD 26965A 5185 001 006 3 -026 002 7 -036 005 2 -002 003 4 -022 0.04 10
HD 30495 5880 001 005 3 005 003 7-006 000 1 -004 009 4 -0.03 004 10
HD 36435 5510 0.05 0.06 4 003 002 7-004 002 2 -006 001 3 -005 002 10
HD 38858 5750 -0.25 004 3 -021 004 7 -036 000 1 -020 003 3 -025 004 10
HD 40307 4925 005 006 3 -025 003 7 -029 000 1 -013 014 4 -030 0.07 10
HD 43162 5630 -0.05 0.03 3 000 005 6 -008 000 1 -016 007 2 -011 0.06 10
HD 43834 5620 013 012 4 010 002 7 019 010 2 021 0.08 5 0.14 0.04
HD 50281A 4790 030 011 4 0.00 0.09 8 0.09 003 2 0.21 0.12 40.03 0.04 9
HD 53705 5810 -0.15 006 4 -026 004 7 -041 000 1 -017 010 3 -023 0.02 10
HD 53706 5315 -0.05 012 4 -023 001 7 -029 000 1 -009 009 5 -022 005 10
HD 65907A 5940 -0.15 009 5 -035 003 6 -058 000 1 -026 007 3 -030 004 10
HD 69830 5455 0.12 010 4 -0.02 003 7 -001 003 2 005 011 5 0.00 0.03

HD 72673 5290 -0.15 008 3 -036 003 7 -051 006 2 -024 009 5 -035 003 10
HD 74576 5080 016 010 4 -0.01 005 7 0.01 005 2 0.11 001 3-0.03 0.07 10
HD 76151 5825 0.17 0.03 4 0.18 005 7 016 0.03 2 0.16 0.03 4 0.15 0.02
HD 84117 6140 -0.10 011 3 -0.08 005 5 -018 000 1 -029 0.04 2 -0.08 0.06 10
HD 189567 5750 -0.25 004 4 -026 004 7 -037 000 1 -022 002 3 -025 0.04 10
HD 191408A 5025 -0.13 004 3 -046 003 7 -058 012 2 -027 008 5 -050 0.04 10
HD 192310 5125 0.25 0.07 3 0.03 0.04 7 0.16 012 2 023 014 5 0.12 0.07
HD 196761 5460 -0.25 009 3 -026 004 7 -034 002 2 -024 008 5 -029 0.02 10
HD 207129 5910 -0.04 005 4 -005 006 7 -011 007 2 -010 009 3 -0.06 0.03 10
HD 209100 4700 022 011 4 -010 007 8 -0.02 0.07 2 020 014 4 -0.06 0.09 10
HD 211415 5925 -0.18 006 4 -021 006 7 -038 000 1 -022 000 1 -019 0.02 10
HD 216803 4647 0.17 012 4 -0.10 0.08 8 0.03 0.03 2 0.14 005 3-0.04 0.07 9
HD 222237 4770 016 009 4 -031 008 8 -035 002 2 0.04 016 3 -0.22 010 10
HD 222335 5310 -0.07 003 3 -010 004 7 -017 001 2 -006 010 4 -0.17 0.04 10

10

10

10

10

10

10

10

regions of the plots Again, this means that we cannot exclud@able 7. Average abundance valuegX/H]> for stars with planets
that the observed trends for the high-[Agstars are due to and for our comparison sample. Also listed are the rms around the
some kind of planetary induced chemical variation, or that tieean and the dierence between the two samples for each element.
abundance ratios for these stars are themselves influencingffe number of stars is 77 and 42 for the two samples mentioned,
efficiency of planetary formation. respectively.

Planet hosts

4.1. Silicon Comparison sample
Species <[X/H]> rms  <[X/H]> rms Diference

From Figs. 2 and 3, we can see thatf®] is inversely related
to [FeH] for -0.6 < [Fe/H] < —-0.2dex, and then appears Si -0.10 0.15 0.11 0.20 0.21
to level df at —0.2 < [Fe/H] < 0.0 dex. Similar results were ~ Ca -0.13 0.14 0.07 017  0.20
also found by Edvardsson et al. (1993) (hereafter EAGLNT) Ti -0.01 0.13 0.12 018 013
and Chen et al. (2000) (hereafter, C00). As these authors haveSc -0.04 0.15 017 021 0.21
found, the dispersion in the abundance ratigHg] is very \4 -0.01 0.18 0.14 024 015
small in the metallicity range studied here. Cr -0.14 0.18 0.07 0.22 0.21

For metallicities above solar, our data shows a plateau in Mn -0.20 0.25 0.10 0.33 0.30
the [SjFe] vs. [F¢H] relation. Again, this result is compatible  Co -0.08 0.20 014 031 0.22
with the one found by both EAGLNT and C00. However, we Ni -0.14 0.18 0.10 0.24 0.24

also see a hint of an increase in the/®] vs. [F¢H] trend

for [Fe/H] > 0.3 (and maybe before this value). This upturn

7 But as noted in the last section, there are no discontinuitiégas already slightly noticeable in the data of EAGLNT, but
given the low upper limit in [F&H] of the objects analyzed by

between the two samples.
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Fig. 2.[X/Fe] vs. [Fe¢H] plots for the 9 elements studied in this paper. The crosses represent the comparison-sample stars, while the open circles
denote the planet-host stars. The dotted lines represent the position of the Sun.

these authors, no serious conclusion was possible. Feltzingo&mer trends have been found both by FG98 and EAGLNT
Gustafsson (1998) (hereafter FG98) analyzed stars wifhi[Fe(also visible in the plots of Sadakane et al. 2003), this latter
up to~0.4 dex, but they found a much larger scatter in the abushewnturn was not clearly visible in the data presented by these
dances; their results do not permit an investigation of the badthors, probably because their data never ventured alibde
havior of [SjFe] for these high metallicities. We note, howeveand 0.3 dex, respectively. This downturn was also seen in the
that the data for planet-host stars of Gonzalez et al. (2001) (sketa of Gonzalez et al. (2001).

their Fig. 10) does not support the presence of such atrend.  Once again, the dispersion of our abundance is very small
(exceptfor abundances around [H = 0.0-0.2 dex for which

a few stragglers are present: HD 209100 with [B&] = —0.20

and HD 216803 with [CAe] = —-0.27 dex, both very cool

For [FeH] lower than solar, the behavior of [@Re] is very dwarfs). This fact gives us confidence for the reliability of the
similar to the one described above for Si. Contrary to this latteends discussed above. The scatter for these two objects was
element, the [G&e] ratio seems to decrease almost continfirst explained by the existence of NLTHfects (see discus-
ously for the entire metallicity range studied in this paper (ssen in FG98). However, Thoren (2000) has shown that this was
Figs. 2 and 3). A glance at the figures suggests the presenceaifthe main reason for the observed discrepancy. Furthermore,
a plateau in the region0.2 < [Fe/H] < 0.2 dex, immediately Thoren & Feltzing (2000) demonstrated that the use of temper-
followed, for higher metallicities, by a clear drogEd/NVhile the atures computed from a strict excitation equilibrium (as used

4.2. Calcium
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g . F e TR E P scandium abundances begin above solar (about 0.15 dex) at the
—0.451Mwlmémlmlf —o.4§:}:::}:::%:::}:::}:; |ron-poorendofth_edl_strlbutlonsa_ndthensettlt_—zat/_[H=_|e~ _
_ oz : 3 o2k : 3 —0.2dex. The distribution of scandium graphed in Fig. 2 basi-
L e I | T - t1  cally mimics the trends of the-elements (in particular Si). The
S-ozf ¢ 42 o0zt to §+ 4 figures also show that there might be a slight upswing in scan-
-04 e 04 Ehe-H-eHeHH-HH - dium concentrations for iron-rich stars, much like the upturn
7 0 3 ﬂ ﬂ * iz o2 ~+ + | % 1 that potentially characterizes the [S¢] ratio.
e E T * """ Hre g .. j+ e H e ; Nissen et al. (2000)fEered a thorough study of the abun-
,(ME;;H;;;H%;H;H;;;f 70,45;mgmémgmg;f ancesofscandium.The results presepted herefor.the metal-
< 02 44 " : i - ozf 3 licity range up to [F¢|_.|].'f 0.0 support thelrtrends_. Thelrstu_dy
S opte Bt b3 S obueayoospt o stops at solar metallicities, and does not permit the confirma-
—-ozf 4 = -oefp 3 tion of our interesting result for the more metal-rich stars. It is
04 P 0 e e e e interesting to note, however, that in the [Se] vs. [F¢H] plot
7 h ﬂ +§ I ) (Fe/H] presented by Sadakane et al. (2003) (combining their data with
E_O_: T * """ b E those of C00 and FG98) the same upward trend is suggested.
I, Y71 S P B B B

-0.4 -0.2 0 0.2 0.4
[Fe/H] 4.5. Vanadium

Fig. 3. Same as Fig. 2, but now using binned average values. For both .
samples the bins are centered at/lfp= -0.4, -0.2, 0.0, 0.2, and Despite the large scatter, the overall shape of the vanadium

0.4dex, and are 0.2 dex wide. The crosses represent the comparisigtribution resembles the functions for silicon and scandium:
sample stars, while the circles denote the planet-host stars. The eowerabundance at the iron-poor end, (almost) flat at solar val-
bars depict the rms around the mean value. ues, and a potential (but not clear) upturn for the most iron-rich
stars. An overabundance of vanadium ffé] ~ 0.2 dex for
iron-poor stars) was not detected by either FG98 or C00 (al-
here) eliminates most NLTEffects. As also discussed in thehough the latter’s plots hint at some trend), who proposed in-
Appendix, there still seems to be a systematic decline of thgad that the [YFe] ratio followed iron for all metallicities.
[Ca/Fe] abundance ratios with decreasing temperature for fiéwever, a look at Fig. 19 of FG98 suggests a slight upper
most metal-rich stars. We note, though, that thife& cannot trend for higher metallicities as observed here.
be responsible for the downturn of [E&] seen for the higher  |; g important to note that vanadium seems tdfeu

[Fe/H] stars since the stars that occupy this region of the p'é’t?ongly from NLTE dfects (see Appendix). For all metallic-

([Fe/H] > 0) present all kinds offéective temperatures. ities, our analysis gives a decreasingf¥] with increasing ef-
fective temperature trend. This is probably the reason for the
4.3. Titanium large scatter seen in Fig. 2. As discussed for Ti, NLTigets

might e.g. be responsible (in part) for the decreasing trend seen
Established by FG98, EAGLNT, and C00, [Fe] seems to fol- for lower metallicity stars (F&H] < —0.2).
low a continuous decline with [[Ad]. The [Ti/Fe] distribution
has a more precipitous slope than forF®&] and [C#-€], but it
also carries a wider dispersion (see Fig. 2). Judging from Figs¢®. Chromium

and 3, titanium drops unti#+0.2 < [Fe/H] < 0.0 dex and then

settles. This supports C00 and is unlike the continuing dovx}lzw'-gures 2 gnd_ 3 |IIus_trate that the [Fe] ratio stays fairly
ward trend proposed by EAGLNT. constant with increasing [FFel], as was found by FG98 and

?00. For a given metallicity, chromium abundances have about

The results of FG98, C00, EAGLNT, and Gonzalez et %'alf the star-to-star scatter encountered by C00. The authors

(2001) have all reproduced the pronounced scatter in titanium . . -
. npted that with a few weak lines at their disposal, any depen-
abundances seen here. The scatter can probably be attribyte . .
: L X o -dence relation was tentative, and that the source of the scatter
to NLTE effects over things like line-blending or real “physi-

cal” galactic evolution Bects. As mentioned in the Appendix,m [Cr/Fe] could not be readily ascribed to either systematic er-

there is a large dependence of the/FE] as a function of rors or cosmic ffects. The C00 chromium distribution flirted
el W]ith solar values whereas the stars in the current survey have

which is likely behind the large scatter. Given that the stars wi . . )
[Fe/H] below—0.2 are, in average, cooler (by about 200K) tha%bOUt 0.05 dex less chromium than the Sun. Although this shift

- ; . is close to the established error, it might conceal an underes-
the rest of the samgilgit is possible that part (but very un“kely{antion if we suppose that the abundances of solar-type stars

all) of the decreasing trend discussed above is due to NL PR
effects. should reflgct solar values. Nev_ertheless, even if this indicates
a systematic error, the trends discussed should noffbeted.
8 \We stress that this trend is only slightly significant for this metafAs noted by FG98, the flatness is well explained by the balance
licity regime. Stars with [F&1] between-0.1 and 0.1 have, for exam- between the dierent types of sources for Fe and Cr (Timmes
ple, the “same” averagBy as the objects with [Fel] above 0.3. etal. 1995).
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4.7. Manganese Furthermore, the available data gave us the possibility to in-

vestigate galactic chemical evolution trends for metal-rich stars
ith unprecedented detail. The results revealed some inter-
sting (and previously unnoticed) behavior concerning the
%ttal—rich tail of the distributions (particularly for Si, Ca, and
possibly Sc, and V).

he The study of metal abundances in planet-host stars has al-
ready helped to clarify the formation processes of giant planets.
For example, they have shown that tifeakency of planetary

4.8. Cobalt formation is a strong function of the metallicity (e.g. Santos

. et al. 2001). More details are likely to emerge as new planets
Hampered by a low number of measurable lines and possible tound. The continuing study of the abundances in planet

strong NLTE éfects (see Appendix), cobalt abundances posasts might indeed be a source of many more compelling re-
sess substantial star-to-star scatter, but the distribution appegf§; The determination of the abundances of volatile elements,
to veer upwards for iron-rich stars, a result similar to the oRg, oy ample, will give us the chance to discuss the relative im-
found by both FG98 and Sadakane et al. (2003) (a trend thatance of dferential accretion (e.g. Gonzalez 1997; Smith
recalls those of Si, Sc, and V in our analysis). Given the dispef 51 2001; Sadakane et al. 2003) in planet-host stars. Further
sion in our data, we cannot confirm the long plateau found Byeresting results might be derived from the study of specific
the former au.thors for [F7El] belovy solar. But our data iNSINU- o jemental abundance ratios like/@ (e.g. Gaidos 2000). On
ates decreasing [(e] as a function of [F#d] up to metallic- ¢ gther hand, some clues might come from the study of the

ities around solar (which, as for Ti and V, might in part be dug, rces of the elements present in planet-harboring stars. At
to NLTE effects). present, we are working to extend the current study to other

elements, as well as to increase the number of stars in the cur-
4.9. Nickel rent samples. Soon we hope to be able to answer many of the

) ) questions that were raised here.
Echoing the results of FG98 and CO00, nickel abundances fol- _ ) _ _
low iron with low interstellar scatter per metallicity (Fig. 2)/Acknowledgementsie wish to thank the Swiss National Science

The shape of the [MFe] distribution exhibits a slight decreaS_Foundation (Swiss NSF) for the continuous support to this project.

. Support to N.C.S. from Fundao para a Ghcia e Tecnologia,
ing trend (but probably a.plateau) f00.6 < [Fe/ljl < O.'O dex, Portugal, in the form of a scholarship is gratefully acknowledged.
and then an upturn. This upturn was also visible in the data
of FG98, and was discussed by C00. Furthermore, EAGLNT

showed that their constant trend of [Ife] = 0.0 became dis- APPendix A: Possible NLTE effects

rupted and overabundance ensued once the stars passed the Sfiis article, all the elemental abundances are derived as-
lar metallicity. suming LTE. However, the dominance of this regime is ques-

It should be noted that the nickel abundances derived hggshable in solar atmospheres. The assumption of LTE and a
are somewhat lower than the valueffeced by the other au- pjane-parallel, homogeneous model atmosphere can introduce
thors. The reason for this might have to do with the determi'@stematic errors, and change the slope of elemental abun-
tion of the logy f values. However, as already noted above, thgynce ratios [XH] versus [F¢H] (e.g. Edvardsson et al. 1993).
general trends should not perish from any systematic errorspfyne-parallel atmospheres can lead to too little adiabatic cool-
similar result might indeed be found in the study of FG98. ing and too much radiative heating (e.g. Chen et al. 2000).

If, for metal-poor stars, the NLTEfkects have been shown
to be important (e.g. Edvardsson et al. 1993), they are usually
not very strong for their metal-rich counterparts (Edvardsson
In this paper, we have derived precise and uniform abundaneeal. 1993), and NLTE corrections are frequently of the same
for nine diferent elements (other than iron) for a large sanerder of magnitude (or lower) as the errors in the analysis.
ple of planet-host stars, as well as in a comparison sampleTe#venin & Idiart (1999) have shown, for example, that the
stars without any discovered planetary-mass companions. N E effects on iron abundances for metal-rich dwarfs are very
results were used to compare the two samples and to look $anall.
possible diferences eventually connected to the presence of However, and at least for a few elements, the NLTE cor-
planets. The data was also used to explore galactic chemiesitions seem to be quite strong. For example, Feltzing &
evolution trends. Gustafsson (1998) noticed that cool, metal-rich stars show up

Overall, we found that no significant fltBrences were as underabundant in calcium, affieet attributed to NLTE ef-
present between stars with and without planetary companiofests, as previously discussed in Drake (1991). In this case, at
at least in the metallicity region where the two samples ovéeast part of the errors were later shown to be due to wrongly-
lap. The only elements showing potential trends were V, Moalculated damping parameters (Thoren 2000). But similar be-
and to a lesser extent Ti and Co. However, in no case were Havior was found by Feltzing & Gustafsson (1998) for nickel,
differences clear. These might be related e.g. to NLffécts — and other elements studied by these authors also showed odd
see AppendixA. abundances.

Manganese abundances increase with iron for the metal
ity range studied, in agreement with Nissen et al. (200
FG98, and Sadakane et al. (2003). Figures 2 and 3 show
[Mn/Fe] begins with an underabundance of abe@®R dex at
[Fe/H] ~ —0.4, then rises to solar levels and beyond for t
higher-metallicity stars in our sample.

5. Concluding remarks
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present a much smaller dispersion; the use af fiight indeed

] be preferable (Shchukina 2002, personal communication). In
e TITS i fact, since Tir abundances are barely sensitiveltg (Santos
T et al. 2000), it is normal that no relation betweeniffire] and

Fig. A.1. [X/Fe] vs. Te plots for the nine elements studied in thistemperature Is present.

paper. The stars are separated based on their metallicities. The slopeérhe trends observed for V, Ti, Co, and Mn are reasons be-

represent linear least-squares fits to the iron-poor stars (crosses iRgl the large dispersions ob_st—;-rved in the plots of Fig._2. We
dashed lines) and the iron-rich stars (circles and solid lines). note that for most of the remaining elements the scatter is very

small (except perhaps for Sc, for which the cause may lie in the
_ low number of spectral lines used).

In arecent paper, Thoren & Feltzing (2000) showed that the ajthough we do not pretend to explain the causes for the
use of a strict excnat_lon ethbrlum el|m|_nates (_at_least in parthserved trends here, it is important to note them for future
this problem. Following t_hls result, apd since this is the methQg,dies. In particular, for the elements that seem ftesmore
that we have used to estimate thiteetive temperatures for ourgom these kind of flects, a precise and reliable comparison
program stars in Santos et al. (2000, 2001, 2003), we shoyighyeen planetary hosts and non-host probably needs the use
expect our parameters to be reasonably free from NUff€€®s ¢ NLTE analysis.

(i.e. NLTE corrections should not be very strong).

In Fig. A.1, we plot the abundance ratiogp¢] for the nine
elements studied in this paper agaifist®. In these plots, the References
stars are separated into two groups of metallicity: objects wWitladers, E., & Grevesse, N. 1989, Geochim. Cosmochim. Acta, 53,
[Fe/H] lower than solar (circles) and above solar (disks). For 197
each group, a least-squares fit was done. The slopes are ligegn, J. A., Tomkin, J., & Lambert, D. L. 1983, ApJ, 265, L93
in Table A.1. Chen, Y. Q., Nissen, P. E., Zhao, G., Zhang, H. W., & Benoni, T. 2000,
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tive temperature. If for Si, Sc, Cr, Ni, and Ca théeets seem Drgljé 13193’ 21‘2)3;371 MNRAS. 251 369
to be very smqll, for v, Ti and Co theffierence between the K Edvar(ljsson, B., Andersen: J., éustafsson, B., et al. 1993, A&A, 275,
and F-dwarfs in our sample are of the order of 0.2 to 0.3 dex.
The _situation_for Mn is inte_rmedigte. Furthermore, for a fe‘ﬁ’eltzing, S., & Gustafsson, B. 1998, A&AS, 129, 237 (FG98)
species we find relevant distinctions between the slopes {Qfiyymann, K., Pfafer, M. J., & Bernkopf, J. 1997, A&A, 326, 1081
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We note that the sensitivity of the Tines to NLTE dfects has Gonzalez, G. 1998, A&A, 334, 221
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