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ABSTRACT. In this work we present new observa-
tional data for hafnium (72). Hf is an important element
that is between the lightest rare-earth elements (e.g., La, Z
= 57) with elements of the third r-process peak (Os, Ir, Pt,
Z =76-78). Hafnium is the heaviest (Z = 72) stable ele-
ment represented by low-excitation (<1:5 eV) ionized
lines in the spectra of the cool stars (Lawler et al., 2007).
This element is important as a stable reference element for
nucleocosmochronometry, and also to study of the sources
of its production and enrichment with n (neutron)-capture
elements of Galactic disc. We provide the analysis of the
spectra of 126 FGK dwarfs in metallicity range from
—1.0 < [Fe/H] < +0.3 that were taken from our starting
sample of 276 stars (Mishenina et al. 2013). The observed
stars belong to the substructures of the Galaxy disc. The
observations were conducted using the 1.93 m telescope at
Observatoire de Haute-Provence (OHP, France) equipped
with the echelle type spectrographs ELODIE and
SOPHIE. The results are based on analyses of spectra that
have a typical S/N ~ 100-300 and a resolution of 42 000
(ELODIE) and 75 000(SOPHIE). The hafnium abundance
was derived by comparing the observed and synthetic
spectra in the region of two Hf II line (A4080.437 A and
14093.155 A), making use of the LTE approximation. The
obtained hafnium abundance decrease with increasing
metallicity in both discs, and have a big scatter at all met-
allicities. The dependence of our Hf abundance on metal-
licity and their comparison with those of other authors is
presented. It corresponds to typical behavior of the ele-
ments behind the iron peak, the elements formed in the
processes of neutron capture. The sources of the Hf en-
richment of Galactic disc are considered.

Keywords: stars: abundances — stars: late-type — Galaxy:
disc — Galaxy: evolution — abundances, nucleosynthesis

PE®EPAT. VYV miii pobOTI MU TPENCTAaBISIEMO HOBI
crocrepexHi gaHi gt raguifo (72). Hf e BaximBmMm
CNICMCHTOM, SKHH  3HAXOAWUTHCS MDK — HaIermiMu
pimko3eMenbHIMU eNeMeHTaMu (Hanpukian, La, Z = 57) Ta
eJIeMEeHTaMH TpeThoro MKy r-miporecy (Os, Ir, Pt, Z = 76-78).
lapniii — me HavBaxuwmii (Z = 72) CTIMKAN €JIEMEHT,
MPE/ICTABICHAN 10HI30BAHUMH JIHIIMH 3 HU3BKHM ITOTCHITI-
anoM 30ymkeHHS (<1:5 eV) y chmekTpax XOJOJHUX 3ip
(Lawler et al., 2007). Lleii eneMeHT BaKIMBHIA SIK CTIHKHI
€TAJIOHHUH eNeMEHT I HyKJICOKOCMOXPOHOMETPIi, a TAKOXK
BUBUCHHS JDKEpea HOro BHTOTOBJICHHS Ta 30aradeHHs
eNIEeMCHTaMH 3aXBaTy HEHTPOHIB TaJaKTHYHOTO TUCKY. Mu
npoBe aHami3 crektpiB 126 FGK- xapmukis (—1.0 < [Fe/H]
< +0.3). 3opi B Hami{ BHOIpI HAICKATH O MACTPYKTYP

mucka [amaktuki. CIOCTEPE)XEHHS MPOBOIAMINCS 33 JI0TIO-
moroto Teneckorna 1,93 m Ha ObcepBaropii Bepxuroro I1po-
Bancy (OHP, ®paniiist), OCHAIIEHHOTO CIICIBHUMH CIICK-
tporpadamu ELODIE ta SOPHIE. Pe3ympratn 6a3yrorscs
Ha aHaJI31 CIIeKTpiB, Mo MaroTh THHOBHH S / N ~ 100-300 Ta
posaineHy 3aatHICTE 42 000 (ELODIE) i 75 000 (SOPHIE).
BMict ragmito Oyno OTpHMAaHO IIDIIXOM CITiIBCTABJICHHS
CIIOCTEPEKYBAHUX T CHHTCTUYHHX CIEKTPIB B 00JIACTi TBOX
niniit HE 1T (14080.437 A ta A4093.155 A), 3 BuKopucTas-
HsaM HabmwxeHHs JlokanpHoi TepmomuHaMiuHOi PiBHOBaru
(JITP). Ortpumanuii BMIiCT TadHII0O 3MEHIIYETHCS 31
301IBIIEHHSIM METATIIYHOCTI /11 000X JUCKIB 1 Ma€ BEMKHUN
PO3KHZ Ha BCIX METalivHOCTAX. IIpencraBieHo 3alexHICTh
Hammx 3HadeHb BMicty Hf Bim MeramiurocTi Ta iX
MOPIBHAHHS 3 JaHUMH IHIIMX aBTOpiB. BoHa Bimmoimae
TUTOBIl TIOBEMIHII CIIEMEHTIB, IO YTBOPIOIOTBCA B
Tporiecax 3axXOIUICHHS HEUTPOHiB. Po3risimaroTees pkepena
30araueHHs Hf ranakriasaoro aucka.

KarouoBi cioBa: 30pi: BMICT — 30pi: M3HIA THO —
rajakThka: JWCK — TajJlaKTHKa: CBOJIOLIS — BMICT,
HYKJICOCHHTE3

1. Atmospheric parameters

The effective temperatures T.g, the surface gravities
log g, the microturbulent velocity Vi, and metallicities of
the studied stars were determined earlier in our paper
(Mishenina et al., 2013). Effective temperatures T were
estimated by the line depth ratio method (Kovtyukh et al.,
2003). Surface gravities log g was determined by two
methods: parallaxes and ionization balance of iron.

The microturbulent velocity V, was derived considering
that the iron abundance log A(Fe) obtained from the given
Fe I line is not correlated with the EW of that line.

The metallicity [Fe/H] accepted as the iron abundance
obtained from Fe I lines.

2. Abundances

In the solar spectrum we found two Hf II lines to be
good abundance indicators: A 4080.44 and A 4093.15. The
log gf source was the Vienna Atomic Line Database
(VALD, Kupka et al., 1999). Determination of the Hf
abundances was made by new version of STARSP LTE
spectral synthesis code (Tsymbal, 1996). We used lines,
which are weak and do not require to take into account the
hyperfine or isotopic structure. The examples of compari-
son of synthetic and observed spectra for Hf II are shown
in Fig. 1(a,b).
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Figure 1(a,b): Comparison of synthetic and observed spec-
tra in the region of Hf II lines. Dotted line: observations;
solid black lines marked the spectra calculated for the re-
sulted abundances. The dashed line shows the synthetic
spectra without taken into account the contribution from Hf.
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Figure 2(a,b): a) Dependences of [Hf/Fe] on [Fe/H] for the
stars of the thick disk (filled symbol), of the thin disk
(open circle), the Hercules stream (open triangles), and
unclassified stars (square), b) comparison with those of
other authors.
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Figure 3(a,b): Abundance comparisons of log e(Hf/Eu) vs.
[Fe /H] and [Eu/H]. The dotted lines define the range of
the solar system r-process only, the dashed line is the total
solar system ratio (see in details, Laweler et al. 2007) and
the solid line is the mean ratio of the stars in our sample.
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Figure 4(a,b): Abundance comparisons of log &(La/Eu) vs.
[Fe/H] and [Eu/H]. the notation is the same as in Fig. 3.
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3. Results

We have determined the abundance of hafnium for 126
stars. As can be seen from Fig. 2a, the hafnium abundance
decrease with increasing metallicity in both discs. The de-
pendence of our Hf abundances on metallicity and their
comparison with those of other authors (Lawler et al., 2007;
Roederer et al., 2014) are presented in Fig. 2b. This is the
typical behavior of the elements behind the iron peak, the
elements formed in the processes of neutron capture.

To estimate the contribution of the s- (slow), and 1-
(rapid) processes to the Hf abundance, we compare La u
Hf, which are predominantly an s-process element in solar
system, with the element Eu (Fig. 3,4), having the pre-
vailing contributions of the r- processes. The dotted lines
define the range of the solar system r-process only values
based on the published deconvolution of the solar system
abundances (Simmerer et al., 2004), and the dashed line is
the total solar system ratio based on the stellar value for
the r-process (see in details Laweler et al., 2007).

4. Conclusions
We obtained the hafnium abundance for 126 FGK

dwarfs belonging to different Galactic substructures. The
behavior of Hf abundance with metallicity like as other

elements of n-capture. The observed stellar abundance
ratios of Hf/Eu and La/Eu are coincident with previous
estimates of the solar system s-, r-processes. The compari-
son of Hf abundance with those of La (s-element) and Eu
(r-element) support that Hf is s-element.
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