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ABSTRACT

Context. Copper is an element whose interesting evolution with rieitglis not fully understood. Observations of copper atiances
rely on a very limited number of lines, the strongest are the l@es of Mult. 1 at 324.7 nm and 327.3 nm which can be measured
even at extremely low metallicities.

Aims. We investigate the quality of these lines as abundanceatuatic.

Methods. We measure these lines in two turfi-6TO) stars in the Globular Cluster NGC 6752 and two TO starthéanGlobular
Cluster NGC 6397 and derive abundances with 3D hydrodyredmiodel atmospheres computed with @@5BOLD code. These
abundances are compared to the Cu abundances measured in giant stars of the same clusters, using the lines of Mult. 2 at
510.5nm and 578.2 nm.

Results. The abundances derived from the lines of Mult. 1 in TO stars differ from the abundances of giants of the same clusters.
This is true both using CO5BOLD models and using traditional 1D model atmospheres. The LTE 3D corrections for TO stars are
large, while they are small for giant stars.

Conclusions. The Culresonance lines of Mult. 1 are not reliable abundance indicators. It is likely that departures from LTE should
be taken into account to properly describe these lines, although it is not clear if these alone can account for the observations.
An investigation of these departures is indeed encouraged for both dwarfs and giants. Our recommendation to those interested
in the study of the evolution of copper abundances is to rely on the measurements in giants, based on the lines of Mult. 2. We
caution, however, that NLTE studies may imply a revision in all the Cu abundances, both in dwarfs and giants.
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1. Introduction of the solar system Cy (Bisterzo efjal. 2D04). The contriouti

. . . of SNla is probably less well known, however, as pointed qut b
There is no wide consensus on the nucleosynthetic 0(|g|0p)if ¢ McWilliam & Smecker-Harle[(2005), the available SNia yields
per, and the complex picture drawn by the observations has §{Cy are rather low|(Travaglio et |al. 2004b; Thielemann gt al
straightforward interpretation. Multiple channels camtribbute 1986).[Bisterzo et &l (20D4) claim that the bulk of cosmic Cu
to the production of this element. Accordingto Bisterzo gt &35 indeed been produced by theak sr-process.
(2009) there are five such channels: explosive nucleosgisthe : . :
efther in Type Il supernovae (SNII) or in Type la supernova Observations of copper abundances in Galactic stars show a

; : in the Qe ratio at low metallicities. This was first
(SNIa), slow neutron capture{process), either weak (i.e. tak-0€crease 'nis ! _
ing place in massive stars in conditions of hydrostatic kmui Sud99ested bly Coheh (1980), on the basis of the measurements i
rium during He and C burning) or main (i.e. occurring in th iant stars of several Globular Clusters aofelient metallicities

inter-shell region of low-mass asymptotic giant branchs3ta Coheh[1978] 16} m80). It was not until the comprehen_sive
and theweak sr-process. The latter occurs in massive stars f{udy oflSneden et il (1991) that this trend was clearly ddfin

the C-burning shell when neutron densities reach very hagh yina robust way, re.sting on meagurem_ents in a large se}mple of
¢ y sStars. Recent studies of field (Mishenina gt al. 2002; Bifein

ues, intermediate between typicstprocess neutron densitie

(10 — 10 cme; IFpaiHTQ%JO) aﬁd—process neutron den-2l: [2004) and Globular Cluster stafs (Shetrone Ht_ aI.I2|(IM$;2
sities (16° — 10° cm 3; Kratz et a.[20017). The contribution Simmerer et dl. 2003; Yong etlal. 2005) have confirmed thigitre
of the s—process, both weak and main, to the solar system ¢3¢€ Fig- 1 of Bisterzo et fll. 2004). Somewhat at odds witbethe
abundance is estimated py Travagiio et BI. (2D04a) to be zgneral results are the observations of the Globular Gluste

Explosive nucleosynthesis in SNII can account for 5% to 10 en (Cunha et ‘H'. 20pg; Pancinoletlal. 4002). Even though this
cluster shows a sizeable spread in metal abundar@2(Qq <

- — . [Fe/H] < -0.70,|Johnson et 1. 2008), the fFe abundance ratio
Send offprint requests to: Piercarlo.Bonifacio@obspm.fr is nearly constant, with no discernible trend.

* Based on observations made with the ESO Very Large Telesdope

Paranal Observatory, Chile (Programmes 71.D-0155, 78(~076.B- Observations in Local Group galaxigs (Shetrone gt al.|2001,
0133) ) show that metal-poor populations display lowkeura-
** Gliese Fellow tios, similar to what is observed in Galactic stars of corapar
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Fig.1. Cur 324.7nm line in the programme stars. The spectfdg.2. Cur 327.3nm line in the programme stars. The spectra
are displaced vertically by 0.4 units, with respect to eatlelp are displaced vertically by 0.4 units, with respect to eatieip
for display purposes. for display purposes.

ble metallicity. However] McWilliam & Smecker-Han (2005)C measure the 327.3nm line in_the extremely_met_al-poorﬂwar
noted that th):a metal-ricdh population of the Sgr dgpw (dissqala)t 64-12 ([F¢H]~ —3). Observationally the main disadvantage
considerablyower Cu/Fe ratios than Galactic stars of compara2f Mult. 1 is that it lies in the UV, fairly near to the atmosptue
ble metallicity. This result is confirmed by the measurermerfit cut-off. A very dficient UV sp_ectrograph, I_|ke UVES and alarge
Bbordone et 41.[(20p7), who also include stars of the Globuf§!€Scope, like VLT, may circumvent this problem. There are
Cluster Terzan 7, associated to the Sgr dSph. many spectra suitable for the measurement of the lDes of

The majority of the Cu measurements are based on the d\lq:m' 1 i_n stars of dﬁferen_t metallic_ities_ in the ESO afChﬂ“?
lines of Mult. 4], sometimes one line of Mult. 7 is used. The, '€ Main purpose of our investigation is to assess the gumlit
exceptions are the measurementg of Bihain gt|al. {2004) HS Cu lines of Mult. 1 as abundance indicators. Our strategy is
Cohen et 4.[(2008), who use the resonance lines of Mult. 1 a geompare for the first time Cu abundancefs In main sequence
Prochaska et RI| (20p0) who, to our knowledge, are the oreg orf:Nd giants of the same cluster, because Cu is not expected to b
who have made use of the strongest line of Mult. 6 in the near ﬁ\asny destroyed or created. This test will indicate thiabelity
frared. While for stars of metallicity above —1.0 one mayéav of our quelllng._ Globular _Clusters NGC 6397 and NGC 6752
choice of several lines to use, when going to metal-poosstafPan @n intéresting range in metallicity 2.0 to 1.5, which

for instance below —1.5, the only usable Cu abundance indiégle\’am for a large fraction of the observations in fieldsta

tors are the two strongest lines of CMult. 2 in giant stars and
the resonance lines of Mult. 1 in both dwarfs and giants. Ttye
advantage of the lines of Mult. 1 is that they are very strong,
at high metallicity they are strongly saturated and therefomt
ideal for abundance work, but, they remain measurable downthe spectra_analysed here are the same 4s in Pasquir et al.
an extremely low metallicity. Bihain etlaf. (2404) have bebte (p00#) and Pasquini etla]. (2§07) and described in the abmve p

1 we refer to the multiplet designation 45) 2 httpy/archive.eso.org

Observations and equivalent width
measurements
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Table 1. Atmospheric parameters of the programme stars. 3. Cu abundances

3.1. Atomic data
Star Ter  logg [FeH] ¢

K [cgs] dex kms! To determine the Cu abundances for the TO stars we used the
CI* NGC 6752 GVS 4428 6226 4.28 -1.52 0.70  Curresonance lines of Mult. 1 at 324.7 nm and 327.3 nm. The
CI*NGC 6752 GVS 200613 6226 4.28 -156  0.70 loggf values were taken fro 75) and the hyperfine
Cl* NGC 6397 ALA 1406 6345 410 -2.05 1.32 structure and isotopic shifts for tRéCu and®>Cu isotopes from
CI*NGC 6397 ALA 228 6274 410 -205 132  Kurucz (199p). We used the same sources for the two lines of
Cl*NGC 6397 ALA2111 6207 410 -2.01 132  \ft.2 at 510.5 nm and 587.2nm that we used for the giant
HD 218502 6296 413 -1.85 1.00 stars. The line list used for the computations is given ae-in
Table[$. The line at 327.3 nm is free from blends in metal-poor
TO stars and the continuum is usually easily determined. The

pers. They were obtained with the UVES spectrograph (Dekffonger 324.7 nm line, though, lies in a more complex spec-

ion. The only truly blending feature is a weak OH line
etal.[200D) at the ESO VLT-Kueyen 8.2m telescope. We here region L .
the blue arm spectra, which are centred at 346 nm. Both clg24-7615nm), but, the line is on the red wing of a complex
ters were observed with &' Xslit and a 2x 2 on-chip binning, end, mainly of iron lines, of which several have poor gfg

which yields a resolution of about 40 000. The reduced specﬁ‘alues' The continuum is morefficult to determine for this

were downloaded from the ESO archive, thanks to the improvig: 91ven the larger line crowding in this region. We exper
strategies for optimal extractiop (Ballester ek[al. 20063, SN mented with diferent choices for the Van der Waals broadening

: : ; f the lines, the ABO theory (Anstee & O'Md[a 1995; Barklem
ratios are greatly |.mproved_ compared to what was prewou%yo,lvIara 1997 [Barklem gc(dl 19984.0) ail(tl thg WIDTH ap-
ava||lable. The equalgnt_vxr/]ld:]hs (EWs) of the tWOdIOIHIeS of roximation [Ku,rucli 10033 20b5' Casyidalli 2D05, see y
\I\//iléjetalinvxiﬁgeonrlel;séu_:_(;bl\évlé. the IRAF tasplot and are pro- f1998). For the transitions under consideration the WIDTH ap

In addition to the four cluster stars we analyse the field stgFOXImatlon and the ABO theory yield aimost identical vaiue

HD 218502 as a reference. Its atmospheric parameters @@ clo

to those of the cluster stars. For this star we work with th®2. Atmospheric parameters

data used by Pasquini et| dl. (2p04) as well as with the data ob- _

served in 2005, in the course of ESO programme 76.B-0133 (3¢ adopted atmospheric parameters for our programme stars
Bmiljanic et a][2008). For this star we used six spectra:vitb aredgw“‘ 1 and were taken frgm Pasquini p{ al. (2004)
170 and 2x 2 binning, two with 20 and 1x 1 binning, two with andPasquini et al (2007). For the giant star CI* NGC 6752 YGN
172 and 1x 1 binning. Each pair of spectra was coadded, tr#0 we adopted the atmospheric parametefs of Yond ¢t al.[{2005
equivalent widths were measured on the coadded spectrum Bf# the two NGC 6397 we adopted the atmospheric
then the three equivalent widths were averaged. The spettr@arameters df Grattbr (1982). For the reader’s convenitirece

all the five stars analysed here are shown in ﬁig. 1[hnd 2. atmospheric parameters of the giant stars are providedamere

One of the goals of the present analysis is to compare the 1 in Tablefy.
abundances in the TO stars with those measured in gianidtars
the same cluster. For NGC 6752 we can rely on the recent ang
ysis by|[Yong et gl.[(2005), who analysed 38 giants in this-clus’
ter, making use of high-resolution highiNsratio UVES spectra. For each star we computed a 1D model atmosphere using ver-
The atomic data used 4l. (2D05) are the same as thsisa 9 of the ATLAS code[ (Kurutf 1993R, 2005) under Linux
here used. The analysis is based on 1D ATLAS models and L{Ebordone et alf 2004; Sbordphe 2005). We used the opacity
spectrum synthesis. That the ATLAS models employed by Yomiistribution functions described dy Castelli & Kurdcz (H)0
etal. {200p) use the approximate overshooting option in&$L. and microturbulent velocity 1 knTs, the mixing-length param-
while those we use do not, brings about only mindfedences. eter,am. 1, was set to 1.25, and the overshooting switchffd o
Thus the measurements|of Yong €t fil. (2005) are directly coffhis model atmosphere was used as input to the SYNTHE code
parable to our own. The measurementk of Yonglef al. {2005) a§€uruc[1993b[ 20(5), with éfierent Cu abundances, to com-
however, based only on the strongest line of Mult. 2. Becaugese pute a curve-of-growth for each line. The Cu abundances were
aim to compare the abundance derived from the lines of Multdkrived by interpolating in these curves of growth. The eorr
and Mult. 2 we retrieved UVES reduced spectra of one of tlsponding abundances are given in the second column of Table
stars of[Yong et &l.[(20p5) from the ESO archive: CI* NG, theo is the variance of the abundances of the two lines. The
6752 YGN 30. We used three spectra of 1800 s obtained wabundances for the individual lines can be found on-lineaiold
the dichroic # 1, the blue arm spectrum was centred at 346 fin
and the red arm spectrum at 580 nm. The slit was set@irl The use of three dimensional hydrodynamical simulations to
the blue arm and’@ in the red arm; the CCD binning was<Il  describe stellar atmospheres (hereafter 3D models) hawled
for both arms. The corresponding resolution-ig5 000 for the the important notion that the outer layers present steeger t
blue arm and- 60000 in the red arm. perature gradients than predicted by traditional 1D staticiel

For the cluster NGC 6397, though, we were unable to firmospheres| (Asplund et|dl. 1999; Asplund 2005; Gonzalez
any recent analysis that included the measurement of Cactn fHernandez et a). 2008) and that thieet is considerably more
the only measurement of Cu in this cluster which we could fingronounced for metal-poor stars. In addition to th&edent
is due to[ Grattdn[(1982). In order to make fhe Gratfon (L98&)ean temperature profile, the 3D modelgti from traditional
measurements directly comparable to our own we used the plib- models because they account for the horizontal temperatu
lished EWs of the Culines of Mult. 2 and derive the abundancefluctuations. Both #ects may or may not be important, depend-
with our models, spectrum synthesis codes, and atomic data.ing on the line formation properties of the transition unden-

k. Model atmospheres and spectrum synthesis.
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Table 2. Copper abundances for the programme stars.

L4 g Star A(Cu o AlCu o
[ 1D 3D

16 g CI* NGC 6752 GVS 4428 323 0.08 256 0.16
< [ ] CI* NGC 6752 GVS 200613 3.01 0.05 223 0.07
= -18r ] CI* NGC 6397 ALA 1406 133 0.03 0.74 0.05
v F 1 CI* NGC 6397 ALA 228 130 0.03 0.73 0.05
8 ook ] CI* NGC 6397 ALA 2111 119 0.02 0.60 0.02
- i ] HD 218502 152 0.09 095 0.04

2.2f .

Table 4. Mean copper abundances for the two clusters.
_2'4%H‘1““1“quuxuuxuuxu‘i
00 05 10 15 20 25 30 35 Star A(Cuy) o ACCuy o
1D 3D

A(Cu)

NGC 6752 dwarfs  3.04 0.07 228 0.12

Fig.3. Curves of growth (COG) for the Gu327.3nm transi- NGC6752giants ~ 2.03  0.05 1.98  0.05
tion. The dotted line to the left is the COG for the 3D modelmgg ggg; d‘i’;?];fss i'i‘g 8'2? g'gg 8'(1)‘;
d3t63g40m20n01, the three solid lines to the right are tiioise 9 . ' ' .
the corresponding 14[pp model for three values of the micro-
turbulent velocity: 0.5, 1.0 and 1.5 km's bottom to top. The
dashed line is the 3D COG shifted arbitrarily b§.58 dex along ate; the 3D abundance is obtained by applying the interpalat
the x-axis. This highlights that the shape of the 3D COffedé 3D correction to the 1D abundance.
from that of the corresponding 1D COGs and therefore the 3D The line formation computations were performed using
correction depends on the EW of the transition. SYNTHE for the ATLAS models antinfor3D for all other mod-
els. As a consistency check we udedfor3D with an ATLAS
model as input and verified that the line profiles and EWs are
sideration. In order to investigate thed®eets for the Culines consistent with the results derived from SYNTHETLAS. The
we used several 3D models computed with the d0@8BOLD  difference between the two line formation codes amounts to a
(Freytag et dI[ 2004, 20p3; Wedemeyer étfal. 2004). The chfew hundredths of dex in terms of abundance, a quantity hat i
acteristics of the 3D models employed in this study are givétielevant with respect to the size of the 3D correctionsaind
in Table[B. The line formation computations for the 3D modekonsideration.
were performed with theinfor3D codd]. For each 3D modelwe  For three out of the six TO stars under study, tha Ges
used also two reference 1D models: #3D) and the 1yp, are strong (EW 4.0 pm), therefore they are surely in the satura-
which we define below. tion regime. Their 3D correction depends on the adoptedanicr
The (3D) models are computed on-the-fly lynfor3D by turbulence in the adopted reference 1D atmosphere. Toliéke t
averaging the 3D model over surfaces of equal Rosseland ape account, dferent 1Dyp curves of growth were computed
tical depth and time. Thé&3D) model has, by construction, thewith microturbulent velocities of 0.5, 1.0 and 1.5 kmsto al-
mean temperature structure of t8®°BOLD model, therefore low us interpolation to any desired valuef&fFor weaker lines
the diference in abundance A(3D)-&D)), allows us to single the microturbulent velocity does not play a fundamentas rab
out the défects caused by temperature fluctuations (seaG& that the 3D correction is mostly insensitive on the choicthis
Ludwig R0OOY). parameter. We find that the 3D curve of growth is not a simple
The 10 xp model is a 1D, plane parallel, LTE, static, modelranslation of a 1D curve of growth, but has a distinct shée.
atmosphere and employs the same micro-physics and opacitgsample to illustrate thefiect is shown in Fid]3. An immediate
theCO®°BOLD models; itis computed with the LHD code. Theseonsequence is that for all lines we considered, the 3D corre
models are our models of choice to define the “3D correctiotibn depends on the EW, even for the weaker lines. We note that
as A(3D) - A(1D0Hp), where A is the abundance of any given elthe dependence of the 3D correction on the microturbulenee i
ement. More details on the LHD models may be found ifi&la plies that the abundance obtained by applying the cormettio
& Ludwig (RO0T) and C#au et al. (201)0). an abundance derived from a 1D model depends on the adopted
In any givenLinfor3D run we made computations also for thenicroturbulence. One of the reasons to prefer the use of 3@ mo
(3D) model and for a 1Dyp model, with the same g, logg, els is to avoid the use of this parameter. The correct wayett tr
and metallicity as the 3D model. this is, not to use the 3D correction, but to derive the abooda
The computation of a 3D model is still very time consumby an interpolation in a set of 3D curves of growth, or to use
ing, even on modern computers (several months), it would Bgitable fitting functions, as done for lithium
impractical to compute a specific 3D model for any set of o@010). But this requires the use of a larger set of 3D models,
atmospheric parameters. Our strategy is therefore th@nfisiy:  Which bracket theféective temperatures of the studied stars. For
we perform an abundance analysis with ATLAS model atm#e purpose of the present exploratory investigation wiebel
spheres computed for the desired set of atmospheric pagenethe approach of using 3D corrections is adequate, espebil
we use a grid of 3D models with atmospheric parameters tif@use the conclusion of the study is that 3D-LTE abundances
bracket the desired ones and compute the relevant 3D corr@e unreliable. Finally we point out that it may be that cotre
tions by linear or bi-linear interpolation in the grid, agappri- 3D_models do not correctly capture turbulence at small scale
(Stefen et al] 2009). If this were indeed the case all abundances
3 httpy/www.aip.dg¢~msyLinfor3D/linfor_3D_manual.pdf derived from saturated lines are doubtful, whether theydare
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Table 3. CO°BOLD models employed in the study.

Model T logg [M/H] N time te Resolution Box Size
K s s Mn?

d3t509g25mm10n01 4990 2.5 -1.0 20 475990 14119 169160x200 5732x5732x 2454
d3t50925mm20n01 5020 2.5 -20 20 403990 1388.3 160160x200 5840 x 5840 x 2454
d3t63g40mm10n01 6260 4.0 -1.0 20 43800 12.2 14@ 140x 150 260x 260x 128
d3t63g40mm20n01 6280 4.0 -20 16 27600 49.0 148 140x 150 261x261x128
d3t63g45mm10n01 6240 4.5 -1.0 20 24960 16.0 14@ 140x 150 70x7.0x4.0
d3t63g45mm20n01 6320 45 -20 19 9120 15.9 148 140x 150 70x7.0x4.0

rived applying a 3D correction or directly derived from th 3
curves of growth.

We therefore computed the 3D correction for each of th
measured EWSs for each of the relevant 3D models. In general t
3D correction will also depend on the treatment of convexiio
the 1D reference model, hence on the adoptgd . The lines
under consideration do not form in the deepest layers, wdrieh
the most &ected by the choice a@fy 1, thus they are insensitive
to it. All 1D yp models employed havey r= 1.0. The com-
puted A(3D) — A(1Qup) corrections, as well as the A(3D) — 0.0 T 2
A((3D)) corrections are given on-line in Tatle 8. The 3D abun- 6 4 2 0
dances provided in Table 2 are obtained by applying to the 1D logt,
abundances the 3D corrections in Tahle 6, which were oldaine
by interpolating the corrections in Taﬁe 8. Fig.4. Contribution functions of the EW at disc-centre, de-

. Lo - fined in a way that their integral over lag gives the EW
The six stars under study have very simil&eetive temper- .
atures.AIIarewithinroughlleOKoftheTectivetemperatures |198F), for the Cu324.7nm line and the model

of the 3D models listed in Tab[g 3 &~ 6300 K). Therefore it d3t63g40mm20n01 for two flerent values of Cu abundance.

is not necessary to include more 3D models and perform an [R-the upper panel A(Ce.2, in the lower panel A(Ce)lL.7.
terpolation in &¢. The metallicities and gravities of the models e solid "T‘eS refer to the 3D model, the dashed lines to the
in Table[} bracket the metallicities and gravities in Tqjle\ve  cOrresponding 1Qip model.

used a bi-linear interpolation in metallicity and gravity the

two stars of NGC 6752 and for HD 218502. The three stars of v v v
NGC 6397, though have a metallicity of almost —2.0, therefor 1.0
linear interpolation in surface gravity wasfBaient.

dEWAISY T (pm)

1.2
0.8
0.4
0.0
4.0

L RN A N R R R RS R
PRI BRI BATS NN ST ST

0.8

pm)

The computation of 3D models for typical giant stars is much=
more time consuming than for F-type and cooler dwarfs. The ra 0.6

LA L B L L B B

.. . . . . o
diative relaxation time in the surface layers of warm gidvés 35
comes significantly shorter than the dynamical time scatéchy = 0.4
makes it computationally expensive to properly capturdithe 5 0.2

evolution of the system. At present we have only two fully re- b
laxed models of metal-poor giants. The parameters are given  0.0L
Table[} and the metallicities are —1.0 and —2.0. The surfeme g -6
ity is larger than that of the majority of the giant stars gsatl log T,

in either cluster. Only the faintest stars analysee

([003%) have parametersqTand log g close to those of our gi-Fig. 5. Contribution functions for the C15610.5nm line and the
ant models. In spite of this we believe that we can use the 3mpdel d3t50g25mm20n01. The solid line refers to the 3D model
corrections derived from this model, as a first order appnaxi the dashed line to the corresponding 4B model.

tion as representative of the corrections in giant starsati b

clusters. This is possible because the 3D corrections #nerra

small, especially when compared to those of dwarf starss Tiaif —0.1 to the abundances of giant stars in NGC 6397 and —-0.05
is partly because giant 3D models do not show a pronoundedhose of NGC 6752.

over-cooling, compared to 1D models, as dwarfs displays Thi

conclusion is also based on the examination of several boé&ps

of not fully relaxed giants of dierent atmospheric parameters4. Results

which we are in the process of computing. The 3D correction f

the giant models is —0.1 dex for both the examined [hes of %.1. HD 218502

Mult. 2 for the model of metallicity —2.0 and 0.0 dex (actyall The analysis of the reference star HD 218502 shows that the
+0.01) for the model of metallicity —1.0. We apply a correntioabundances derived from the two (esonance lines (Tab[b 6)

v b b b b by
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agree well, both with 1D and 3D models. This gives us cothe two CCDs. The two lines (324.7 nm and 510.5nm ) provide
fidence in the reliability of the atomic data used. It also-sugnconsistent results, the line of Mult. 1 provides an abuwtga
gests that with good quality data, the EWs of both lines can b&t is 0.54 dex higher than that of the line of Mult. 2 (see on-
satisfactorily measured in spite of the complexity of thecsp line TabIeI]S). The abundance we derive from the line of Mult. 2
tral region, especially for the 324.7 nm line. Our 1D abursdansubstantiallly agrees with the measurd of Yong k{al. (200%)
(A(Cu)= 1.52+ 0.09) agrees, within errors with what reportechbundance is 0.13 dex smaller. Of thiffigiience 0.05 dex are be-
by Bihain et a). [2004, A(Cw) 1.70+0.17). We note a small dif- cause we use ATLAS models without overshooting, while Yong
ference in the fective temperature adopted in the two analyses al. (200p) use models with overshooting, the remainiffgudi
(about 100 K) and a élierence in the data: our UVES spectra arence should be attributed to dfgérence in the measured EW and
of considerably higher quality than the CASPEC spectra bgedpossibly to the dferent spectrum synthesis codes used (MOOG
Bihain et al. [2004), who measured only the 327.3nm lines Thby [Yong et a][ 2005 and SYNTHE by us). The 3D corrections for
agreement is expected because the atomic data are the sanith lines of Mult. 1 and Mult. 2 are small and agree to within a
the two analyses and the 1D model atmospheres used are sfavirhundredths of dex. The abundance from the two lines danno
lar, the main dference being the overshooting. This check sufpe brought into agreement by using 3D models.
gests that we may reasonably assume that our Cu abundances
should be consistent with those |of Bihain e} al. (3004), Wwhic
are based on the UV resonance lines. An inspection of Fig46t. Giant stars in NGC 6397
of Bihain et al. [2004) suggests that these measurements sub
stantially agree with those ¢f Mishenina e} @l. (3002), alace The error in the mean of the two giants is 0.18 dex, which is
essentially based on the measurements of the lines of Multe2sentially identical to the estimatet982).afdbx
Yet one should take into account the large error bars thateleron the copper abundance. Even making use of 1D models the
from the relatively poor 8 ratio that is achievable in the UV abundance of the giant stars is considerably higher thanein t
range. dwarf stars.

The 3D correction for the lines of Mult.1 is large and the 3D
abundance in this star is well below all the measuremenisirt g
stars of similar metallicity. An application of 3D corremtis to
all measurements ¢f Bihain et|dl. (2D04) would probably brea
the agreement with the measurements of Mishening ¢t al3f20G5. Effects of atmospheric parameters
We have inspected the available red spectra of HD 218508eto s

if any of the lines of Mult. 2 could be deteCted, but this was NQ\/e intend to quantify thefiect of Changing a’[mospheric param-

the case. eters on the derived abundances. The abundances derived fro
the Curresonance lines are fairly sensitive, for a neutral species
4.2 TO stars in NGC 6752 and NGC 6397 to the adopted surface gravity. For dwarf stars a chang®@b

dex in log g induces a change ®0.1 dex in abundance. For the

For the cluster stars there is also a good consistency bettvee giant stars they are only slightly less sensitw8,06 dex. On the
abundances derived from the two resonance lines for any giveher hand for giant stars the dependence on gravity of the-ab
line, in spite of the much lower/N ratios in the cluster stars. dances derived from the lines of Mult. 2 is very week01 dex.
This suggests that there is no major inconsistency in the EAW inspection of on-line Tablﬂ 8 allows us to estimate tfiect
measurements. of surface gravity on the 3D corrections for the lines of Milt

The weighted mefpof the abundances of the clusters, reBy increasing the gravity by 0.5 dex, the 3D correction iases
portedin TabI(E|4, displays an error in the mean that is restslgn by 0.1 to 0.2 dex, depending on how saturated the line iseSinc
small. We believe that the mean abundances for the two ctustide 3D correction is negative, this means that it decreasals-i
obtained from the dwarf stars are indeed representativheof solute value. The opposite trends with surface gravity enlih
Cur abundance derived from the lines of Mult. 1. Consideringbundance and 3D correction imply that the tviieets tend to
that each spectrum of a TO star in these clusters amountsémcel and the overall sensitivity of the 3D abundance diacear
about 10 hours of integration with UVES, it is unlikely that i gravity is small.
the near future better data or data for a larger number of star

will be available, although it would clearly be desirable. The dependence of abundances Gaative temperatures for

the lines of Mult. 1 is similar for dwarfs and giants, and i®ab
+0.2dex for a change o£100 K in dfective temperature. To
4.3. Star CI* NGC 6752 YGN 30 evaluate the dependence of the 3D corrections on fileeteve

In this star. like in the ofh iant st b b Vormlkt temperature we used four models, extracted from the CIFIST
n this star, like in the other giant stars observed by Yonallet grid ([Cudwig et a][200B). All four models havefective tem-
(2003), both the lines of Mult. 1 and of Mult. 2 are measurab'%erature around 5900 K,)their metallicities are —1.0 an@ a@d
which provides for a consistency check. We did not measwre fiheijr [og g 4.0 and 4.5. The result is that for a decrease oft300
line at 324.7 nm since the region is extremely crowded inetheghe 3D correction increases by 0.2 dex. Again the variatfahe
cool giants, but the line at 327.3nmis clean and unblended. F3p correction goes in the opposite direction with respethéo
Mult. 2 we only measured the 510.5nm line, since the other lijariation in the 1D abundance. Combining the results we con-
is not present in the spectrum, because it falls in the gape®st  c|yde that a decrease of 300K iffective temperature results in

a decrease by 0.4 dex in copper abundance (3D).
4 The error on the weighted mean has been taken to be the largest y PP (3D)

T\t VL 1 < oo For the giants stars we also estimated the variation of the
between (Z (,—iz) and \/(Z ;iz) X o L T2 Wherex are  abundances derived from the lines of Mult. 2, which amounts

the data points-; are the associated errots) is the mean value amd  to about+0.1 dex for a variation o100 K in efective tempera-
is the number of data point (see elg., Agelfan 1972, pages5ay— ture.
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Fig.7. Comparison between the curves of growth for the
] 327.3nm line computed for the two models shown in Eig.6.
- T.,=6300logg=40[MMH]=-2 - Solid symbols correspond to the 6 bin model and open symbols
2F Lo - to the 12 bin model.
12 bin model ]
-6 -4 -2 0 the mean temperature structures of the two models. Obyiousl

the diference is smaller than what is displayed by the models
1 dex more metal-poor shown by Behara gtlal. (P009). The qual-
Fig. 6. Comparison between the temperature structures of tfglivé conclusion is confirmed by comparison of the curves o
models with &= 6300, log g 4.0 and metallicity —2.0, com- growth. In F'gﬂ? the curve of_growth for the 327.3nm line used
puted with 6 and 12 opacity fierence. The dierence is not as Irr]otmhethperesgrrr]éslg\(l)en?jtilggtfzn tl)sincr%n(:gglr eigoc;?]eb%ngp%?gncegggg
)és itis at lower metallicities (see Fig. 1|of Beharalt 4rom the plot, for a given equivalent width the 12 bin modell wi
yield a Cu abundance that is higher by approximately 0.1 dex,
thus correspondingly decreasing the 3D correction.
6. Hydrodynamical models and spectrum Another matter of concern is that the current version of
Linfor3D treats scattering as true absorption. That is to say, al-
though scattering processes such as Rayleigh scatteffitny-0
Clearly the large 3D corrections derived for thei@asonance drogen atoms are taken into account as opacity sourcesein th
lines are driven by the fact that in the outer layers the hggro solution of the transfer equation the source function iegeial
namical models are considerably cooler than the correspgndto the local Planck function, without a term depending on the
1D models, the so-called “overcooling”. This shifts theigaa mean radiation intensitys, = B,). To which extent can this ap-
tion equilibrium towards neutral copper, and as a consezpiemproximation dect our computations, especially in the near ultra-
the line contribution function shows a strong peak in thage | violet, where scattering processes are a non-negligilbiecsf
ers, contrary to the 1D model (se Hib. 4). From a physicaltpoiapacity ? We assessed this by using 1D models and 1D spectrum
of view this is expected, simply because the hydrodynamicginthesis. We used a slightly modified version of the SPECTRV
model is observed to transport flux through convection evende in the SYNTHE suite so that scattering is treated as true
in layers where the corresponding 1D model is formally stabsorption when the card SCATTERING OFF is set in the input
ble against convection (overshooting). One should howaskr model (see e.d. Castpfli 1988). We computed line profilek bot
to which extent the computed overcooling depends on the agth SCATTERING ON and SCATTERING OFF for the model
sumptions maddg. Bonifa¢ip (2410) pointed out thigedence in  at Ter= 6296 K log g= 4.0 and metallicity —2.0 (rlevant to HD
the overcooling for metal-poor giants computed Wih>BOLD  218502) and for the modelif= 4943 log ¢ 2.42 and metallic-
and that computed by Collet et]a]. (2p0f7). Behara ktfal. (R0G8 —1.5 (relevant to CI* NGC 6752 YGN 30). It turns out that
pointed out that for extremely metal-poor dwarfs the ovelco in both cases the fierence is irrelevant to our analysis (0.6% in
ing is considerably less iI@O°BOLD models computed with 12 the continuum and 0.03% in the residual intensity for therfiwa
opacity bins than in models computed with 6 opacity bing likmodel and 14% in the continuum and 2% in the residual inten-
the ones used here. sity). The dfect of treating scattering as true absorption is very
For the time being we have relatively f@0°BOLD models similar on the continuum and in the lines, thus implying a kma
computed with 12 opacity bins, among which we have one widffect on the residual intensity and equivalent width.
parameters identical to one used in the present invesiigati  Recently|Hayek et lf (20110) have introduced a proper treat-
Ter= 6300, log g 4.0 and metallicity= —2.0. In Fig[b we show ment of scattering in their magneto-hydrodynamical sirtioie

synthesis.
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code, BIFROST. For the Sun and solar-type stars they do ribt fiwhere photons from a hot up-draft may transfer horizontadigt

a significant impact of continuum scattering on the tempeeat overionise a neighbouring cool down-draft. A morpholodica
structure. We thus believe that although the impact of a grogsimilar situation is indeed observed for the dioublet in metal-
treatment of scattering needs to be investigated in metai-p poor stars[(Asplund et HI. 2003; Cayrel et[al. 4007). In LTE th
dwarfs, it seems unlikely that the results presented hdtédwi contribution function displays a double peak, with a sufsth
seriously challenged by this. contribution from outer cool layers, in NLTE this peak isiegly
suppressed by overionisation. The nearly exact canaailte-
tween 3D and NLTE correction that takes place for thedau-

blet, and results in 3D-NLTE abundances in very close agree-

If we consider the abundances in Tajle 4 at face value we dre féent with 1D-LTE abundances, should not be taken as a general
to the inescapable conclusion that the Cu abundances irfsiwagle. Nevertheless we believe that thei@ines of Mult. 1 cannot
and giants do not agree. Even though the abundances are alfigglescribed by 3D-LTE computations, but NLTiEeets should
compatible, within errors, at least in the 1D case, thisesyst be properly accounted for.
atic difference should not be overlooked. The behaviour is dif- This leads to the question of how reliable the LTE approx-
ferent between the two clusters: in NGC 6752 the dwarfs prgnation is for the 1D computations. That even in 1D the abun-
vide ahigher abundance than the giants, while in the case @ances in dwarfs and giantsfigir by a factor of the order of 2,
NGC 6397, they provide bower value than the giants; this bothsurely prompts to see if for NLTE computations the two sets of
using 1D and 3D models. For NGC 6752 théfelience in 1D abundances may be broughtinto agreenjent. Bihainj ¢t al4§200
abundances is of one order of magnitude (1 dex), but this-is #ged to fit the Cu lines of Mult. 1 in the solar spectrum, but were
duced to only 0.3dex if we look at the 3D abundances, whi¢thable to reproduce the core of the lines. This was attribute
are almost compatible with the errors. The situation isnes@ mainly to the presence of a chromosphere that influences the
in NGC 6397, in 1D the abundances of dwarfs is only 0.15 déeres of strong lines. Deviations from LTE, however, couéd b
lower than that in giants, while in 3D, the diferece is 0.9 .denother, possibly concomitant, cause for the failure toaeypce
This behaviour may be understood in terms of théedént line the line core in LTE. For Pop Il dwarf stars chromospheric ef-
formation properties in dwarfs and giants and how they chanfgcts should not be strong, in view of their old age, evenibeh
with different Cu abundance. In F@. 4 we show, as an examphgspheres were present.
the contribution functions of the EW at disc-centre for orie o  Let us finally consider the Cu abundances in giant stars. Our
our models for a dwarf star, for twoftierent Cu abundances. Inlimited computations suggest that they should ndiesuarge
the top panel A(C10.2 and the line is on the linear part of the3D efects. The test we conducted for the giant star in NGC
curve of growth, in the bottom panel, A(Gt)).7 and the line 6752 suggests that the LTE synthesis does not allow us to re-
is saturated. In both cases the 3D contribution functioreiy v produce satisfactorily the lines of Mult. 1 and of Mult. 2 inthe
different from the 1D one and is peaked in the outer layers $dme Cu abundance. Indeed the discrepancy is quite lafge (0.
the atmosphere. The formation of the lines of Mult. 2 in the adlex); significant deviations from LTE for either or both sefs
mospheres of giants is instead much le§saied by 3D fects, lines could be responsible for this. Which should be furiher
as depicted in Figﬂ 5. The contribution functions of the $ind vestigated in order to produce reliable Cu abundances. ide e
Mult. 1 in the giant model are morphologically similar to vl  lution of copper with metallicity, essentially based on thea-
shown in Fig| b, confirming the weak overcooling presentis thsurements of Mult. 2 in giant stars, shows a rather sharp drop
model. While the above arguments explain the behaviouref ti [Cu/Fe] around [FgH]=-1.5. This means that it takes place
3D corrections, they have no bearing in the abundarféerdnce around A(Cu2.0. In the curve of growth for the 510.5nm line
that we find between dwarfs and giants. of Mult. 2 for our giant model, this is roughly the abundanace f

In these situations one has always to consider two possilbich the line begins to enter in the saturation regime. & th
alternatives: i) the dierence is true and has an astrophysical ofur lines of Mult. 2 siffer deviations from LTE it is likely that
gin; ii) the difference arises from shortcomings in the analysis. these depend on the line strength and may show a rather sharp
our opinion hypothesis i) must be discarded. It seems extiemchange just when the line enters a saturation regime. This be
far fetched to devise a physical mechanism by which Cu shouldviour is observed, for instance, for the sodium D line® (se
be overabundant in dwarf stars, like in NGC 6752, while the r&ig. 6 of [Andrievsky et dlf 2007). These considerations eend
verse is true in NGC 6397. Where giants have a higher Cu ab®-TE computations for Cu very desirable.
dance, one could imagine to explain such a scenario either by Unfortunately, to our knowledge, up to now no such compu-
invoking diffusion in TO stars, or Cu production in giant stardations have been published, nor does a Cu model atom exist.
or perhaps even a combination of both. However, an examina- Among the possible causes for the discrepancy in abun-
tion of Table|]4 shows that theftitrences that need explanatiordances between giants and dwarfs one may also consides error
are far too large to be created byfdsion, and the Cu produc-in the atmospheric parameters. One may conclude that this ca
tion would also have to be highhfficient. In addition note that not be the case by noticing the discrepancy between the Gu abu
the Cu abundances in the large sampl§ of Yonglef al. [2005) demce derived from Mult. 1 and Mult. 2 in star CI* NGC 6752
extremely uniform, which speaks against Cu production. YGN 30, for which lines of both multiplets are measured. @ive

Thus we are left with the conclusion that the abundanteat the response of both multiplets to a changdiieative tem-
determinations in either dwarfs or giants, or both, are \gronperature is similar, the conflicting results cannot be resthby
Let us start by examining the 3D abundances in dwarf stachanging the #ective temperature. Of course the discrepancy
Contribution functions like those shown in Fi§j. 4 must giiser between the two multiplets can be resolved in 1D by invoking
to concerns about the LTE approximation used in our computahigher microtrubulence, but it would be necessary to ridise
tions. The outer and less dense layers of the atmospherelywhiy 1 kms?. This increase would then cause a strong trend be-
contribute mostly to the line EW, are those in which the photdween iron abundances and equivalent widths. Furtherrh@se t
mean free path is longest and deviations from LTE may be exeuld not allow us to solve the discrepancy in the 3D analysis
pected. The situation is even more extreme in a 3D atmosphbrdeed while the 3D correction for Mult. 2 would not change si

7. Discussion
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nificantly with this increase in microturbulence, those aflM1 treatment of these lines should be used. When treated in 1D
would increase by about 0.4 dex, thus breaking the agreemtir@se lines yield abundances which, in the studied casiésr di
between the two multiplets forced in 1D. Formally one can cefrom the abundances in giants by 0.2 to 1dex, but tlkedi
tainly find a value of the microturbulence that forces the 1Bnce can be in either direction (lower or higher abundance in
abundance plus 3D correction of the two mutliplets to be Bqudwarfs). That the dwaffjiant discrepancy is in opposite direc-
while leaving a discrepancy in the 1D abundances. This hewevions for two clusters that ffer by only 0.5 dex in metallicities
would again cause an abundance spread among lines of otheakslo suggests that NLTE alone might not be able to recortale t
ements (e.g. iron) and can hardly be invoked as a solutidmeof tabundances in the two groups of stars. Whether the combimati
problem. Although at the moment we do not have enough 39 3D and NLTE éfects may achieve this is an open issue, al-
models for giant stars to perform a full 3D analysis, as done khough it seems to be doubtful. Clearly a new investigatidbwo
Sbordone et al| (201L0) for lithium, we believe that our ressim-  abundances in giants of NGC 6397 would be highly welcome, to
dicate that this analysis will provide discrepant abun@aricom place this discussion on firmer grounds.
the two multiplets. Investigation of departures from LTE both in dwarfs and gi-
Let us further consider if changes in the atmospheric paraamts is needed to place the copper abundances on a firm footing

eters of giant or dwarf stars in either cluster may allow us tithout knowledge of these departures we recommend that the
reconcile their copper abundances. As discussed in[$ede5 aabundances measured in giants from lines of Mult. 2 should be
crease in ffective temperature of 300K in dwarf stars implies @referred for the studies of chemical evolution. The mairtimo
decrease by about 0.4 dex. Therefore for the dwarf stars i@ N@ation for this recommendation is that the 3ffeets for the Cu
6752 a decrease irffective temperature by about 225K whildines used in giants are rather small.
keeping the temperature of giants constant, would reosticd
copper abundances of the to sets of stars. While not implauginowiedgements. We are grateful to L. Pasquini for many useful comments
ble, this change would certainly cause a mismatch in the -abwn an early version of this paper. The authors P.B., E.CGH.-acknowledge
dances of other elements between giants and dwarfs, most fitg@ncial support from EU contract MEXT-CT-2004-014265K(3T). We ac-
tably iron, which would become Iessgabundant in dwarfs than ffnowledge use of the supercomputing centre CINECA, which granted us

. . . fime to compute part of the hydrodynamical models used m ithiestigation,
giants. While one could argue that atmospheric phenomema Sk, g1 the INAF-CINECA agreement 2006, 2007.
as difusion may alter abundances of dwarf stars, it seems then
contrived to invoke a dierent behaviour between copper and
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Table 5. Atomic data for the Culines used.

Isotope pl loggf X
nm eV
55Cu 324.7510 -0.868 0.000
53Cu 324.7512 -0.868 0.000
55Cu 324.7512 -0.868 0.000
53Cu 324.7513 -0.868 0.000
55Cu 324.7513 -1.266 0.000
53Cu 324.7514 -1.266 0.000
53Cu 324.7551 -0.421 0.000
55Cu 324.7552 -0.421 0.000
53Cu 324.7553 -0.868 0.000
53Cu 324.7554 -1567 0.000
55Cu 324.7554 -0.868 0.000
55Cu 324.7555 -1567 0.000
83Cu 327.3927 -0.864 0.000
83Cu 327.3930 -1.563 0.000
83Cu 327.3969 -0.864 0.000
83Cu 327.3972 -0.864 0.000
55Cu 327.3925 -0.864 0.000
55Cu 327.3929 -1563 0.000
55Cu 327.3970 -0.864 0.000
55Cu 327.3973 -0.864 0.000
55Cu 510.5503 -3.720 1.389
53Cu 510.5505 -3.720 1.389
55Cu 510.5506 -2.766 1.389
53Cu 510.5509 -2.766 1.389
55Cu 510.5509 -2.720 1.389
55Cu 510.5510 -3896 1.389
53Cu 510.5511 -2.720 1.389
83Cu 510.5512 -3896 1.389
55Cu 510.5515 -2.653 1.389
83Cu 510.5517 -2.653 1.389
55Cu 510.5519 -2.398 1.389
83Cu 510.5520 -2.398 1.389
55Cu 510.5530 -2.750 1.389
83Cu 510.5531 -2.750 1.389
83Cu 510.5536 -2.148 1.389
55Cu 510.5536 -2.148 1.389
8Cu 510.5558 -1.942 1.389
85Cu 510.5560 -1.942 1.389
55Cu 578.2053 -2.924 1.642
55Cu 578.2062 -3.225 1.642
53Cu 578.2066 -3.225 1.642
55Cu 578.2074 -2526 1.642
53Cu 578.2078 -2526 1.642
55Cu 578.2105 -2526 1.642
53Cu 578.2106 -2526 1.642
53Cu 578.2117 -2526 1.642
55Cu 578.2117 -2526 1.642
55Cu 578.2173 -2.079 1.642

Table 7. Atmospheric parameters f

or the giant stars in NGC
6752 {Yong et [ 2005) and NGC 63947 (Gral 982).

Star Tar  logg [FeH] &

K  [cgs] dex kms?
CI*NGC 6752 YGN 30 4943 2.42 -1.62 1.27
NGC 6397 211 4210 0.80 -2.0 3.0
NGC 6397 603 4400 1.50 -2.0 2.6
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Table 6. Copper abundances from the individual lines.

Star Type Line EW  A(Cup 3D-1Dp
G/D nm pm dex dex
CI* NGC 6752 GVS 4428 D 324.7 12.66 3.29 -0.62
ClI* NGC 6752 GVS 4428 327.3 11.31 3.17 -0.73
ClI* NGC 6752 GVS 200613 D 324.7 11.33 3.04 -0.76
CI* NGC 6752 GVS 200613 327.3 10.44 297 -0.79
CI* NGC 6752 YGN 30 G 327.3 16.81 2.43 -0.05
CI* NGC 6752 YGN 30 5105 2.32 1.89 -0.05
CI* NGC 6397 ALA 1406 D 3247 535 1.36 -0.58
CI* NGC 6397 ALA 1406 3273 344 1.31 -059
CI* NGC 6397 ALA 228 D 3247 534 1.28 -058
CI* NGC 6397 ALA 228 327.3 394 132 -057
CI* NGC 6397 ALA 2111 D 324.7 5.18 1.17 -0.58
CI* NGC 6397 ALA 2111 327.3 3.64 1.20 -058
NGC 6397 211 G 5105 4.25 1.14 -01
NGC 6397 211 578.2 2.20 146 -01
NGC 6397 603 G 5105 3.61 1.34 -01
NGC 6397 603 578.2 1.62 169 -01
HD 218502 D 324.7 6.57 1.58 -0.60

HD 218502 3273 4.62 1.45 -053
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Table 8. 3D corrections.

model EW(pm) 3D43D) 3D-1Dwp

£=05 ¢£=10 &é=15 £=05 ¢=10 ¢=15

Cur 324.7 nm
d3t63g40m10n01 113.3 -0.623 -0.415 -0.107 -0573 -0.392 -0.115
d3t63g40m10n01 126.6 -0.485 -0.333 -0.067 -0.418 -0.284 -0.052
d3t63g40m10n01 6.57 -0.382 -0.276 -0.197 -0.365 -0.256 -0.175
d3t63g45m10n01 113.3 -0.411 -0.237 Q021 -0405 -0.262 -0.041
d3t63g45m10n01 126.6 —-0.322 -0.192 Q030 -0.298 -0.190 -0.005
d3t63g45m10n01 6.57 -0.325 -0.232 -0.162 -0.362 -0.267 -0.194
d3t63g40m20n01 113.3 -0.929 -0.652 -0.323 -1.228 -0.995 -0.701
d3t63g40m20n01 126.6 -0.790 -0.517 -0.173 -1.061 -0.828 -0.524
d3t63g40m20n01 6.57 -0.565 -0.468 -0400 -0.768 -0.649 -0.560
d3t63g40m20n01 5.34 -0.525 -0464 -0420 -0.676 -0.607 -0.555
d3t63g40m20n01 4.40 -0505 -0462 -0.430 -0.635 -0589 -0.553
d3t63g45m20n01 113.3 -0599 -0.368 -0.058 -1.012 -0.845 -0.619
d3t63g45m20n01 126.6 —-0.545 -0.333 -0.032 -0924 -0.763 -0.534
d3t63g45m20n01 6.57 -0.350 -0.252 -0.187 -0.778 -0.677 -0.599
d3t63g45m20n01 5.34 -0.322 -0.259 -0216 -0.710 -0.649 -0.602
d3t63g45m20n01 4,40 -0.303 -0258 -0.226 -0.674 -0.632 -0.599
Cur 327.3nm

d3t63g40m10n01 113.1 -0.677 -0.423 -0.116 -0.654 -0.421 -0.132
d3t63g40m10n01 104.4 -0.699 -0.443 -0.158 -0.687 -0.451 -0.173
d3t63g40m10n01 4.62 -0.306 -0256 -0.219 -0.281 -0.231 -0.194
d3t63g45m10n01 113.1 -0.446 -0.243 Q016 -0.459 -0.287 -0.057
d3t63g45m10n01 104.4 -0.476 -0.264 -0.024 -0507 -0.326 -0.098
d3t63g45m10n01 4,62 -0.289 -0243 -0.209 -0.314 -0.268 -0.233
d3t63g40m20n01 113.1 -0.831 -0.558 -0241 -1.139 -0.928 -0.648
d3t63g40m20n01 104.4 -0.867 -0.589 -0.326 -1.202 -0.984 -0.704
d3t63g40m20n01 4.62 -0.492 -0444 -0.409 -0.625 -0573 -0534
d3t63g40m20n01 3.94 -0496 -0458 -0431 -0.619 -0.580 -0.550
d3t63g40m20n01 2.60 -0.575 -0553 -0537 -0.686 -0.665 -0.648
d3t63g45m20n01 113.1 -0.621 -0.381 -0.080 -0.965 -0.821 -0.619
d3t63g45m20n01 104.4 -0599 -0.340 -0.087 -1.000 -0.850 -0.655
d3t63g45m20n01 4,62 -0.300 -0250 -0.215 -0.673 -0626 -0.591
d3t63g45m20n01 3.94 -0.291 -0.251 -0224 -0.656 -0.620 -0.592
d3t63g45m20n01 2.60 -0.274 -0.251 -0.235 -0.630 -0.610 -0.594




