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Abstract. We report the detailed analysis of the solar type stars ¢! and(¢? Reticuli are classified as G3-5V and G2V, respec-
¢! and¢? Reticuli. We obtained accurate effective temperaturéisely, according to the Michigan Catalogue of Spectral Types
(Teg =5746+ 27 K and 5859t 27 K respectively) and surface(Houk & Cowley, 1975). They have common proper motions
gravities (lg g = 4.54+ 0.02 and 4.46+ 0.01 respectively). and radial velocities. Da Silva & Foy (1987), who made a de-
Both stars are slightly metal deficient ([Fe/H}0.224 0.05) tailed spectroscopic analysis of these stars, found for both of
and their element abundance patterns are compatible with ¢mem a high surface gravity @og = 4.70) typical of metal de-
another and with the Sun. ficient, unevolved stars. Their gravity was determined based on
The hypothesis, suggested by previous detailed analyges, T obtained by the authors and on the parallax values avail-
that these stars could be helium rich relative to the Sun, wasle at the time. In spite of their high surface gravity, the metal
investigated. The stars were found to have anormal, solar helioamtent determined by them for these stars was a bit higher than
abundance. the solar one ([Fe/H] = +0.10, with the usual notation [A/H] =
We analysed the stars’ membership of {iderculis stellar log(A/H).. — log(A/H) ). This discrepancy could be explained,
kinematic group (SKG). Some probable members have neaalycording to the authors, if the stars were helium rich, relatively
the same galactic orbital parameters, chemical composition andhe Sun|(Perrin et al., 19[77).
evolutionary states, which confirm the existence of a metal defi- Woolley (1970) has proposed that these two stars belong to
cient SKG. Since we determined thigtlerculis does not belong the ¢ Herculis kinematic group defined by Eggén (1058). Porto
to this group, we propose it be renamgReticuli SKG. de Mello & da Silval(1991) studied the physical existence of this
group on the basis of an abundance analysis. For this purpose
Key words: stars: fundamental parameters — stars: abundantesy used thé' and¢? Ret abundances determined by da Silva
— stars: chemically peculiar — Galaxy: open clusters and asaod Foy. However, there are great discrepancies between differ-
ciations: individual Herculis stellar kinematic group ent authors who have analysed these stars. The effective temper-
atures determined f@f Ret, for example, range from 5600 K to
6072 K. This variation is 3 times larger than the probable errors
cited for the determinations. The determined iron abundances
([Fe/H]) present a variation of 0.52 dex between different au-
¢! and¢? Reticuli form a striking couple of dwarf stars becausthors. Precise determinations of these atmospheric parameters
they present some contradictory properties. As judged from thaie needed to obtain accurate abundances and to analyse the
kinematical parameters they are very likely old disk populatig@volutionary stage of the stars by way of evolutionary diagrams
stars [[Eggen, 1971). Howevét Ret presents emission in theand isochrones, thus determining tfand¢? Ret belong or not
Cauir H and K lines with a strength that is typical of the youndp the¢ Her group.
disk population. A previous paper (da Silva & Foy, 1987) put In the present analysis we seek to obtain the atmospheric
them under the zero age main sequence (ZAMS) correspondiagameters and element abundance$'aind(? Ret with as
to their metallicity. The similarities between their kinematicdtigh a precision as possible. Using these data we study the evo-
characteristics and the little distance that separates them froitionary stage of these stars to verify the hypothesis of helium
each other (310or 0.048 552 pc) hint at a common origin for superabundance. We finally analyse the physical existence of
these stars. the ¢ Her kinematic group.

1. Introduction

Send offprint requests t&.F. del Peloso . .
* Based on observations collected at the European Southern 8b_0bservat|ons and data reduction

servatory, La Silla, Chile, and at the Obsebrai do Pico dos Dias, 2 1. Observations

operated by the Labor@tio Nacional de Astrdsica, CNPq, Brazil.

** Present addres€letrobis Termonuclear S.A., DIES.O, RodoviaCCD spectra of the sky;' and¢? Reticuli were obtained in
Rio-Santos, km 132, 23903-000, Angra dos Reis, RJ, Brazil. September 1991 at the European Southern Observatory (ESO).
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R I L B B B B B B B B We have selected the stellar lines to be measured accord-

g ing to the compilation of Moore et al. (1966). Measurements
90 - ] of the equivalent widths were accomplished by least-squares
I e IR gaussian fittings. The fitting of up to 4 gaussians simultane-
80 - 7 ously allowed us to successfully obtain equivalent widths of

I 1 moderately blended lines, unresolved lines being rejected. We
70 - /m - checked the accuracy of our measuments by comparing our so-
’ lar equivalent widths with those of the atlas of Kurucz et al.
60 - e - (1984). The comparison (Figl 1) is excellent, with a linear fit of
v high correlation (R =0.996) and low standard deviatios (.7
50 | . mA). No systematic deviations have been found.

(A)
n

this work

40 / .
: 3. Analysis and results
% Atmospheric parameters and element abundances have been de-
rived using the plane parallel, flux constant, LTE model atmo-
spheres described and discussed in detail by Edvardsson et al.
(1993). In order to perform a differential analysis relative to the
Sun these models have been used for both the analysed stars
ol and the Sun. The adopted solar atmospheric parameters were
0 10 20 30 40 50 60 70 80 90 100 Tex = 5777 K (Neckel, 1986), lp g = 4.44, [Fe/H] = 0.00,
W A) ¢€=1.00 km s'! and n(He)/n(H) = 0.10.
Kurucz et al., 1984 Gf-values were derived from solar equivalent widths, mea-

Fig. 1. Comparison between sky equivalent widths (this work) and ysured on solar_ spectra taken in the same conditions as the stellar
Kurucz et al. [(1984) solar atlas equivalent widths for all measur&€s, bY forcing the Ca_lculated solar element abundances to
atomic lines. Dotted line is a linear fit. agree with those determined by Anders & Grevesse (1989), and

Grevesse & Noel§(1993). This ensures the differential character
of our analysis.

20 =

10 =

The observations were carried out with the Ce&thelle Spec-
trograph (CES) fed by the 1.40 m Cauduxiliary Telescope 3.1. Atmospheric parameters
(CAT). The spectra comprised 5 regions, centered at 4870
4560A, 4860A (H3), 6110A and 65004, covering 35-55A
each. Complementary Reticon spectra, centered at 824@ The effective temperatures have been derived by four indepen-
6720A and covering 5 each, were observed with the samelent criteria: excitation equilibrium, photometric indices cali-
spectrograph and telescope in February 1992. The estimateation and fitting of H{ and Hs profiles. The excitation equilib-
S/N ratios for all these spectra ranged from 300 to 400. Theiwm has been determined through the analysis of thdifes.
resolution was from 0.090 to 0.186(resolving power R~ Using the model atmospheres, “solar” gf values and atomic data
50 000). we calculate the iron abundances line by line, using a program
CCD spectra centered in the Hine (6563&), and covering kindly supplied by M. Spite (Observatoire de Paris-Meudon,
150 A each, were obtained in 1994 and 1995 with the @udfrance). The theoretical abundance for a given line is changed
spectrograph fed by the 1.60 m telescope of the Obgmivat iteratively until the obtained equivalent width equals the mea-
do Pico dos Dias (CNPg/LNA, Brazil). These spectra hadsared one. If the effective temperature is correct the abundance
SIN ratio of 200 and a resolution of 0.38Q(resolving power of Fe should be independent of the excitation potential of the
R ~ 20000). lines. So if we plot an iron abundance vs. excitation potential
graph for all Fe lines and fit a straight line, this line should
present a negligible (within the expected error) angular coefi-
cient. If a significant positive or negative slope is measured, the
Bias extraction, flat fielding, linearization and wavelength calinodel effective temperature is increased or decreased, respec-
bration were carried out in the conventional way using the IRAfvely, and the iron abundances recalculated. The effective tem-
reduction package on a SUN workstation. Once correctedperatures determined by this method are hereafter designated
Doppler shifts the spectra were normalized by fitting the mearcitation temperatures
flux in selected continuum windows, identified by comparison We estimated a 55 K probable error for the excitation tem-
with the solar spectrum atlas of Kurucz et al. (1984), with loweratures by changing the model atmosphere temperature until
(< 4) order polynomials. The average internal deviation of thee angular coeficient of the linear fit equalled the error of its
continuum fitting was 0.2%. determination.

3.1.1. Effective temperatures

2.2. Data reduction and determination of equivalent widths
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Table 1. Photometric data fof* and(¢? Reticuli (in the Johnson and
Stromgren systems).

¢! Reticuli  ¢? Reticuli

x
>
HD 20766 20807 5
HR 1006 1010 2
Spectraltype G3-5V G2V 5
m (mas) 82.5 82.8 @
\% 5.54 5.24
(B—V) 0.64 0.60 06 v
E\R/)_:;) égj (1)32 '6555 6560 6565 6570
- ‘ ; Wavelength (A
(b—y) 0.402 0.380 gth (A)
164 2.586 2.592 1,0 —7TT—
ReferencesSpectral type - Michigan Catalogue of Spectral Types FEs
(Houk & Cowley, 1975%); Parallax - Hipparcos catalogue (ESA, 1997); ¢
V, (B-V), (R—I) - Hoffleit & Jaschek([(1982); (VK) - Koornneef
(1983); (b-y) andg - Grgnbech & Olseri (1976; 1977). =
o 08
Table 2. Effective temperatures according to four criteria. %
x o7
Effective temperatures (K) ¢! Reticuli  ¢? Reticuli
Excitation equilibrium 574#55 5847+ 55 06 L
Photometric calibrations 5746 70 5858+ 70 '4855 4860
H,, profile 5752+ 45 5877+ 45 Wavelength (A)
Hg profile 5740+ 45 5854+ 45
AVERAGE 5746+ 27 5859+ 27 Fig. 2.H,, and H; profiles of¢* Reticuli. Dashed lines are the best fits.

Dotted lines show the profiles computed when the adopted effective
temperatures are changed-b%00 K and +100 K.

We derived effective temperature estimations from the
(B—-V), (b—y), (V-K), (R—I) and 5 photometric indices using
the calibrations by Porto de Mello_(1996) for solar-type starg7 K, calculated using the known expression for the probable
which take into account the stars’ metallicities. According terror of an average of independent estimations. The standard
the author of the calibrations the use of 5 different indices sleviations of the four criteria ar5 K for ¢! Ret and 13 for
multaneously warrants a probable error as low as 70 K. Tableé2Ret, which demonstrates the excellent internal agreement.
summarizes photometric data fr and¢? Ret.

The H, and H; profiles hgve bge_n shown, in the Ca$§_1_2, Surface gravities
of cool stars, to be rather insensitive to surface gravity,
microturbulence velocity and metallicity variations, at leagthe surface gravities have been derived by three criteria: ion-
for quasi-solar abundance stérs (da Silva, 1975; Gehren| 198ation equilibrium and using the astrometric parallaxes with
Fuhrmann et al., 1993). For the early G stars these profiles anasses obtained from a mass-luminosity relation and from evo-
notwithstanding, very sensible to the effective temperature lafionary tracks. We obtained spectroscopic surface gravities by
the atmosphere. By comparing the theoretical profiles with thequiring that the ionization equilibrium be satisfied. When this
observational ones we can estimate the temperatures [Figh2ppens, the abundances derived from the lines of ionized and
A program kindly made available by Pradelie (1967) was usadutral species of any element should be equal. We changed the
to compute the Balmer lines theoretical profiles. It takes intoodel atmosphere surface gravity until the iron abundances de-
account the convolution of Stark, Doppler and self-resonandeed from Fa and Fat lines matched. We also required tha Ti
broadenings. Stark broadening has been computed usingahd Tiir abundances to match. The logaritmic gravities have an
method of Vidal et al.[(1971), and self-resonance broadeniestimated probable error of 0.07 dex fdrRet and 0.03 dex for
has been included according to the prescription of Cayrel & Ret. These errors have been estimated by changing the model
Traving (1960). The probable internal error of these determiremosphere surface gravity until the ionization equilibrium was
tions, reflecting the uncertainties of the continuum determinae longer verified at thedllevel.
tion and personal judgment of the fitting of the observed profiles, We also obtained surface gravity estimations using the stel-
is estimated by us as being 45 K. lar effective temperatures determined by us, luminosities and

The adopted effective temperatureséfand(? Ret were masses. To obtain the absolute bolometric magnitudes we used
calculated by averaging the four previously cited estimatioapparent visual magnitudes from Hoffleit & Jaschek (1982),
(Table[2). The probable error of the adopted temperaturesnigh parallaxes from the Hipparcos catalogue (ESA, 1997) and
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Table 3. Surface gravities according to three criteria. Table 4. Adopted stellar parameters fot and¢? Reticuli.
Logg ¢! Reticuli (2 Reticuli Parameter ¢! Reticuli ¢? Reticuli

lonization equilibrium  4.66: 0.07 4.424+ 0.03 Temr (K) 5746+ 27 5859+ 27

Mass-lum. relation 452 0.02 4.49+0.02 log g 4.54+ 0.02 4.46+ 0.01

Evol. trajectories 45 0.02 4.46+ 0.02 ¢&(kms') 1.20+0.19 1.02+ 0.14

AVERAGE 454+ 0.02 4.46+0.01 [Fe/H] —0.22+0.05 -0.22+0.05

the Habets & Heintzé (1981) bolometric corrections. The latt#ld the adopted atmospheric parameters previously described).
were adjusted so that the solar absolute bolometric magnitRiBce the analysis was a differential one, the abundances were
wasM,, = 4.75. Masses were derived using either thighith derived relatively to the Sun and given in the usual notation
(1989) mass-luminosity relation for main sequence stars or fig¢ement/H]. _ N

Schaller et al[{1992), Schaerer et al, (1993) and Charbonnel etBoth stars were found to be a little metal deficient ([Fe/H] =

al. (1993) (hereafter Gen92/93) evolutionary trajectories. Thed-22). To estimate the internal probable errors of iron-relative
gravities were calculated according to the known equation abundances we analysed the influence of the uncertainties in the

adopted atmospheric parameters and also the equivalent width
[ m, Lo [ Tess * measuring error according to the following procedure:

S = . 1) ; . .

g6  me Ly \ Tego i) We recalculated [element/Fe] for all studied elements with

] ) ] the atmospheric parameters added to their probable errors. The
Table3 contains the obtained values along with probable errqtgeiive temperature, surface gravity, microturbulence velocity

The standard deviations of the three criteria are 0.05 dek'for ;g metallicity were changed one by one, independently, while
Retand 0.04 dex fof? Ret. the other parameters remained constant.

i) To determine the influence of dispersion on the equiva-
3.1.3. Microturbulence velocity lent widths we once again compared our solar equivalent widths

) , . with those of the Kurucz solar atlas (which we supposed to be
The procedure used to derive the microturbulence Veloc'tydﬁmpletely free of dispersion).

very similar to the one we used to derive the excitation tempgf, plotted a (Wiias - Waky )/Watlas VS. Waias graph, whose
. . . as SKy atlas . atlas Ll

ature. We plot an iron abundance vs. equivalent width graph {§fjinate gives the percentage error of the measurements made
all Fer lines and fit a straight line. If the angular coeficient of, he sky spectra. The weaker lines (/30 m&) present
this line is negligible (within the expected _error), t_hen we have 7 go dispersion,while lines stronger than 3R present a
chosen the correct microturbulence velocity. Again if the slopE7, gispersion. We increased the equivalent widths of a per-
is significantly positive or negative we increase or decrease {6,356 value equal to the obtained dispersions and recalculated
microturbulence, respectively, and recalculate the iron abundgfls abundances.
cies until convergence is attained. ) ) Thus after the determination of the individual probable er-

A probable error of 0.19 knTs for (! Retand 0.14kmS' 4.5 (qye to the uncertainties of the individual parameters) we

for ¢? Ret was estimated for the microturbulence velocity BYetermined theotal probable errors:

changing this parameter until the angular coeficient of the linear

fit equaled the error of its determination. Crotal = \/0,2 402402 4g2 o2 )
The adopted stellar parameters fdrand¢? Ret are listed Torr 776 7 Tlog g T T{Fe/H] W
in Table[4. Table[® contains the abundances of all analysed elements,

relatively to iron. These abundances are shown on[TFig. 3 (the
abundance of titanium is the average of the abundances obtained
through the analysis of the Tand Tit lines). The error bars are
The abundances of iron, calculated from the &ed Fatlines, the estimated probable errors. Both stars have the abundances
were obtained during the atmospheric parameters determipfall elements compatible with each other and with the Sun.
tion procedure. Fof' Ret we measured 25 fFénesand 3Fer  The abundance of Ce fgf Ret can be regarded as marginally
lines. For¢? Ret we measured 29 Fdines and 4 Fer lines. (within 2 o) compatible with the abundance@¥Ret. The good
Here we have to call attention to the fact that our method a§jreement of the abundances(dfand(? Ret strengthens the
determining the temperatures by excitation equilibrium apd Hdea of a common origin for these two stars.

and H;s profile fitting, the surface gravities by ionization equi-

librium and the Fe abundances is completely iterative in th The helium abundance conundrum

sense that a change in one of these parameters makes it nec-

essary to recalculate the other ones, until all values obtairladrder to investigate the hypothesis, advocated by da Silva &
are entirely consistent with one another. Chemical abundan€ey (1987), that' and¢? Ret are helium rich relative to the
were calculated for Al, Cerr, Crr, Ni1, Sit, Tit, Titt and Vi Sunwe plotted the stars onthe Gen92/93 isochrone diagrams us-
the same way that iron abundances were, i.e., line by line (irsg our adopted effective temperatures and luminosities. Since

3.2. Element abundances
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Table 5.Chemical abundances ¢f and¢? Reticuli, relatively to iron. 018 R
The number of lines used is given for each star. o0 -
=T Ti 7
[elem/Fe] (' Reticuli N ¢ Reticuli N . i o 1
Al +0.05+ 004 2 —001+004 2 Al s % _
Cell +0.05+0.06 3 —0.09+0.06 3 T 0,00 |
Crl +0.00+£0.03 3 +0.02:0.03 3 "\'E' ' ﬁ ce |
Nil —-0.01+0.04 6 -0.03+0.04 7 S oos| v N T ]
Sil +0.05+£0.04 3 +0.04£0.05 5 = ]
Til +0.08+0.06 3 +0.040.05 3 010
Till +0.10+0.05 4  +0.03:0.05 4 a = {1 Reticuli i
Vi +0.06+£0.05 3 +0.00£0.04 5 o o {2 Reticuli 1
Table 6.Kinematic data for the stars that, according to Woolley (197C w20 s w0 s e

belong to the Her group. Velocities in km's'. Atomic number (Z)

Fig. 3. The abundance pattern ¢f and¢? Reticuli.

Name U \% W w e i

[ Hyi —60.7 —46.7 —31.0 0.8684 0.1729 0.0340

¢! Ret —70.2 —47.4 +16.4 0.8601 0.2077 0.0321 ) , )

¢? Ret _69.7 —46.6 +16.8 08605 02075 0.0340 (1993)). These stars would constitutstallar kinematic group

1 Hya _595 —48.7 —0.7 0.8385 0.2036 0.0197 (SKG). To be considered part of a SKG, stars need to have cer-
Gliese 456 —56 —52 —12 0.8286 0.2127 0.0284 tain characteristics:

E|3e1r58614 *22'3 *jg'i *g‘ll'g 8'2‘5131 gégé‘z" 8'8?82 i) All stars should be approximately the same age. Since they
HD 14680 _77.7 —55.0 —23.9 08488 02128 00341 Vere formed m_the same Giant Molecular Cl_oud, which dIS-,

#* Pav _65.6 —-475 —1.6 08687 01922 0.0120 perses on a typical time scale of 0.1 Gyr, their ages shouldn’t

— , differ by more than this value.

References:Velocities have been kindly calculated by G. Qua%] They should have the same chemical composition, which
ﬁ‘ﬁey share with the cloud from which they originated.

i) They should be moving at the same rate in the same di-

rection, with only minimal velocity dispersion, which reflects

their spatial cohesion. It's specially important that the mem-

none of the Gen92/93 sets of isochrones matches exactly [#§&s of a SKG have their V velocities with very low dispersion
metallicity of ¢! and¢? Ret, we interpolated in metallicity to (U, V and W are the components of a star’s velocity relative to
generate an apropriate set. As a result of the interpolation k& Sun, measured in a galactic frame and positive towards the
displaced tk Z = 0.0080 set byAlog(L/L) = —0.0840 and galactic centre, in the direction of galactic rotation and towards
Alog(Teg) = —0.0152 obtainig a Z =0.0113 set (Fid.l5). the north galactic pole respectively). The galactic forces that

We can see that both stars are locatbdvethe ZAMS and dissolve clusters lead to diffusion in all three directions. But
notbelowit. Our initial analysis, using van Altena et al_(1995motions in U and W only lead to oscillations of the stars about
parallaxes, places the stars below the ZAMS, just like in d& mean motion of the group, whereas diffusion in V takes a
Silva & Foy (1987) (Fig-4). But using the much more accuragdar away from the group forever (Binney & Tremaine, 1987).
parallaxes from the Hipparcos catalogue (ESA, 1997) the stars |n Table[® we present all stars classified as members of the
are shifted upwards, crossing the ZAMS. It is clear, then, ﬂ'@THer SKG according to Woolley (1970). The group presents
¢* and¢® Ret are not subdwarfs, and the hypothesis that thgy average velocity in the direction of galactic rotatio= 47.9
are helium rich is no longer necessary. Its charm disappeare®.3kms'. This value has a standard deviation that is suf-
thanks to the crude reality of Hipparcos data. ficiently low so that the group could be considered cohesive
in terms of velocity. The orbital parameters mean values are
w = 0.8524+ 0.0134 ande = 0.2008+ 0.0130, withi < 0.04
for all stars (in brief is the average distance to the galactic
Stars tend to form in groups, but most of the clusters and aseenter.e is the orbit eccentricity andis the orbit inclination).
ciations that are the birthplace of stars end up dispersing. Thecording to Woolley[(1970) stars in a SKG must have a low
most probable cause for this dispersion is an encounter of thit inclination, which all stars in Tabld 6 have. The low stan-
young cluster with a massive object. As the cluster disintegratdard deviations ofv ande indicate a high spatial cohesion. Al
it must go through intermediate stages where the entire grahpse stars are located less than 31 parsecs away from the Sun.
cannot be identified anymore, yet within some region one chife can see that, from the kinematical point of view, these stars
still find stars that are moving in nearly the same velocity, i.do form a SKG. But we still have to examine if they satisfy the
direction and speed (after the words of Soderblom & Mayachemical composition and age criteria.

(CNPg/LNA, Brazil), based on data from the Hipparcos catalog
(ESA, 1997), except for Gliese 456 (Woolley et al., 1970). The orbit
parameterso, e andi come from Woolley et all (1970).

5. The ¢ Herculis kinematic group
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0,8 |- Z Her A 9.5

o

HD 158614

Log (L/L
Log (L/L@)

04 | . | . | . | 0,4 1 . 1 . 1 . 1
e 3,80 3,78 3,76 3,74 3,80 3,78 3.76 3,74

Log (Teff) Log (Teﬁ)

Fig. 4.H-R diagram of the probable members of thiderculis group. Fig.5. The same as Figl 4, but using parallaxes form the Hipparcos

The solid lines are the Gen92/93 isochrones for the metallicity* of catalogue (ESA, 1997) to compute the luminosities.

and¢? Ret, varying in steps of 0.1 dex of logarithmic age (in years)

from 9.5t0 10.2. The dotted line is the ZAMS. Van Altena etal. (1995)

parallaxes have been used to compute the luminosities. the group in terms of element abundances and evolutive stages,
disregarded these same stars based on the determination of the
stellar ages.

We searched the literature thoroughly for detailed spectro- We also compared the abundances of elements other than
scopic analyses of the group stars. Then we selected for e&oh, for the stars which had these abundances determined (Ta-
star the paper which we considered to be the most trustworthle [8). The four stars present aluminum abundances that are
The selected papers were: f8rHyi, Abia et al. {1988); for compatible with each other within the probable errars Ret
¢ Her, Chmielewski et all (1995); for HD 158614, McWilliamand s Hyi abundances are only marginally compatibj@Hyi
(1990); and for¢? Pav, Edvardsson et al. (1993). The effecand$? Pav have barely compatible calcium abundances (within
tive temperatures and metallicities of 1 Hya and HD 14680¢). We should keep in mind, however, that the calcium abun-
which have not been subjected to any spectroscopic analydnce of3 Hyi has been determined based on the analysis of only
have been determined using photometric calibrations. To deteabsorption line. The four stars have Si, Ti and Ni abundances
mine the effective temperatures from{B) and (b-y) we used that are perfectly compatible with one another. The agreement
Porto de Mello[(1996) calibrations and to have the metallicitiétween the stars abundances reinforces the thesis that they have
from my, that of Schuster & Nissefn (1989). The regression ofiginated from the same interstellar cloud.
the metallicity calibrations has a 0.16 dex dispersion and the Finally, we analysed if the stars have the same age. We did
probable error can amount to 0.20 dex. We take B indices so using the Gen92/93 set of isochrones corrected for the metal-
from Hoffliet & Jaschek[(1982) for 1 Hya and from Nicoleticity of ¢! and¢? Ret (Fig. 5). It should be clear that the follow-
(1978) for HD 14680. The (by) index for HD 14680 comes ing is an imperfect analysis, because not all probable members
from Olsen[(1994a). The ¢hy) index for 1 Hya and mfor both  haveexactlythe same metallicity and because of the interpo-
stars were taken from Olsen (1994b). Some useful parametat®n made to construct ¢hZ = 0.0113 set of isochrones (see
of the stars of Tablegl 6 can be found on Td0le 7. Sect. 4).

If we regard the’ Her SKG as a metal deficient group then  ¢? Pav, 1 Hya ' and¢? Ret are all compatible with the
we should disregar¢iHer A (a blow of destiny!) and HD 158614 log t = 9.7 (5.0 Gyr) isochrongi Hyi can be considered to have
as members, because these stars have solar iron abundantasgjinal, 2 compatibility with the same isochrone. Because
Porto de Mello & da Silva (1991), who had already analyseatese five stars meet the characteristics required of an SKG, the
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Table 7. Useful parameters for the stars that, according to Wodlley {{1970), belong ¢d-tkegroup.
Gliese Name \% Spectral 7 van Altena Mol T Hipparcos Mol Ter (K) [Fe/H]
Number Type (mas) M van Altena)  (MAas) { Hipparcos)
19 3 Hyi 2.80 GlIv 150.14+-7.2 3.594+ 0.16 133.8£ 0.5 3.33+£0.06 5740+ 100 -0.23+0.15
136 ¢* Ret 5.54 G35V 96.6-7.2 5.37+£0.17 825+ 0.5 5.03+0.03 5746+ 27 —0.22+0.05
138 ¢? Ret 5.24 G2V 90.2-7.3 4,984+ 0.18 82.8+ 0.5 4.79+0.03 5859 27 —0.22+ 0.05
306 1 Hya 5.61 F5V 55.4-5.9 4.42+ 0.26 36.8£ 0.9 3.52+0.07 6246+-100 -0.45+0.20
456 - 11.30 dMm2 55.&+7.5 7.03+0.29 - - - -
635a ¢ Her A 2.90 Fo v 101. A4 3.4 2.88+ 0.09 92.0+ 0.6 2.66+0.03 5825+ 40 +0.05+ 0.05
635b ¢ HerB 5.53 G7V 101.A4-3.4 5.35+ 0.13 92.0+0.6 5.04+0.14 5290+ 300 -
678 HD 158614 6.05 G6V 5538 4.4 4,58+ 0.19 60.8+- 1.4 4.78+0.07 5570+ 35 —0.05
9079 HD 14680 8.81 K2-3V 423 9.7 6.50+ 0.46 325+ 1.1 5.94+0.08 49444100 -0.24+0.20
9710 ¢ Pav 5.12 F7v 47.3-10.1 3.514-0.50 41.3+0.7 3.214+:0.07 5991+ 75 —-0.44+0.10

Referencesvisual magnitudes come from Hoffleit & Jaschiek (1982), except for GL|456 (van Altena et all, 1995) and HD 14680 (Olsen, 1994a).
Spectral types are from the Michigan Catalogue of Spectral Types (Houk & Cowley, 1975; Houk, 1982; Houk & Swift, 1999), excdpt for

A and B (Hoffleit & Jaschek, 1982), and GL 456 (van Altena et al., 1995). Parallaxes are from van Alterla et al. (1995), and from the Hipparcos
catalogue[(ESA, 1997). For bolometric magnitudes, effective temperatures and metallicities, see text.

0,3

existence of a group is confirmed. Howevérderculis itself
appears not to be a member, and so we suggest that the group’s
name bel Reticuli. So, when we talk abodtRet SKG from
now on, we will be refering to these five stars.

Another way to estimate stellar ages is through the analysis
of the “chromospheric age”. Young stars present generally very
high levels of chromospheric activity, linked to high rotation,
and these decay monotonically with time owing to magnetic g,
braking that transfers angular momentum to the stellar wind.
The traditional spectroscopic diagnostics of this activity is th&
core emission of very strong lines, the prototype being tha Cag
H and K lines|(Pasquini, 1992). These core emission equivaleft
widths allow an estimate of the chromospheric flux and the ag%
through a flux -age relatiog! Ret presents an easily detectables
emission at the Ca K line core (Fig. 6), much stronger than&)
the solar one, indicating stellar youf? Ret presents a much 01
smaller emission. This is baffling for stars of equal age, very
much alike, with similar luminosities and temperatures, and
therefore similar masses. One conceivable explanation to this

2 Ret
discrepancy is the possibility thét Ret is a close binary. This ‘
possibility was already examined by da Silva & Foy (1987), with
the conclusion that this is highly improbable. This result could
be recently confirmed on the basis of the radial velocity moni- ool w1 Ll Ll .
toring of ¢* and¢? Ret by Endl, Kirster and EIs’(2000). Their 3930 3932 3934 3936 3938

analysis was accomplished using a total of 14 CAT/CES spectra
distributed in 185 days, fof! Ret, and 58 spectra distributed

in 1977 days, for? Ret. The r.m.s. dispersion of the radial veFig. 6. Cau1 K profiles of¢* and¢? Reticuli.
locities of these objects are 21.8 m'sand 17.7 m s! for ¢!

and¢? Ret, respectively, showing no hint of stellar or substellar

companions. Thereforg! and(? Ret seem to have followed

different histories in their decreasing levels of chromospheré(hd obtained (! Ret)= 1.8 Gyrand t(? Ret) = 6.5 3¢ Gyr
- %2038 Y230 :

activity. , , ) ) This last estimate is in reasonable agreement with the general

We estimated chromospheric ages {brand(? Ret using o ronal age of 5.0 Gyr for the group. We could not findCa
the Cair H a”‘?' K chromospher}c fluxes from Pasquini (1992lll and K published fluxes for the other group stars. Such flux-age
and the following flux-age relation (Soderblom et al., 1991) relation analysis provides the marginal possibility of a common
age (t~ 3.4 Gyr) for the¢ Ret stars, but only in view of the
rather large errors involved.

Wavelength (A)

log t(years) = (— 1.50 + 0.03)log R’y + (2.25 £ 0.12), (3)
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Table 8. Comparison between spectroscopically determined abundances for prolh#dnlSKG members. The number of lines used is given
for each star.

Star  [Al/Fe] N  [Ca/Fe] N [SilFe] N [TilFe] N [NilFe] N
('Ret +0.05:0.04 2 - —  +0.05:0.04 3 +0.09-0.06 7 —0.01+£0.04 6
(’Ret —0.01+0.04 2 - —  +0.04:0.05 5 +0.05:0.05 7 —0.03+£0.04 7
BHyi +0.15+£010 2 +0.22£010 1 +0.11+£010 1 - ~0.01+£0.10 3
¢#*Pav  +0.07£0.10 2 +0.03:0.10 4 +0.07:0.10 8 +0.08:0.10 4 +0.0:0.10 20

Another common diagnostic of chromospheric flux is HN(Li) = 2.4 (Dravins et al., 1993), about 10 times solar (in the
(Pasquini & Pallavicini, 1991). It is a less sensitive diagnostigsual scale log N(H) = 12.00). On the other hand, kgtiRet
in the sense that the photospheric contribution is higher, butsiod ¢? Ret have depleted their original Li to a higher degree
its advantage is the fact that it is easily observable in cool statsan the Sun, their abundances being estimated at log N(Li)
Our H, observations of ' and¢? Ret were discussed in Sect. 20.90 [Pasquini et al., 1994). One possible explanation put for-
During the same runs we have also secured spectra of the #and for such Li rich subgiants is the “ressurgence” scenario
(moon) and of the Ret SKG memberg Hyi and ¢? Pav. (Dravins etal., 7993), in which the subgiant star dredges up to
These four stars are the ones, along with 1 Hya, presentintha surface Li that has been preserved below the convectively
high kinematical and chemical identity, and it should be vemnstable surface layers, or else by the fact that these stars have
interesting to determine if their chromospheric flux levels araaintained their Li abundance owing to low levels of depletion
compatible with a common age. During 1994 and 1995 the Swhile on the main sequende (Randich et al., 1999). Two groups
was between the 1991 maximum and the 1997 minimum, amight be distinguished in the case of th®et SKG: the( Ret
our solar spectra can be regarded as that of an average actjvéty of near solar mass stars with highly depleted Li, ahBav
Sun. The subtraction of the solar spectra from the stellar spectnag 5 Hyi, with ~ 1.10 solar masses, already subgiants with
for these very solar-like stars, should leave essentially the chemhanced lithium. Our current understanding does not preclude
mospheric component of the line core flux, which defines a smaltommon age for these four stars as judged by their Li abun-
peak of excess or missing flux with respect to the Sun. All fodiances alone.
objects present some slight additional filling with respect to the It would clearly be very interesting to perform a complete
Sun, and therefore could be regarded as slightly younger. Thdetailed analysis of these four objects plus the probaBeti-
is however some spread in their fluxed,Pav being in fact the culi SKG member 1 Hya. Their similar Fe abundances were
one with the strongest chromospheric component,@nRet used as a criterion in favor of the existence of {hRet SKG,
presenting more Hfilling than (2 Ret. Itis not entirely clear if but a comprehensive determination of the abundance distribu-
such differences are significant as they are not too far above tio@ of other elements, with different nucleosynthetic origins,
estimated error level. Such spread in their chromosphetic Mith respect to Fe have not yet been determined with sufficient
fluxes could be partly explained by out of phase stellar cycles;curacy to allow their putative chemical identity to be verified.
although it remains difficult to explain the appreciably morAlso, a comprehensive analysis of their €& and K chro-
intense emission ig! Ret andy? Pav by intercycle variation mospheric fluxes, tied to other indicators such as the infrared
alone. These stars have about the solar age and the peak-to-@eaktriplet lines, would be useful in constraining their chro-
amplitude of their H, central depth variation should not muchmospheric activity level, allowing a further check of the group
exceed the solar one, 0.5% (Livingston et al., 1998). The pealge. The dispersion of the ,Hchromospheric fluxes suggests
to-peak total difference in their central depths reaches 25#tat the¢ Reticuli SKG, and other similar groups, may serve
mostly due to the higher filling of' Ret, the estimated uncer-as interesting laboratories to test how stars with similar ages
tainty being about 5%. We are probably witnessing a true spreagerience different histories of chromospheric activity decay
in chromospheric flux owing to different histories of decreasvith time.
ing activity levels. Such SKGs might be interesting laboratories
in which to test theories of angular momentum transfer due o conclusions
magnetic braking in the early stellar evolutionary stages.

Another possible test of a common age for thRet SKG Highly accurate atmospheric parameters and chemical compo-
stars is the abundance of Li. While the chemical evolution &ftions have been determined for the solar-type sfarand
Li in the Galaxy and its connection to stellar evolution res” Reticuli. The effective temperatures were obtained using 4
mains a highly controversial subject, it is well known thatyoun@f'ﬁerent criteria: excitation equilibrium, photometric calibra-
stars present a high (“cosmic”) initial abundance of Li, whichon of 5 color indices and fitting of KHand H; profiles. Sur-
can be dep|eted with Varying degrees of efﬁciency during Stéﬂlce graVitieS were determined USing the ionization equ”ibrium
lar evolution. In this issue thé Ret SKG is also interest- and also calculated using the obtained stellar effective temper-
ing: ¢2 Pav and3 Hyi are both subgiants with high Li con-atures, luminosities and masses (the masses being estimated

tent, respectively log N(Li) = 2.5 (Soderblom, 1985) and lo¥ith a mass-luminosity relation and evolutionary trajectories).
Metalicities were determined through the analysis of &ed
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Fe1r lines. Both stars were found to be slightly metal deficie@rgnbech, B., Olsen, E. H.: 1976, A&AS 25, 213

([Fe/H] = -0.22+ 0.05). Grenbech, B., Olsen, E. H.: 1977, A&AS 27, 443
The problem of a possible high helium abundance of the stat@bets, G. M. H. J., Heintze, J. R. W.: 1981, A&AS 46, 193
disapeared, thanks to the highly accurate data used in this angffl€it, D., Jaschek, C.: 198Zhe Bright Star CatalogyeYale Univ.

sis. We do not need the high He abundance hypothesis any moreObservatory, New Haven _ _
In fact, just the opposite may be true:@sandc2 Ret are metal Houk, N.: 1982, Michigan Catalogue of Two-Dimensional Spectral

deficient, they should also be He deficient (Perrin et al., 1977). Tﬁ‘:;i{;::i::ﬁ;:g:f&,:ﬁ?’ Ann Arbor: University of Michigan,

Common kinematical parameters, element abundances gd, . Cowley, A. P.: 1975, Michigan Catalogue of Two-

ages of” Pav,8 Hyi, 1 Hya,¢* and¢? Retconfirm the existence  pimensional Spectral Types for the HD Stars, VolAhn Arbor:

of a metal deficient SKG. Ag Her A does not belong to this  university of Michigan, Department of Astronomy

group, it should not be calledHerculis anymore. We propose itHouk, N., Swift, C.: 1999 Michigan Catalogue of Two-Dimensional

be called Ret SKG. Chromospheric activity data of the group Spectral Types for the HD Stars, Vol. Ann Arbor: University of

members does not preclude acommon age for the group but hintdichigan, Department of Astronomy

at a possible real dispersion in activity levels that is evidencelgfornneef, J.: 1983, ARAS 51, 489

possible different histories of magnetic braking for these staf&!rucz, R. L., Furenlid, 1., Brault, J., Testerman, L.: 1984e Solar
Flux Atlas from 296 nm to 1300 nrivational Solar Observatory
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