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{1 and {2 Reticuli: a puzzling solar-type twin system *
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Summary. We report the detailed analysis of the solar type
stars {! and {?Ret. They have solar heavy element abundances
and their gravity is found to be abnormally large: logg=4.7.
This, together with their luminosity, typical of subdwarfs, strongly
supports the idea that they are significantly helium-rich, with
n(He)/n(H) =0.22+0.04.
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1. Introduction

We have investigated the twin system {! — (% Reticuli (HD 20766
and HD20807) in an attempt to understand some apparently
conflicting data about these neighbouring stars. They are 310"
apart, with common proper motion and equal radial velocities. As
judged from their kinematical parameters, they are likely to be old
disc population stars. Woolley (1970) has proposed that they
belong to the old moving group { Her defined by Eggen (1958).
They are classified G2.5V Fe 1 H 61 (Keenan and Yorka, 1985) or
G5V (Koorneff, 1983) for {!Ret, and G1V (Koorneff, 1983;
Keenan and Yorka, 1985) for {?>Ret. Johnson et al. (1968) have
included them in a list of subdwarfs, presumably because of their
low luminosity. {* Ret was one of the first stars ever used as a solar
analog, namely by Labs and Neckel (1968).

The U-—B excesses are 6(U—B)n=-0.11 and
6 (U~ B);= —0.14 (Johnson et al., 1968), or 6 (U~ B),: = —0.09
(Hearnshaw, 1975. B—V and R — I colour indices of {* Ret do not
show significant departures from the mean relationship for main
sequence stars (Koornneef, 1983), whereas only the B flux of
{?Ret would be in excess relative to the flux at longer wavelengths.
Infrared colour indices lead to cooler effective temperatures than
the spectral types do, using the calibrations by Johnson (1966); the
colour indices from Koornneef (1983) follow the standard
relationship except for Uand M. Table 1 summarizes photometric
measurements of {! and {2 Ret.

A UV excess is normally interpreted in terms of a metal
deficiency; hence both stars would be markedly metal-poor. But
Danziger (1966) found [Fe/H]% = —0.37 from a coarse analysis;
Foy (1972a) found [Fe/H]% = —0.1 from a preliminary detailed
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* Based on observations collected at European Southern Obser-
vatory, La Silla (Chile)

analysis; Hearnshaw (1975) derived [Fe/H]% = —0.32 from a
detailed analysis restricted to Fer lines. These abundance
determinations do not support the interpretation of the UV excess
in terms of metallicity.

Conflicting with their belonging to the old disc population is
the discovery of emission in the H and K Ca lines (Foy, 1972a).
The strength of this emission is typical of the young disc
population, as extensively discussed by Wilson and Woolley
(1970). No emission is visible in the H and K lines of {?Ret
(Hearnshaw, 1975; this work).

In an attempt to improve the understanding of the nature of
these stars, we have performed a detailed analysis from
observational data obtained under the same conditions for both
stars. Section 2 presents the observations and the data reduction;
Sect. 3 describes the method of analysis and the results, and these
are discussed in the concluding section, where we also suggest
some possible solutions to the above problems.

Table 1. Magnitudes of {* and {2 Ret in the Johnson photometric
system

{*Ret {*Ret
Data T Data Tyt
HD 20766  — 20807  —
HR 1006 - 1010 -
|14 5.54 (M, =5.47) 5.24 (M,=5.03)
s 0.097 (Mo = 5.47) 0.091 (M =5.07)
u-v 0.70 5900 0.60 6000
B-V 0.64 5730 0.60 5770
V—R 0.54 5660 0.49 5930
V—1I 0.88 5700 0.83 5820
V—J 1.12 5715 1.07 5825
V—-H 1.43 - 1.34 —
V—K 1.53 5600 1.42 5800
V—L 1.55 5870 1.47 5975
V—M 1.41 5810 1.28 6020
References:

From HD to (VV—1I): Hoffleit and Jaschek (1982)

From (V—J) to (V—M): Koornneef (1983)

Effective temperatures and bolometric corrections: Johnson
(1966)
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Table 2 (continued)

A Mult. g, —log —log A Mult. —log —log
@) V) wian (WA A) (eV) Wiy (WA
{*Ret {*Ret {!Ret {’Ret

IR1 IR1
4517410 31 0.54 567 4772431 43 0e02 5456 6013
4542423 49 0e63 5.81 4809, 48 0 1e58 5466 5489
4739445 43 0465 5.65 573

ZR2 IR2
4443.00 88 5457 5.75 5.86 4494438 130 5452 5437
4445485 96 5462 5450 570 4513495 67T 0497 Se24 5.23
4485442 79 5.81 5453 5.86

BA2 BA2
4524496 3 2.51 5.13 5019 6141.73 2 0470 4469 4eT4
455404 1 0.0 4ok 4.45 6496491 2 0e60 4470 4,83
5853469 2 0.60 5.05 4e98

LA2 ' LA2
4574490 23 0el7 5.81 5¢49 4748474 65 0493 5465 5495
4619490 76 1.75 5¢82 4809402 37 0.23 S5e74 596
46624 51 8 0.0 Se 61 5.72

2. Observations, data reduction

The observations were arried out at the European Southern
Observatory (ESO), La Silla (Chile). We have utilized the coudé
spectrograph of the 1.52 m telescope. Seven spectrograms per star
were obtained in 1972 October, in two spectral ranges. Blue
spectrograms (from 3800 A to 5000A) were exposed on baked
IIaO Kodak plates, the width being 0.8 mm, the reciprocal
dispersion 3.2Amm™?, and the resolution 0.14A. Yellow spec-
trograms (from 5000 A to 6750 A) were exposed on IIaF Kodak
plates, with a width of 0.6mm, a reciprocal dispersion of
12.4A mm™!, and a resolution of 0.30A.

The spectrograms and the photometric calibration plates were
recorded using the Briickner microphotometer of the Institut
d’Astrophysique de Paris; the projected slit was set to 5pum.
Transmissions were converted into relative intensities and then
spectrograms were averaged. Equivalent widths were measured
from the mean spectrograms, using a line fitting method allowing
accurate measurements of weak lines, in order to derive accurate
abundances (Foy, 1971). The lines were assumed to have gaussian
profiles, with the same FWHM as in the solar spectrum. An
analytical profile was fitted to the average one (per short spectral
range: 5-25A), using a least squares method, the unknown
quantities being the central depth of the lines. The list of the lines
taken into account in the analytical profiles have been compiled
from the solar spectrum (Moore et al., 1966). We have not made
use of lines at wavelengths shorter than 4400 A, because of the
difficulty to estimate the spectral continuum at these wavelengths.
Most of the lines are more or less blended: our method of
equivalent width measurements allows proper corrections for
blend effects when the blended portion of their profile is not
saturated. Heavily saturated blended lines have been rejected from
the list (Table 2).

As the reference solar curves of growth used in this study have
been constructed with Moore et al.’s equivalent width W, of the
spectrum of the centre of the solar disc, we have corrected the
measured equivalent widths W (3.2) of {! and {? Ret according to
the relation: Wy;=0.88 W(3.2) (Da Silva, 1975), for the
32Amm™! spectrograms. Equivalent widths measured from
12.4A mm ™! spectrograms have been corrected so that they lead

to the same Fe abundance as determined from 3.2A mm™!
spectrograms

We=0.96 W(12.4) — TmA. @

These relations were derived from spectrograms of the Moon
observed with the same equipment as that used for this paper.

3. Method of analysis, results

To analyse the equivalent widths and the Hf line profiles, we have
used model atmospheres scaled from the 7'(t) relationship of
Peytremann (1974a,b), as described in Da Silva (1975) and in
Kovacs and Foy (1977). Let us briefly recall that these models are
in convective/radiative equilibrium, and are computed assuming a
plane-parallel atmosphere in LTE. Abundances have been derived
using curves of growth, of which the abscissae are written as
log x + [I"]5°¢! where:

e

=516 P(xdx. @)

ne?

G; is the weighting function for weak lines computed for the
integrated stellar disc, P(x) the occupation number of the lower
level of the transition divided by the statistical weight, and x is the
number of hydrogen atoms contained in a column of one square
centimeter cross-section above the running point x. The notation
[I']2°d means log I' (model) — log I' (O).

log x, values have been derived from the semi-empirical Fer
curve of growth by Foy (1972b), taking into account the splitting
in the case of Fe1, and the solar equivalent widths by More et al.
(1966).

The effective temperatures T, and the gravities g have been
derived using the ‘“diamond diagram” method discussed in detail
by Blanc-Vaziaga et al. (1973) and by Da Silva (1975): in the
0. = 5040/T, versus log g plane, we have determined the loci
of points satisfying the following criteria:

— Fit of theoretical Hp profiles to the observed ones
(Fig. 1a, b). Hp profiles have been computed using a routine by
Praderie (1967); we have taken into account only quasi-static
broadening, since resonance broadening is negligible for HB. We
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Fig. 1a and b. Fit of theoretical Hp profile (solid lines) to the observed ones (crossed). a {* Ret; b {>Ret. A/ A, stands for the mean abundance of electron donors

relatively to the Sun

have not used Ha profiles because the dependence of Ha on the
atmospheric parameters is more complex than that of Hf in the
temperature range which is of importance here (Da Silva, 1975).
We have derived 0, ({') = 0.86+ 0.02 and 6, ((?) = 0.83+ 0.02.
These determinations almost perfectly agree with those by Gehren
(1981) who made use of both Ha and Hf profiles; he found
B ((1) =0.860 and 6, ((*) = 0.837.

— Ionization equilibrium: a model atmosphere fulfils this
condition when both neutral and ionized lines of an element lead
to the same abundance of this element; we have applied this to Fe,
Ti and Cr.

— Fit of the absolute magnitude; the trigonometric parallaxes
are large enough to be reliable: 7 ({*) = 07097 and = ({?) = 07091.
We have adopted 7 ({*) = = ({?) = 07094 4 07005, assuming there-
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Fig. 2a and b. Loci of models which reproduce the observed Hp profile (Hf), the ionization equilibrium (IE), and trigonometric absolute magnitude (M,),

respectively for {* a and {? b Ret

fore that both stars lie at the same distance from the Sun. We have
applied to M, the bolometric correction given by Johnson (1966)
to derive My, ; then we have used the relation:

logg, =loggg — 0.4(Myyo — Mygs)
+logM /Mo + 4log Tor o/ Toir

where I stands for the stellar mass. For each star, we have
computed log g for two values of T, around the value determined
from the Hf profile, and using the mass derived from the
evolutionary tracks by Hejlesen (1980).

Usually near infrared photometric indices are good tracers of
the effective temperature. We have not made use of these indices
because we have derived different values of T, depending on the
indices.

The three criteria closely intersect around (6. =0.86,
log g=4.75) and (0,4 =0.83, log g =4.70), respectively, for {*
and (% Ret (Fig. 2a and b). We have adopted these parameters
to determine the abundances: the iron abundance relative to the
Sun is [Fe/H]4 = [Fe/H]% = 4+ 0.1+ 0.2. The error bar quoted is
a conservative one: the internal error is much lower, as can be
judged from the well populated linear part of the iron curves of
growth (Fig. 3a and b). The list of abundances relative to the Sun
for 18 elements is given in Table 3.

4. Discussion

The striking result of our detailed analysis is the high gravity of
both ¢! and (%Ret: logg~4.7. It confirms the preliminary
analysis by Foy (1972a). The similarity of the peculiarities of {*
and {?Ret supports the idea that they have a common origin,
which is what we shall assume in the following.

The gravity log g=4.7 is typical of unevolved metal-poor
stars. But we have found for both {* and {? Ret: [Fe/H]% = +0.1,
which is not in conflict with the previous determinations:
[Fe/H] = —0.37 from a coarse analysis by Danziger (1966),
or [Fe/H]% = —0.10 (Foy, 1972a) and [Fe/H]% = —0.32 (Hearn-
shaw, 1975) from detailed analysis, considering the errors in these
latter estimates. Thus {* and {?Ret are definitely not metal-poor.

We shall now discuss some possible solutions to the problem of
the apparently conflicting facts that these stars have a high gravity
and an ultraviolet excess but are not metal-poor, are old disc
population dwarfs yet {* Ret exhibits emission line in the H and K
Car lines.

4.1. An error in the T determination

Adopting a lower effective temperature for {! and {2 Ret would
lead to a lower gravity as determined from the ionization
equilibrium conditions. Hearnshaw (1975) has adopted 6, = 0.90
and log g = 4.51 for {? Ret; but he has determined log g only from
the trigonometric parallax, without checking whether the con-
dition of ionization equilibrium was fulfilled.

In fact, an increase of G4 by 46,4 = 0.02 for both stars would
restore a ‘“‘normal” gravity log g = 4.5, with a slight decrease by
0.13 dex in the iron abundance. It does not seem to be allowed
neither from our profiles nor from those published by Gehren
(1981).

The observed UV excess could be accounted for by
[Fe/H]§ < —0.4 which would be obtained only if our 6. was
wrong by 0.1, clearly contradicting the Hp profile analysis. {* Ret
would then be a subgiant with log g < 3.8, and its spectroscopic
absolute magnitude would be at least 2 magnitudes brighter than
that derived from the trigonometric parallax, i.e.: the error in the
trigonometric parallax should be 47 = 0712; this also is out of the
range of observational errors.

Therefore an error in the effective temperature cannot be put
forward to remove the above discrepancies.

4.2. Both (' and {* Ret are binaries

It could be that both (! and {?Ret are close binaries. Colours
would be affected, as well as the spectroscopic analysis. A very
close companion of {! Ret would heat the facing hemisphere of
{* Ret enough to account for the UV excess and for the H and K
emission lines. Nevertheless we think this hypothesis is very
unlikely, on the basis of the following arguments.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1987A%26A...177..204D

AD;

FIOBTAGA - T77> ”

|
{ RET
A
0.86/4.75/1.25 /.100 A
-4.51 N
R
+
FEI " 4
o+t ++I:1D
A
A
A
~-50F q&£&+ +
~ +
§ g™
~< A +
= + A
. R
o+t
3 + ":'_|3-+ ++ ,
- - + +
55 % +¢f o X £ 1.5
+| '+ V0S| +
&A 4X £3.0
+ A LS <3
. + & )
T o+ +30 <X
+ +
A
-6.0 hll 1 1 1
-70 -6.0 -50 -40 -3.0
LOG Xo + [I']
|
{ RET
0.86/4.75/1.25/.100
-45 A
A A
FETI
A
A
A
_-50F RN
F‘
~ A
~<
z A
() A
o
]
+
‘5‘5F A u] X 1.5
vt * A 152X £30
A
- + 3.0 ¢
& s X
-6.0 1 1 1 L
-70 -6.0 -50 -40 -30
LOG X, + [T']

211

Fig. 3a and b. Curve of growth of iron for: a {2 Ret, computed with the model 6= 0.86, log g =4.75, [M/H]Col = +40.1, n(He)/n(H) = 0.1. al Fer; all Fe1.
b {2 Ret, computed with the model O = 0.83, logg = 4.70, [M/H ]g = +0.1, n(He)/n(H) = 0.1. bl Fe1; bII Fe1r. Symbols refer to the excitation potential y of the

lines: [0: y <1.5eV+:3.0>y. A: 1.5<y<3.0eV
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Table 3. Logarithmic abundances of heavy elements E/H relative
to the Sunin ¢! and {2 Ret. N: number of lines used for the curve of
growth of each elements

Element {*Ret {?Ret

[E/H] N [E/H] N
Nal 0.13 8 0.16 9
Mgi —-0.20 5 =01 6
All 1.0 1 0.6 1
Sit 0.16 17 0.10 17
Cal 0.16 29 0.13 29
Sc1 0.50 3 0.40 3
Scu 0.10 10 0.10 10
Ti1 0.13 64 0.16 63
Tin 0.20 36 0.13 35
Vi 0.20 31 0.20 32
Vi 0.30 4 0.23 5
Cr1 0.10 49 0.10 46
Cru 0.04 12 0.07 12
Mn1 0.10 17 0.0 17
Fer 0.10 177 0.10 178
Fen 0.10 34 0.10 32
Co1 0.13 19 0.30 21
Ni1 0.07 47 0.10 44
Zn1 0.0 3 0.0 3
Sr1 0.10 1 0.30 3
Vi 0.30 6 0.20 3
Vi 0.20 3 0.0 2
Zr1 0.40 5 0.50 3
Zru 0.40 5 0.10 4
Banu 0.10 5 0.0 5
Lan 0.40 4 0.36 5

i) If a close companion heats the facing hemisphere enough to
produce the UV excess, at least the U magnitude should vary,
unless both binaries are pole on, as the companion revolves round
the primary; this variation is not reported. We consider it unlikely
that both binaries could be observed pole on, owing to the large
distance between (! and {?Ret which prevents any efficient
dynamical effect to enforce orbits to be coplanar.

ii) Let us consider {* Ret. We have tried to construct a pair of
main sequence stars the combined colours of which fit the
observed ones, using the colour index versus T, calibration of
Johnson (1966). A good fit, except for the U magnitude, is
obtained with a primary at 6,=0.85 and a secondary at
O5=1.02 (K2V). We have not found any combinations
providing a good fit over the whole spectral range from U to K.
The combined theoretical Hf profile fits the observed one well.
Consequently the Hp strip in the diamond diagram of Fig. 2a
should be shifted by 0.01 in ¢ to obtain the diagram corrected for
the effect of the secondary. In the same way, we have computed the
effect on the ionization equilibrium condition and on the fit of the
absolute magnitude, without taking into account a possible
heating by the companion, in view of point i) above. The corrected
diamond diagram (Da Silva, 1986) is shown in Fig. 4: the three
criteria of determination of 6,4 and log g clearly disagree. Similar
results are obtained for {>Ret. Therefore assuming that {* and
{*Ret are two twin systems does neither allow an internally
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Fig. 4. Same as Fig. 2a but assuming {* Ret has a close companion of spectral
type K2V

consistent determination of the atmospheric parameters from the
detailed analysis, nor allow a good match of the observed colours.

iii) Neither ¢! nor {?Ret are known visual binaries. Speckle
interferometric observations failed to discover a close companion:
the first report of the discovery of a companion for {?Ret
(Bonneau et al., 1980) has been found to be due to an artefact in
the diffraction pattern of the telescope spider (Bonneau and Foy,
1986). Therefore neither {* nor (% Ret is an interferometric binary,
except if the magnitude difference between the components is
larger than 3 or the separation is smaller than 0702; in the first
case, we do not expect a large effect on the U magnitude.

iv) Neither ¢! nor {% Ret are known to have a variable velocity.
This is in conflict with the hypothesis that they would have very
close companions.

4.3. An overabundance of helium

We shall now discuss the hypothesis that the apparent, and
abnormal, gravity of {* and {?>Ret is due to an overabundance of
helium in the atmospheres of these stars. The results of Sect. 3
were derived under the assumption that n (He)/n (H) = 0.1. Let us
now assume that n(He)/n(H)=y is larger than 0.1. This

hypothesis is in fact strongly supported by the location of {* and

{?Ret below the main sequence (Johnson et al., 1968), their metal
content being solar.

The Hp profile is insensitive to a change in y at given T, as
discussed by Bohm-Vitense (1979), so that our determination of
0. is unaffected. In atmospheres where the metals supply all the
electrons and H™ is the source of opacity, helium acts only
through its weight. More helium then means less neutral hydrogen
per gram or less opacity, and two models with identical 6, and
[M/H]Z¢! but differently will have the same temperature and
electron pressure versus optical depth relationship if their gravities
g and helium abundances y obey the relation:

g'lg" =[1+y)/(4+4y)] x [(1+4y")/A+y")] 3
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(Stréomgren et al., 1982). Then, the spectra corresponding to these
two models should be almost identical. It means that we can derive
the Helium abundance in {! and (?Ret provided we know the
actual surface gravity of these stars; with y > 0.1, this gravity is
smaller than that found in Sect. 3.

In the following calculations, we will assume that the gravity of
¢! and (% Ret should fit that of the ZAMS for the same y, i.e.: that
they are not evolved. This could seem to conflict with their
kinematical parameters typical of the old disc population. But two
arguments support the idea that they are still very near their
ZAMS: i) Can H and K emission lines are visible in the spectrum
of {* Ret (Foy, 1972a), which means it should be a young star, in
the sense it has not evolved markedly from the ZAMS (Wilson and
Woolley, 1970), and ii) an effect of the helium overabundance is to
slow the stellar evolution across the main sequence at fixed T, and
[M/H]& due to the lower mass.

Then, since we assume that {* and {?Ret are on the ZAMS,
Eq. (3) becomes:

log g({Ret, y) =log g (ZAMS, y) ()]
=log g ({Ret, 0.1)—log(1+4y)/(1+y) +0.105,

where g(ZAMS, y) denotes the gravity on the ZAMS for the
helium abundance y, with given T, and [M/H]&. The difference
in the determination of the gravities of (! and {?Ret is not
significant; we will assume log g = 4.72 for both. Then we have:

logg({Ret,y)=4.83 —log (1 +4y)/(1+Y). 5)

Another, independent, relationship exists between g and y. Indeed
an increased helium abundance at constant [M/H]g implies that
Z, the heavy element mass per unit mass, decreases according to:

Z=0.02x 1.4/(1 +4y) (6)

as derived from Bohm-Vitense (1979); here we assume Z = 0.02
and y = 0.1 in the solar photosphere. Both the increase in y and the
decrease in Z increase the gravity on the ZAMS at given T,
according to:

Alogg=A4[Z] dlogg/d[Z]1+ Ay dlog g/dy @)
with 4[Z]=1og(1.4/(1 +4y)). From Hejlesen (1980), we have:
dlog g/0y =0.82 dex ®)
and

0log g/0[Z]= —0.32dex ®

from which it follows from Eq. (6) that the second relationship
between the gravity and the helium abundance is:

log g (ZAMS, y)

=log g ({Ret,y)
=log g (ZAMS, 0.1) + 0.82y + 0.32 log (1 + 4y) — 0.129.. (10)

Solving the system of Egs. (5) and (10), we find both the
helium content in {* and {2 Ret, and their actual gravity. We have
y=0.22+ 0.04. The error bar accounts for the error in theadopted
gravity only, § = 0.07, since the error in the determination of log g
for each of ¢! and {?Ret is taken as + 0.1 dex from Fig. 2.

The resulting actual gravity is:

log g ({' Ret, 0.22) =log g ({*Ret, 0.22) = 4.64+ 0.1 1)

Therefore the ionization equilibrium strips in Fig. 2a and b are to
be shifted by 4.64 —4.72 = —0.08dex. Changing the helium
abundance also changes the gravity deduced from the tri-
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Fig. 5. Same as Fig. 2a but assuming {! Ret is helium-rich: n (He)/n (H) = 0.22

gonometric parallax, since the stellar mass IR () changes in the
same amount as log g (ZAMS), the luminosity being kept
constant:

log M (y) — logM (0.1) = —0.14. (12)

The absolute magnitude strip in the diamond diagram (Fig. 2)
has to be shifted upward by the same amount; it leads to
log g ((*Ret)=4.64 and log g ({*Ret) =4.59 for ,;=0.83 and
0.4 = 0.86 respectively, which is consistent (Fig. 5) with the above
determination.

Thus the final result is:

{'Ret: 0.5 =0.86+ 0.02; log g=4.6+0.1;
[Fe/H]Z. = +0.140.2; n(He)/n (H)=0.22+0.04 )

{?Ret: O = 0.83 £ 0.02; log g = 4.6 0.1;
(14)

[Fe/H]E = +0.1+0.2; n(He)/n (H) = 0.22+ 0.04

We get consistent results assuming that He is overabundant in
the atmosphere of {* and {2 Ret. This overabundance accounts for
the high gravity of these G dwarfs having a solar metal content;
but it does not explain the discrepancies between the photometric
temperatures of Table 1 nor the weakness of the CN band found
by Hardorp (1982), at least not for {* (unless the unknown UV
absorber is related to the helinm abundance).

It is interesting to note that {! and (% Ret would not stand
alone. Table 4 lists other possible members of the moving group
{Her (Woolley, 1970), with their spectral types, trigonometric
parallaxes, B—V, together with the corresponding absolute
magnitude M, (sp) (Allen, 1973), M, (), M (ph) and with the UV
excess 0 (U— B) determined with B— ¥ and the U— B versus B—V
calibration by Johnson (1966). Most stars have an UV excess,
though not as large as {! and {2 Ret, except possibly for 1 Hya.
Also there are stars having M, () larger than M, (sp) or M, (ph),
which means that they lie below the standard main sequence.
None of these stars are known to be metal-poor: again an
overabundance of He can account for their low luminosity. If
the group {Her has a physical existence, would it then be
helium rich? Further investigations of stars in this moving group
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Table 4. Members of the moving group { Her; M, (sp), M, (n) and M, (ph) are the absolute magnitudes derived from the spectral type
ST from the trigonometric parallax = and from the B—V colour index. § (U— B) is the U— B excess relative to B—V

Number Name vV B—-V U-B SP 4 M, (sp) M, (ph) M,(nr) o({U-B)
Gliese
19 p Hyi 2.80 0.06 0.11 G2Iv 07159 3.0 3.0 3.8 0.04
136 {*Ret 5.54 0.64 0.08 G2V 0.094 4.7 4.7 5.3 0.10
138 {?Ret 5.23 0.60 0.01 G1V 0.094 4.5 4.5 5.0 0.11
306 1 Hya 5.60 046 —0.06 dF2 0.054 29 3.7 4.3 0.06
456 11.30 1.38 1.20 dM1 0.064 9.5 8.6 10.3 0.05
635a { Her 2.81 0.65 0.21 GOIv 0.104 31 4.8 2.4 0.0
635b - 5.49 0.75 0.34 KoV 0.104 59 5.5 5.6 0.05
678 — 5.30 0.72 0.30 G8IV-V 0.052 3.2-5.7 3.1-5.2 39 0.0
9079 HD 14680  8.81 0.93 - K3V 0.042 6.6 6.4 6.9 —
9701 ¢, Pav 5.1 0.53 0.01 F8V 0.047 4.0 4.1 3.5 0.04
M bol ! | near the mean sequence downwards by 0.55 magnitude. We would
need theoretical isochrones computed for y~0.48, which,
3.0 + 9.7, 98 A unfortunately, are not available in the literature. Assuming a
Y linear extrapolation is correct at first order, we derive that a
PRl Nt ,',' 99 change from y = 0.4 to y = 0.48 is equivalent to a shift in M, of
0.2 magnitude. The resulting isochrones near the main sequence
for y =0.52 are shown in Fig. 6, as well as the location of {* and
40 | {?Retand of B Hyi. The three stars could lie on the same isochrone
: logage =9.8: they could have a common origin.

Finally, we would point out that the cosmic scatter of the
helium abundance even in the solar neighborhood could be much
larger than assumed in current models of the chemical evolution of
the Galaxy. Strémgren et al. (1982) have given evidence for the

5.0 - idea that the Hyades would be helium-poor, which agrees with a
previous analysis of this problem by Cayrel de Strobel (1979).
Now we have found a twin system in which the helium abundance
seems to be twice as high as in the solar photosphere. Accurate
parallaxes as expected from the Hipparcos satellite and high signal
L

3.9
lo g Teff

Fig. 6. Location of {'(+) and {*>(@)Ret and of BHyi(asterisk) on the
theoretical evolutionary tracks (X=0.6, Z=0.02, 1/Hp=2.0) by Hejlesen
(1980) (dashed lines), and on the same tracks corrected for the helium
overabundance found for {* and {2 Ret (solid lines)

would be interesting. Proust and Foy (1986) have analyzed in
detail fHyi, another member of the group; they have derived
[Fe/H]£™i=0.0+£0.2. From the point of view of the heavy
element content, 8 Hyi, {* and {? Ret could have a common origin.
The absolute magnitude of $Hyi as derived from the trigono-
metric parallax (z=07159) M,=3.8 is consistent with the
spectroscopic gravity log g = 4.0. Unfortunately we cannot assign
a precise value of log g from its stage of evolution as we were able
to do in the case of {* and {?Ret. Therefore it is not possible to
discuss the helium abundance of § Hyi. Nevertheless, it should be
emphasized that from the point of view of the stellar evolution
theory, it could have a common origin with {* and {*Ret. Indeed,
from the theoretical isochrones of Hejlesen (1980), the effect of a
change in the fractional mass of helium y from 0.2, the standard
value, to 0.4 (i.e.: y =0.17), is to shift the part of the isochrones

to noise ratio spectroscopy would allow an extended study of the
helium abundance in unevolved stars in the solar vicinity, in order
to provide new input parameters in the astration models and
perhaps, as a further consequence, in cosmogonic models also.
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