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Abstract. The Wilson-Bappu effect is investigated using ac -5t o o -

curate absolute magnitudes of 65 stars obtained through e,

release of data from the Hipparcos satellite together with M

k line widths determined from high resolution spectra observ.  © o

with the International Ultraviolet Explorer (IUE) observatory. 0.
Stars of spectral classes F, G, Kand Mand luminosity clas: .| &‘“’%’ ° i

I-V are represented in the sample. Wilson-Bappu relations 1 o

the Mg Il k line for stars of different temperatures i.e. spectr. &

classes are determined. The relation varies with spectral cl 4oL ° .

and there is a significant scatter of the line widths around t . 1 . . 1

regression lines. 10 5 0 5
The sample contains slowly rotating stars of different acti M, (HIP)

ity levels and is suitable for investigations of a possible relation

between line width and stellar activity. A difference in behavidrig- 1. Absolute magnitudes as derived from Hipparcos data (HIP)

between dwarfs and giants (and supergiants) of spectral clgi§ged against absolute magnitudes given in “Sky Catalogue 2000

K seems to be present. Magnetic activity affects the width §firshfeld & Sinnott, 1982) and "Catalogue of nearby stars” (Gliese

the Mg Il k line in dwarfs. Metallicity is found to influence the 69; Gliese & Jahreiss, 1979). See also Elgaray et al.(1997)

Mg Il k line width in giants and supergiants. Possible interpre-

tations of the new results are briefly discussed.

A problem encountered in previous investigations is uncer-
Key words: stars: activity — stars: chromospheres tainties in the absolute magnitude of the sample stars, since this
parameter enters directly in the Wilson-Bappu relation. The un-
certainties were not likely to severely affect the general trend
of the relationship in a comprehensive sample of stars, but in-
vestigations of fine structure in the diagrams such as deviations
The systematic broadening of the bright Call emission linesfirom the regression line met with difficulties. The problem was
spectra of late type stars (surface temperature equal to thatheit the errors in absolute magnitudes of the stars, in particular
the Sun or cooler) with increasing stellar luminosity (Wildon the more distant ones were unknown. Uncertainties in the line
Bappu 1957) is of fundamental interest for the understandingdths were more easy to handle since these could be estimated
of the temperature and density structure of stellar atmospherksing the processing of the data.
Also the Mgllh and k lines and H Ly show a similar effect
(McClintock et al. 1975). Various Wilson-Bappu relations have
been established by a number of authors. Engvold & ElgargyData

(.1987) found tha_t several chromgspheric Gy transitipn re‘::]i/@\'acurate absolute magnitudes have been obtained through early
lines observed with the IUE satellite obeyed W-B relationships, e 5se of data from the Hipparcos satellite. The errors in the

A study of the relation between stellar activity and the W-Bearived M, values are now well known. In general they are so
relation using a sample of 78 single stars has recently b%?ﬂall that they can safely be neglected
0

carried out by Elgaroy et al. (1997). A numerical simulation In Table 1 the sample of 65 stars taken from our sample of 78
the Wilson-Bappu relationship has recently been carried Om@érs, for which we have IUE observations of Mg Il h and k line
(Cheng et al. 1997). widths and Hipparcos magnitudesis given. Earth-based absolute
Send offprint requests to: O. Engvold magnitudes and a detailed description of the data sample may
(e-mail: oddbjorn.engvold@astro.uio.no) be found in Elgargy et al. (1997).

1. Introduction
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Table 1. Data for the observed stars. The estimated errors appbgtd’;, as well as tdog W,;.

Star Sp.class Mv(Hip) W W,  Error | Star Sp.class Mv(Hip) W W, Error
(log) (log) +
44 And F8Vv 2.19 1.78 1.94 0.03 «aTau K5l -0.50 1.90 2.08 0.01
vPhe F8Vv 4.20 1.67 1.67 0.13 GI 783 A K3V 6.53 1.64 164 0.05
[SCae F2v 2.92 2.00 2.10 0.06 Gl 201 K5Ve 7.28 1.59 159 0.04
50 Per F7v 3.99 1.86 190 0.08 Gl845 K5Ve 7.03 1.60 1.60 0.03
Gl297.1 F5v 3.19 1.85 1.91 0.02 Gl 142 K7V 7.98 151 156 0.05
aCrv F2IvV 3.25 1.89 2.06 0.07| 6 Cen KO-V 0.87 1.88 2.03 0.03
3Dra G2ll -2.28 2.26 2.42 0.03 cRet K2IVa 3.29 1.80 192 0.08
¢Cap G4lbpe -1.51 2.14 2.31 0.0 nCep KOIVe 2.79 1.80 191 0.02
aAur G6ll+Falll -0.32 2.17 2.24 0.02| eSco K211l 0.94 1.88 2.04 0.02
AANnd G8lll-IvV 1.91 2.03 2.10 0.01| QAri K2llle 0.65 1.87 2.04 0.04
BAQr GOlb -3.34 2.20 2.33 0.02 oSer K2llle 1.04 191 204 0.01
aAgr G2lb -3.72 2.20 2.37 0.02 Gl117 KOVe 6.11 1.70 1.83 0.03
aCen A G2V 3.09 1.71 1.71 0.02 GI5 KOVe 5.53 1.74 1.77 0.03
xOri GOV 4.82 1.72 1.72 0.02 Gl211 K1lVe 5.91 1.74 1.74 0.06
70 Vir G5IV-V 3.81 1.77 1.90 0.03| Gl224.1 K31V 2.62 1.89 1.96 0.07
72 Her Gov 4.30 1.68 1.78 0.02 4Sgr K2l -1.99 2.03 214 0.03
47 UMa Gov 4.41 1.69 1.82 0.0 GI 380 K7Ve 8.22 1.49 153 0.04
61 UMa G8Ve 5.55 1.73 1.76 0.01 GI113.1 KOl 3.87 1.88 1.88 0.01
(Tuc Gov 4.67 1.81 1.87 0.05 Gl259 KOVe 6.03 1.70 1.79 0.03
39 Tau G5V 4.92 1.73 1.78 0.04 GI 309 KOV 6.09 1.69 1.77 0.08
9 Cet G2v 4.98 1.79 1.88 0.02 GI 320 K1V 6.49 166 166 0.01
11 LMi G8IV-Ve 5.30 1.70 1.80 0.02| Gl 454 KOIvV 5.13 1.72 190 0.05
Gl761.1 G5V 4.29 1.74 1.89 0.08 GI593.1 K411l -0.22 2.01 2.12 0.05
GI503.2 G1.5Ve 4.53 1.70 1.70 0.06 WaOri M1-2la-lab -5.09 226 238 0.01
xCet G5Ve 5.16 1.71 1.81 0.03 SANnd MoOllla -1.76 1.96 2.07 0.01
HN Peg GOVe 4.67 1.76 1.85 0.08 ACru M3l -0.52 2.00 225 0.02
BHyi G1lv 3.56 1.75 1.83 0.03| Gl 169 M1Ve 7.98 153 153 0.05
Gl 484 GOV 4.87 1.73 1.81 0.10 GI 825 MOVe 8.77 149 157 0.04
BCet KOllI -0.13 1.93 2.07 0.01| Gl616.2 M1.5Ve 8.42 1.63 1.63 0.03
oTr A K3l -3.45 216 227 0.02| GI803 MOVe 8.72 1.61 1.61 0.02
aBoo K2l -0.14 1.88 2.07 0.01| Gl 96 M1.5Ve 9.10 152 152 0.13
Gl 239 M1V 9.73 143 143 0.12
Gl 799 M4.5Ve 10.13 141 141 0.03
Gl 285 M4.5Ve 12.33 1.49 149 0.06
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As clearly demonstrated from Fig. 1 there is good corre- One may conclude that the Hipparcos observations have re-
spondence between Hipparchos magnitudes and those deddeeed the uncertainties in the absolute magnitudes of our sample
from Earth-based observations in most cases, but for about 28%rs to a very satisfactory low level, and most important; the
of the stars the correspondence is less satisfactory. possible errors are now known.

The deviations are largest for the more luminous stars. This The line widths of the Mgll h and k lines are the same as
could be expected since these are the most distant ones @edved in the investigation by Elgargy et al. (1997), where the
consequently may have large errors in the previously derivestiuction procedure and a discussion of errors may be found.
parallaxes. In the present contribution the analysis is restricted to the
Mgll k line, since the results for the k and h lines differ very
little. In the conventional method the width is defined as the
full width of the line at the 50% level of the peak line flux.
The standard errors in the Hipparcos parallaxes correspondHmwever, since the spectrum usually is noisy and often difficult
errorsin absolute magnitudes less than 0.1 magnitude in all cagedefine, the actual measurement is better done at a Gaussian
except for the 10 most distant stars in our sample, as showrfiirrather than at the emission line. Besides, the spectrum may
Table 2. Inthe table the possible errors in magnitude are giveniiersome cases be so asymmetric that the lowest peak doesn't
the 13 stars that have parallaxes less tham28. In addition even reach the 50% level. Direct measurement of the FWHM
three stars with parallaxes of around ®8s, one with about width would then be meaningless, since it would give the width
100 mas and one with about 20@s are listed together with of the dominating peak rather than the width of the whole line.
the uncertainties in their absolute magnitudes. By using the Gaussian fit as an extrapolation to “fill in” the

2.1. Uncertainties in the data
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Table 2.Uncertainties in absolute magnitudes as determined fromsti -5 T ' T T ' o
dard errors in Hipparcos parallaxes. M °© o0
\ o © ° o
Star M, Error Parallax  Distance or Q& °o ¢ .
(mas) (parsec) 80 °
o]
o
aCenA  3.09 +0.89/-1.54 368 271 sk ® 88 -
aAgr -3.72 +0.38/-0.47 4.30 233 o %o
BAQr -3.33 +0.36/-0.42 5.33 188 8 o
aOri -5.09 +0.42/-0.53 7.63 131 10k e ° -
aTrA -3.45 +0.16/-0.19 7.85 127 o
¢Cap -1.51  +0.23/-0.25 8.19 122 ' L ! L ' :
) ) 4
GI593.1 -022 +0.06-0.05 855 117 12 14 18 18 2|° W2 2 2
3Dra 228 +0.12/-0.12 9.02 110 0g Wi
oSgr -1.99 +0.18/-0.20 10.67 94 T T T T T T
BAnd  -1.76 +0.10/-0.10  16.63 60 ST L° §
44And 219 +0.08/-0.08  18.98 53 M, . %
Gl113.1 3.87 +0.08/-0.09 22.73 44 d’oo% °°
GI761.1 429 +0.05-0.06  27.47 36 or %0 }
¢Sco 050 +0.04-0.03 4985 20 ou °
aTau -0.50 +0.06/-0.04 50.09 20 5L O%ooo m
39 Tau 492  +0.03/-0.07 59.79 17 0000
61 Uma 5,55 +0.01/-0.02 104.81 9.5 ® 5
GI 380 8.23 +0.01/-0.01 205.22 4.9 10 & ° .
L ° 1 ] 1 1 I
Table 3. Comparison of line width measurements 12 14 16 18 20 22 24
log W'k

Star Robinson & Carpenter Present  paper

Fig. 2. Width-luminosity relation of the Mg Il k line for all sample stars

log Wi log W, log Wi of spectral classes G, K and M using both log W (above) and log W
(Dra 2.30 2.26 2.42 (below) as parameters of the line width
nCep 1.82 1.80 1.91
aOri 2.27 2.26 2.38 Table 3 shows that there is very close agreement between
~Cru 1.94 2.00 2.25

the derived widths. As might be expected (cfr. discussion in
Elgargy etal. 1997) our values for log,Vere particularly close

to the values obtained by Robinson and Carpenter.
missing flux a much better estimate of the width (denoted W)

is obtained. The flux is then defined as the integrated flux underp oo its

the line profile (denoted F). But the width may also be defined

as the full width of the fit at 50% of its peak level (denoteW Fig. 2 shows the width-luminosity relation of the Mgll k line
The flux is defined as the integrated flux under the Gaussiarféit our sample of 59 stars of spectral classes G, K and M. Six

(denoted F). stars of spectral class F have been left out because they seem
A further explanation and discussion of the parametersrist to follow a Wilson-Bappu relation, as will be demonstrated
given in Elgargy et al. (1997). in Sect. 3.1.

When the diagrams in Fig.2 are compared with previous
results in Elgargy et al. (1997), it is seen that the difference is
extremely small. The scatter of the data around the regression
Mgll h and k line profiles have been determined by Robirine is about the same in the two cases. But whereas one previ-
son & Carpenter (1995) using high-resolution spectrograptagsly had to take into account that an unknown part of the scatter
data taken with the Goddard High Resolution Spectrograph canight be due to erroneous absolute magnitudes, the new results
nected to the Hubble Space Telescope and with the IUE satelliee free of this deficiency. Itis now possible to look for physical
Four of their sample stars are also present in our data sampiechanisms causing deviations from the average behavior.
i.e.8Dra,nCep,aOri andyCru. Of thesex Ori and~y Cru were The following Wilson-Bappu relations are obtained for the
observed both with the GHRS at the Hubble Telescope as Wwel G, K and M stars in the sample:
as vxqth theIIUE. The width of th_e Im_es were dgtermmed at 10°ov — (35.25 4+ 2.17) — (17.61 + 1.10)
maximum intensity. If a Gaussian line profile is assumed, théir
data can be converted to FWHM values and compared with our X log W'[r = —0.95] (1)
results. M, = 31.19 — 14.66logW [r = —0.96] 2)

2.2. Test of the reliability of the determination of line widths
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T I 1 I 1 T T T T I

-5 I~ _5 - -
M, F stars M, G stars
of . 0 .
o
5F ° ° - 5 -
10+ - 10 -1
] | 1 1 1 | ] | 1 ! 1 1
12 14 16 18 20 22 24 1.2 .
log W',
sF T T T T T 5F
M, K stars M,
of . of
51 . 5|
10 4 1of
] ] ] ] ] ] Lo 1 1 I 1 ] . TR .
12 14 16 1.8 20 22 24 12 14 16 18 20 22 24 193 Width-luminosity relations for
i i stars of different spectral classes. The
log W' log W'y regression lines are given as solid lines

(ris the correlation coefficient).
(1) and (2).

based absolute magnitudes.

But one must take into account that there are 6 F stars only
The uncertainties are roughly the same in the expressionghe sample and that they cover a relatively small range in
absolute magnitudes (M= 2.2 to 4.0). In addition the Mgll
Almost the same results are obtained using classical, ealthes become weak and noisy for F stars and show strong central
reversals, making good determinations of their widths difficult.

We conclude that a weak relation between luminosity and width
for F stars can not be completely excluded, although our present
data reveal no connection.
The accurate Hipparcos absolute magnitudes permit a further For the stars of spectral classes G, K and M, there is a very
differentiation of the material according to temperature, as givgnod correlation between luminosity and line width. The respec-
by stellar spectral classes. Width-luminosity relations for thize Wilson-Bappu relations are well defined. It is seen that the
Mgll k line for stars according to spectral class are shown gilope of the regression line for the G stars is less steep than for
Fig. 3. the Kand M stars. Between K and M stars there is no significant
From the data the following Wilson-Bappu relations are delifference.
rived: Since main sequence stars dominate in the lower left of the
F stars, n= 6 stars. diagrams whereas giants and supergiants occupy the upper right
the difference in slope of the G stars and the K-M stars suggest

3.1. Possible dependence on stellar temperature

pr— J— / [ —
M, = (74+£5.8) = (22£3.1)logW’ [r = ~0.34] ®) that there is a larger difference in line width between G dwarfs
G stars, n= 22 stars. and giants than is the case for K-M dwarfs and giants.
M, = (28.5+1.9) — (13.8+ 1.0)log W’ [r = —0.95]  (4) L _
3.2. Deviations from the Wi Ison-Bappu relation

K stars n = 26stars. . .

S In Elgargy et al. (1997) itwas found that active stars had broader
M, = (38.942.3) — (19.8 £ 1.2) logW' [r = —0.95]  (5) lines and showed larger variations in line widths than quiet stars.

B In particular observations of the active RS CVn binagem

M stars n = 11stars. taken at epochs of different levels of activity, clearly demon-
M, = (39.5+2.4) — (20.0+ 1.4)logW’ [r = —0.97]  (6) Strated line broadening accompanying increased activity.

_ o . The sample of K stars may be used for a study of the dis-
From Fig.3 and from the regression line derived for thgersion of the data points around the regression ixleg W

F stars it is seen that our data reveal no relation between {§gefined as the difference between log iMeasured) and log
luminosity and the width of the Mgll k line for the F stars.
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T T T T T

7+ Table 4. Surface fluxes of the Mg llk line as determined by Elgaray
GIANTS et al. (1997) updated with new parallaxes from the Hipparchos data
° together with deviations from the regression line.
6 - -

X~ oo ’
g o o 8° ° ° . Star SpKl.  Flypr AW
iL 5F o 7 BCet Kol 570  -0.04
2 ° aTrA K3l 6.43 0.02
- aBoo K2l 5.35 -0.09

4r A aTau K5Il 498  -0.09
gCen Koll-IvV 5.39 -0.04

sl | eRet K2IVa 555  0.00
. . . . ° nCep KOIVe 5.51 -0.02

-0.10  -0.05 0.00 0.05 0.10 0.15 €Sco K211 5.33 -0.04

A log Wy QA K2llle 525  -0.06

aSer K2llle 5.29 0.00

s T T T T ] Gl224.1 K31V 5.24 0.06

“ DWARFS oSgr K2l 5.66 -0.03
~:::; Gl113.1 Kol 291 0.11
ll"’ 6 Gl 454 KOIvV 5.62 0.02
o Gl 593.1 K4l 4.74 0.04
2 Gl 783 A K3V 53 0.01
5 Gl 201 K5Ve 5.86 0.01

. , , , 1 Gl 845 K5Ve 550  -0.01

-0.10  -0.05 0.00 005 010 0.15 Gl 142 K7V 5.39 -0.05

Alog Wy Gl 117 KOVe 6.47 0.04

, o _ , , GI5 KOVe 6.11 0.06
Fig. 4. Deviation from the Wilson-Bappu relatiodMog W,) plotted 5511 K1Ve 6.41 0.07
against surface ﬂu}d‘éng/urf,k) for K giants and supergiants (above) G| 380 K7Ve 5.64 -0.06
and K dwarfs (below) Gl 259 KOVe 5.97 0.04
Gl 309 KoV 5.56 -0.03

Gl 320 K1V 6.23 0.02

W' (average). The latter is obtained from the W-B relation us-

ing the absolute magnitudes of the chosen stars. The Mgl k-line paiher than usin
surface flux (Table 4) may be used as a parameter of activity. L
According to Robinson & Carpenter (1995) the strength of tfi§/ative deviation, St
emission is a direct measure of chromospheric activity. In Figdétermined from the regression line.

Alog W' has been plotted against surface flux as given by log | et p — AlosW' 100, then one finds: K dwarfs

/ 7

d\log W (or Alog W) one may use the
Alos W 55 a parameter, wheleg W is

’

Four s It was found useful to make a further division of the log
material into dwarfs (KV) and giants (KIV, 111, 11, 1). / _ .
We estimate the error in the derived surface fluxes to amoulr% Fourge =590 +0.10D [r = 0.61] ®)

to approximately 50%, corresponding to an uncertainty of 0.3 114 two main results from the anal
in the logarithm of the surface flux. The errorsAmog W' are
equal to the errors in log W(see Table 1).

Fig. 4 reveals an interesting difference between the behavipr or main sequence K staddog W' increases with increas-
of K dwarfs and giants. Dwarfs show increasing line width with  jq activity (as given by log !:u )
increasing surface flux. Butin the case of giants, the line widths K giants and supergiants show the same behaviahfog
decrease with increasing surface fluxfotog W >0.02. Tak-  \w" <0.02. For broader profiles activity seems to decrease
ing the limited material and the errors in the data into account, \yith increasing line widths. More stars in this range are

dwarfs and giants in the case of the broadest line profiles.

ysis of the log F , —
AlogW' relations are:

The following regression line has been derived: The different relations between activity and excess line

K dwarfs n=11 width for dwarfs and giants may be associated with the fact that
strong magnetic fields are present in active dwarfs, whereas ac-

log ;WM =58+ T7.2AlogW' [r=0.76] (7) tivityin many giants and supergiants may be more non-magnetic

in nature (Cuntz, 1996).
Forthe K giants alinear regression line is clearly not appropriate To explain the properties given in 1) and 2) one needs de-
(cf Fig. 4). tailed calculations of atmospheric (chromospheric) models and
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calculations of the line profiles using hydrodynamic methot
and theory of line formation. Before such work has been pe
formed, which requires large resources, some effects which
important for the explanation of the observations may be point%
out.

0.4 =

log [F

3.2.1. Main sequence stars

A

For these stars the temperature gradient in the chromospt
increases in active regions and the fluxes and line widths b o o
become larger. When a star is more active (increased heati -6 -4 -2 0 2 4 6
the Mg lllines are formed at a level where the column mass
and therefore the opacity is larger than in the quiet case. Céig. 5. Relative deviation from the Wilson-Bappu relatiéhplotted
sequently the fluxes and the widths of the chromospheric lirggainst metallicity A = log(Fe/H), for 15 K giants and supergiants
increase.

our result clearly reveal an important relation between metallic-
3.2.2. Giants and supergiants ity and line width, in qualitative agreement with the theoretical

. o results of Cuntz et al. (1994).
In this case the situation is more complex. These stars have athea variation of Mg Il surface flux for the K giants in our

much smaller surface gravity in the chromosphere than maifinhe s relatively small (cf Fig. 4). This is also in agreement
sequence stars. The surface gravity and the metal abundafigey ihe theoretical results of Cuntz et al. (1994), who mention
which are important for the chromospheric temperature stryfizee factors contributing to this end: a) the mean chromospheric
ture, can show large variations from one star to another, 3t herature is slightly higher in models with lower metallicity.
are also respon5|ble_for the difference between dwarfs and g5 tends to increase the Mg Il emission flux. b) In models with
a!’]ts. Model calculations (Cuntz et al., 1994) suggest that. Ger metallicity the optical depth in the Mg Il k line is reduced,
giants have a much more extended chromosphere than main§gsng the line to be formed at higher column mass densities,
quence stars due to the smaller gravity. The chromospheres g e arger total particle densities occur. As a consequence, the
quasi-isothermal, i.e. the temperature increases very slowly 4p ,ced metal abundance is compensated. ¢) The wave shape
to the transition region. In and above active regions giants shg4ne shock waves (assumed to heat the chromosphere (Cuntz
higher temperatures leading to more extendeq quaSi'iSOther@‘EljImschneider, 1988) is the same in large portions of atmo-
chromospheres. These calculations show thatincreased healigeres of different metal abundances, allowing the Mg 11 k line
I.e. increased activity, may lead to more narrow lines. LOWES e formed under similar thermodynamic conditions. The fact
metal abundances also give narrow lines as a result. This §5; chromospheric Mg 11 h and k line fluxes are independent of
curs because the line opacity is proportional to the Mg Il NUse 4] ghundances is also in accordance with the scaling laws of

ber density, and therefore decreases in proportion to the Mg\{}res (1979), which were found to be valid for various semiem-
abundance (Cuntz etal., 1994). In short: individuality, effectsB rical chromospheres based on IUE data.

non-magnetic activity and variations in metal abundances may g regards the K dwarfs, abundances were found for 7 of the

explain our results for the giant stars. 11 stars in the sample. No connection between Fe/H abundance
and deviation from average line width could be detected. Since
3.3. Metallicity the dwarfs are subject to magnetic activity it is likely that a

. . . . . possible effect of metallicity is overshadowed by the variation
Since metallicity may be a factor influencing the Mg Il K lings ine width with activity

width (Lutz & Pagel 1982), data on abundances have been com-

piled for the K stars in our sample. The abundances were derived ]

from Cayrel de Strobel et al. (1992), Jones et al. (1992) asv 4- Conclusions

(1983), Taylor (1991), McWilliam (1990), Fanelli et al. (1990)g4yly release of data from the Hipparcos satellite has served

Pallavicini et al. (1992) and Tokovinin (1990). to provide accurate absolute magnitudes for 65 stars for which
In many cases several different results have been found {Q& Mg 11 k line widths have been measured from high resolu-

the same star. In such cases the average value was used.;ifi&pectra obtained with the International Ultraviolet Explorer
data for giants and supergiants are given in Table 5 and plottng) observatory.

in Fig. 5. The regression line is given by: Increased accuracy and knowledge of the uncertainty in the

A= (0.01 £ 0.04) + (0.04 £ 0.01)D [r = 0.67] 9) values o.f the absolute magnitudes has permltted new features
of the Wilson-Bappu effect to be explored. Firstly, we have es-

Data for 15 stars are used. tablished that the scatter of the data around the regression line

Even though the uncertainties in the abundance valdesind by Elgargy et al. (1997) is real, and not due to errors.
(about 0.2 dex) and the relative deviations (Table 5) are lar@econdly, a differentiation of the material according to surface
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Table 5. Abundances as given by log Fe/H = (log Fe/H) References

— (log Fe/H).... and relative deviation.
(log Fe/H); ve deviatl Ayres T.R., 1979, ApJ 228, 509

Cayrel de Strobel, G., Hauck, B., Francois, P.e¥énin, F., Friel, E.,

Star Sp.cl.  Abund. 225W 100 Mermilliod, M., Borde, S., 1992 ARAS 95, 273

los W Cheng, Q.-Q., Engvold, O. Elgaray, @., 1997, A&A 327, 1155
BCet Kol -0.06 -2.07 Cuntz, M., 1996, in Stellar Surface Structure, IAU Symposium No.
aoTrA K3l -0.06 0.93 176 (Eds.: K.G.Strassmeier and J.L.Linsky) p. 393
aBoo K2l -0.47 -4.79 Cuntz, M. Ulmschneider, P., 1988, A&A 193, 119
aTau K5Il -0.11 -4.74 Cuntz, M., Rammacher, W., Ulmschneider, P., 1994, ApJ 432, 690
0Cen KOll-Iv ~ +0.17 -2.13 Elgargy, @., Engvold, O., Jas, P., 1997, A&A 326, 165
cRet K2IVa 0.00 0.00 Engvold, O., Elgargy, @., 198Fjfth Cambridge Workshop on Cool
nCep KOlve -0.07 -1.11 Stars, Sellar Systems and the Sun, Lecture Notes Phys291, 315
€Sco K2lll -0.10 -2.13 Fanelli, M.N., O’Connell, R.W., Burstein, D., Wu, C-C., 1990, ApJ
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