A&A 407, 669677 (2003) Astronomy
DOI: 10.10510004-6361:20030887

& .
© ESO 2003 Astrophysics

HD 191110 a SB2 system with HgMn and Hg components

Orbital elements and abundance analysis

G. Catanzarh F. Leoné-*, and P. Letd

1 INAF - Catania Astrophysical Observatory, Via S. Sofia 78, 95123 Catania, Italy
e-mail:gca@ct.astro.it;fleone@ct.astro.it

2 |stituto di Radioastronomia del C.N.R., Stazione VLBI di Noto, CP 161 Noto, Italy
e-mail:pleto@noto.ira.cnr.it

Received 14 April 2003 Accepted 22 May 2003

Abstract. In this paper we present the first quantitative abundance analysis of the SB2 system with HgMn and Hg components
HD 191110. Time-resolvedR(= 14 000) spectroscopic observations of this system have been obtained during September and
October 2002 at th€atania Astrophysical Observator¢ombining these observations with spectRa=£ 50 000—-110 000)

taken from theCFHT archive, we refined the orbital period of this systdPn=9.34661+ 0.00002 d) and then we recalculated

the fundamental parameters characterizing its orbit.

From the fit of the i profiles, obtained at ffierent orbital phases, we determined tffeetive temperatures and surface gravities

of each component and the light ratif;, = 11000 K, logy” = 3.60, TS, = 10 700 K, logg® = 3.90, La/Lg = 1.20.

Regarding the chemical composition, both components have solar abundances of sulfur, titanium and iron; magnesium and
silicon are slightly underabundant; platinum and yttrium are overabundant. Manganese lines have been detected only in the
spectrum of the primary. As to rare-earths, two lines ofiNldave been identified in the secondary’s spectrum. Other lines we
identified in our spectra belong tarPCr, Nir, Snt, Zrit and Aut. We also discuss the isotopic structure of thaid§983.9 A

line.

Key words. stars individual: HD 191110 — binaries: spectroscopic — stars: abundances — stars: early-type —
stars: chemically peculiar

1. Introduction components, Mn lines in the primary’s spectrum only andrY

and P11 14046 lines only in the secondary’s spectrum.
HgMn stars in binary systems play an important role in under- Despite the importance and rarity of SB2 systems where
standing the formation of the chemical peculiarities. As mamth components are Hg stars, no quantitative abundance anal-
of these systems have componentéisiently far apart to have ysjs on HD 191110 have been performed since the preliminary
evolved independently from their protostellar cloud, they couigork by Dworetsky (1974).
be used to StUdy how the peculiarities originate in their atmo- Within our program dedicated to the determination of the
spheres and how they evolve. orbital parameters of binaries in which one or both components

HD 191110 £ HR 7694= AV Cap) is a double-lined spec-are Chemically Peculiar (CP) stars, we have obtained time-
troscopic binary with HgMn and Hg components; the first mefiesolved spectroscopic.observation_s of HD 191110. Combining
tion of its binary nature was given by Adams & Joy (1917cFHTarchive data of this system with our spectra, we also per-
It was classified as BB by Cowley et al. (1969). Later, formed a detailed abundance analysis of the two components.
Dworetsky (1974) computed the first orbital solution for the
system. He did not undertake a detailed abundan_ce a”alyﬁ!SObservations and data reduction
but noted the presence of a strongiiA8984 line in both
Radial velocities and chemical abundances for HD 191110
have been derived from spectra obtained with twfiedént
Send g@print requests toG. Catanzaro, e-mai§jca@ct.astro.it instruments:

* Guest User, Canadian Astronomy Data Centre, which is operated ) )
by the Dominion Astrophysical Observatory for the National Researck the 0.9m telescope of theCatania Astrophysical
Council of Canada’s Herzberg Institute of Astrophysics. Observatory(OAC), which is fiber-linked to a REOSC
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echelle spectrograph, has been used to obtain time-resolvedTo evaluate the systematic errors in the radial velocities
spectroscopy of HD 191110 in the 4810-5370 A spectraleasured at OAC, during our observing runs we observed
region. We observed this system for 3 consecutive nigtgars with constant and well known radial velocity: HD 693,
on September 17th, 18th and 19th 2002 and for 2 night#® 3712 and HD 223368 extracted from the list of CORAVEL
on October 18th and 19th 2002. The resolving powstandard stars (Udry et al. 1999). For each of these stars we
deducted from the lines of the Th-Ar lamp~i44 000. computed the average radial velocity and standard deviation.
— the 3.6 m telescope of the CFHT equipped with fde Systematic errors were derived from the averagéerince
couds (Geckqg spectrograph. A summary of the instrumenbetween radial velocity values from CORAVEL and our mea-
tal setup for the four nights is given in Table 1, and includesirements as equal to 2.501.37 km s*. The measured radial
the dates of the observations, the observed spectral regiegipcities of our program star listed in Table 2 have been cor-
and the resolutions as deduced from the FWHM of Th-Aected for systematic errors.
comparison lamp lines. Following the nomenclature first used by Dworetsky

(1974), we defined the primary as the star showing the Mn
The stellar spectra, calibrated in wavelength and with the cqjpres.

tinuum normalized to a unity level, were obtained using stan-
dard data reduction procedures for spectroscopic observations o _
within the NOAQIRAF package. The achievedNswas al- 3. The determination of orbital parameters

ways above 300 for the CFHT spectra aathO for the OAC e radial velocities for a spectroscopic binary system are

data. ) _ _ _given from the following equation:
Equivalent widths have been measured with a gaussian fit
of each line using standard IRAF routines. As the main sourge , = y 1 K[cos@ + w) + ecosw] (1)

of errors in the equivalent width measurements is the uncer-

tain position of the continuum we applied the formula givewherey is the radial velocity of the center of massis the

in Leone et al. (1995), which takes into account the wid#ccentricity of the orbitw is the longitude of the periastron,
of the line and the rms of the continuum. According NS ¢ is the angular position of the star measured from the center
of our spectra and to the rotational velocities estimated fgf mass at a given instant afdis the semi-amplitude of the
HD 191110 A & B, we found that the typical uncertainty is/elocity curve as given by the formula:

~1 mA or even less.

To calculate radial velocities we first identified all un- 2rasini )
blended spectral lines using Kurucz's (1993) line list. For eath= PVi_&

of these lines we measured the central wavelength with a gaus-
sian fit of the profile and we computed the radial velocity usirw

. . . hereP is the orbital period of the system.
the classical Doppler shift formula. Finally we averaged the Radial velocity measurements of HD 191110 have been
values obtained for each night. Mean radial velocity and tl?

gported by Dworetsky (1974) and by Aikman (1976).

correspondingr have been reported in Table 2. For the mg:{tfombining these velocities with those derived from our spec-

Setp':). 10th’d19.95 (THJBZIMQ 970'90|2) th'ts proc-edu:.e COEIJ_Ih ra, orbital elements have been determined by a weighted least-
not be USEd since Ine stars were close to conjunclion. Thlig, reg fitting to Eq. (1). Errors have been estimated as the
radial velocity has been measured by modeling the obserygd.

. . . ation in the parameters which increasesgthef a unit. The
spectra according to the procedures described in Sects. 4 ang.; ting value folP was evaluated using tHehase Dispersion

Table 1. Journal of CFHT observations. Table 2. Heliocentric Julian Date and measured radial velocities for
HD 191110,n represents the number of spectral lines used.
Date Sp. range R
A(A) A/AA HJD RV (kms™)
Sept. 07,1995 37HB795 60000 (2400 000.6+) Primary n Secondary n
4040-4065 110000 CFHT  49967.897 36.94 0.67 8 -60.63+0.63 8
Sept. 08,1995 376800 60000 49968.810 43.120.65 18 -66.12+0.91 15
3970-3995 95000 49969.948 23.7& 0.97 27 -44.70+0.61 13
4040-4065 110000 49970.902 —-6.74+0.75 -10.21+ 0.75
Sept. 09, 1995 41541180 50000 OAC 52535.330 -45.45+1.88 9 36.84+ 3.42
4490-4530 90000 52536.355 -14.22+1.26 9 -4.05+1.26
4900-4940 55000 52537.361 19.09 398 4 -31.31+4.56
Sept. 10,1995 3758780 50000 52566.232 38.160.55 10 -56.88+1.26 10

4020-4045 110000 52567.288 4564181 9 -60.33+1.23 10
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Table 3. Derived values of #ective temperatures, gravities and light
ratio (La/Lg) for HD 191110 A & B. We report the parameters
achieved for a solar helium abundance and those computed for helium
abundances equal to those actually observed.

He=0 He="*
= ¥?>=1.12 ¥?=1.14
; Ter logg Ter logg
i Primary 11800 3.70 11000 3.60
3 Secondary 11000 4.00 10700 3.90
3 Light ratio 1.19 1.20
%
24

From the previous equation we derived a ratio of the radii equal
to 1.04+ 0.04.

4. Stellar parameters

One method commonly used to determirfieetive tempera-
ture (Teg) and surface gravity (log) of a star is to compare the
observed and theoretical profiles of a Balmer line. In the case
Fig. 1. Radial velocity curves for the primary (solid line and filledof the SB2 system, we observe rofiles given by the su-

symbols) and the secondary (dashed line and open symbols). @efposition of lines Doppler-shifted by the orbital motion and
measurements are represented by circles (OAC) and squares (CFigiBjghted by the dferent luminosity.

Dworetsky (1974) data by triangles and Aikman (1976) data by Tpe procedure used for HD 191110 was to minimize the

rhombs. difference among observed and syntheticorbfiles obtained
at five diferent orbital phases. This procedure took into account

Method(Stellingwerf 1978) as coded in the NOAGAF pack-

age. We obtained the following solution:

simultaneously the spectra of the two components and the light
ratio between them. A grid of atmospheric models has been

p- 9.34661+ 0.00002 d calculated with ATLAS9 (Kurucz 1993) and the synthetig H
T 2452 572.65% 0.023 with SYNTHE (Kurucz & Avrett 1981). The grid extends over
e 0.01+ 0.02 the intervals 9000 k< T < 15000 K (step of 100 K) and

w: 220.0 + 1.0F 3.5< logg < 4.5 (step 0.1 dex). For each pair of models we
Ka: 52.42+ 0.99 kms? changedthe light ratid{ /Lg) in the range 0.5-2.0 (step 0.01).
Kg: 56.91+ 1.10 kms? To reduce the number of parameters, rotational velocities
v ~8.31+ 0.56 km st of HD 191110 A & B have been determinated by fitti@gHT
asinia:  9.68+ 0.18R, highest resolution lines with synthetic profiles computed for
aSiniB: 10.51+ OZOR@ vsini from 2 to 10 km Sl with a Step of 0.5 km'§ The best
ma/Mg:  1.08+ 0.04. fit occurs for a rotational velocity of 7 kmfor both compo-

nents.

Since we obtained a very small eccentricity from our fit- AS @ result of 1 fitting we obtained the parameters re-
ting procedure, we tested if this small value is significant dorted in the first column of Table 3. These valueSgi, logg
not. Lucy & Sweeney (1971) developed a criterion for deci@nd light ratio, obtained assuming solar abundances of helium
ing when to reject an elliptical orbit in favor of a circular one.@nd metals, have been used as starting values for an iterative

As for HD 191110, we conclude that an elliptical orbit j®rocedure necessary to derive the stellar parameters consistent
significant only at the 5% confidence level and therefore a ci¥ith the abundances. Leone & Maaf(1996) showed the im-
cular orbit should be assigned to HD 191110. portance of a correct helium and metal abundance assumption

After having fixede=0 we repeated the fitting procedurd determining the fective temperature and gravity of stars.
obtaining orbital parameters always coincident, within the egarticularly, helium can be largely underabundant in HgMn
perimental errors, with those previously reported. stars as shown by several analyses reported in the literature (see

Our solution gives a slightly longer period than the one pufRr €xample Table 7 in Adelman 1998).
lished by Dworetsky (1974). However, our mass ratio is in very 10 fix the helium abundance in both components we con-
good agreement with his value. Figure 1 shows the radial vel§tdered the spectral region centered aroundi##21 A ob-
ity curves for both components of HD 191110 wheriatient Served at theCFHT and reported in Fig. 3. A synthetic
data sets are marked withfitirent symbols. spectrum computed using SYNTHE showed that this line is

Giménez & Zamorano (1985) gave a useful equation Rjactically atthe noise level in both components. Then, in view

estimate the ratio of the radii from a given mass ratio: of the 3N, a value of log HgNot = —1.39 for the primary and
log He/Nit = —2.00 for the secondary could be considered as

logRa/Rs = 0.556- logma /mg. (3) upper limits for the helium abundances.
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Fig. 3. Synthetic spectra (solid line) of the region centered around
14923 A compared with the observations (histogram). As described
| ! ! in Sect. 4, the He14921 lines are confused at the noise level for both

4840 4860 4880 components. The line Mn 14920.436 is actually blended with
Wavelength (1) Fea 214920.502. Labels above the continuum refer to primary and those
below the spectrum to the secondary.

Fig. 2. Comparison between the observed and compuigling pro-
files. Above each profile we give the corresponding orbital phase.

the spectral types of the components are so similar that we

Hence, we then repeated the iterative procedure, considBay conclude that the wavelength dependence is negligible.
ing a new grid of models computed with the adopted heliubtfowever, in order to quantify the previous statement, we cal-
underabundances. This new calculation give us the valuesélated the ratio between the synthetic fluxes computed with
ported in the last two columns of Table 3. The previous heliufi LAS9 for the adopted er and logg. In the spectral range of
abundances are confirmed also for the new atmosphere mod@l§ interest, the light ratio is constant to within 0.01%.

Errors inTer and logg have been estimated as the variation in  In Table A.1 we report for each component of HD 191110:
the parameters which increases ffeby one unit. We found laboratory wavelengths of identified spectral lines, observed
6T ~200 K andslogg ~0.1 dex, values consistent with theand corrected equivalent widths and derived abundances. For
step adopted in our grid of models. As to metal opacity wkomparison we reported also the adopted standard abundance
adopted the solar one, being metal abundances not véey-di from Grevesse et al. (1996).

ent than in the Sun. To correct the observed equivalent widths for the light ratio

As a consistency check we calculated the luminosity ratic= La/Lg, we used the equation (Conti 1970):
using the formula:

\NXorr — 1 + | Wobs (5)
La _ (&) .(Te“) )
Le \Rs Terrs for the primary component and the equation
where the ratio of the radii is that calculated from Eq. (:_’\)\lcorr -1+ |).W§bs (6)

and the temperatures are those derived from fittipgpkb-

files. Replacing the corresponding values in Eq. (4) we ofpr the secondary component.

tained 1.2% 0.20, a value very close to the adopted luminosity For line identification we used Kurucz’s (1993) atomic

ratio derived spectroscopically. line list for all elements with the exception ofiRtAulr and
Figure 2 shows the observed and calculatgd H Hgn. Atomic parameters for Rtand Aur are from the VALD

database (Piskunov et al. 1995). At the end of this section, we

will discuss in detail the isotopic structure of Hgbserved in

HD191110.

We adopted th&gg, logg and light ratio values givenin Table 3 As a first step, we determined the microturbulence of each

to derive the abundances of components. In general, the ligtar using 16 Feunblended lines, by requiring that abundances

ratio is a function of wavelength. In the case of HD 19111@erived line by line do not depend on equivalent widths. The

5. Abundance analysis
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Fig. 4. Comparison of the observed spectrum in the region 4500-4517 A with synthetic spectrum computed using the inferred metal abundances.
In this plot labels above the continuum refer to primary and those below the spectrum to the secondary.

microturbulent velocities obtained for HD 191110 A and B are  Chromium, strontium and zirconium Fhe abundances of
1.7+ 0.3 km st and 1.8+ 0.3 kms? respectively . Cr are slightly dfferent between the two components. The pri-
mary shows solar abundance, while the seconda#i8 dex

The abundance analysis has been performed using . .
WIDTH9 code (Kurucz 1993) with except for mercury andmderabun_dant. As to strontium, the linedt62 A has b_een
served in the spectra of the secondary only. The inferred

phosphorus which showed only blended lines that were repgﬁ—

duced with SYNTHE. Abundances are expressed in the fo undance is about 2 dex larger than the solar value. Lines
' of Zrit have been identified only in the primary’s spectrum.

10G Nei/Neor- The resulting abundance is more than 1 dex larger than the so-
Within the experimental errors, the two components shqgt value. Abundances for these species are in good agreement

almost solar abundances so that our choice to adopt the \%fth those measured in the atmospherg/biip A (Wahlgren

lar opacity in the model calculation is justified. A few linest al. 1994) which hasfiective temperature and gravity close

of magnesiunmand silicon have been detected in our spectrag HD 191110.

According to the corrected equivalent widths, their respective yjjckel —Only one line has been observed in the primary’s

abundances are slightly lower than the standard values. Silfectrym. The corrected equivalent width is compatible with
there are elements which have significantlyfatient abun- 5, oyerabundance of about 0.5 dex with respect to the Sun.

dances in the atmospheres of HD 191110 A & B. Yttrium and platinum While Dworetsky (1974) reported
Phosphorus -Only one line has been observed in our speghe presence of i and P lines only in the secondary’s spec-

tral range, namely 114499.230. This line has been reprotrum, from our analysis we found that both components show

duced with SYNTHE considering an abundance-6f15 and overabundances of these elements with respect to the standard

—4.70 dex for primary and secondary respectively. Both comalues.

ponents are then overabundant with respect to the Sun. Neodynium -Due to the low ionization potentials of the

Manganese -Abundances are very fliérent in the atmo- rare-earths elements, HgMn stars are expected to show very
sphere of the two components. Lines of Mind Mm have Wweak or no singly-ionized spectral lines of those elements.
been observed 0n|y in Component A. A\/eraging abundan@@ the Contrary, these stars should have Strong dOUb'y-iOﬂiZGd
computed from these ions we get.80, that isv1.9 dex larger lines for rare-earths.
than the Sun’s value. As reported in a series of papers by We have identified two lines of Nd only in the spec-
Adelman and co-workers (see for example the summarizitigm of HD 191110 B, namely4921.043 A andi4927.487 A
Table 7 of Adelman et al. 1998), this value is typical for HgMi(Fig. 3). Atomic parameters, such as piy energies and quan-
stars hotter by at least 1000 K than HD 191110 A. tum numbers for involved levels, are from Zhang et al. (2002)
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while transitions wavelengths are from A&ldius (2001). The
derived abundance is7.80.

This abundance is in agreement with the recent results ré= |-
ported by Dolk et al. (2002), who studied the behavior of
Neodynium in a sample of HgMn stars in the attempt to seek |
a correlation of Nd or Pr abundances witffiegtive tempera-
tures. From their sample, HR 7775 hHag and Nd abundance
comparable with those we found for HD 191110 B.

Gold —Just one line has been detected, only in the séc- |
ondary’s spectrum; it is compatible with an overabundance%)f i
about 4.5 dex relative to the solar case. £

As an example of the goodness of our results, we COMos
pared the observed spectrum with a synthetic spectrum com- |
puted for the adopted stellar parameters and derived abun-
dances. Figure 3 shows this comparison in the spectral region |
between 4920 A and 4928 A and Fig. 4 between 4500 A and |
4517 A . 04
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Since the early work of Bidelman (1966) thefdrent centroid Fio. 5. Svntheti ir lid lin ntered on therHofeatur
wavelengths of the Hg13984 A observed in HgMn stars, were Ig. 5. Synthetic spectra (solid line) centered on thentgfeatures

lained i fi hift d hé i . .~ compared with the observations (histogram). The total mercury abun-
explained in terms of isotope shift due to t entisotopic dances and isotopic-mix parameter have been properly adjusted to fit

composition. The profile of Hg13984 A can be a blend of jhe gpserved profiles. The Hdine of the B component is blended
seven stable isotopes of mercufy£ 196, 198, 199, 200, 201, with the Yir line of the A component. Labels above the continuum
202, 204) of which those with odd isotope numbers are furth@fer to the primary and those below the spectrum to the secondary.
split into hyperfine components (Dworetsky et al. 1970). It is

commonly accepted that the isotopic mixture can be Char{i—‘?éferring to Fig. 2 of that paper, we see that HD 191110 B

terized according to thg parameter formalism introduced by(q — 1.0, Ter = 10900 K) takes up the expected position in

White .et al. (1976). In t_his fprmalisrq ranges from 0, corre- o graph; HD 191110 A howeveq & 0.2, Tor = 10800 K)
sponding to the terrestrial mixture, to 4 for pdPéHg. The line showed a discrepancy of abait ~ —1 with respect to the es-

baricenter is shifted continuously toward Iongerwavelengthst%ated value. However, it is worthwhile to note that in the re-

gincreases. gion of lower temperature, deviations of similar quantities from

To reproduce the Hg3984 A profile in HD 191110 A & he ohserved fit have been observed for other stars (i.e. 28 Her,
B, we calculated synthetic profiles. As noted by Cowley § phe ang, Lup).

Aikman (1975), this line is contaminated by several blend-
ings, viz. Fe13983.956 A and Gr13983.896 A. This prob- _
lem becomes worse in the case of a binary system for whighConclusion

each line could be contaminated by lines belonging to the othuaging spectroscopic observations carried out at@agania
component. For example Hdine of HD 191110 B is blended Astrophysical Observatorglow resolution) and archive data
with the Yi113982.594 A of component A. Thus, in our SYNgownloaded from theCanada France Hawaii Telescope
thetic calculation we included the contributions of these nearQyhive (high resolution), we studied the double-lined spec-
lines using the abundances derived from the equivalent WidEF‘@scopic binary with HgMn and Hg component HD 191110.
measured from other unblended lines and we also included & |ow-resolution spectra have been also used to determine
whole spectrum of the other component. the stellar parameters for both components reported in the last
In our procedure, we continuously changedintil the column of Table 3 by matching thegHine profiles observed at
corresponding logf allowed us to achieve a good fit of thedifferent orbital phases.
synthetic profiles to the observations. Théeetive oscillator HgMn in SB2 systems with temperatures and gravities sim-
strengths and wavelengths for mercury isotope lines are takgin to HD 191110 are: 112Her (Ryabchikova et al. 1996),
by interpolating the Smith (1997) values. As this author statedR 4072 (Adelman 1994)y Lup (Wahigren et al. 1994),
the spectra-synthesis approadfecs a clear advantage in the46 Dra (Adelman et al. 1998), AR Aur (Khokhlova et al. 1995,
cases where the line is perturbed by blends. We fayrd).2  Adelman et al. 1998) and HD 32964 (Yushchenko et al. 1999).
andq = 1.0 for respectively the primary and secondary comn Table 4 we compared abundances we found for HD 191110
ponent of HD 191110. The result of our fit is shown in Fig. 5a & B with those inferred for these systems. From this com-
The derived abundances a#B.70 for both components. parison we concluded that HD 191110 presents no anoma-
Firstly noted by White et al. (1976), the anti-correlatiotous values. For example, platinum has verffatient abun-
existing betweerg and Te¢ was confirmed by Smith (1997).dances in HD 191110 A & B: the secondary is richer by more
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Table 4. Abundances derived for HD 191110 A & B compared with those inferred by several authors (see text for references) in similar
systems. As those abundances are expressed in termshfahgN(H), to directly compare them with our results we have to take into account

the correction due to the helium abundance, adding 0.017 dex to the abundances of the primary and 0.004 dex to those of the secondary.
Abundances marked with a colon should be considered as upper limits. For each star we reported th& ipfencetbgg. In the last column

we report the solar abundances (Grevesse et al. 1996).

El. HD 191110 112 Her 46 Dra HR 4072 x Lup AR Aur HD 32964 Sun
A B A B A B A B A B A B A B
11000 10700 13100 8500 11700 11100 10900 8900 10650 9200 10950 10350 11100 10900
3.60 3.90 421 4.20 411 411 4.07 4.20 3.90 4.00 433 4.28 425 4.25

Her -1.39:-2.00: -2.43 -2.00 -1.78 -1.46 -1.68 -1.02 -1.02 -1.01
Mgr  -4.64 -458 -556 -5.25 -5.19-4.63 -4.65-5.12 -4.48 -4.66 -4.51 -4.85 -4.42
Sitt -4.35-431 -5.05 -4.82-455 -453-518 -433-456 -424-421 -5.03-5.13 -4.45
P -5.15-470 -4.71 -5.11 -5.55 -5.54 -5.68 —-6.55
Si -4.78 -4.33 -5.84 -6.00:-4.95 -4.64 -4.36 -4.70 -4.66 -4.74 -4.67
Tin -7.21-692 -6.30-6.79 -6.73-6.48 -6.16-7.06 -6.54-6.93 -6.26-6.67 —6.79 -6.09 —-6.98
Crm -6.28 -6.05 -6.50-594 -6.38-595 -562-6.16 -6.18-6.09 -582-579 -6.16-5.66 -6.33
Mnt  -4.95 -4.74 -5.97 -533-568 -551-651 -6.78-6.70 -6.61
Mnm  -4.67 -491 -6.00 -5.14-6.11 -5.38-597 -6.38-6.63 -5.08-5.67 -6.00-5.61 —-6.61
Fa -4.95-448 -355-444 -4.08-4.09 -4.00-451 -430-473 -3.86-4.03 -4.21-4.45 -4.50
Fei -4.43 -4.23 -3.60-4.45 -4.15-420 -4.08-454 -434-451 -3.82-4.05 -4.28-434 -4.50
Nitx -5.29 -5.18 -6.29 -6.62 -5.45 -6.08 -5.42 -6.93 -5.16 -5.38 -5.75
Smt -6.92 -857-870 -8.00-6.87 -6.49-850 -7.03-8.71 -6.79-8.13 -9.03
Y1 -7.33-798 -8.04-871 -791-7.78 -6.56-8.64 -8.08-9.28 -7.14-8.67 -6.79 -9.76
Zru -8.32 -7.74 -8.74 -7.58-8.17 -8.04-899 -8.88-9.05 -7.59 -8.62 -7.81 -9.40
Ndrx -7.80 -10.50
Ptx -5.96 -4.88 -6.93 -5.72  -5.77 -6.23 -4.97 -5.74 -5.25 -10.20
Aull -6.53 -7.58 -7.23 -7.34: -7.47 -5.34 -10.99
Hgn -570-5.70 -6.00 -5.80-550 -5.28 -5.60 -6.25 -5.60 -10.83

than 1.0 dex relative to the primary. The same behavior Hagtter (for example for Her (Teg = 11950 K, logy = 3.70)

been observed in 46 Dra, while in AR Aur the primary is morAdelman et al. (2001) gave the valuet.75 for the Mmnt

abundant than the companion. The HD 191110 primary is, iabundance), which agrees approximately with tliective

stead, richer in yttrium than the secondary by about 0.6 degmperature we adopted ignoring the helium peculiarity (first

With the exception of 46 Dra, this behavior is also observed @olumn of Table 3). According to our analysis, all tHeeetive

the other systems. temperatures should be lower by an amount depending on the
helium abundance and then all the correlations studied should

Various correlations among element abundances and leg-revisited.
fective temperature are given in Fhe literature _(see for eanc'knowledgementsThis research has made use of the SIMBAD
ple Adelman et al. 2001). In particular, according to the COftahase, operated at CDS, Strasburg, France.
relation between Mn abundance afgk, the hotter the star Thanks are due to the referee, Dr. F. Carrier, for calling our attention
more abundant the Mn. The abundance of manganese we fotgnghe test of significance for elliptical orbits developed by Lucy &
for HD 191110 A is typical for stars that are about 1000 ISweeney.
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Appendix A: Measured equivalent widths

Table A.1. Spectral lines identified for HD 191110 A and B. For each
chemical element we reported the laboratory wavelength, the observed

Table A.1. Continued.

and corrected equivalent widths and the derived abundance compared

with that observed in the Sun. The equivalent widths are expressed in Fett
mA and the abundances in terms of lg/Ni.. Values expressed in 3783.347
parentheses are uncertain. Solar abundances are from Grevesse etl@#1.641

(1996).
A(R) HD191110 A HD191110B Sun
Wobs \\Jeorr Wobs \\Jeorr

Mgt -4.64 -4.58 -4.42
5183.604 345 633 280 615

Sitt -4.35+0.14 -431+0.06 -4.45
5041.024 57.3 105.0 412 905
5055.984 849 155.6 55.8 122.7

S -4.78+ 0.30 -4.33 -4.67
4153.068 5.9 10.8 4.5 9.8
4924110 3.4 6.2 — —

Tin -7.21+0.16 -6.92+0.07 -6.98
4053.834 6.0 11.0 7.0 15.4
4163.648 13.3 243 — —
4501.273 15.9 201 211 46.5

Crx -6.28+0.08 -6.05+0.05 -6.33
3979.505 9.2 16.9 101 223
4037.972 7.5 13.7 — —
4049.097 4.2 7.6 4.3 9.6
4051930 7.0 12.8 — —
4054.076 5.6 10.2 5.5 121
4179.421 7.2 13.2 — —
4912.462 3.0 55 — —

Mn1 -4.95+0.24 -6.61
4041.355 149 27.2 — —
4055.544 6.3 11.6 — —
4502.213 2.3 4.3 — —

Mni -4.67+0.22 -6.61
3778.318 335 613 — —
3994.119 53 9.7 — —
4171512 15.8 28.9 — —
4174318 16.5 30.3 — —
4497941 7.0 12.9 — —
4500.543 10.6 19.5 — —
4503.201 10.5 193 — —
4518.956 21.0 385 — —
4525.326 19.2 353 — —
4905.618 6.7 12.2 — —
5102.517 315 57.7 — —

Fa -4.95+0.12 -4.48+0.11 -4.50
4045.813 115 21.0 19.2 423
4063.594 117 214 184 40.5
4920.502 — — 111 245

/l(A) HD 191110A HD 191110B Sun
Wobs \\eorr Wobs \\eorr
-4.43+0.20 -4.23+0.13 -4.50

14.0 25.7 13.6 30.0
1.4 2.5 — —

4044.012 9.7 17.8 6.5 14.4
4048.832 — — 10.2 22.5
4057.461 7.7 14.1 9.9 21.7
4173.461 29.2 53.6 34.9 76.7
4178.862 29.3 53.7 27.5 60.4
4499.688 2.8 51 3.1 6.8
4507.102 — — 4.5 9.9
4508.288 30.2 555 29.2 643
4515.339 26.4 483 — —
4520.224 24.3 44.6 315 69.3
4522.634 33.3 61.0 29.7 65.3
4908.151 6.3 11.6 5.8 12.7
4913.292 9.6 17.5 10.0 22.0
4923.927 559 1025 51.8 1139
5018.440 69.6 127.6 53.3 117.2
5169.033 704 129.1 532 117.1
5197.577 — — 35.5 78.0
5234.625 42.2 77.4 — —
5276.002 48.4 88.7 34.8 76.5
5362.869 34.4 63.0 33.0 72.6

Ni1x -5.29 -5.75
4509.272 2.5 4.6 — —

St -6.92 -9.03
4161.792 — — 13.1 28.8

Y1 -7.33+0.30 -7.98+0.19 -9.76
3774.331 29.9 54.8 17.7 38.9
3776.559 18.0 33.0 7.3 16.1
3788.694 33.6 61.5 16.9 37.1
3982.594 — — 146  32.1
4883.684 430 789 175 385
4900.120 36.2 66.4 182 40.0
5087.416 40.0 73.3 22.6 49.8
5205.724 30.5 56.0 22.9 50.4

Zru -8.32+ 0.14 -9.40
3991.152 6.5 12.0 — —
4149.217 111 20.3 — —
4161.213 4.8 8.8 — —

Ndir -7.80 -10.50
4921.043 — — (5.0) (9.15)
4927.487 — — 15.0 27.45

Pt -5.96+0.20 —-4.88+0.35 -10.20

4046.450 23.0 42.1 33.2 73.0
4061.660 14.3 26.2 22.8 50.1
4148.282 10.3 18.9 — —
4514170 — — 30.3 66.6

Aull -6.53 10.99)
4052.790 — — 7.6 16.7

Hgn -5.70 -5.70 +10.83)
3983.890 88.3 1619 804 1769
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