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Abstract. We performed a spectroscopic study of the SB&erived mass ratio of 0.42 0.02 gives too large a mass for the
Mercury-Manganese starAnd with Reticon and CCD spectraprimary.
obtained at the Crimean and the Dominion Astrophysical Obser- Khokhlova et al. (1969), Kodaira & Takada (1978), Heacox
vatories. Our measurements particularly of the secondary’s (4979), Derman (1982), and Ljubimkov & Polosukhina (1988)
dial velocities resulted in improved orbital elements with a speperformed abundance analyses fo’And with photographic
troscopic mass ratimg /ma = 0.50+ 0.03 which is in good spectra.c And A, one of the hottest HgMn stars, has great
agreement with the mass-luminosity solution for this systemverabundances of Mn, P, Ga, and Hg, which are typical for such
Elemental abundance analyses using synthetic spectra sipewauliar stars. Our abundance analysis based on high resolution
that the primary has elemental abundances somewhat sinfillgh S/N Reticon and CCD spectra continues our systematic
to those of other HgMn stars while the cooler secondary prolabundance studies of SB2 systems with HgMn primaries. We
bly is a metallic-line star. The possible variability of H\3984 measured the radial velocities for both stars and obtained more
is discussed. accurate orbital parameters including the mass ratio. Then we
combined them with the visual orbit and derived the physical
Key words: stars: abundances — stars: atmospheres — stat®gracteristics of both stars. Finally we performed abundance
chemically peculiar — stars: binaries: spectroscopic — stars: amalyses for both components by spectral synthesis.
dividual: « And

2. Observations and radial velocity measurements

1. Introduction a And was observed in 1990-91 and 1996-97 at the

«a Andromedae (HD 358 =HR 15) is a bright well-known binar)g:rimean Astrophysical Obs_er_vatory (CrAO)_ and in 1992-94
with a Mercury-Manganese (HgMn) primary. Compared witﬂgg 01927;38 at the Dom|nb|oh Ajtrqihy?caéll Observatory
the sharp-lined SB2 systems HR 4072 A, B (Adelman 1994),( ). CrAQ spectra were obtained with the eusb_ectro-
Lup A, B (Wahlgren et al. 1994), 112 Her A, B (Ryabchikovaeqraph of the 2.6 m telescope and a CCD detector in spectral
al 1956) and46DraA B (Adelr,nan etal 1§98)And AandB regions centered atn4960, 6347 and 6678 with a spectral res-
have Wid,e spectral Iine,&.And has been known to, aSB1 systen(? lution of around 40000. Typically 34 spectra were averaged

since 1907 (Ludendorf 1907, Baker 1908) with an orbital péc—) get a resultant S/l 300.

riod P =96.6960 (Aikman 1976). Pan et al. (1992) obtained its D’fo Reticorj spectra with a reciprocgl dispersion ofR.4
visual orbit from Mark Il Stellar Interferometer observationsr.nr:1 anld atyﬁlcsl S/ N;;é%%we;ié)fé%me_dhf(;rs%g?fd of cen-
They found the orbital elements, the light ratios #&500 and tral wavelengths betwe an wit offsets.

A8000, and a mass ratio of 0.48. Their values closely agree WﬁiPAO 2.OA mm™' CCD spect-rum Was.u.sed to measurelfhe

the best spectroscopic orbital elements (Aikman 1976). Wﬂﬂe profile. Rgcently we obtained add|_t|onal CCD_spectra cen-
a two magnitude difference in brightness between the comrssted at 39.7@" We used a sgattered light correction Of.3'5%
nents, the lines of the secondary were detected only by a car he cor_mnuum level (Gulliver e_t al. 1996) and fIat-ﬁeIded_
study of high S/N CCD spectra by Tomkin etal. (1995) who al ectra W'th_the exposures of an '”Caf‘descer.“ lamp pla_c_ed n
measured the secondary’s radial velocities near the nodes Cou@ mirror train. As the substantial rotational velocities

calculated spectroscopic orbital elements of this SB2 system. othtf:omponents mdake 'thql:.'te d|ff|i;ult tfothprobp_)erly [zla;?ed
Their elements differ slightly from previous results. But thei € continuum, we used syntnetic spectra ot the binary fo fin
line-free spectral windows. Then we made a polynomial fit of

Send offprint requests to: V. Malanushenko typically 3nd order to normalize the spectra.
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We measured the radial velocity of the primary by cros3able 1.« And observational data
correlating the observations with synthetic spectra, calculated

with the model atmosphere and abundances discussed bebigpoint (HID) . Radial Velocity (kms")
Our errors conservatively estimated to be2 kms ! depend 2400000+ Centrak (A)  Primary Secondary
mainly on inaccuracies in the wavelengths of Mrlines, the 48116.454 6347 15 -38.2
severe blending due to rapid rotation of the primary, and to tA8136.368 6347 24.2
distortion of some line profiles by the weak wide features of tHg252.318 6347 -34.6 56.3
secondary. For the primary we found sini = 52 kms!. 48547.335 6347 -38.2 49.8
Radial velocity measurements of the secondary star requ‘f@48'505 6347 -36.7 42.7
avery accurate representation of the primary’s spectrum and 22'352 222’; 22; 34.8
more complex_as itis 2 mag. fainter than the prim_ary (Pan et 847:842 3860 _30:3
1992). Ou_r main source for line data was VALD (Pl_skun_ov etalggag 942 4080 309
1995), which includes Kurucz’s (1992) extensive line lists Gizggsg 982 4630 304
IRON, BELLLIGHT, BELLHEAVY, and NIST compilations, 48851.979 4795 -30.0
for example, Martin et al. (1990). Our spectra showed a blend4#g52.982 4850 -28.4
three strong Fe lines atA4957.5 of the secondary which were48853.983 5180 -24.9
only marginally blended with very weak lines of the primary48856.012 4960 -26.4 101
But even this very strong feature in an A3 V star has a resid#940.660 4740 -36.1
intensity of 0.99 in the observed spectrumofnd (see Fig. 6 49200.964 4190 22.9 -83.4
in Sect.5). Therefore high S/N spectra are needed for the ARR02.914 3915 22.1 -84.1
measurements. We also used other strong spectral lines fo?fgl 72';% f’é’gg (1)'(15
in an A3V star spectrum SI_i[ A6347, Carr A\3933, Fer \4045, 49277:679 4410 0:4
Sr1 >\4215, and the Fel_-Tl 11 blend at\4549. _ 49278.706 4025 11 417
We weighted a rotationally broadened synthetic spectra af,79 go3 3970 392
the primary by the light ratio, shifted it by the primary’s radiakgs31.946 4520 277
velocity, and then subtracted it from the observed spectrum. T48535.960 4740 -24.0
residual spectrum which should only be due to the secondd8p38.977 4575 -25.5 3.3
was then normalized. For the secondary we found its rotatiod8b39.948 4465 -21.5
velocityv-sini=110+5 kms'. The accuracy of RV values for 49618.812 4245 -31.8
the secondary, which were found by cross-correlation, deped8§21.774 4355 -31.7
on the quality of our synthetic spectrum. A careful investigé_E-OOSe'420 6347 6.7 -52.4
tion of AA4930-60 shows that the formal error for the unblend 364.415 4960 26.3 -70.6
: . ) A 364.425 6347 26.4 -62.3
primary’s I|n_e)\4953 is0.6 kms : When we L_Jsed the Wh9|950 65.433 6347 o5 8 632
spectral region, the cross-correlation functlo_n isasymmetric 76.274 4960 277 4.8
the error lies between 1 and 2 km'sfor the primary. A change 503g1.445 4960 -39.6 36.3
in thew - sin 4 value within our error limits introduces a negligi-s0386.372 6347 -39.9 427
ble error of less than 0.2 knt$. Temperature and abundancs0386.378 6678 -41.3
variations are correlated. For any temperature within the er&n386.435 4960 -40.7 35.9
limits we get a corresponding abundance, but the form of th€388.149 6678 -41.3
synthetic spectrum does not change. A typical error of our cro§§388.353 6347 -37.9 36.1
correlation procedure for the secondary is 2.2 krh §or other 0388.386 4960 -38.2 40.5
spectral regions the typical error is two times larger. Hence ﬁ@ggg'igg ggig 'gi'g ié'g
1 . . o4, .
l{lhs:gscgrr:jzryés the error estimate for all RV measurements 68401.418 4960 283 195
. . . . . . 50462.167 4960 24.6 -97.9
Table 1 lists the heliocentric Julian dates of the m|d—p_o.|nt§0462_177 6347 25.0 86.6
the central wavelengths, and the measured radial velocities;gh73 155 6347 296 13
each observations. Fig. 1 shows the observed and computedbi73.176 4960 -30.8 15.2
nary spectra in th&4960 spectral region for a few orbital phases0501.194 4960 -27.5 115
in the rest frame of the primary. The secondary’s contributi&®501.210 6347 -26.4 55
is shown by dashed lines. 50649.967 5015 21.4 -75.0
50676.910 H~y -33.8
50985.854 3970 -24.8
3. Orbital elements 51000.913 3970 -12.0

We calculated the orbital elements ferAnd with a code by
Tokovinin (1992) by combining our measurements with those
from Abt & Snowden (1973), Aikman (1976), and Tomkin et al.
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o Fig. 2. Radial-velocity curves for the primary (circles) and the sec-

ondary (squares). Our measurements are represented by filled symbols,
those from other papers by open symbols. Our orbital solution is shown
by the solid (primary) and dashed (secondary) lines.

0.310 |

somewhat influenced by the contribution of the secondary. Fig. 2
shows the radial-velocity curves for both components Ahd.
Please note a systematic deviation of the observed secondary’s
TN T T RV from the orbital solution for a few phases. The orbital solu-
4930 4940 oty 4960 tions made separately for both components agree withiria
check the reality of the systematic deviation of the secondary’s
Fig. 1. Comparison of the observed (thin line) and the synthesizegdial velocities we repeated the orbit calculations with the ra-
(thick line) spectra o& And in theA4960 spectral region for different gja) velocities weighted according to their uncertainties, e.g. 2.4
qrbltal pha_ses. The secor?dar_y’s contributions are shown by dasmaﬁlsq for the primary and 9.1 kntd for the secondary. The
lines. The Intensity scale is given for the upper spectrum with 0-Qrived orbital elements agree with those from Table 2 within
offsets between pairs of spectra.
lessthan br.
Combining our values ofi; sini and as sin ¢ with the in-
clination from the visual orbit we obtaim = 0.72+ 0.01 au.
(1995). We weighted values according to our estimated unceksing the Hipparcos parallax, 33.6 mas (ESA 1997), we find
taintes for the primary (2 kns) and the secondary (5 km$).  an orbital angular diameter af’ = 07.0242 + 0”.0003
These 113 valuesinclude our 53 measurements from Table 1.\{ich is in an excellent agreement with the angular size=
ble 2 compares the derived orbital elements of Aikman (197);.02415 +0”.00013 obtained from the visual orbit (Pan et al.
Pan etal. (1992) from the visual orbit, Tomkin et al. (1995), an92).
the present study.
The standard deviations of the fit for the primary and th
secondary are 2.4 and 9.1 km's respectively, which agreef' Parameters of the stellar components
with the adopted accuracies of the radial velocity measutdblished effective temperatures and surface gravitiasfofd
ments. Within Z our orbital parameters values agree with alhclude 13800K, 4.00 (Heacox 1979), 13850K, 3.85 (Der-
previous results. Our orbit-based masses, which were derivedn 1982), and 13700K, 3.75 (Ljubimkov & Polosukhina
using the inclination angle from the visual orbit solution, yield988). Spectrophotometry (Adelman & Pyper 1983) gillgs=
a mass ratio 0.5& 0.03. Tomkin et al. (1995) showed thatl3700 K for Balmer jump region andi.s = 10200K for the
consistancy between the orbit-based masses and masses Rasthen continuum. The infrared flux method gives too small
the mass-luminosity solution far And may be obtained for a a temperature forw And T = 11300 K (Shallis & Blackwell
mass ratio 0.48 which is close to our value. Their masses a8¥9),T.¢ = 12200 (Glushneva 1987) as the cooler secondary’s
for o And A 3.9-4.0M, and fora And B 1.9-2.0Mg, but contribution was not considered. Thus the stellar radius R = 3.98
they noted that their spectroscopically obtained mass ratioRf, of Shallis et al. (1985) is certainly overestimated. Babu &
0.42 is not reliable. Combining the last values with our resul&hylaja (1981) used a more realistic effective temperature in
and with the masses from Pan et al. (1992) we finally adoptiée infrared flux method for their angular diameter and radius
ma =3.8+0.2Mg andmp = 1.85 + 0.13M. determinations. Their radius value, corrected for the improved
Ourv-velocity is consistent with all previous values excegtarallax (Shallis et al. 1985), is R = 2.7R
for Abt & Snowden’s (1973)y = -9.6 kms!. However they Effective temperatures and surface gravities of the compo-
measured radial velocities using hydrogen lines which may bents ofa And were obtained by fitting the observed spec-
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Table 2. Orbital elements ofr And

Aikman(1976) Pan et al.(1992)  Tomkin et al.(1995) Present

Spectroscopy Mark Il + Spectr. Spectroscopy Spectroscopy
P(days) 96.696&- 0.0013 96.6960 96.6963 (fixed) 96.70410.0031
T(JD2400000+) 42056.32 0.20  47374.7# 0.15 49212.14 0.20 48245.4Q: 0.24
e 0.521+ 0.008 0.52°A# 0.004 0.60+ 0.02 0.555+ 0.013
w(®) 77.1+1°3 77°.31 +£1°.32 7£9+1°3 78.2+1°5
Ki(kms™) 30.8+0.3 27.8+ 0.6 31.2+05
Ky(kms™) 66.2+ 3.6 62.8+ 1.5
y(kms™) -11.6£ 0.2 -10.1+ 0.2 -10.6+ 0.3
i(°) 105.66 + 0°.22
a1 sin (au) 0.234+ 0.002 (0.198t 0.004) 0.239+ 0.003
az sini (au) 0.558t 0.031 0.482+ 0.010
ma 3.8 55+ 05 3.60+ 0.20
mp 1.8 2.3+0.2 1.78+ 0.08

trophotometry (Adelman & Pyper 1983) and &l profile. Pan the binary systend/,, = -0.324+ 0.30 mag agrees with the Hip-
et al. (1992) derived the flux ratio for two wavelengths: 0.168arcos absolute magnitude -0.4 ma@(@z et al. 1998) within

+ 0.005 atA\5000 and 0.188 0.006 atA8000. Our initial at- our error limits. From the usual relation between luminosity,
mospheric parameters for the primary were from Ljubimkov &ffective temperature and radius we obfin = 2.7+ 0.4 R¢
Polosukhina (1988). Small changes in the secondary’s grawatydRp = 1.65+ 0.3 R and a radii ratio of 1.64- 0.23 which

do not greatly influence the fitting of both spectrophotometggree with our binary flux fitting. The corresponding surface
and hydrogen line profiles. The best compromise between tiravities are 4.15 0.16 dex and 4.2& 0.20 dex fora. And
spectrophotometry, the observed flux ratio, andihdine pro- A and B, respectively. The spectroscopic surface gravity of

file is achieved with the following parameters: And A after correction for its helium deficiency is 3.86 (see
Primary:Tog = 13800 K,log g = 3.75, [M/H] = +0.2 Auer et al. 1966) which is smaller than that obtained from the
Secondary7.g = 8500K,log g = 4.0, [M/H] = +0.2 evolutionary tracks.

The radii ratio from the flux ratio and model fluxes is 1.53.
For single bright stars with temperatures close to thatAnhd,

fitting spectrophotometry and thenHorofile yields errors of 5. Abundance analysis
+125 KinT.g and+0.15dex inlog g. As the primary is much . . . .
Lﬁg\possmle to perform an accurate abundance analysis using

brighter than the secondary, these values are appropriate for, ¥ equivalent widths ofi And A due to the severe blending

|
Egcr:)?\rgér?\?vrg ff)hueng iﬁ;?iz g:rg?smalllrggatbhoeutpt?/\:s:rgztse;eo;tfﬁ?oduced by the substantial rotational velocities of both com-

. . 4 onents. The secondary’s contribution is not negligible; its lines
Fig. 3 shows the observed and calculatéd line profiles P Y gigivte,

for o And while Fig. 4 the observed and the calculated ﬂu():(ompound the problem of blends. Fig. 5 shows a section of the

distributions. The predictions well fit the spectrophotometrSpeCtrum ofx And with the contribution from the secondary

whose effective bandwidth is 2, except near Balmer line Hdicated by the dashed line. We fitted the iron lines using an

coreswhere the emergentflux s strongly wavelength dependt‘er’lrlljtl’mdance log(Fe/H) = -4.20. Butif we used equivalent widths

e ; : . . measured without considering the secondary’s lines, then af-
e o e ] OTEEon o e ity ve i g(-ee) =30, i
P P Y 9'¢ SiGtestimates the iron abundance in the primary’s atmosphere.
and may be due to systematic errors. The agreement féfthe

_ . . A .~ Even for Mn 11which has lines only in the primary’s spectrum,
profile is quite good. The secondary’s contribution is relative Yie neglect of the secondary results in the overestimate of the

small. .
Evolutionary tracks by Schaller et al. (1992) provide thrganganese abundance by 0.2 dex. Therefore we derived ele-

luminosities and ages for both componentea&nd aiven the mental abundances using synthetic spectrum calculations. Ro-
9 ) P ] 9 tationally broadened spectra calculated for each component with
adopted masses and effective temperatures:

the SYNTH and ROTATE codes (Piskunov 1992) were weighted
Primary:log(L/Le) =2.384+ 0.14 t=6107 yr according to the model flux ratios, shifted by the corresponding
orbital velocities, added, and compared with the observations.
Secondarylog(L/Lo) = 110+ 0.2, t= 7107 yr When we measure several relaptively clean lines of the same
Both stars are near the Zero Age Main Sequence. Applyiatpmic species for the primary, our abundance error estimate is
Bolometric corrections (Flower 1996) we get absolute magrsimilar to that for a single star. But for the secondary the formal
tudes -0.19+ 0.30 mag and +2.08 0.30 mag for the primary error of any abundance determination is large even for spec-
and the secondary, respectively, which agree closely with -0£28 with high S/N. For a small spectral region arouxb60,
mag and +1.80 mag from the visual orbit by Pan et al. (1992). Ree obtained a ‘pure’ secondary contribution by subtracting the
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ponents using equivalent widths. Thus we use zero microturbu-
lence for the primary and 1.2 knr&the value for 112 Her B
(Ryabchikova et al. 1996) for the secondary.

Table 3 presents our final derived abundancesof@nd
A and B and those by Ljubimkov & Polosukhina (1988-LP),
the most recent study where the authors used nearly the same
atmospheric parameters for the primary as we did. Also we
include photospheric abundances of two other binary systems
with hot HgMn primaries and the most recent solar photospheric
abundances (Grevesse et al. 1996). £&@nc which recently
was found to be a SB2 system (Ryabchikova et al. 1998) all but
the Xe abundance are from Adelman (1994). For 112 Her A, B

My = Msogo

+

os 3o 75 Py oS the abundances are from Ryabchikova et al. (1996).

1/M(microns)

Helium. The helium abundance was obtained using five He
Fig.4.A comparison between observed (pluses) and computed (sqlithes )\ \ 4121, 4471, 4713, 5016, and 6678. Fig. 7 compares
line) spectrophotometry. the observed and the calculated spectra near the strongest ob-
served line Her A\M4471. A discrepency between the observed
nd calculated line profiles may not to be due to an inadequate

synthetic spectrum corresponding fo the primary (see Sect. adening theory for the triplet neutral helium lines. If we fit

then shifted each residual spectrumto thelaboratorywavelenm line wings, then the calculated line core is too strong. The

fscaltlaz, anlq obtalcr;edBan ?Vera_?ﬁ st}:))ectt?:rtn (t';'g' ?)) Whlc?. conFaggrshe behaviour of triplet helium lines was observed in the hot
ourrer ineandapatiin€. 1he bestiito he observalions 15,4, Feige 86 showing similar peculiarities in its spectrum — P, Pt,

sho;/r\:ntpy thef_t|h|ck I.'t?]e' ll;oréhe B&H@“gg Zjve a;lso n:;:}lucée t\th(')t Au, Hg overabundances (Bonifacio et al. 1995). Hence we tried
synthetic profiies with abundancesy. extirom the best It 1, 4ptain the same equivalent widths. For singlet helium lines

value. The difference between profiles is abail 1% which our fits are better. With the substantial rotation of the primary

roughly corresponds to the error of the residual intensity of tqﬁs impossible to study the isotopic anomaly’iHe/*He, ob-

spectrum. This is our best case with the large S/N ratio PrOsrved in the hot HgMn starsCnc and HD 182308 (Zakharova
duced by the averaging of 8 spectra. Usually we have just o ﬁzyabchikova 1996)

spectrum per region. Hence the formal error of the secondary’s

abundances is not less th&.3 dex. The atomic data for syn-Carbon and Oxygen. The primary’s carbon abundance was cal-
thetic spectrum calculations were extracted mainly from VALzulated using the Qrlines AA3918, 3920, and 4267. Carbon
For a few spectral lines without values in VALD we used othes deficient ina And A as it is ink Cnc and to a larger degree
sources (see below in the results of the individual elements)intl12 Her A. The oxygen abundance was obtained from the O
is impossible to derive microturbulent velocities for both com-A\3947 doublet. Oxygen is also deficient compared to the solar
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Table 3.« And abundanceddg N/H).

This work LP (1988) xCnc 112 Her 112 Her Sun
Species  Primary Secondary Primary  Primary Primary Secondary
He | -2.014-0.08 (5) -2.26 -2.43 (-1.01)
cl -3.88+0.10 (3) -3.53 -3.97 -5.36: -3.45
ol -3.58: (1) -3.53 -3.36: -3.13
Mgll  -4.98+0.10 (3) -4.4: -5.17 -5.56 -5.25 -4.42
Sill -4.38+0.10 (6 -3.9 -4.90 -4.48 -5.05 -4.45
Silll -4.38: (1) -4.47 -4.82: -4.45
=] -4.78+0.20 (12) -4.73 -4.71 -6.55
P -4.83: (1) -4.77 -4.80 -6.55
Sl -5.50: (2) -5.56 -5.84 -4.67
Cal -6.2 -5.49 -4.55: -6.45 -5.64
Call -5.5+0.1 (6) -5.69 -5.67 -5.64
Till -6.68+0.10 (6)  -7.0: -6.22 -6.82 -6.30 -7.06 -6.98
Crll -6.00+0.15 (11) -6.0: -5.67 -6.42 -6.50 -6.16 -6.33
Mn | -3.70+£0.15(2)  -6.1: -3.53 -4.39 -4.74 -6.51 -6.61
Mn Il -3.76+0.20 (30) -4.45 -4.45 -4.91 -5.97 -6.61
Fel -4.20+0.15 (2) -4.200.3 -3.21 -4.49 -3.55 -4.41 -4.50
Fell -4.22+0.10 (17) -4.20.3 -4.18 -4.57 -3.60 -4.43 -4.50
Ni | <55 -5.18 -5.75
Ni 1l -5.98: (1) -6.18 -6.07 -4.97 -5.75
Gal -4.83: (1) -9.12
Gall -4.66+0.10 (4) -4.73 -4.75 -5.27 -9.12
Srll -8.1: (1) -8.8 -8.54 -8.57: -8.67 -9.03
Yl -7.7: (3) -8.33 -8.04: -8.67 -9.76
Zrll <-8.0 (3) -7.74 -9.40
Xe Il -4.90+0.10 (3) -4.68 -5.78 -9.77
Ball -8.75+0.25 -9.78
Hg Il -6.03: (1) -5.40 -5.98 -5.98 -10.83

value. The difference between our carbon abundance and thatThe sulphur abundance i And A is found from the S

of LP is due to the Q1 A4267 doublet from which LP obtainedir lines,A4153.07 anch4162.66 of multiplet 44. Although both

a greater abundance by 0.5 dex than from two other lines. lines are blended and the final abundance is slightly uncertain,
an underabundance of this element is definite; it is of the same

Magnesium and Silicon. The magnesium abundancedmnd  order as was obtained farCnc and 112 Her A. Sulphur defi-

Awas obtained from three Mg lines,A\4384, 4428, and 4481 cjencies are characteristic of most HgMn stars (see Table 6 in
while only the last line was used in the secondary. Fig. 7 colRyabchikova et al. 1996).

pares the observed and computed spectra forMg@481 with

the secondary’s contribution indicated by a dashed line. Magne- o _

sium is deficient in the primary’s atmosphere and seems to h&@cium. Itis difficult to use the resonance Ga\ 3933 line for

a solar abundance in the secondary. Magnesium deficienciesatgndance determinations in both components due to the impos-

typically seen in hot HgMn stars. sibility of a good theoretical fit in LTE fo .z close to 8000 K
The primary’s silicon abundance was obtained from six gnd the poor theoretical representation of the high members of

1 lines, \\3853-56-62, 4128-31 and 6347, and Si\4567. Balmer line profiles which influence the QaK line profile.

For o And B we mainly used Si1 A\6347 observed at different Thus fora: And A we used the subordinate GHines, A\4489,

orbital phases. Fig. 8 shows the observed and computed spge1. 4800, 5001, 5020, and 5021. Although they are blended,

tra near\6347 for phase 0.14. Fig. 5 contains the fit forigi synthetic spectrum calculations show good fits for all lines with

M567. Our silicon abundance in And A is slightly greater 109(Ca/H) =-5.5. LP obtained a slightly lower abundance using

that of LP. They used = 3 kms ! which is a reason for their only the Cam K line. If we neglect the hydrogen lines we get a
lower abundances. good fit for this region with log(Ca/H) between -5.1 and -5.3 for

the primary and log(Ca/H) around -6.0 for the secondary. Stark
Phosphorus and Sulphur. The phosphorus abundanceiiind damping constants for the @ line were from Dimitrijevic &
A exceeds the solar by 1.8 dex and coincides with those ofSahal-Béchot (1993). A slightly smaller Ca abundance for the
Cnc and in 112 Her A. Only one Biline A\4222 was used to secondary fits a wide feature in the secondary’s spectrum which
estimate the phosphorus abundance, and its result agrees isithblend of Ca A4226 and a few strong Fdines (see Fig. 9).
that from the Prilines. The Ca abundance in the primary is similar to that i@nc and
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is close to the solar value while the secondary is Ca-deficient [

like 112 Her B. _ ]
Iron-group elements. The abundance of titanium in the pri- 1os|- 3838 ex3 g %8 3 f38 5 &8 -
mary was obtained with six linea\4163.65, 4468.51, 4501.27, _ Fhghe 528 5 2% % 389 8 9%
4549.62,4563.75,and 4572.00, the lastthree of whichwereuged [ & G325 285 & & & & aal & a2
for the secondary’s determination (see Fig.5). The primarys.copus, | o 11 |l Ll ! g1l Toll 1yl gl

iron abundance is based on two very strong kees,\4045.81 3
and\4383.55, and 20 Fa lines mainly belonging to multiplets ¢
27,28, 37, and 38. The chromium abundance was derived usings|-
Cr 11 lines from the multiplets 30, 31 (partially blended lines), [
and 44 (see Fig.5). The iron abundance for the secondary was
obtained mainly from the Felines near\4957.5, which we  osol...... ! ! L . :
used for RV measurements. 1950 80 A g 0 w0
The primary’s abundances of titanium, chromium, and iron .
are greater than solar by 0.3 dex as are the secondary’s vaftigs>- The spectrum oft And centered at 4573. A binary synthetic
within the expected errors, but titanium is perhaps slightly leSBectrum is shown by the thick line. The contribution from the sec-
abundant, as itisin 112 Her A, B. While iron is close to the sol Pdary spectrum is indicated by dashed line. Line positions are shown
value inae And A, B and practically solar in Cnc and 112 Her or the primary.
B it is 0.9 dex overabundant in 112 Her A. Our iron abundance: ozor T T T T
from Fe 11lines agrees with the value obtained by LP. Their
great overabundance from Edines is due to ignoring blends. .
As expected manganese is the most overabundant ironrosof
group elementinthe primary and nicely follows the temperature
dependence for HgMn stars (e.g., Smith & Dworetsky 19933. d .
Together with another hot HgMn star HR 6997V And A is ; 1000
the richest in manganese. The large primary abundance makes ¢
possible to measure the strongest lines of MiA4034.48 and ¢ .
4041.36 (see Fig. 11). As manganese lines exhibit large hyperg)fggoi
fine splittings, many strong M lines have not used in previous
abundance analyses. Holt et al.'s (1999) measurements of hy- [
perfine structure now mean we can consider using strong MR gsok . . . . . .
11 lines such as\\4136, 4206, and 4259. Fig. 10 compares the S gt A w0
observations and calculations with (thick line) and without (dot-
ted line) hyperfine splitting in the spectral regibh4240-4277. Fig. 6. Part of the secondary’s spectrum after subtraction of the pri-
It is only possible to estimate the secondary’s mangané@%ry,s- A calculated spec.trunj with the adopted second_ary's abun-
abundance with the strongest Miines of multiplets 1 and 5. dances is shown by the thick line. For the Bdine dashed lines are
Fig. 11 compares the observed and computed binary spectrg)fﬁ/ alues of the adopted Ba abundand® 25 dex.
the spectral region \4030-4050. A dotted line shows a syn- , ;o ~——————————— . S —
thetic spectrum calculated with the same manganese abundance f ]
for both stars log(Mn/H) = -3.8 while the thick line represents , , L
synthetic spectrum calculations with the abundances from Ta-
ble 3. The secondary is less overabundant in manganese, Whicn)
again agrees with the results for other HgMn binaries. LP oB- "
tained much a smaller manganese abundance with similagly
sized equivalent widths. We used their equivalent widths ard®®*[
oscillator strengths and our model. The result for tifeir 3
kms~tis log(Mn/H) = -4.05+ 0.38, which is 0.4 dex greater osof-
than the result of LP. [
Only one Ni11line A4067 may be used for a nickel abun- ¢gsf
dance determination. Niis slightly underabundantin the primary

T
4
|

Y

.27p

Phl 4475.27
T

1

fin a468.51p
He 1 4471.49p

\
Mp It 4478.64p
]

rd
/
Mg Il 4481.23p
M Vg T32BT:23
A Y
\
TR B

Resid

asitisink Cncandin 112 Her A. An upper limit for the nickel o,so: e L . . ]
abundance in the secondary shows the star could be slightly 4470 w‘j’t;ingm X 4480 4485
overabundant. '

. ) ) ) ) ) JFig. 7.The same as in Fig. 5 for the\4465-4485 spectral region. Line
Gallium. Gallium is the most peculiar element in the primary’gqsitions are shown for the primary (p) and the secondary (s).
atmosphere. We used four Galines A\ 4251, 4254, 4262,
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and 6334. The first three lines lack significant hyperfine split- 1.10: '
ting (Isberg & Litzen 1985), while for the last line we used
hyperfine splitting data from Lanz et al. (1993). The abundance.os|
difference between the blue and the red lines does not exceed |
0.1dex. We do not use Ga A4255 due to its significant hy- 2 - ©r
perfine splitting (Isberg & Litzen 1985) which may be seen i
Fig. 11, where three Galines,\4251, 4254, and 4262 arefittedy [
very nicely to the observations, while the calculatediGe#4255  § °951
is much weaker than the observed feature. Of two observed Ga [
1lines, onlyA\4033 is suitable for an abundance estimate. It is [
blended with a strong Mn line. Still its gallium abundance is
only slightly less than that from the Galines. Comparisons i

between the observed and computed spectra fon §034 pren P P prn
and for Gair A\6334 are shown in Figs. 11 and 8, respectively. Wavelengtn, A

Takada-Hidai et al. (1986) obtained log(Ga/H) = -5.6 from they g The same as in Fig. 7 for thex6630-6650 spectral region.
equivalent widths of the resonance UV Gaand Gariiilines.

A difference between optical and UV abundances is typical for:.os
the most HgMn stars (Takada-Hidai et al. 1986, Smith 1996).
Our calculations clearly showed that hyperfine structure whichi o2
Smith believed to be one of the reasons for the observed descrep- [
ancy cannot explain it at least farAnd. Smith also discussed3 , ,[
the possibility of gallium atmospheric stratification which does
not work for o« And. According to Takada-Hidai et al. (1986)§ 098
both Gai11 A\1414 and Garr A1495 give practically the sameé
Ga abundance while these values should be different if gallium

is stratified in a stellar atmosphere (Smith 1996). Moreover the™*¢|
gallium abundances frowil Ga 11 lines are identical in a strat-

ified atmosphere. 0.94 . . , .
4215 4220 4225 4230

Wavelength, A

all 6334.05)

! Sill 6347.11

1

T T T

T
Sril 4215.52p
L SAi 4215.52s
Mnil 4218.38p
22.
2.
Fe | 4225.46s
— . Col 4226.73s
o Fel4227.43s

4

T B

Srontium, Yttrium, Zirconium. These thres-process elements
are overabundant in the atmosphere of the primary. A compgig. 9. The same as in Fig. 7 for the\4213-4230 spectral region.
ison between the observed and best-fit computed spectra for Sr

11 \M215is shownin Fig. 9, and the same for¥n Fig. 12. The

strontium abundance in the secondary is close to solar. mercury abundance im And A coincides with the abundances

of this element both ik Cnc and in 112 Her A.

Xenon. Xe 11lines appear in the spectra of some hot HJMn We have three spectrain the region of Hg\ 3984 line, and
stars. Our analysis is based on three Xknes AA4603, 4844, found a possible variability of the line profile. Fig. 12 compares
and 4973. We used oscillator strengths from Ryabchikovat&e observed and the computed binary spectrum with the abun-
Smirnov (1989) for the first two lines and from Iriarte et aldances from Table 3 for all three exposures. The most natural
(1990) for the third line. The Cnc Xe abundance in Table 3 isexplanation of the observed profile variations is an inhomoge-
from Ryabchikova & Smirnov (1989). The Xe abundancerin neous mercury distribution over the stellar surface. If it is sup-
And A is nearly the same as i Cnc and greater than in 112ported by further observations then it will be the first indication
Her A by 0.9 dex. for a spotty structure in HgMn stars. Where we have multiple

Barium. Barium lines such as4934 are seen only in the sec_.spectra, we do not find any other lines to be variable. This topic

ondary spectrum (see Fig. 6). The deduced barium abundan 2 g%g?er investigated by Adelman, Gulliver & Ryabchikova
about 1.0 dex greater than solar, and together with the calcitim ™"
deficiency suggest we classifiyAnd B as a metallic-line star.

. . 6. Some final comments
Mercury. The mercury abundance is based on the analysis of

the strongest Hgr line A3984. The large rotational width of theBased on our experience we recommend that investigators
line which exceeds the isotopic shift by more than three timedo are planning spectroscopic investigations of binary stars
makes it is impossible to study in detail the isotopic composgiensider obtaining 1) high dispersion spectra with very high
tion. Our calculations using the procedure proposed by Sm#N ratios & 300) to make it easier to separate the two compo-
(1997) shows that isotopic-mix parametgdoes not exceed nents and 2) more than one spectrum per region with different
0.25. Thus the Hg isotopic composition in the atmosphere ofradial velocity separations of the two components to be able
And A is close to terrestrial. Our value fits nicely the tempete verify a proper division. Although convention wisdom does
ature dependence gfparameter found by Smith (1997). Thenot indicate a need for the obtained high dispersion spectra for
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Fig. 10. The same as in Fig. 7 for the\4240-4277 spectral region. " mao " T e
Synthetic spectrum calculations with log(Mn/H) = -3.8 taking into Wavelength, A
ac_:count hyper_fine split_ting are shown by the thick I_ine. Calculatiorﬁg. 12.The same as in Fig. 7 for the3984 spectral region for three
without hyperfine splitting are shown by the dotted line. different DAO exposures. Line positions are shown for the first spec-
110 : ; . . —  trum.
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a star likeaw And having such spectra aided the analysis.
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