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Abstract. We investigate the orbit and the components of tte Introduction

symbiotic BX Mon system with new high resolution spec-t ith binati ¢ h h tra sh
troscopy, IUE spectra, published photographic magnitudes, a%(zjus with compination spectra are those whose spectra snow

brightness estimates from the RASNZ. We review the ava“atﬁgnultaneously very high excitation emission lines and low tem-
photometry and deduce a new binary period 461 days. We perature absorption features, but which cannot be considered

also find evidence in the IUE data that BX Mon is an eclipsiq(éerta!n binaries. Some or a_II may, r,lowever, be SO', Unde_r this
system. eading BX Mon entered Bidelman’s (1954) list of ‘combina-
. . . . tion stars’ — which was at that time the designation for what

With our high resolution spectroscopy we determine the ra- - .

we call symbiotic systems. Due to the low degree of excita-

dial velocity curve of the M giant from photospheric absorptioHOn in the optical emission lines BX Mon was excluded from

features. BX Mon is unusual fo_r a SymbI.OtIC star in that its h.%llen’s (1979, 1982) catalogs of symbiotic stars. The presence
component is alsq observablt_a in the optical wavelength re9I%%-medium ionized species became evident with the Interna-
From corresponding ab’sorptlpn features we are ab!e 0 ME8hal Ultraviolet Explorer (IUE) spectra of Michalitsianos et
sure the hot component’s radial velocity. We determine senli- (1982). Observed emission features in the UV arei]C
amplitudes folr the COO'. and the hot compgngnts of 4.3 _k%n SCIV, N 111], and Or11]. This property was most likely the reason
and 29 kms*, respectively. The mass ratio is thws7 which

. . o for the inclusion in Allen’s (1984) catalog.
is among the highest yet found for symbiotic systems. . . .
. . 0 e BX Mon is an unusual symbiotic system in the sense that
The orbit of BX Mon is eccentric with an ellipticity of =

0.49. The bi function 50076 M.... We determine th its hot component is rather cool and easily detected in the
T feth mar()j/ masizdlglc_l?? M (?fh eade ern:ltnhe hetlong wavelength IUE and blue optical spectra. Michalitsianos et

mass o f r; gl:’:lg e M_ 'I;h' |® ajr\14 € masts (t)h te tal. (1982) remarked on the strong continuum in the long wave-

componentasi, = 0.55 M. ThiS Iow i, SUggests tha evenIength range of IUE, which they described as resembling that

relatively high mass symbiotics are unlikely to be SUPENOoYg ~'1ate A to early F star

Typel prqgenltors. . . ) Photographic monitoring of BX Mon from 1890 to 1940

The distance to BX Mon 08 kpc is determined with the o616 a periodicity of 1380 days and an amplitude of about
Na1r A\5890, 5896 interstellar absorption lines and the inter

S P > 3 magnitudes (Mayall 1940). This was ofteninterpreted as due to
stellar extinction feature at 22@Q For the luminosity of the a very long period Mira variable, and it entered, under this flag,

cool component we find., = 3400 Lo and a stellar radius ye General Catalog of Variable Stars (Kukarkin et al. 1958).
R, =160 Re. The red giant's radius remains within the iny 5o whitelock & Catchpole (1983) suggested that the infrared
ner Lagrangian point, even at periastron. The hot componenéb%ctrum and colours are appropriate for a normad5 giant
unlikely to be a main sequence star. and not for a Mira variable. This is supported by the publidked
o o o o magnitudes for BX Mon which give a mean valueféf= 5.7
Key words: binaries: eclipsing — _bln_arles: symbiotic — starsyith a 1,-scatter ofo.1 mag (Whitelock & Catchpole 1983;
fundamental parameters — stars: individual: BX Mon Viotti et al. 1986; Kenyon 1988; Munari et al. 1992). These
IR data and the extensive spectroscopic monitoring by lijima
(1985) established that the periodic variations are caused by the
change of the viewing angle due to orbital motion.

Send offprint requeststd. Dumm hi dial veloci
* Based on observations obtained at the European Southern Obser-ln this Paper, we present radial velocity measurements

vatory, La Silla (Chile), visual brightness data from the RASNZ, anhich provide orbital information for the BX Mon system. We
UV spectra from the IUE archive. ESO observations were granted f§-€xamine photometric data in order to establish the orbital
the programs 47.7-081, 48.7-083, 49.7-041, 50.7-129, 51.7-093, 5@riod. We determine the binary mass-ratio and the masses of
068, 53.7-083, 54.E-061, 55.E-446, 56.E-526 the individual components. The distance to BX Mon is esti-
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Table 1. Log of our ESO high resolution spectroscopy of BX MonTable 2.Log of our ESO high resolution observations of BX Mon blue-
redwards 06000 A. We give the orbital phase (Eq.[3), the central wards of6000 A. We give the orbital phasg (Eq[d), the central wave-
wavelength\., the heliocentric radial velocity derived from absorptiodength A and the heliocentric radial velocities from cross-correlation
lines,v,, the Hx emission line equivalent widtli; W (Ha) and the line  with an A-star spectrumy,, and with an M-star spectrum,.

flux I(Ha) (in scaled units, see Sei17.1).

Date ¢ Ac Up Uy
Date A O EW(Hao) I(Ho) [A] [kms™']  [kms!]
o = o

(Al [kms ] (Al 1988, Oct2? 052 5007 2 28.7+ 1.0
1988, Dec 1% 056 6563 28.0+1.0 46 1993, Nov 1 0.83 5880 % 28.7+ 1.0
1991,Sep12  0.27 6563% 2 1995, Jan 7 0.14 4686 2 32.1+2.0
1991, Oct 22 0.30 6563% 41 82 1996, Mar 6 0.44 4070 40.8+3.0 272+2.0
1992, Jan 3 0.35 656328.2+1.0 52 56 1996, Mar 31 0.46 4363 42.8+3.0 28.6+3.0
1992, Jan 4 0.35 700529.1 0.7 1997, Jan 18 0.67 40702 29.6 + 2.0
1992, Mar 17 0.41 656327.7+1.0 28 36 1997, Feb 20 0.69 4070 % 29.8 + 2.0
1992, Mar18  0.41 700527.2 +0.7 1997, Mar 7 0.70 4070 2 31.4492.0
1993, Jan 15 0.62 656326.1 1.0 37 34
1993, Jan 16 0.62 700526.9+ 0.7 D Observation from Van Winckel et al. (1993)
1993, Feb 20 0.65 65632 47 33 2) No measurable absorption lines from the hot component
1993, Feb 21 0.65 700527.24+0.7
1993, Oct 29 0.83 656328.2+1.0 39 35
1993, Oct 30 0.83 700528.1+0.7 Table 3. Log of IUE spectra of BX Mon. We give the orbital phase
1994, Jan 11 0.88 65632 39 29 (Eqg.[d), archive number, FES-magnitude and the integrated observed
1994, Jan 15 0.88 700527.4 + 0.7 flux in [107"2ergcm™2s7'] in the two intervals § from 1800 to
1994, May 13 0.97 656330.7 + 1.0 8 8 1880A and I, from 3010 to 309@ , which are free of strong emission
1994, 0ct31  0.09 700535.5+ 0.7 lines.
1994, Nov 1 0.09 65632 68 90
1995, Jan 5 0.14 745334.2+0.5 Date ¢ SWP LWR/P FES 4 I
1995,Jan6  0.14 745333.9£0.5 1979,Jan6 0.97 03832L 03408L 11.0 02 2.1
1995, Apr2 020 745331.240.5 1979,Sepl 0.14 06344L 05479L 11.0 1.3 5.3
1995, Apr3  0.20 6563~ 62 70 1986, Feb 26 0.83 27797L 07724L 108 1.9 10.3
1995,Sep14  0.32 745327.6 +0.5 1989, Mar 14 0.62 35767L 15196L 11.1 2.1 5.8

1995, Oct27 0.35 56128L - A 4 -

U Observation from Van Winckel et al. (1993)Low signal to noise
1995, Oct28 0.35 56132L 31630LY 19 538

) No reliable FES value available (scattered light)

mated with the help of interstellar absorption lines as well as
from interstellar extinction. This enables the calculation of stel-
lar parameters like luminosity and radius. We then measure and

discuss the rotation of the cool component and present a seried™0r the purpose of spectral classification we took a near

of Ha line profiles. We finally consider a model in which thdR Spectrum withR = 2000, covering the rangé 800 A —
Var|ab|||ty of the Hx line can be understood. 10700 A on March 15, 1992 with the ESQ5 m t6|eSCOpe For

a description of this observation seéiMet & Schmid (1998).

2. Spectroscopic data
2.2. UV data

2.1. Optical and near IR spectrosco
P P Py We retrieved all the available low resolution IUE spectra of

We have monitored BX Mon regularly with the CAT4A m tele- BX Mon from the final IUE archive. A log of the IUE obser-
scope and the CoédEchelle spectrograph (CES) atthe ESO olations is given in Tablgl3. The last entry in Table 3 refers to
servatory at La Silla, Chile. The observations were carried aut observation, that suffered from scattered light caused by a
remotely from Garching, Germany. The optical spectra wepgoblem with the IUE optics. The spectrum was corrected with
taken with a resolutiolz = 60000 and cover a spectral in-the LWP 31623L sky exposure. No high resolution spectra of
terval of 60 A. Spectra centered at53 A have a resolution BX Mon have been taken by IUE.

R = 100000 and covers0 A. We complement our data with

observations by van Winckel et al. (1993) who used the samery - orpital period

telescope and instrument. A log of our optical observations 15

given in Tabld L and Tablg 2. The details of the CAT observ@ur radial velocity data are not suited for a good period determi-
tions and data reduction are as described in Schmid et al. (199&jon. They are, however, compatible with the 1380 day period-
Paper III). icity found by Mayall (1940). The precision of Mayall's period



T. Dumm et al.: High resolution spectroscopy of symbiotic stars. IV 639

was put into question by the work of lijima (1985). Although he/g\ : : : :
found the same periodicity, his interpretation of spectroscopf” 5 oo~ -
changes as periodic attenuation by the cool giant was inconsis- -
tent with Mayall's ephemerislax. = J.D. 2412490 +1380¢x o FR R xx X
Einthe sense that his minimum phase was shifted by about haif 150 ; A

a period with respect to that of Mayall. Because the period is &' r ]
prime importance in our study and accurate periods can only ie 1.00 % 7
obtained from data with a long time base we re-determine the Y R S
periodicity of the light variations from the available data. g 06 08 10 12 14 16

3.1. The light curve of BX Mon

—

For our analysis of the light variations of BX Mon we employed« 11k o ]
two data sets. T, o o o ¢ ]

The first set consists of the original data from Mayall’s lab- L O = =i o]
oratory journal kindly provided by The Harvard College. These, ~'2[ 7
brightness estimates are based on photographic plates and cover .
the period from 1890 to 1940 (see Mayall 1940). The dataset” — 13 - b) —
consists of 731 detections. The error of a measuremer.is S Y M —
magnitudes and the amplitude of the variations amour#s 3o 06 08 10 12 14 16
magnitudes.

The second data set has been kindly provided by the Royal
Astronomical Society of New Zealand (RASNZ). It consists of
the visual brightness estimates reported on a regular basis by
the variable star section of the RASNZ. These data cover the 1
years 1989 to 1995. E

Although separated by more than half a century both light £ 1,
curves are similar (Fig. 1c,d). They show a relatively narrow -
maximum and a wide flat minimum with approximately the 13
same periodicity. THNSE S S S

A period analysis applied to the combined data sets yields 06 08 1.0 12 14 1.6
two possible periodicitied? = 1338 +8 daysandP = 1401+
8 days. Our analysis excludes Mayall's period of 1380 days
because the maxima of the old (Mayall) and the new light curves
(RASNZ) are out of phase by about half a period. As mentioned
above, this problem was already encountered by lijima (1985). A
reanalysis of Mayall's data alone confirms the 1380 day period,@
but the uncertainty is rather large and includes the two periodst
determined by us with the combined data set.

The ambiguity in the orbital period can be resolved if we
include the IUE data into the analysis and examine the UV
eclipse behaviour.

3.2. Eclipse effects in the UV

Fig. 1a—d.Phase plot o Ha equivalent widths (asterixes) and#ine
The complete set of IUE archive data is shown in Eig. 2. In tW@ixes (triangles)b integrated IUE continua around 18AQsquares)
IUE measurements we see a strong flux attenuation (Tlablaay 305 (diamonds)c visual magnitudes of RASNZ amtMayall's
which can be interpreted as eclipses of the hot componentghptographic magnitudes.
the cool giant. The two observations are separated by 4347 days
or a little more than 3 periods. We compared phase plots of the
integrated IUE fluxes fromg00— 1880 A and3010—3090 A for
P = 1338+8daysandP = 1401+8days. UsingP = 1338+ is consistent with an eclipsing system as shown in Fig. 1a,b).
8 days puts an IUE spectrum with high flux level between th&his interpretation implies, that the eclipse phase lasts in the far
two IUE spectra with strongly reduced integrated fluxes. ThigV for about 150 days. Such long UV-eclipses, about 10% of
behavior is not consistent with an eclipse interpretation of thiee orbital period, are characteristic for symbiotic systems. Our
IUE flux reduction. Only an orbital period &f = 1401+8days eclipse interpretation is also strongly supported by the measured
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1989, Mar 14 ¢ = 0.62

(@]

(@)
LI B R Y B B

. 4. Radial velocity curves and stellar masses

Initially we had taken high resolution data only in the red spec-
tral rangeX > 6000 A in order to determine a radial velocity
curve for the cool giant (Table 1). It turned out that our data
disagreed with those of Garcia (1986) when interpreted as or-
bital motion of the cool giant. In fact Garcia’s measurements are
compatible with an opposite radial velocity curve, as expected
for a companion in a double lined spectroscopic binary. Gar-
cia’s (1986) measurements were centered at 20there the

hot component could contribute significantly to the spectrum.
Subsequently, we succeeded on two occasions to measure the
5 radial velocity of the hot component from absorptions in the
0 blue spectral range (Table 2). In the following we discuss the
1979, Jan 6 ¢ = 0.97 radial velocity data for the hot and cool component separately.

1986, Feb 26 ¢ = 0.83

(@)
LN B B

4.1. Radial velocity curve of the M star

]

'176\
o

To derive the orbital parameters of the cool giant we use only
observations in the red and near IR & 6000 ,&). For these
wavelengths we can safely assume that the absorption lines of
the red giant are not significantly disturbed by the A-type spec-
trum of the hot star. The radial velocity of the red star in BX
Mon was determined by cross-correlating observations of the
symbiotic star with the radial velocity standard HD 108 903.
The radial velocity curve analysis was done in the same way
0 as described in Schmutz et al. (1994, Paper I). For the velocity
1979, Sep 1 ¢ = 0.14 ] standard we adopt a radial velocity2if.3 4 0.3 km s~ from
the Astronomical Almanac (1994). Because of the weak con-
tinuum in some of th&563 A settings, not all of these spectra
are suited for radial velocity determinations.

In order to find the orbital parameters: time of perias-
tron passag€el’p, systemic velocityVy, radial velocity semi-
0 amplitude, K., eccentricity,e and position anglepy we have
1995, Oct 27 ¢ = 0.35 performed a least squares fit. For this we used a fixed period
of P = 1401 days as derived in the previous section. The best

1990, Dec 1 ¢ = 0.07

(@)
LN I B B

(@)
LN B B B

fit parameters are listed in Talble 4 and the corresponding radial
velocity curve is shown in Fid.]3. The radial velocity solution
predicts the red star in front of the hot component at
0 Sy
1995, Oct 28 ¢ = 0.35 § mideclipse = 2449530 + 1401 - E. (1)
This is consistent with the reduced flux in the IUE spectra

taken on Jan. 6, 1979 and Dec. 1, 1990. The red giant eclipses
the hot component at = 0.00, periastron passage takes place
at phaseb = 0.10, the hot component is in front of the red star

O L U S EP P at¢ = 0.20 and the apastron is at= 0.60.
1500 2000 2500 3000

Wavelength [ A]

(@)
LI B B B B

4.2. Radial velocities for the hot component

Fig. 2. BX Mon IUE spectra, smoothed wita 7 point running box. . .
: . . ince the spectrum of the hot component stretches well into
The spectral intervals that show merely noise are marked with a dot ﬁd - L T .
line. e visible spectral range it is, in principle, amenable to radial
velocity observations with high spectral resolution. We have
radial velocities (see Se€f. 4.1). Throughout this paper we i m_pared th; BX Mon s_pectra taken belad0 fA with thathof
use the period® — 1401 + 8 days -giants an A-supgrglgnts. In two spegtra rom March 1996
’ we detected absorption lines, that we attribute to the atmosphere

of the hot component. In the spectrum centeretD@bA taken
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Fig. 3. Radial velocity of the M5 IlI star in BX Mon based on obser-Efl]';:'eRad'al velocity Cur\(’f ?fthle h_Ot and cool compon:&rrl]ts.hThe sym-_

vations centered redwards of 6080 present our two radia ve.00|ty measurements of the hot compo
nent (squares), the radial velocity measurements of the M-star derived

from spectra centered blueward €500 A (vertical lines) and Gar-

ia’s (1986) radial velocity values derived from spectra centered at

300A (diamonds).

Table 4. Orbital parameters of the M star in BX Mon, assumifg=
1401 days.Ty gives the Julian date at which the cool star is in front og
the hot componenfl’» gives the time of periastron passage.

from a blending effect. This would explain his values which lie

Parameter Best solution  Uncertainty g :

between our radial velocity curves In fact, our measurements
go [JJDD] 2223 223 fo of the red star velocity from settings at wavelength§000A
VP[Lm]s—l} 29.1 i?)OS also differ from the solution derived in Selct. 4.1, but we cannot
K, [kms~] 43 103 Sherlve ac:;iltlonal radial velocities of the hot component from
. 0.49 10.05 ese settings.
wl°] 0 +10
o(0 - C) kms™'] 0.6 4.3. Mass function and stellar masses

We determine first the binary mass function based on the well
defined radial velocity curve of the red giant. The mass function

at phase) = 0.44 and the spectrum centeredia63A taken at is defined as
phasep = 0.46 we see that at wavelengths at which A-stars have 1 P 23z (My, sin )3 2
strong absorption lines, the spectrum of an M-standard does T oG Pl =)o = (My, + M, )? (3)
fit well the spectrum of BX Mon. In these two spectra we also M and M. dfor th fthe h dth
have to assume an additional continuum contribution in ord\gper'_3 h andM, star_1 or t. € Masses o the c.’t star and the
to scale the BX Mon spectrum to that of the comparison M-st ?.d gla_nt,z for the orb|t_al |ncl|_nat|on,P for the period K, for
In these two observations we are thus seeing a superposi rgdlgl velocity semi-amplitude of the red star, @fbr the
of the M-star spectrum and an A-star spectrum caused by g{gwtatlonal constant. The values from Table 4 yield for the
hot component. These observations allow us to determine radia Mon system.
velocities for the red and the hot component in BX Mon. Crosg{m) = 0.0076 & 0.0022 M, . 4)
correlation with a M3Ill and an A8la star leads to the radial
velocity values listed in Tablg 2.

The two values in Tablg 2 for the hot component, were us btai 0 of
to determine the radial velocity semi-amplitude of the hot coni® obtain amass ratio o
ponentk,. We employed the parametérs, e, andTp asdeter- _ Kn _ My 67413 5)
mined for the red giant. We set= 180°. The only parameter 4 K, M, ' e
we have to fit is thug(},. As shown in Figl4, we find

To derive stellar masses we need in addition the mass ratio
gad the orbital inclination. From the radial velocity amplitude

For the inclination we can determine a lower limit from the
observed eclipse in the UV. The radius as derived in $edt. 6.2
together with the binary separation at eclipse calculated with the

Further measurements at phases when the system is briger limitsin7 = 1 leads to an inclinatiogin 7 = 0.94 + 0.06
in the optical are needed to improve the accuracy of our resiffich correspondsto alower limitof> 62° for the inclination.
Unfortunately, Garcia’s (1986) measurements do not improve We can thus determine both stellar masses according to
the accuracy of th&, -determination. As both components may (1+¢)2- f(m)
contribute to the spectrum, his cross-correlations may suffém = —— 3~

K, =29+5 kms™ . )

= 0.55 + 0.26 Mg, (6)

sin® ¢
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Table 5.Summary of newly derived parameters forthe BXMonsystem. 1.0 " T 7 " T T T 0 0 0 0 000 T T T ]
Adopted  Error - ]
value + 0.5 7
Orbit: - b
PeriodP [days] 1401 8 L i
Eccentricitye 0.49 0.05 0.0~ —
Inclinationsin i 0.94 0.06 i ]
Semi-major axis [AU] 4.0 0.7 = E
Periastron distance red star + [AU] 1.1 05 B 7
Red giant: . i
MassM; [Me] 3.7 19 i \V To observer ]
Radiuer [RG] 160 50 100l v v v b v v b v b aay
Luminosity L, [L o] 3400 1700 -0.5 0.0 0.5 1.0 1.5
Spectral type M5 1 Fig. 5. Orbit of the red giant (+) and hot component (*) in the BX Mon
Effect_lve temper_aturg [I,(] . 3470 200 system in steps aA¢ = 0.1. In this representation, the stars move
Rotational velocityv sin ¢ [kms™"] 8.5 15

anti-clockwise. The dotted circle represents the red giant boundary at
¢ = 0. The square marks the center of gravity. Axes are in units of the

Hot component: semi-major axis:.

MassMi, [M o] 055  0.26

System parameters:

Distanced [pc] 3000 750 o 19
Total massViot [M o] 4.3 1.9 )
L
- 1.0
N
M, =q- M, =37+19M. 7 =
2 0.5
The above mask/), is typical for a white dwarf. Hot compo- §

nents with similar mass values have indeed been found in otlﬁgr
symbiotic systems (Mikolajewska & Kenyon 1992, Schmutzet (.0
al. 1994, Schild et al. 1995) The mass-ratio and the total system N N N IR N N MO B
massM;.t = 4.3 £ 1.9 M, are slightly higher than for most -20 0O 20 40 60
other symbiotics_(MikoIajewska 1997, Schmid 1998). Visr [km/s]

All newly derived orbital and stellar parameters of the BX
Mon system are summarized in Table 5 and the orbits of the tiig. 6. Interstellar absorption lines Na\ 5890 (top, shifted by +0.25)
components are illustrated in Fig. 5. The separation between &€ Na A 5896 (bottom) in the spectrum of Nov 1, 1993, transformed
two components varies between 2.0 and 5.9 AU. At periastrbtp the local standard of rest (LSR).
the inner Lagrangian poirt; is at 1.1 AU, that is 1.6 times the
radius of the cool component. Thus even at periastfgnis
well detached from the red giant.

lines is increasing with increasing distance. Tha Naublet in

the spectra of BX Mon, shows a complex signature (sedFig. 6).
5. Distance to BX Mon As both components show the same structure, we can assume
The interstellar Na A\5889.95,5805.92 absorption lines that the observed profiles are real, without significant noise. The

. . . radial velocities of the cool and of the hot component at the time
which we observed at high spectral resolution allow us to demé?observation are, — 12 kms—! andv, = 18 kms-! in the

a lower limit for the distance to BX Mon. Nulling the absorp; : . .
tion feature at 2208 in the IUE low resolution data yielddy, local standard of rest (LSR). Nabsorptions with radial veloc-

which puts an upper limit on the distance ities larger than these values are thus most probably caused by
P PP ' the interstellar medium. According to Brand & Blitz (1993), the
strong absorption feature correspondingitgg ~ 40 kms—!
5.1. Interstellar absorption lines indicates a distance of 3000 pc. The weak absorption fea-
~ -1 i i i
The galactic coordinates of BX Mon afé! — 220.04°, ture atvr,sg ~ 50 km s~ would be associated with interstellar

b!! = +5.88°. The velocity structure of the interstellar mediurlfIOUdS aB500 pe. We therefore use t#800 pc as a lower limit

has been studied in detail by Brand & Blitz (1993). In the d or the distance to BX Mon.

rection of BX Mon, the radial velocity of the interstellar NB
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5.2. Interstellar reddening Fx for M-giants given in Schild et al. (1998), we find a M-star
radius:

The boetter exposed IUE spectra of BX Mon show the broad

2200 A feature which can be used to determine the interstellgy, = . 1027002 K+0.13 (J=K) — 160 + 50 Ro, (9)

extinction. As the UV-continuum emission of BX Mon is sim-
ilar to that of a late A or early F type star, which in itself has whered is the distance in kpc. According to Dumm &
some spectral structure 2200 A, it is not advisable to sim- Schild (1998) this radius is typical for a star with this spec-
ply straighten the spectrum to a steadily increasing continudral type and mass. Together with the effective temperature, this
because that would tend to overestimate the extinction vallgads to a luminosity,, = 3400 £ 1700 L.
Instead we derivéEs_v, using the mean interstellar extinc- ~ With our luminosity L, and effective temperatufEg we
tion law of Seaton (1979), by comparing the BX Mon spe@stimate a red giant mass from evolutionary tracks. RGB and
tra with that of a spectral standard of known extinction. ThH&GB evolutionary tracks for stars of more thah. = 1.5 My
spectral standard HD 59 612 fits the absorption line spectrumpeincide. Taking the M, versus Tg diagram of RGB and AGB
BX Monwellinthe UV. Fanellietal. (1992) find for this A5I starmodels by Bessell et al. (1989) leadsWh = 3+2 M. Thisis
Ep_v = 0.14. For BX Mon we obtainFg_yv = 0.25 + 0.05, consistentwith the value derived from the radial velocity curves.
which agrees with earlier estimates by Viotti et al. (1986). As-
sumingR = Ay/Eg_v = 3.1 and usingA,/Eg_v as tab-
ulated in Savage & Mathis (1979) leadsAe; = 0.8 £+ 0.2,
Ay =0.224+0.04 andAx = 0.10 + 0.02. Single M giant stars are expected to have negligible rotation
Neckel & Klare (1980) have examined the spatial distribielocities, due to their large moment of inertia. In Fig. 7 the
tion of the interstellar extinction. Field 69 and 70 which argPectrum of a M5 il star, shows considerably narrower ab-
close to BX Mon can be used to estimate an upper limit for t@rPtion lines than BX Mon. The additional line broadening is
distance of BX Mon. At a distance 6000 pc, there is a steep Understood in terms of a rotating M-star in BX Mon, expected
increase inAy from Ay ~ 1 to much higher values, making@S & consequence of blr_1a_ry tidal forces. Stellar rotation analy-
this value an upper limit for the distance. Together with the ifiS Methods can be split into those based on stellar disk inte-

terstellar Na absorption features we thus estimate the distan@Etion methods and those using convolution techniques. The
of BX Mon to be convolution method is identical to the disk integration method

if line-broadening is constant over the whole stellar surface.
For late type stars, Marcy & Chen (1992) have compared cal-
d = 3000 =+ 750 pc (8) culated line profiles using convolution techniques with those
calculated by disk integration. They find that for M stars with
projected rotational velocities as small@sini = 2 kms™!,
6. The red giant the two methods lead to the same line profiles with a precision
of 5 percent, therefore we make use of the simpler convolution
methods.

We compared our BX Mon low resolution near IR spec- We derive the rotational velocity of the M star by comparing

trum spectrum with spectral standards. This leads to a Spgé_gbsorption Iines with those of spectral standa_rds which are
tral type M5.0 =+ 0.5 with no definite luminosity classification. believed to be single stars. We assume that the line broadening

lijima (1985) determined the spectral type to be M5 — M6. ViotfP ©Nly & function of spectral subtype. We can then use the non-
et al. (1986) classified it as M6l 11l with some uncertainty in rotating spectral standards as a template. We find, that the line

the luminosity class. Schulte-Ladbeck (1988) finds a spectygpths in our M4 [Il and M5 11l spectral standards are identical

. . . . . _1
type M4 with no luminosity classification. For the rest of thi&/ith @ precision obsini < 1 kms™". _
paper, we adopt a spectral type ofM: 1. The effective tem- As pressure broadening is much smaller than micro-

perature scale for late giants from Dyck et al. (1996) yields &bulence, and macro-turbulence broadening in M-giants, we

effective temperaturé.s = 3470 + 200 K. do not expect to introduce significant errors by employing non-
¢ rotating reference stars of different masses. The uncertainty in

the spectral type of BX Mon is expected to introduce an error
6.2. Radius and luminosity Avsini < 1.0 kms™'. The line-broadening in BX Mon can

then be written as:
We determine the radius of the M-star in BX Mon with the

K magnitude, thgJ — K)-colour and the distancd.andK Mon(A) = R(A) * Fags 1rr(A) (10)
magnitudes are given in Whitelock & Catchpole (1983), Viotti

et al. (1986) and Munari et al. (1992). They vary only very whereR stands for the rotational broadening function which
slightly with a 1o-scatter of0.1 mag and are consistent withdepends only ow sin ¢ and limb-darkening which is approxi-
no light variations of the red giant. We use the averdge: mated by a linear darkening, with limb darkening coefficient
7.0+ 0.1 andK = 5.7+ 0.1 or de-reddened, = 6.8 £ 0.1 0.6, Gray (1992).F\i5111 Stands for the line profile of the non-
and Ky = 5.6 + 0.1. Taking the surface brightness relatiomotating M5 lll-spectral standard atigsx 1., fOr the measured

6.3. Stellar rotation

6.1. Effective temperature
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We determine the rotation velocity in two ways. First we
e convolve the non-rotating star with the rotational broadening
S function belonging to various sini. According to Tsuji et
' al. (1994), measurable saturation effects are expected for ab-
sorption lines stronger than80 relative to a continuum nor-
malized to 1. We have therefore chosen an interval contain-
ing weak lines, which are expected to show little or no satu-
ration effects. The rotation velocity, that leads to the best fit is
vsini =9+ 3 kms~! (see FiglT).

The second method, which is described in detail in Marcy
& Chen (1992) and Gray (1992), fits the Fourier transform of
the rotational broadening function to the ratio of the Fourier
transforms of the spectra of BX Mon and the spectral standard.
The spectrum employed for this procedure covers the range
L o 7425 — 7475 A. By choosing a large spectral interval, we re-
= sl - duce the effect of the imperfect normalization on the Fourier
s ’ transform. The result of this procedure is shown in[Big. 8. At fre-
T NN R S S S guencies above 2.5 cyclesl&, the power spectrum of BX Mon

7433 7434 is dominated by noise. We finckini = 8.54+2.0 kms~*. This

A [A] agrees well with the value found by the direct fitting of weak

absorption lines and we retairsini = 8.5 + 2.5 kms™!.

Fig. 7. High resolution spectrum of BX Mon (solid), a standard M5 1ll  \yjith the photospheric radiug, of the red star, inclination

spectrum (dotted) and the M5 Il spectrum convolved with the %317 — 0.94 + 0.06 and equatorial rotation velocity, we cal-
. . . . . . _ 71 - . . L}

tational broadening function correspondingdeini = 9kms culate the rotation period of the M-star as

©
©

©
o5l

Normalized Flux

©

~
|
|

(dashed).
I ' ' Prot = %URY = 900 & 390 days, (13)
0.0 with the equatorial rotation velocity
6L v=9.0427 kms™ L. (14)

In BX Mon we are facing a system that has an eccentric
orbit, co-rotation is therefore not possible. Torques from tidal
forces depend strongly on the binary separation (Zahn 1977).
- § Thus in an eccentric orbit the torque will be strongest at perias-
L 4 tron passage leading to a rotation period shorter than the orbital
period P. This is in agreement with our values.

Log[Relative Fourier Power]
S
on
|
|

7. Ha emission line profiles

7.1. Hx line profile observations

|

(@]
T
<)
ijl)

0 1 2 3 4 Our CAT spectra are not flux calibrated. We used#&esorption
Frequency [cycles/°A] lines in the underlying M-star_continuum in order to scale our
Ha spectra to measure thenHine strength. We assumed that
Fig. 8.Ratio of Fourier transform of BX Mon and of the M5 Il spectralthe flux contribution from the M-star is constant in time, but
standard. Overlayed are Fourier transforms of the rotational broadeniigywed for a variable nebular continuum contribution. This is
1 H %1 y — _1 . . . . . . -
function belonging to the valuessini = 7,8,9,10,11 kms areasonable calibration criterion, considering that the available
IR magnitudes of BX Mon show no significant variations. This
line profile in BX Mon. After Fourier transformation this equaprocedure allows us to determinexHine fluxes on a relative

tion can be written as : scale. One spectrum cannot be directly scaled, due to the noisy
continuum. The K equivalent widths and these relative tine

fex Mon(0) = 7(0) - fus 111(9) (1) fluxes are listed in Tab[g 1.

or, when solved fotogr ()], The Hx equivalent widths and line fluxes are strongly re-

duced at phas¢ = 0.97, giving further support to a high
log[r(cr)] = log[fBX Mon(g)} — 10g[fM5 111 (O’)] (12) inclinations.
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7.2. Synthesizedddprofiles

1.00 To gain some insight into the origin of the line variations, we

have computed a schematic kinematic model of the absorption
by the giant wind as a function of orbital phase. The model uses
the procedure outlined by Shore et al. (1994). We arbitrarily
assume that the absorption is produced by a screen seen against
a stable emission line. This focuses attention on the variable
column density of the matter in front of the line forming region,
while ignoring the problem of formation of the emission line,
which is assumed to be formed in the hot gas around the hot
component. The absorption line forming region was assumed

T T | T T
AN
A~
7 S
0.75 : .
T to be thermodynamically and dynamically decoupled from the
é‘/\\w«~_ ionized region. The only two parameters that are required to pro-
;/\\___ duce the observed profile changes are the relative radial velocity
M of the two stars and the line of sight optical depth toward the
/. emission line producing region. We used a terminal velocity for
T the red giant wind 060 km s—!. The models are computed as-
B suming an intrinsic Gaussian absorption profile with a FWHM
of 2 A with a turbulent broadening ofu, = 20 kms™!
(Shore & Aufdenberg 1993). Unlike the “iron curtain” models,
where column densities and ionization structure were explicitly
computed, we used only the velocity gradient and optical depth
as the input parameters. The velocity of the red giant wind was

//t: specified by:
SN

0.50

line profiles at phase ¢

Ha

V(1) = Vpurp + Voo (1 — R, /1) (15)

0.25 . . . .
where v, IS the turbulent velocity and., is the terminal

= velocity for a radial distance and a stellar radiu®,.. For the
: computation shown in Fig.10, we employgd-= 1.

One clue to the origin of the absorption component is that
it never displays a truly Gaussian profile. The line formed by
‘ a simple absorbing wind is always scewed toward the terminal
i . velocity.

Atinferior conjunction, the hot component suffers minimum
oool o o Loyl . . .
circumstellar extinction and the absorption should be at nearly
-300 -150 0 150 300 : . : X .
Radial velocity [Km /s] the_termlnal velc_)cny, depending on the size of the a(_:celeratlng
region for the wind. At the quadratures, the absorption should
Fig. 9. Normalized H line profiles shifted according to their phase extend from the center of mass velocity, to the terminal ve-
Velocities are given with respect to the center of mass. The spectrlogity, but only on the negative side of the profile in both cases.
taken on 12 Sep 1991 (= 0.27) has been scaled according to theHowever, the relative motion of the two components has op-
neighbouring spectra. The short horizontal lines mark the continuyiasite signs at the two quadratures, so the absorption is shifted
of each spectrum and the zero flux-level. The intersections of the sigth respect to the emission line in opposite directions. At su-
curve (dashed) with thg horizontal Ilne_s mark the radial velocity of thﬁ‘erior conjunction, or eclipse, if the system has a sufficiently
hot component at the time of observation. high inclination, the absorption should extend over the whole
range[—uv., Vo] @nd be at its strongest. The profile should be
more flat-bottomed at this phase.

The emission line consists of two principal components. One If this picture is correct, it is possible to predict the orbital
is a narrow absorption that is approximately at rest with respgebperties from the profile variations alone. Small relative ve-
to the red giant. It has a full width half maximum (FWHM)locities dominate in the long period, nearly circular systems.
of about50 kms~!. The other is a broad emission, with fullTherefore, the absorption line should generally be seen only on
width at zero intensity of the order 600 kms~!. Itis clearly the blueward portion of the emission profile. High eccentric-
too broad to be due to the undisturbed red giant wind. It méy and relatively large radial velocity amplitude can combine
arise from a turbulent zone which is not understood, but itis shift the absorption to the red side of the emission peak.
unlikely to be due to electron scattering or other non-dynamicabsorption of the red giant continuum may mean one of two
broadening mechanisms. things. Either the hot component contributes substantially to the
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the cool giant seems to be particularly important in this system.
Thus, the revolving motion of the hot star passing behind the
obscuring red giant’s wind could explain the shape and the large
scatter in the phased light curves and the changing strength of
the maxima which are not strictly periodic.
0 6555 65wi%e\en " 6(i§55 6570 6575 Trze light curve is completely different in the far UX (<

g 2000 A), where the hot component strongly dominates the emis-
sion. There we found a deep eclipse by the cool giant in agree-

Model Flux
00 0 o0 o ==
oN P O 0 ON

D
(o))
a

lé; E ment with our radial velocity curve and the improved orbital
é 08F E period of P = 1401 days. The duration of the eclipse is also
3 06F E in agreement with the red giant’s radius®f = 160 R, de-
2 8“; E rived from the spectral type, the apparent magnitude, and the
0.0E E distance. Unfortunately we have no UV observations between

6550 6555 635300\/6\@'1 " 6(2?5 6570 6575 phasep = 0.45 and 0.60, where the maxima in the visual region
d tend to occur. The presence of long eclipses is an important find-
Fig. 10. Synthesized H profiles for¢ = 0.50 (upper) andp = 0.00 ing, because it restricts the orbital inclinatiorsta : > 0.88.
(lower). From our radial velocity measurements we determined the
masses of the stellar components and the orbital configuration.

continuum at 6564 and the Hv line opacity is great enough The binary mass-ratio ig = 6.7 & 1.3, which is somewhat

to absorb, or the optical depth is always large at that wavdigher than the typical symbiotic value of 3-4 according to
length; this would imply a chromosphere-like layer in the retfikolajewska (1997) and Schmid (1998). This is due to the
giant atmosphere. At present, our procedure is too crude to g&fatively high mass of our red giand4 = 3.7 + 1.9 Mg).

mit detailed modeling of the line formation. But it provides &©r the hot component we fintif, = 0.55 + 0.26 M. With
heuristic guide to the resolution of the origin of the diversity of = 0-49, BX Mon has the highest orbital eccentricity mea-
line profiles observed in the S-type symbiotics. An alternativéired in a symbiotic system. The separation between the two
model based on non-LTE calculations for an expanding red §Rmponents varies between 2.0 and 5.9 AU. At periastron the
ant's atmosphere ionized from the outside by the radiation §d giant radius is about 0.6 of the critical Roche radius.

the nearby hot radiation source, can be found in Schwank et The mass ofi;, = 0.55Mg, is an important parameter for
al. (1997). clarifying the nature of the hot component in BX Mon. It ex-

cludes a main sequence or giant A—F star. The A—F spectrum
could be produced by an accretion disk around a low mass main
sequence star. However, to power the observed luminosity of
Normally, only the cool symbiotic component can be observéie hot componentl(, ~ 230 L) such a model requires for a
with optical or near IR spectroscopy and consequently it is ordgtached system according to Viotti et al. (1986) an uncomfort-
for the cool component that a radial velocity curve can be estatily high mass accretion rate of 104 M. The alternative
lished. A full description of the binary orbit requires, howevegxplanation for the hot componentis a degenerate (white) dwarf
the radial velocities of both stars. Up to now there was only ométh a hydrogen burning shell. During weak shell flashes, orin a
symbiotic system, AX Per, for which also the hot componentsteady state regime where the accreted material is immediately
curve was measured. The measurement were possible becaossumed, such a star can reach quite a large radius and a low
during outburst the hot component became accessible to eprface temperature, mimicking an A—F spectrum. Yet, the ex-
tical observations (Mikolajewska & Kenyon 1992). BX Morpected “plateau” luminosity of such an object & — 10* L,
is the second system in which radial velocities of both objediben & Tutukov 1996), and thus significantly higher than in
are determined from photospheric absorptions. The spectrBX Mon. This, however, is not a fundamental problem, as often
of the hot component in BX Mon is hard to disentangle frorim edge-on interacting binaries a luminous compact component
the strong and very rich line spectrum of the M giant. We neis partly or fully hidden by an obscuring material in the orbital
ertheless succeeded to clearly detect absorption features ofpflame. We have to admit however, that this argumentation is a
hot component on two occasions near phase 0.45. At that easy way out of the hot component’s luminosity problem. Fur-
phase, the hot component is located on the observers side ted information is needed to establish the exact nature of the
far out in the red giant's wind region (see Fig. 5). Also the makot star in BX Mon.
ima in the photographic and visual light curves occur around Advocating that the hot component is a degenerate dwarf,
¢ = 0.45 (see Fig. 1c,d) when the contribution of the hot conimplies that it was initially the primary in the system and thus
ponentis atits highest. Thus itis not surprising that we observedre massive than 3 M It therefore appears that even the more
the spectrum of the hot component at this phase. massive progenitors among the known symbiotic systems pro-
The photographic and visual light curves of BX Mon are faduce white dwarfs with masses around the canonical value of
from the typical regular light curve of a binary system. Obscudwp = 0.6 Mg . It is unlikely that objects of such low mass
ration of the hot component’s light by the outer wind region afan accrete sufficient material from their present red giant com-

8. Discussion



T. Dumm et al.: High resolution spectroscopy of symbiotic stars. IV 647

panion to reach the Chandrasekhar limit. This disqualifies syMunari U.,ludin B.F., Taranova O.G., Massone G., Marang F., Roberts

biotic systems in general as candidates for being progenitors of G., Winkler H., Whitelock P.A., 1992, A&AS 93, 383
supernova Type la. Mirset U., Schmid H.M., 1998, to be submitted to A&AS

BX Mon has a high eccentricity of = 0.49 and a long Neckel T, Klare G., 1980, A&AS 42, 251
orbital period of P = 1401 days. All other symbiotic s:ystemssa"':lge I|\D/|"3Ma1tgl739 J ﬁiﬁéiégﬁ?é? 17,73
with well established radial velocity curves also have low e saion, M..., ' '

. . hild H., Mirset U., Schmutz W., 1996, A&A 306, 477 (P Il
centricities ¢ < 0.1). These systems have, with the exce%gh:ld H 'et arlselggé i(r:1 [;?;p?aratilon ’ ’ (Papertl)

tion of CH Cyg and CD43O_14_303' shorter orbital perlqu of Schmid H.M., 1998, in Proc. of the 86th meeting of the AAVSO on
P <1000 days. The eccentricity of the orbitforBX Monis con-  ariaple stars: New Frontiers”, (in press)
sistent with the circularization time scales of Verbunt & Phinneychmid H.M., Dumm T., Narset U., Nussbaumer N., Schild H.,
(1995). Maximum tidal force was excerted while the primary Schmutz W., 1998, A&A 329, 986 (Paper II1)
was on the AGB, which would have circularised orbits witSchmutz W., Schild H., Nrset U., Schmid H.M., 1994, A&A 288, 819
periods shorter than 1200 days. This value is a maximum and (Paper )
applies to a primary with initially 3 M. It would be smaller for Schulte-Ladbeck R.E., 1988, A&A 189,97
more massive stars. Thus theory predicts that the binary sepgwank M., Schmutz W., Nussbaumer N., 1997, A&A 319, 166
ration in BX Mon is large enough to escape circularization. Shore S:N., Aufdenberg J.P., ApJ 416, 355
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