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ABSTRACT. The Fe II emission lines in the optical
spectrum of the symbictic star BB Tel, observed by
Crawfard et al. {1559}, have been analysed applying
the BAC method. We obtain infemation abmit the
relative populations of the lower levels of the lines and,
assuming them to be in LTE, we determine the column
densities of Fe+ and of H. The mass lom= rate has been
calculated using the mean cool component radmns ob-
tained fram the bolanetric properties of Mira variables
with a pulsaticn period similar to that of the cool com-
ponent of BE, Tel.
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1. Introduction

The symbiotic nova BR, Tel had one single observed
major outburst n 1544, followed by a long recovery
phase which has not yet finished. Extensive spectzo-
scopic mvestigations during this period have indicated
that it & an mteracting binary, conssting of a Mira
variable of a late spectral type and a white dwarf.
There & evidence of a planetary nebula-like plasma and
additinal hot plasma due to colliding winds from the
twvo compoanents a5 well 22 a cirenmstdlar dost shell
due to which BE Tel has been clazsified a= a D-type
symbictic. The Mira variable loses mam at high rates
via a spherically symmetric stellar wind which expands
at low velocity and iz imnized by the hot compnent.
The mass lces rate = important for the evolution of the
binary system and may play a can=al role in producing
its symbiotic behaviour.

The mas= los= rate for BB, Tel has been determined
by use of different methods: from the flux of thermal
radio emision (Seaquist et al. 1963}, by mse of in-
frared flux ratios derived fram IRAS satellite obzer-
vations (Kenyon et al. 1988), from a mean relation
for miras nvolving their himinosities {Whitelock et al.
1984} and from the proportion of O VI resonance line
emsicn which is Raman scattered in parts of the wind
where hydrogen & nentral {(Birriel et al. 2000).

In cur present approach we find a limit to the mass

lo=s rate of the cool mira in BR Tel by the Self Abscap-
tion Curve (SAC) method.

2. Observations

We have analysed the flux calibrated high resclition
optical spectrum of RE, Tel observed in 1956 {Crawford
et al. 1995) in the AA3180 — 9455 A spectral regic.

The spectrim displays a larpe number of narrow
emisicn lines inchuding thoee of singly jonged iron
which have been analyzed i this work.

The database of Crawford et al. was chedked crit-
ically regarding the line identifications (Selvelli and
Bonifaco 2000} ax well as the line intensities {Keenan
2001, Mc Kenna et al. 1957). A total number of 131
permitted and forbidden Fe IT lines with reliable atomic
parameters have been sdected for this study. They be-
long to different multiplets and originate fran transi-
tions between the lowest levels with an excitation po-
tential up to 9 V.

3. Methods

The ma= ko= 1ate can be calmlated by nze of the
coatinnity eqiation:

M = dxv® pleiulr) (1)
which mn be expremed in terms of hydrogen cohimnn
density Ng by

M = dxrNgmgulr) {2
where Ng=m{r} and n{rj=p(r}/myg. my is the ma=
of the hydrogen atom, nir} the hydropen mumber den-
mity and v{1) the ontward velocity which can be directly
measured as the mean velocity broadening of the lne
profile. The remaining two unknowns in the expression
for M (2}, rondWNy, have been determined by nse of
the S AC method which has proved to be effective in de-
termining limits to reative populations of upper and
lower terms, as well a5 in deriving other mfrmation
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about the line formation region (Friedjung and Mura-
terio 1980, Friedjimg and Muratorio 1987, Muratorio
and Friedjung 1988, Baratta et al. 1593,

The Self Absorption Chirve {SAC), whose shape is
determined by self absorption effects, & the cbserva-
tional log-log plot of the quantity FA* /gf versus (gfX).
F & the line flux emitted in a transition which is related
to the optical thidmess of that transition.

Simple theory gives
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Q{wp) is the self absorption hinction depending on
the optical thickness wy; N, and N; are the column
densities of the npper and the lower level and g, &
their statistical weights. R iz the size of the emitting
region perpendicilar to the line of sight and d the dis-
tance of the star. A type o excitation temperature of
the line emitting region can be defined by

{5}
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4. Resulis
4.1. Determination of B

The lower and upper limits to the radins of the emit-
ting line region of BR Tel have been determined by
the 5AC method in the previons paper (Kotnik-Kariza
and Friedjing 2001}, yvielding values of 26 and 2300 so-
Iar radii respectively. However, when estimating the
mass ks rate, it is more realistic to take for r in equa-
tion {1} the radins of the cool component. instead of
the minimum radms of the line emitting region. T=ing
bolametric cormrections to the K magnitude for M gi-
ants {Hoidashelt et al. 2000}, measured properties of
#oyonp 1¥ Mira variables with a 387 day pul=ation pe-
ricdd {Barthés et al. 1999} and an M7 spectral class of
the cod component (Miirset and Schmid 15595), we can
expect a mean ol component radins of the order of
1.5 -1 cm to 3.0 -10'* cm which gives a mean value
of about 300 E;,. The smaller of these radii iz less than
the maximmm radins obtained by the SAC method. In
fart we expect line formation ontside the region of dst
crdensation (Kotnik-Kamea et al. 2001}, which is ex-
pected to be at § mira radii @ averageing 1500 solar
radii. We take it for justified to calenlate the mass loss
rate by amuming this vahe of r = .

Table 1: Parameters of the cool canponent of BE, Tel
from this work

g £ - NEfmin v M'rm
{cm) fem™?)  (ams™') (M, yr 7
1.0- 10 7.5.10% 14 3.10°"%

4.8 Column density

The cohunn density has been obtained starting from
the SAC of multiplet 27 (Fig.1).

The minimmm optical thickness of 1 at log{gfi)=1
leads from (4) to a minimum N;/ g of 5.3 - 1014 cm—2
frr the lower metastable term at 2.68 eV. This term is
the nupper term of the forbidden line multiplet 4F, =0 we
cbhtain from (5) the ground level N/ g of 5.9- 10'% atoms
ecm™2, In this caloilation we used the temperature of
6600 X which is an npper imit to the permitted kne re-
gion temperature (Kotnik-Kamea and Friedjung 2001}
and & near to the maxdimuon temperatnre of the for-
bidden line formation region. The latter was obiained
by plotting .i'-::ig'ﬂ versu= upper level excitation poten-
Vil i ol B ik Vinicas: msmpisiect tis b Gptiradlys thi
{Fig.2).

Thiz temperature of 6600 X, being an npper limit
to the permitted Bne region excitation temperature,
together with the interpdated value of the partition
finction of antilog 1.71 at this temperatire, leads toa
minimum column density of 3.0 10'* atams cm™2 for
Fe+ and s i Fe since iran is present also m higher de-
grees of ionization. By assuming standard abimdances
we obtain 7.5 102 atoms of hydrogen per cm®.

4.2 Mass logs rade

By imserting the calenlated parameters and the value
of 14 kon="! fr the mean velocity broadening of the
emisicn lme profile in (2}, we ohtam 3-107% 3, yr7?!
frx the minimum ma= k= rate of the cool component
as shown in Table 1.

An apreement with estimates by other anthors, using
cther methods, can be seen from Table 2.

The adopted germmetry of BB Tel which agrees with
the model of Taylor and Seaquist {Taylor and Seaquist
1984}, i= represented in Fig.3. Beside the determined
mizes, it shows clearly that Fe IT iz especially present
near the boundary of the immzed and nentral regions.
While the permitted lines are formed not too far from
the boundary of the ionized zone, the forbidden lines
are most probably formed further ont, in that part of
an accelerated wind which is jonized by the hot compo-
nent. The jionization front cannot penetrate the dust
region. Dur determinations are consitent with line
frrmation in the cool star wind.
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Table 2: Mass lo= rates for BE Tel and some normal

Miras
Mass loss rate (M, yr 1)
normal Miras
BR. Tel Lemp et al. 1503
thiz paper Whitelock  Seaquist Kenyon Birriel carhom OXYEETL
et.al.1594  et.al. 1553 et.al.1588  etal.2000 rich rich
281077
3-0°% 25.10% 53.-10°% 80.-10"% 10.-107% 22.10°% 14.10°7
41-10 77
130
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Figure 1: Self absorption ourve of the permitted hne
mliplet 27
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Figure 2: Determination of excitation temperature of
the frrbidden line region

Fignre 3: The adapted peometry of BE Tel
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