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Abstract. Intermediate resolution observations of the
blue spectrum of the symbiotic star AG Peg, being at a
colliding wind stage in its evolution with decreasing lumi-
nosity and mass-loss rate of its hot component, have been
realized. Profiles, fluxes and radial velocity data have been
obtained. They are compared with earlier data, taken ap-
proximately at the same orbital phases. It turns out that
the radial velocities of many lines differ from these data
which is probably determined by a change of dynamics of
the nebula. The comparison shows, also, the intensity of
all emission lines has decreased, but the velocity of the
wind of the hot component is invariable. The fluxes of the
lines appearing in this wind have been theoretically cal-
culated by means of values of the mass-loss rate obtained
on the basis of contemporaneous UV observations. They
are in good agreement with the observed fluxes which is a
confirmation of this mass-loss rate. The intensity decrease
of the narrow emission lines is discussed.

Key words: binaries: symbiotic — stars: individual:
AG Peg — stars: mass-loss — line: profiles

1. Introduction

The symbiotic binary systems possess dense gaseous neb-
ulae formed, in most cases, by the wind of their cool
components. At some stages of their evolution, however,
these nebulae are formed by the winds of the two com-
ponents. The system AG Peg (HD 207 757) is the oldest
known symbiotic nova. It has undergone a single outburst
(Lundmark 1921; Boyarchuk 1967), which is the most pro-
longed one among the outbursts of symbiotics. Its visual
light was 9m before the middle of the last century. Between
the years 1841 and 1855 it has begun to increase, reach-
ing a maximum of approximately 6m around 1885. Then
it has gradually decreased and now it is practically equal
to its value before the outburst.

Send offprint requests to: N.A. Tomov

The analysis of the observations carried out in different
spectral regions during the past years, imply one and the
same model of this system – a stage of colliding winds.
For the first time this model was proposed by Penston
& Allen (1985) on the basis of three IUE high resolution
spectra, where a high velocity P Cyg wind was detected in
the lines of N v, N iv, C iv and He ii. Since the cool giant
also loses mass through a stellar wind, it was concluded
that the two winds probably interact.

Later the UV spectrum of AG Peg was studied by
Kenyon et al. (1993), Vogel & Nussbaumer (1994) and
Altamore & Cassatella (1997). Each of these analyses
showed that a hot high velocity wind is observed in the
lines of N v, C iv and He ii and in every one of them a
conclusion about colliding winds was made.

A model of winds in collision was proposed also by
Tomov (1993b) on the basis of profiles, fluxes and radial
velocities, derived from homogeneous high dispersion spec-
tral observations in the visual during two consecutive or-
bital cycles (Tomov & Tomova 1992; Tomov 1993a). The
broad components of the first Balmer lines and the line
He ii 4686 were caused by radial flow of gas with high
velocity.

Supposing a regime of colliding winds in the AG Peg
system Vogel & Nussbaumer (1994) theoretically calcu-
lated the radio image of its nebula being in good agree-
ment with the observed one. A proof for existence of a
shock region of the winds was obtained on the basis of
ROSAT data by Mürset et al. (1995). They created a hy-
drodynamical model whose X-ray energy distribution was
in agreement with the observations.

There are also observational data showing that some
parameters of the wind of the hot companion are changed.
According to both UV (Kenyon et al. 1993; Vogel &
Nussbaumer 1994; Altamore & Cassatella 1997) and vi-
sual (Hutchings & Redman 1972; Ilmas 1987; Tomov &
Tomova 1992) observations, the lines, appearing in this
wind, began to weaken after the year 1978. The decrease
of their intensities is determined by decreasing mass-
loss rate (Kenyon et al. 1993; Vogel & Nussbaumer 1994;
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Fig. 1. Sections of the spectrum, taken on JD 2 449 969.38. The ordinate scale is in arbitrary units

Altamore & Cassatella 1997). Having in mind their be-
haviour Zamanov & Tomov (1995) prognosticated that in
the near future the change of the mass-loss at the observed
rates will cause its decreasing below a given minimal value.
At that time the momentum of the hot wind will not be
sufficient for realizing a collision and the system will move
to a regime of a wind accretion. This transformation will
be the final stage of the outburst begun in the first half of
the last century.

The change of the mass-loss rate of the hot companion
causes changes in the dynamics and the physical parame-
ters of the nebular envelope and consequently of its spec-
trum. That is why we observed the blue region where most
of the visual emission lines are situated. In this paper we
analyse and discuss intermediate resolution observations
of AG Peg taken in 1995 and compare them with the obser-
vations in the middle of the last decade (Tomov & Tomova
1992; Tomov 1993a) to study the evolution of the visual
emission lines during the final stage of the outburst.

2. Observations and reduction

The present work is based on two spectrograms, taken
with the Coudé spectrograph of the 2 m RCC telesco-
pe of the National Astronomical Observatory Rozhen
(NAO) on Sep. 8, 1995 (JD 2 449 969.38) and Sep. 13, 1995
(JD 2 449 974.38). The observations were performed in the
region from 3600 Å to 5000 Å on ORWO ZU emulsion,
with a resolution of 0.5 Å. (The reciprocal linear disper-
sion was 18 Å mm−1.) Both exposures were comparatively
deep, each of 240 minutes, in order to bring out the wings
of the bright emission lines and to detect the fainter fea-
tures. The spectra were digitized with the Joyce Loebl
microdensitometer of NAO and ReWiA package was used
for wavelength and density calibration as well as for cal-
culation of the radial velocities and the equivalent widths.
Sections of the spectrum taken on JD 2 449 969.38 are dis-
played in Fig. 1 where the lines with measured radial ve-
locities have been marked. As the strongest lines are not
seen in this figure, the profile of one of them is displayed
separately in Fig. 2. The profiles of the others are simi-
lar. The radial velocity of each group of lines is listed in
Table 1.
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Fig. 1. continued

Table 1. Radial velocities in units of km s−1

Elem. JD 2 449 000d+ Elem. JD 2 449 000d+

969.d38 974.d38 969.d38 974.d38

Abs. lines −18.1 ± 2.9 −19.5 ± 1.8 He II, N III, C III −20.8± 2.4 −20.3± 0.9
H I −22.2 ± 1.0 −20.1 ± 1.4 He II 4686 (N) −13.7 −6.5
He1 I −14.2 ± 1.0 −14.4 ± 1.8 [O III] 4363 −16.1 −18.7
He3 I −14.1 ± 1.6 −17.0 ± 0.3 Fe II, Ti II −18.7± 0.6 −18.2± 0.5

We obtained the line fluxes using only the spectrogram
of JD 2 449 969.38 as it turned out that the sensitivity
of the other one was decreased in the long wavelengths
region. Only fluxes of comparatively stronger lines were
measured such that their equivalent width errors should
be less than 30%. We consider the intensities of the same
emission lines investigated in the work of Tomov (1993a)
to have possibility for comparison. Some of these lines
are the members of Pickering series of He ii having wave-
lengths λλ 4200 and 4542 Å. They are unresolved blends.
At the phases of our observations the line He ii 4542 is

blending with the line Fe ii 4542, but the latter of them has
considerably lower intensity. The line He ii 4200 is blend-
ing with the line N iii 4200 which has also lower intensity.
In our opinion the blending of these lines works unessen-
tially on the measurement of their equivalent widths.

The line fluxes have been obtained by means of our
unpublished B = 9.m76 and V = 8.m56 photometric esti-
mates, taken on JD 2 449 974.34. The monochromatic con-
tinuum fluxes at the positions of emission lines considered
were calculated via linear interpolation of the fluxes at
the positions of the sensitivity maxima of the B and V
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Fig. 1. continued

Table 2. Emission line fluxes in units of 10−11 erg cm−2 s−1

Line 1986 1995 Line 1986 1995 Line 1986 1995

N III 4097 0.43 0.19 Fe II 4296 0.06 0.03 Fe II 4584 0.14 0.14
Hδ 4103 4.95 1.52 Hγ 4340 (N) 8.07 2.00 Fe II 4629 0.15 0.10
He3 I 4121 0.32 0.16 [O III] 4363 0.34 0.07 N III 4634 0.19 0.15
He1 I 4144 0.49 0.17 He1 I 4388 0.59 0.36 N III 4640 0.35 0.21
Fe II 4173 0.11 0.07 He3 I 4471 0.71 0.38 He II 4686 (N) 5.20 1.74
Fe II 4179 0.12 0.09 Fe II 4508 0.09 0.04 He3 I 4713 0.53 0.29
He II 4200 0.10 0.08 Fe II 4520 0.09 Hβ 4861 (N) 14.71 6.02
Fe II 4233 0.23 0.11 He II 4542 0.12 0.12 He1 I 4922 1.18 0.65

photometric systems. The error of the monochromatic
continuum fluxes, obtained in this way, is due first of all
to the presence of the bands of titanium oxide. This er-
ror is approximately equal to the error of the level of the
local continuum (∼10%), as titanium oxide bands of the
AG Peg system are shallow because of an overwhelming
by the hot continuum (Boyarchuk 1966; Tomov & Tomova
1992). The line fluxes were corrected for interstellar red-
dening. There are several values for the excess E(B − V ),

obtained by different methods and placed in the range
0.08−0.15 (Penston & Allen 1985). We adopted the value
E(B − V ) = 0.12 and used the extinction law by Seaton
(1979). The line fluxes are listed in Table 2.

For the aims of our consideration the ephemeris of
Fernie (1985) Max(V ) = JD 2 442 710.1 + 816.5×E will
be used. The epoch of the photometric maximum when
the hot companion is before the giant is used as a start
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Table 3. Radial velocity data of AG Peg in units of km s−1 (Tomov & Tomova 1992)

JD� Phase Abs.lines He II 4686 H I He1 I He II, N III, He II 4686 [O III] 4363
2 446 000+ (B) O III, C III (N)

221.50 0.300 −19.8 ± 0.7 −0.6 −9.2± 2.0 −12.4 ± 0.9 −12.6± 2.3 −6.8 −21.1
244.55 0.329 −21.0 ± 2.0 −20.2 ± 1.0 −17.4 ± 1.1 −23.5± 2.0 −22.3 −31.4
252.52 0.338 −18.3 ± 1.4 −17.0 ± 0.2 −14.4 ± 0.3 −14.6± 2.2 −11.8 −29.5
252.57 0.339 −22.0 ± 3.4 −6.7 −14.2 ± 0.4 −13.7 ± 1.5 −20.2± 1.3 −21.7 −29.9
273.52 0.364 −18.7 ± 1.0 3.0 −31.2 ± 1.6 −19.3 ± 0.4 −21.7± 1.6 −25.3 −36.6
277.40 0.369 −22.0 ± 1.8 −35.6 ± 1.6 −19.1 ± 0.9 −23.4± 1.8 −19.5 −33.7
301.39 0.398 −21.3 ± 1.7 −38.4 ± 2.4 −20.0 ± 1.5 −29.0± 4.1 −29.3 −35.0
330.23 0.434 −16.7 ± 0.7 −35.8 −41.0 ± 6.8 −29.1 ± 2.7 −32.7± 0.1 −34.6 −40.2
370.30 0.483 −19.1 ± 1.3 −32.7 −53.6 ± 5.6 −30.4 ± 0.6 −35.4± 0.9 −43.1 −42.3
452.21 0.583 −64.9 ± 1.4 −31.1 ± 0.4 −41.9± 2.9 −53.9 −45.5
603.53 0.768 −12.8 ± 1.7 −36.8 −20.5 ± 1.2 −19.4 ± 1.9 −20.0± 1.7 −26.3 −25.7
603.57 0.768 −14.9 ± 0.9 −47.4 −16.5 ± 1.2 −21.3 −16.6± 1.6 −22.6 −30.1
605.49 0.771 −16.5 ± 0.7 −24.2 ± 1.1 −19.1 ± 0.5 −19.9± 1.4 −27.8 −20.2
627.53 0.798 −12.7 ± 1.4 −41.7 −16.4 ± 0.7 −15.4 ± 0.5 −17.4± 0.3 −24.1 −22.7
630.19 0.801 −12.8 ± 0.9 −50.4 −17.3 ± 1.2 −14.1 ± 0.4 −16.3± 0.5 −20.2 −16.2
638.49 0.811 −13.8 ± 1.2 −43.3 −14.2 ± 0.3 −16.2 ± 0.8 −19.3± 2.3 −25.0 −19.8
638.59 0.811 −16.3 ± 1.1 −16.9 ± 0.6 −17.6 ± 1.3 −15.6± 0.5 −16.7 −17.7
660.53 0.838 −14.8 ± 1.0 −15.8 ± 0.6 −14.4 ± 1.2 −15.9± 1.8 −21.0 −14.1
752.18 0.950 −21.1 ± 0.9 −2.9± 0.4 −11.1 ± 0.4 −7.8± 1.0 0.9 7.6
755.27 0.954 −19.2 ± 1.0 −30.9 −7.8± 0.3 −14.7 ± 0.5 −8.4± 1.4 −2.8 2.1
775.15 0.979 −19.2 ± 1.9 −28.6 −11.0 ± 0.8 −8.6± 0.4 −6.6± 1.0 5.8 14.8
928.50 0.166 −26.2 ± 1.4 32.3 −7.8± 3.7 −15.5 ± 0.4 −8.4± 0.9 −3.1 −4.0
990.52 0.242 −22.0 ± 1.2 10.5 −14.0 ± 0.7 −20.2 ± 1.2 −15.3± 2.4 2.8 −37.6
991.51 0.244 −24.2 ± 1.3 −13.1 ± 1.8 −18.1 ± 1.0 −15.7± 0.4 −9.4 −31.7

1023.53 0.283 −22.7 ± 2.0 −18.8 ± 0.9 −16.4 ± 0.8 −13.6± 0.4 −14.0 −33.3
1025.48 0.285 −21.6 ± 1.1 −17.0 ± 1.0 −15.8 ± 1.1 −14.8± 0.6 −22.3 −33.2
1047.26 0.312 −22.0 ± 1.9 13.8 −15.5 ± 0.3 −14.2 ± 0.7 −15.5± 0.4 −16.7 −34.9
1346.50 0.678 −34.6 ± 3.6 −18.1 ± 0.2 −26.3± 2.0 −40.7 −31.8

epoch. In this case our observations are at phases 0.891
and 0.897.

The data obtained will be compared with the results
of our previous observations (Tomov & Tomova 1992) and
that is why some of these results are listed in Table 3
and displayed in Fig. 3 as well. These are radial velocities
data derived also on the basis of photographic observa-
tions in the blue spectral region. 40% of these spectro-
grams were taken with the Coudé spectrograph of the
6m telescope of the Special Astrophysical Observatory
of Russian Academy of Sciences and have dispersion of
9 Å mm−1 and the rest – with the Coudé spectrograph
of the 2 m RCC telescope of NAO, with dispersion of
18 Å mm−1. All these spectrograms were processed with
the oscilloscopic comparator of NAO, whose positioning
error is equal to 0.5 µm.

The radial velocity curves of all groups of emission
lines (Fig. 3) were plotted by means of the same program,
used for obtaining the orbital solution. The lines in this
figure plot the best-fitting circular orbits for the data in
Table 3. The phase shift of each curve with respect to the
absorption lines velocity curve, determined by the orbital

Table 4. Parameters of the radial velocities curves of AG Peg

Group of lines Phase V0 K s

shift (km s−1) (km s−1) (km s−1)

Abs. lines −18.37 5.22 1.60
He II 4686 (B) 0.50 −20.69 31.77 9.88
H I 0.38 −18.56 27.94 6.88
He1 I 0.38 −16.96 9.01 3.91
He II, N III, O III, C III 0.38 −16.74 19.18 3.14
He II 4686 (N) 0.40 −18.00 27.36 5.12
[O III] 4363 0.34 −22.81 24.08 6.83

motion of the cool component, is presented in the second
column of Table 4. The parameters corresponding to the
baricentric velocity V0 and the semiamplitude K for each
curve are presented in the third and fourth columns of this
table. The standard deviation s is in the last column.
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Fig. 2. The profile of the He II 4686 line, observed on
JD 2 449 969.38 and normalized with respect to the local con-
tinuum. It consists of two components – a narrow and a broad
one

-0.5 0.0 0.5
phase

-60

-50

-40

-30

-20

-10

0

10

20

ra
d.

 v
el

o
ci

ty
 (

km
/s

)

   
  

   
  

   
  

   
  

  M3

HeII 4686 (B)

[OIII] 4363

HI

HeII 4686 (N)

Ions

He
1
I

υ
0

Fig. 3. The orbital radial velocity curves of the visual lines
of AG Peg from the work of Tomov & Tomova (1992). The
elements of each curve as well as the designation of the M 3
giant and the barycentric velocity have been marked

3. Description and analysis of the emission line
spectrum

3.1. The Balmer lines

The lines of Balmer series are visible as far as H 31. The
profiles of the first of them consist of two components: a
central narrow component with FWHM equal to about
95 km s−1 and a broad component, indicating stellar wind
and having FWZI (full width of zero intensity) of about

2000 km s−1. Only the broad component of Hβ is confi-
dently seen. The profiles of the rest of the Balmer members
consist of one component, i.e. they are ordinary nebular
lines. Some of the Balmer profiles have asimmetry.

The line H 8 is badly blending with the line He i 3889
and is inappropriate for investigation.

We obtained radial velocities, measuring only the nar-
row components (Table 1). The radial velocities of all lines
were the same within the range of the error, i.e. we didn’t
ascertain the existence of Balmer progression. The velo-
cities of both spectra differ appreciably from the values
of the radial velocity curve of the hydrogen lines at our
phases in Fig. 3. These differences exceed the level of our
error and that is why we consider they are due to a change
of dynamics of the nebula.

The line fluxes (Table 2) obtained at the present time
are compared with the fluxes obtained in 1986 (Tomov
1993a). Each of the latter of them is an arithmetical mean
of three spectra taken at the moments JD 2 446 660.53,
2 446 752.18 and 2 446 755.27, which are at phases 0.838,
0.950 and 0.954. We compare spectra taken approximately
at the same phases since the intensity of most of the emis-
sion lines vary during the orbital cycle. The line fluxes
in the work of Tomov (1993a) have been systematically
reduced by a factor of about 1.5. The data used in the
present work have been improved and then deredened in
the way described in the last section. The data from the
table show that the fluxes of the Balmer lines have de-
creased on average by a factor of 3.2.

3.2. The helium lines

The FWHM of the singlets is 45 − 50 km s−1 and those
of the triplets – about 60 km s−1. Some of the lines of
both groups have asymmetry in their profiles. The two
groups have the same velocity (Table 1) practically equal
to the value at our phases of the radial velocity curve of
the helium lines in Fig. 3. The line fluxes of the singlets
have decreased on average by a factor of 2.1 and those
ones of the triplets – by a factor of 1.9 (Table 2).

3.3. The lines of elements of high degree of ionization

Lines of different highly ionized elements namely He ii,
N iii, O iii and C iii are present in the blue region of the
spectrum of AG Peg.

Like the Balmer lines the line of He ii 4686 consist
of two components: a central nebular component with
FWHM equal to 80 km s−1 and a broad component, indi-
cating stellar wind. The profile of the broad component,
observed at the moment JD 2 446 755.27 when the line
was more intensive is compared with the one, observed
at JD 2 449 969.38 in Fig. 4. The error of the local con-
tinuum in the first case is equal to ±5% as Kodak IIaO
emulsion having a lower noise was used. This error in the
second case is about ±10%. The observed spectrum in
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the region of the He ii 4686 broad component was cor-
rected through removing the strongest absorption lines of
the red giant spectrum. Then the individual profiles were
analysed by fitting with a sum of two gaussian compo-
nents. The FWHM of the broad component in the first
case is equal to 1210 ± 50 km s−1 and in the second one
−1310 ± 200 km s−1. Taking into account the observa-
tional errors we have no reason to suppose that the line
width has changed. This procedure allows us to obtain
the equivalent width and the line flux with errors equal
to about 30% in the first case, and about 50% in the sec-
ond one. These errors are due first of all to the errors of
the local continuum. If we take a velocity of the wind at
a distance 2σ from the center of the line this velocity is
obtained to be 1030 km s−1 and 1110 km s−1 in the two
cases. We are inclined to adopt the first one of these values
made up to 1000 km s−1, as it is based on emulsion with
better quality.

The velocity of the narrow component of He ii 4686
(Table 1) is in agreement with the radial velocity curve of
this line in Fig. 3. In a period of nine years its flux has
decreased by a factor of 3.0 (Table 2).

We considered only the lines He ii 4200 and He ii 4542
of the Pickering series as the rest of them are badly
blended with Balmer lines. The profiles of the lines He ii

4200 and He ii 4542 are asymmetric and their FWHM
are equal to 55 km s−1 and 48 km s−1 respectively. The
FWHM of the N iii lines are about 45− 50 km s−1.

Since there was a great difference between the veloci-
ties of the O iii lines of the two spectrograms, their values
were excluded from further consideration. The lines of the
rest of the elements have practically the same velocities
whose arithmetical mean is shown in Table 1. However,
they differ from the values of the radial velocity curve of
the ionized elements at the some phases in Fig. 3.

The fluxes of the Pickering lines of He ii have decreased
on average by a factor of 1.1 and those of N iii – by a factor
of 1.7.
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Fig. 4. The broad component of the He II 4686 line, ob-
served at the moments JD 2 446 755.27 (more intensive one)
and JD 2 449 969.38. The level of the local continuum is marked
with a dashed line. The radial velocities are in units km s−1

3.4. The forbidden lines

Only the lines of the elements [O iii] and [Ne iii] are in-
cluded in this group. In contrast to the middle of eighties
(Tomov & Tomova 1992), now the lines of [O iii] λλ 4959
and 5007 have disappeared entirely and [O iii] 4363 has
considerably weakened – its flux has been reduced by a
factor of 4.9 (Table 2). Its FWHM is equal to 73 km s−1.

There was a great difference between the [Ne iii] 3868
line radial velocities in the two spectrograms and that is
why they were excluded from further consideration. Like
H i, He ii, N iii and C iv lines, the velocity of the [O iii]
4363 line (Table 1) differs considerably from the one ob-
tained previously at the same phases (Fig. 3).

3.5. The lines of ionized metals

Besides all groups of lines examined up to now, emission
lines of singly ionized and neutral metals as Fe ii, Ti ii,
Si ii, Ca ii, Cr ii, Mg ii, V ii, Ni ii, Al ii, Fe i, Si i, Ca i and
[Fe ii] present in the visual spectrum of AG Peg. Only the
Fe ii and Ti ii lines are intensive enough to make investiga-
tion possible. Their FWHM is equal to 45 km s−1. The K
and H lines of Ca ii are inappropriate for investigation be-
cause of blending with the lines N iii 3934 and He ii 3968,
[Ne iii] 3968 respectively.

The radial velocity of the Fe ii and Ti ii lines (Table 1)
was obtained to be equal to the velocity of the lines
of the singly ionized metals (Tomov & Tomova 1992)
which doesn’t vary with the orbital phase and is equal
to −18.1 km s−1. These facts are probably due to the fol-
lowing reason: in contrast to the rest of nebular lines the
lines of the singly ionized metals are excited in a part of
the giant chromosphere, which faces the hot companion
(Boyarchuk 1966; Kenyon et al. 1993) and is located very
close to the mass center of the system, whose velocity is
derived in the interval 16 − 18 km s−1 (Hutchings et al.
1975; Tomov & Tomova 1992; Kenyon et al. 1993).

The line fluxes of Fe ii have decreased on average by a
factor of 1.7 (Table 2). We assume the part of the giant
atmosphere which is ionized by the hot companion has
decreased approximately in the same ratio.

4. The broad components and the mass-loss rate

The evolution of the hot component of the AG Peg sys-
tem has been considered by Mürset et al. (1991), Kenyon
et al. (1993), Vogel & Nussbaumer (1994) and Altamore
& Cassatella (1997). Their analyses show that after the
year 1978 the radius, the luminosity and the mass-loss
rate of this star have been decreased at nearly constant
temperature. We will examine if the variations of the line
intensities, observed by us, are in line with the variations
of these parameters. Only the broad components of the
lines Hβ, Hγ and He ii 4686 will be considered since only
they appear in the wind of the hot companion (see Sect. 5)
and depend solely on its parameters. The fluxes of these
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lines will be calculated and compared with the observed
ones.

The mass-loss rate has been derived by Vogel &
Nussbaumer (1994) and Altamore & Cassatella (1997)
with the same methods using UV spectra obtained during
approximately one and the same period of time. The first
of these methods is based on the dependence of the equiv-
alent width of the He ii 1640 line on the mass-loss rate of
the Wolf-Rayet stars (Schmutz et al. 1989) and is related
to the case when the line is optically thick. This depen-
dence has been extrapolated to the atmosphere of the hot
companion of AG Peg. The second method is based on
the relation between the energy emitted in the He ii 1640
line and the mass-loss rate when the wind has spherical
symmetry and a constant velocity. It is related to the case
when the line is optically thin. The results obtained with
the two methods are in good agreement.

In our study we will consider the hot wind in the nebu-
lar approach, i.e. we will follow the second of these meth-
ods and that is why the value of the mass-loss rate, de-
rived in this case will be used. The arithmetical means
of the data of Vogel & Nussbaumer (1994) and Altamore
& Cassatella (1997) for the years 1986 and 1995 are 1.55
10−7 M� yr−1 and 8.75 10−8 M� yr−1 respectively. The
second of them was calculated using the value of Vogel &
Nussbaumer for the year 1993, as their observations were
up to this moment.

The line flux determined by recombinations is given by

F =
hν

4πd2

∫
V

nionneαeff(Te, ne) dV, (1)

where nion is the density of the ion treated; ne, the electron
density; αeff(Te, ne), the effective recombination coefficient
of this line and V , the emitting volume. If helium is ionized
twice in this volume, the electron density will be ne = (1+
2a(He))n and the density of the given ion nion = a(X)n,
where a(X) is the abundance by number of the element
X relative to hydrogen. Then for the line flux we obtain

F =
hνa(X) (1 + 2a(He))αeff

4πd2

∫
V

n2 dV. (2)

The abundance by number of He relative to H, a(He),
is adopted to be 0.1 (Vogel 1993; Vogel & Nussbaumer
1994). The recombination coefficient αeff corresponds to
an electron temperature of Te = 20 000 K (Pottasch 1984).
The distance to the system d is assumed to be 650 pc,
which value is used mostly in the current analyses (Mürset
et al. 1991; Vogel & Nussbaumer 1994; Mürset et al. 1995;
Altamore & Cassatella 1997). The density in the hot wind
is a function of the distance to the center and can be
expressed via the continuity equation

n(r) =
Ṁ

4πr2µmHυ
, (3)

where Ṁ is the mass-loss rate; υ, the wind velocity equal
to 1000 km s−1 and µmH, the mean molecular weight in

the hot wind, µ = 1.4 (Nussbaumer & Vogel 1987). Using
Eqs. (2) and (3) we can calculate the line flux emitted by
a nebula formed by a wind with spherical symmetry and
a constant velocity.

We will consider that the temperature of the hot com-
panion of the AG Peg system in both moments has been
equal to 90 000 K, which is approximately an average of
the results of Mürset et al. (1991), Kenyon et al. (1993)
and Altamore & Cassatella (1997). In this case the photon
fluxes beyond the limits of the ground series of hydrogen
and ionized helium (Nussbaumer & Vogel 1987) are fully
sufficient for ionizing these elements in the hot wind to
infinity.

Table 5. The line fluxes of the broad components in units of
10−11 erg cm−2 s−1

Line 1986 1995
Fcalc Fobs Fcalc Fobs

Hβ (B) 2.86 2.43 1.12 1.61
Hγ (B) 1.36 1.95 0.53 <0.70
He II 4686 (B) 3.12 4.35 1.22 1.65

It is necessary for the calculation of the line fluxes to
determine the region of integration. We treat the wind in
the nebular approach (Vogel 1993; Vogel & Nussbaumer
1994) and that is why the inner radius is thought to be the
radius of the star. We will use for its value the arithmeti-
cal means of Vogel & Nussbaumer (1994) and Altamore &
Cassatella (1997), which are 0.11 R� and 0.09 R� in the
two moments respectively. Let’s consider the outer radius.
The fact that the radial velocity of the broad components
varies with the orbital phase (Tomov & Tomova 1992)
means that their emitting volumes are gravitationaly con-
nected with the star and are not probably extended to a
great distance. The calculation of the line fluxes supports
this conclusion since the gas at a distances greater than
half of the binary separation was found to have no contri-
bution. We will use for this reason an outer radius equal
to 300 R�.

The calculated fluxes are listed in Table 5 where they
are compared with the observed ones. It is seen that their
difference ranges up to about 45%. One of the reasons for
this difference is the equivalent width error, which is due
to the error of the local continuum. The equivalent width
error of the broad components reaches 50%.

5. Discussion

It was presented in the work of Tomov & Tomova (1992)
that the orbital variations of the radial velocity of the
He ii 4686 broad component are opposite in phase with
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those ones of the giant and are determined by the mo-
tion of the hot companion. The radial velocity variations
of all nebular lines (the lines of ionized metals are an ex-
ception) have practically the same phase shift in relation
to the radial velocity variations of the two stellar com-
ponents (Fig. 3). This means the radial velocities of all
these lines are determined by the same flow in the cir-
cumstellar nebula which, as a whole, is not at rest and
there is probably a pronounced large-scale motion in it.
The phase shift of the radial velocity curves shows the gas
flow is in correlation with the orbital motion. However, the
different amplitudes probably indicate some stratification
in the direction of the motion causing the various lines to
be appear in areas with different velocities.

The described behaviour of the radial velocities during
the orbital cycle is related to a binary system, where both
components have a stellar wind. Then the two winds must
collide head on, as presented in a simplified approximation
by Girard & Willson (1987). A nebular region with a high
density and a low velocity of the gas motion is formed
as a result of that collision. That is why it was supposed
(Tomov 1993b) that the radial velocities of all of the visual
narrow lines of AG Peg are probably determined by the
motion in the conical part of the nebular region of this
system.

The analysis of the emission line spectrum (Sect. 3)
showed that the intensity of all lines has decreased. The
possible excitation mechanisms in the nebular region in-
clude shocks and photoionization. That is why the total
flux of the emission lines appearing in this region will con-
sist of two parts: one determined by radiative heating and
the other – by shock excitation. The interpretation of the
decrease of these fluxes requires modelling in detail of the
emitting region. This is a problem of a theoretical nature,
including computation of its shape and size as well as the
velocity and density distribution. However, it is possible
to show by means of elementary calculation that the fluxes
would be decreased by a factor close to the mean observed
decrease factor of all elements if ionization is realized only
by shocks. The mass-loss rate of the giant and the veloc-
ity of its wind are considered to be constant having val-
ues 2 10−7 M� yr−1 and 20 km s−1 (Vogel & Nussbaumer
1994; Mürset et al. 1995). The wind parameters of the
hot companion are presented in the last section. Then the
sum of kinetic energies of the winds in the two moments
considered by us is calculated to be 4.91 1034 erg s−1 and
2.77 1034 erg s−1 respectively. These are upper limits, since
the wind velocity components normal to the nebular re-
gion surface in its predominant part are less than the ve-
locisties themselves. The ratio of these amounts is 1.8 and
the average of the observed values of the decrease factor
of the different elements is 2.5.

6. Conclusions

We present results of observations of the blue spectrum
of the symbiotic system AG Peg at the final stage of its
outburst when the luminosity and the mass-loss rate of its
hot component decrease. The radial velocity data and the
line fluxes have been obtained.

The radial velocities of the emission lines are compared
with the radial velocity curves of the same elements dur-
ing the orbital cycle, drawn on the basis of earlier observa-
tions, realized nine years ago (Tomov & Tomova 1992). It
turns out that some of them differ considerably from the
corresponding values of the curves, which in our opinion,
is determined by dynamical change of the nebular envi-
ronment. Balmer progression has not been established.

The profile of the lines Hβ, Hγ and He ii 4686 consists
of two components: a central narrow component and a
broad component indicating stellar wind. The comparison
with earlier spectra (Tomov & Tomova 1992) shows the
width of the broad component has not changed, which
means that the wind velocity has had a constant value.
The line fluxes of the broad components have been cal-
culated by means of the mass-loss rate, obtained on the
basis of contemporaneous UV observations. They are in
agreement with the observed fluxes which confirms this
mass-loss rate and its decreasing by a factor of 1.77 dur-
ing this period of nine years.

The line fluxes of the more intensive among the narrow
lines have also been obtained. A decrease of these fluxes by
a mean factor of about 2 for all elements has been derived
during this period.
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