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Abstract. The halo symbiotic star AG Dra has been monitored spectroscopically at the Tartu Observatory, Estonia, from
September 1997 to March 2003. Altogether 189 spectra are used in the present paper. In addition, photBmMetabserva-

tions at the Piwnice Observatory, Poland, from March 1996 to May 2003 are presented. EquivalentBMdtbsthe strongest
emission lines (4, HB, Hell 1 4686, Ovi Raman scattered 6825) appear to be strongly variable, and in general, correlate

with theU brightness of the star. No apparent correlation with the orbital motion of the binary system was found, excgpt for H

in the quiescent state. At the same time, there is a clear convergence of the high v&lWafertain phases according to the
shorter photometric period (378.5 days) proposed by Bastian (1998) and the pulsational period of the cool giant (355.27 days)
by Gélis et al. (1999). Higher resolution spectra show variability of tlheprbfiles, with weak absorption component on the

blue wing of the line around photometric minimum if the star is in quiescent state. The significant role of the cool giant in the
activity of AG Dra is discussed.
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1. Introduction shows metal underabundance and its high systemic velocity of

By definiti biotic st tellar obiects that i It_l40 kms?t (Schmid & Nussbaumer 1993) er148 kms*
y detinition, symbiotic stars are stefiar objects thatl SIMultas ., miq ¢ schild 1997) as well as high Galactic latitude

lr_weouglytﬂre_sentt_a CIOO| Cotnt'm_:_t']m and h.'gth exmtta;cllon ‘?”:'SS' = 41°) suggests that it belongs to the old halo population
ines in their optical spectra. They are interpreted as interagk .. .1'e Nussbaumer 1993).

ing binaries consisting of a cool giant and a hot component, . giant in AG Dra is hotter than in most symbiotic bina-

usually a white dwarf accreting matter from its companion. Afes and possibly brighter than luminosity class Il (Friedjung

a result of the mass-loss of the giant, symbiotic stars POSS§887: Zhu et al. 1999). There are contradictions in spectral
dense gaseous nebulae. Symbiotic stars undergo certain aﬁ%j/d- ;

_ . . ssification derived using ftierent criteria, caused by metal
ity phases, often explained as due to episodes of thermonuc

bumi ¢ matt ted by the white dwarf. Th h erabundance. MsSet & Schmid (1999) have adopted spec-
urning of matter accreted by the whité dwart. These phasey o5q9 K2, while Zhu et al. (1999) restrict the possible range
may last from tens of days to several years and recur on ti

| f decad turies. During both qui PKO—K3, luminosity class Ib or Il. The range K4—K5 has been
scales of years, decades or centuries. Luring both quiesq éﬁved from the infrared colours (Kenyon 1988). The giant is
and outburst states, the hot componentionizes gas surround]

the bi tem t d ¢ ission i : Yhched in heavy s-process elements (Smith et al. 1996). The
€ binary system to produce strong emission ines in a Wigg, ¢, .o temperature of the white dwarf companion has been es-

range of ionization states. A c_omprehensive summary of “Yinated to be about 100000 K (Friedjung 1997) or 120000 K
rent knowledge about symbiotic stars can be found in Corrat@reiner et al. 1997: Schmid & Schild 1997). AG Dra is also
etal. (2003). 29) i I bioti classified as one of the few Galactic supersoft X-ray sources
bi AG Dra (B.D+6709 ) s an S (StT ar) type Symbiotic g giner et al. 1997 and references therein; Ogley et al. 2002).
inary containing a K giant as a cool component. AG Dra o pra js one of the most active symbiotic stars. Its light

Send gprint requests tol. Leedjiry, e-mail:leed@aai . ee curve shows many active phases separated by quiescent peri-

* Based on observations collected at Tartu Observatory, Estonia Qdp- The most prominent active phases consisting usually (_)f
Piwnice Observatory, ToryPoland several outbursts start at about 14-15 year intervals, e.g. in

** Tables 2—4 are only available in electronic form at the CDS vit936, 1951, 1966, 1980, 1994. The mechanism of the out-

anonymous ftp tedsarc.u-strasbg.fr (130.79.128.5) orvia bursts is not yet clear. While many investigators adopt the
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?]/A+A/415/273 scenario of thermonuclear events on the surface of the white
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dwarf, difficulties arise, in particular with time scales, whefinal steps of the reductions and to derive the above quantities
applying any more detailed model (cf.al&s et al. 1999; for the spectral lines. Test reductions show that there are no
Gonzlez-Riestra et al. 1999; Tomov & Tomova 2002). systematic dferences between the results obtained with these
Any outburst of AG Dra is accompanied by changes itwo packages.
its continuous and line spectrum. Kafatos et al. (1993) and We made some attempts to calibrate the measks of
Gonzlez-Riestra et al. (1999) have performed extensive stubde emission lines into the absolute fluxes, using the published
ies of variability in the ultraviolet spectral region. There ar&)BVR photometry and our own observations. Interpolating
many studies of optical spectra available, some of which Wweoad-band fluxes and accounting for interstellar extinction
will refer later. Most recently, Tomov & Tomova (2002) havevith E(B — V) = 0.06 (Mikotajewska et al. 1995; Viotti et al.
published an analysis of hydrogen and helium emission lin€883), we calculated continuum fluxes at the centres of the
during an active phase in 1996-1997. Our paper will deal wihes and thus also absolute fluxes emitted in the lines. Further
almost the same lines, and in addition with the Raman scatteggrhlysis has shown that qualitatively the pattern of variabil-
Ovi1line atA 6825, during the period from the decline of activity and conclusions derived are the same for both equivalent
ity in September 1997 to quiescence in March 2003. In Sectwiths and absolute fluxes. In what follows, we have used
we will describe the observations. Section 3 briefly describeguivalent widths as directly measurable quantities. The mea-
the periodicities known in the AG Dra system. Section 4, deuredEWSs range from about 5 A to 140 A; we have estimated
voted to the behaviour of the optical emission lines, is followeteir relative accuracy to be about 3—10%.
by a discussion and conclusions in Sect. 5. PhotoelectricUBVri photometry of AG Dra was car-
ried out at Piwnice Observatory of the Nicolaus Copernicus
University, Torui, Poland. The 60 cm Cassegrain telescope
equipped with a one-channel photometer and EMI9558B pho-
Our spectroscopic observations of AG Dra were carried aimultiplier tube working at ambient temperature was used
at the Tartu Observatory, Estonia, from September 1997 ftg previous decade. Our instrumental performance of the
March 2003. The 1.5 m telescope equipped with the CassegndiBV bands was very close to the original Johnson photom-
grating spectrograph was used. Until March 1999, the speca#t@y; accounting for atmospheric and transformation into the
were registered with the SpectraSource Instruments CCD camernational system was carried out in the standard way.
era HPC-1 (Tek 10241024 chip, pixel size 2424um, Peltier Unfortunately, the meanfkective wavelengths of our instru-
cooled). Since March 1999 the spectra were obtained with tm@ntalr andi bands were 6390 A and 7420 A, respectively
cryogenically (liquid nitrogen) cooled CCD camera Orbis-1 of significantly shorter than in Johnson, or even Cousins photo-
the same company (Tek 5512 chip, pixel size 24 24um). metric system. From the observations of tens of Johnson stan-
Altogether 189 spectra of AG Dra were obtained. The mdard stars during the decade, we found formal transformation
jority of the spectra have been recorded in two spectral regifosmulae into the internation&| system as follows:
which we call red and blue. 95 red spectra were taken with a
linear dispersion of 28 A mnt (~0.66 A pix!) at Ho; they AR = Ar + 0.37A(R- 1)
include emission lines of & Hel A4 6678 and the Raman scat-A(R - 1) = 1.40A(r — i).
tered OvI line at1 6825. We have obtained also 22 ldpectra
at higher dispersion (12 A mrhor ~0.26 A pix). The over- We have chosen the F2 star BB6°934 and the AO star
all wavelength range of both red and blue spectra dependsBIp+67°926 = HD 145528 as standard stars. In most
the CCD camera used. The new Orbis-1 camera has half dases, BB-66°934 was used as a comparison star, whereas
columns of pixels than HPC-1 and thus the spectra obtainB®+67°926 was used as a check. Only five observations
after March 1999 cover a shorter wavelength range. All tifgainly searching for flickering) were done using BE¥°926
blue spectra include at least emission lines 8f Helr 1 4686, as a comparison. Brightness and colours of those two stars re-
and Hea 2 4713, those taken before March 1999 include alsoained constant over the whole period of observations. The ob-
He1 A 4471 and H. The linear dispersion of the blue spectréained mean magnitudes in the Johnson system are presented ir
is about 36 A mm? at H3 (~0.86 A pix1). Typical exposure Table 1.
times were 5-15 min for the (lower-dispersion) red spectra and In the case of AG Dra, the flux in the instrumental
25-35 min for the blue spectra. andi bands is a variable combination of the radiation from the
The spectra were reduced using the software packagel giant and from the hot component (and possibly also from
MIDAS provided by ESO. After standard procedures of sulhe nebula) of the symbiotic system. Given also the prevalence
tracting the bias and sky background (and dark frame for tbkstrong Hr emission close to the band centre, we decided
HPC-1 spectra) etc., the spectra were reduced to the wawnetto transform the observedndi data into the standard sys-
length scale using the Ne—Ar (until October 1999) or Th—-Aem. The obtainedl, B, V, Ar, andAi data from March 1996
(after October 1999) hollow cathode lamp spectrum for catie September 1999 are presented in Table 2 (available electron-
bration. The wavelength-calibrated spectra were normalizeddally only) where Col. 1 gives the times of observations in JD,
the continuum, and positions, peak intensities and equival€rls. 2—4 listJ, B, andV magnitudes, respectively, and Cols. 5
widths EW) of the emission lines were measured. In the casad 6 listAr andAi. Accuracy of photometry is somewhat varu-
of some earlier spectra another software package, KASPEK]e, depending on the brightness of AG Dra, and has been es-
developed by K. Annuk at Tartu Observatory, was used fomated to be (in stellar magnitude4): — 0.017, B — 0.009,

2. Observations
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Table 1. UBVRIdata for the comparison stars.

star name \Y U-B B-V R R-1 number of
observations

comp. BD+66°934 9320+ 0.013 0193+0.013 0647+0.004 8795+0.010 Q400+0.020 14
check BD+r67°926= 8.978+0.002 Q083+0.005 0140+0.003 8819+0.002 Q097+0.004 40
=HD 145528

V - 0.009,R-0.006,l —0.012 near maximum brightness, and Gdlis et al.

U - 0.061,B - 0.028,V - 0.012,R - 0.008,1 - 0.017 near o
minimum brightness. JDUmIn, quiesc)= 2449 12647+ 54973- (E-10).  (2)

Recently, the photometer attached to the 60 cm reflecighifting the zero point of the latter ephemeris to the maximum
has been modernized significantly. Using the C31034 ph?'brightness would yield:

tomultiplier tube cooled to about 40 degrees below the am-

bient air temperature, and a new set of filters results inJR(Umax quiesc)= 244940133+ 54973- (E-105) (3)

system very close to the Johnson-Cous&iigV R:Ic photome-

try. Preliminary data from October 2001 to May 2003 are pre-

sented in Table 3 (available electronically only, and which IisysD(U max active)= 2 4495242 + 3785 - (E — 4) (4)

JD, U, B, V magnitudesARc, andAlc similarly to Table 2)

and will also be analyzed in this paper together with the ear- Galis etal.

lier data and with the photometric data collected from Grein .

etal. (1997), Montagni et al. (1996), Pétet al. (1998), Skopal Ib(vimin) = 244955431+ 35527 (E - 4). ©®)

(1998), Skopal et al. (2002), Tomov & Tomova (2000), Tomowvgalis et al. (1999) noted the that ratio of their orbital period

& Tomov (1998). to the pulsational one is very close to/24This arises an in-

teresting possibility that resonances between the (non-radial?)

pulsations of the cool giant and orbital motion might increase

the accretion rate onto the white dwarf, and thus trigger its out-

One of the main aims of our paper is to find possible perioburst activity. Outbursts are accompanied by changes in the

icities in the behaviour of emission lines in the spectrum g@bntinuous and line spectrum of AG Dra, but possible peri-

AG Dra. In this section we briefly review the known periodsdicities and phase dependencies of the emission lines in the

Meinunger (1979) found from quiescent photometric data tepectrum of AG Dra have not been thoroughly investigated.

U brightness variability with a period of 554 days and an anfor instance, Smith & Bopp (1981) found changes in the pro-

plitude of about 1 magnitude. Minima of those variations occiites of the Balmer lines well correlated with the 554-day pho-

at the lower conjunction of the cool component. This turned owgimetric period, with a blueward component being visible in

to be the orbital period. &is et al. (1999) proposed a revisedhe Balmer emissions at photometric minimum (phase 0.55 ac-

value 54973 + 1959 from radial velocities of the absorptioncording to their Fig. 2). lijima et al. (1987) found intensities

lines. Fekel et al. (2000) investigated infrared absorption linesf,the emission lines to be variable, not attempting to link the

and their result, 5485 + (97, coincides with that of &is variability to the orbital motion. Kaler (1987) found that in the

et al. within the error limits. quiescent state the fluxes obtand H3 follow the variations
Claims for shorter periods exist. Bastian (1998) foundia the Stomgrenu band, but not in a simple manner. He also

3785 photometric period from visual observations. Friedjungported that variations infimay be modulated by a semiperi-

et al. (1998) detected somewhat shorter periods, 356 day®dic, roughly yearly variation in the wind flow of the giant

the B, and 350 days in th& band, respectively. &is et al. component, which could be related to its own intrinsic variabil-

(1999) found a similar period, 3857 + 1982, also in the radial ity. This is the first claim of a possible period of about one year

velocities of the absorption lines, and suggested this to be dn¢he AG Dra system. In the case of the flux of thelH&4686

to the pulsations of the K giant. Friedjung et al. (2003) ondme, Kaler (1987) found mostly only sporadic variations.

more confirmed presence of the latter period. In the formulae

resented below, we have adjusted the ephemerides given b . .
tphe above authors, so that zero points of all the ephemerié‘t‘as%‘naIySIS of spectral lines
are close to the start of the large outburst in 1994. Integefsl. Intensities and profiles of the emission lines

subtracted fronE show the number of epochs by which the . . ) )
original starting points are shifted. Equations (1)—(3) descrid&€ Period covered by our spectroscopic observations includes

orbital ephemerides, and Egs. (4)—(5) describe pulsational 4§ €nd of the last active phase of AG Dra, and the relatively
activity cycles. quiet state following large outbursts. In Fig. 1 we present a

Meinunger long-termU light curve compiled from the literature (see ref-
erences at the end of Sect. 2), and from our own observations
JD(Umax quiesc)= 2449 426+ 554- (E - 19) (1) atPiwnice Observatory. Our spectroscopic observations start at

Bastian

3. Orbital and pulsational periods in AG Dra
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Fig. 1. PhotoelectridJ light curve of AG Dra from 1993 to 2001. Our observations are shown with the open diamonds. Small dots at the upp
x-axis denote the moments when our blue spectra were taken, and those at the dowgethe same for the red spectra.

JD 2450703, at the decline from the light maximum in 199’ LA L L B A L B
cover the next light maximum in 1998 (around JD 2 451 05( - .
and the following quiescent phase which was interrupted by i
moderate brightness rise after JD 2452 000. Particularly int
esting is a short-time steep brightness rise around JD 2452
(October 2002), but unfortunately this episode was so she -
that we did not succeed in obtaining spectra at the same tin L
The closest date of spectral observations was JD 2 452586, :
there were no peculiarities detected in those spectra.

It is known from earlier spectroscopic studies that inter , 2
sities of the emission lines in the spectrum of AG Dra ca
vary significantly (lijima et al. 1987; Mikotajewska et al. 1995; =
Tomov & Tomova 2002; Tomova & Tomov 1999; Viottietal. & |
1998). We are interested in the time scales of the variabilit 2
namely, are variations of the emission lines correlated wi

orbital motion, or with shorter periods of variability arounc - .e B . - 7. OVI 6825 -
350-380 days, or are there no correlations at all. In Table 1.0k . R /‘ i
the following information is given: Col. 1 lists the moments o | P

observations in JD, Cols. 2 to 5 list tB&V for the Raman scat- ‘xt?::,{‘f./ |
tered lined 6825, Hy, HB and Har A 4686, respectively, and R R ]
Cols. 6 to 9 give the phases computed from the ephemerides - L -
Meinunger (1), Glis et al. (2), Bastian (4), andaBs et al. (5). I * ]

Time variability of theEWSs, in general, follows the pho- 05, ., ., TS TR

I
tometric behaviour of AG Dra. In Fig. 2 we present correls 12.0 11.0

tions of the logarithms oEWs for some emission lines with
the U brightness. As can be seen, the logarithm&Wfs of Fig. 2. Equivalent widths of the emission lines depending on
Helr A4 4686 and Raman scatteredvOaA 6825 follow rather the U brightness. Filled triangles denotegHand open circles

well the linear approximation drawn through the data pointde 2 4686.

For Balmer lines the linear fit is not so good. In principle,

we can discriminate two regions in Fig. 2. The area where

U > 11 mag corresponds to the quiescent phase, while thigitation lines (Her 1 4686 and Ot A 6825) are somewhat
with U < 11 mag corresponds to the outbursts and brightenirigss variable during quiescence. In bright phakesg (11 mag)

like those in 1997, 1998, 2001 and 20@A/s of the Balmer theEWs of the lines grow linearly with the brightness, but for
lines are variable during quiescence, the character of the v&&mer lines there is a bigger scatter. The neutral helium lines
ability being mostly random. One can notice about twofoldre much weaker than other lines considered here, we have not
differences in th&Ws at the samé& magnitude. The higher included their analysis in the present paper.

U magnitude
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Fig. 3. Some examples of thed-profiles of AG Dra.

Many authors have reported that the profiles of AG Dra phases 0.304 and 0.670 according to the photometric ephemeris
are single-peaked emission lines with a shoulder on the blwe Meinunger (Eq. (1)). Thus, such features are observed
wing at all phases (e.g. Tomov & Tomova 2002; Tomova &round photometric minimum only. According to the photo-
Tomov 1999 and references therein). In addition, extendegktric ephemeris by Bastian (Eg. (4)) all but one of the “struc-
symmetric low intensity wings reaching the continuum levelired profiles” occur between the phases 0.504 and 0.821, but
at about+(1500-2000) or even 3000 knT$ have been ob- the profile with the rather remarkable plateau on October 1,
served frequently. Robinson et al. (1994) claimed detectin@@00 appears to be presentlaf;sian= 0.063. Finally, the pul-
double-peaked W profile on May 4, 1990. However, closer in-sational ephemeris fromalis et al. (1999) (Eq. (5)) tells us that
spection of their Fig. 6 allows us to take this claim with sommost of the “structured profiles” appear between phases 0.767
reservation. Our spectra with higher dispersion (12 A1m and 0.985, however, there are two exceptions: October 1, 2000
in the Hx region have revealed theaHprofile to be single- (®pys = 0.375) and July 28, 20025 = 0.248).
peaked, with asymmetry on the blue side at all times. Some
of the profiles are rather smooth, while sometimes there has The possible double-peaked emission profile observed by
been quite a remarkable dip on the blue side of the line, whiB®binson et al. (1994) on May 4, 1990, corresponds to
seems to be due to self-absorption. This dip is most pronoun@&gkinunger = 0.455 ®pastian= 0.016 and®pys = 0.671. Viotti
on March 29, 2001 (Fig. 3), and this spectrum very much retal. (1998) also report possible indication of a double-peaked
sembles that from May 4, 1990 in the paper by Robinson et altucture in ki in May 1992. They have not specified the date,
(1994). The deepest absorption is placed at ab®86 km s*  but fixing it as May 16, 1992 yield®weinunger = 0.796 +
(or =37 km s from the line centre, if we take into accoun®.027, ®gastian = 0.979 + 0.04Q Opys = 0.762+ 0.042. The
the systemic velocity-148 km s?). If we consider the peak He profile from January 16, 1995 in Viotti et al. (1998) can
blueward of this absorption as an emission peak, its radial \@so be considered as a “structured” one; this corresponds to the
locity is about-220 km s™. In all cases, when some (absorpphasesPyeinunger= 0.556 ®gastian= 0.554 and®pys = 0.506.
tion) structure is seen in the blue wing of therHine, it is
placed betweer220 km s* and-170 km s* (or about—70 Phase coverage of our 22 high-dispersion spectra is quite
to —20 km s from the line centre). poor and not uniform. Lower-dispersion spectra, unfortunately,

. . have a resolution not fiicient to follow the profile variations

We pay attention to the &iprofiles from May 26, 1999 and exactly. However, taking into account also the above cited in-

October 1’. 2000 where a plateau—!ll_<e feature can be noticedigl, tion from the literature, we may state, with some reser-
the blue side (betwee_T the velo_cmes of abedtl5 to-170 vation, that absorption structures in the Idrofile of AG Dra
gnd—220 to—1£_35 km S7, respectlvely). Th? general tendenc¥nostly appear around the photometric minimum of the approx-
is that absorption features n the plue wing ok }arg more imately 550-day orbital period. As to possible pulsational peri-
pronounc;ed, when the peak. intensity @B/ of the line are ods, those features also appear in certain phase ranges, but with
low. Profiles of the stronger lines are smoother. some exceptions. At the same time, most of the pofiles

Eight of our 22 higher-dispersiondprofiles show this from 1997 and 1998, when the star was in an outburst state, are
kind of absorption features. These occasions fall betweeiher smooth, independently of phase.
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Fig. 5. The same as in Fig. 4 forM

4.2. Search for a period

In this subsection, we will attempt to find which of the knowwgiant (Egs. (4) and (5)).

phase (Galis, puls)

Fig. 7. The same as in Fig. 4 for Raman scatteredi @ 6825.

panels: two upper panels (a and b) show dependence on or-
bital phase (Egs. (1) and (2), respectively). Two lower pan-
els (c and d) represent possible pulsational phases of the cool

ephemerides for AG Dra, if any, match the variations of the EWs of the Hr line show the greatest scatter. It is hard
emission line intensities. Figures 4—7 present phase dependerfind regularities in any of the panels of Fig. 4. Closer in-
cies forEWs of the lines K, HB, Helm A1 4686 and Raman spection reveals some similarities to Figs. 5—7 but the gen-
scattered Q1 1 6825, respectively. Each graph consists of fougral conclusion is that the lowest and highest value&\Wf
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have been observed at practically the same phases by allwinde its radius increases by factors of 2 to 6. In smaller-scale
ephemerides. When applying more data from the literatutet outbursts observed in 1985-1986, thelH&anstra tem-

the picture becomes even more confused. For example, Viptdrature increased. The decay time of those weaker outbursts
et al. (1998) measured thEW of the Hy line as low as was substantially shorter than in other active phases. X-ray flux
19.1 A on December 27, 199@(jeinunger = 0.883 ®pastian=  from AG Dra drops significantly in both cool and hot outbursts
0.642 Dgaiispuls = 0.337, Dgaiisorh = 0.411). Tomova & Tomov (Greiner etal. 1997; Gomatéz-Riestra etal. 1999). This is quite
(1999) report the very higgW value of 184 A on January 23,0bvious for the cool outbursts, when the white dwarf is ex-
1994, at quite similar phases, when the star was still in quianding and cooling. For hot outbursts it is assumed that the

escence Guveinunger = 0.911 Dgasiian = 0.610 Dgaiispuis = Presence of an extended atmosphere and an opaque hot wind

0.500Q ®gajisorb = 0.455). produce a high energy cutowvhich would drastically reduce
Other emission lines demonstrate more regular behavidine soft X-ray flux.

One may notice a minimum in the quiescent tiE\/s of H3 There are at least two other supersoft X-ray sources for

aroundPyeinunger= 0.5, but for other emission lines it is hard towhich alternating X-ray on- andfisstates have been discov-
find any conspicuous phase dependence of “quiescent” valg¥ed, RX J0513.96951 (Pakull et al. 1993; Reinsch et al.
The “outburst” values (marked with diamonds) are distributek96) and CAL 83 (Kahabka 1998; Greiner & DiStefano
quite randomly in both orbital phases. But in pulsation&002). The time scales, however, are much shorter than in
phases, practically all those higher valuessdfs fall into a AG Dra. For example, in RX J0513-:8951 X-ray on-states
narrow range of phase®gasian~ 0.05...0.25 orOgaispuis ~  Of duration~30 days occur during optical dips of similar du-
0.20...0.55. Although the number of points is rather smalkation, while X-ray df-states occur during optical high-states.
we consider such a convergence real. This is confirmed by thee orfoff pattern has a recurrence time ©100-200 days
similarity of the patterns for all three lines (note, in particulatSouthwell et al. 1996). A limit cycle has been proposed to
a very close similarity in the behaviour of the He 4686 and explain the behaviour of RX J0513:8951 in which expan-
the Ramant 6825 lines). sion of the white dwarf atmosphere (due to an increase in the
All the cited periods apply to the photometric data or ranass-accretion rate) enhances the irradiation of the accretion
dial velocities of the absorption lines. We made an attemgisc and the mass-flow through the disc (Reinsch et al. 2000).
to perform period analysis also for tH&Ws of the emission Thus, the time scale involved is the viscous time of the disc.
lines. The software package ISDA (Irregularly Spaced Data There is no obvious evidence of an accretion disc in the
Analysis) compiled by Dr. J. Pelt from Tartu Observatory wa&G Dra system. Rapid photometric variability on the time
used (seehttp://www.aai.ee/” pelt/soft.htm#ISDA). scales of minutes would be one almost certain indicator of
We searched for the minimum dispersion in the period rangs accretion disc. Sokoloski et al. (2001) in their comprehen-
100-1000 days using the least square method. For all f@ire study of symbiotic stars failed to detect such a variability
emission lines used (@ HB, Helr A 4686 and Raman scat-in AG Dra. Very broad wings of the Balmer and Heemis-
tered 1 6825) a global minimum at frequencies of abouwgion lines during the outbursts indicate the presence of a high-
0.0025-0.0027 day* was found (corresponding formal peri-velocity stellar wind. Such a wind may be generated in an ac-
ods range from 389.8 to 395.8 days). However, given the setigtion disc or by a hot stellar object. Tomova & Tomov (1999)
number of data points and large scatter (especially fgr bhe and Tomov & Tomova (2002) have argued that available ob-
should not attribute too much confidence to the periods fouservational data do not support the existence of an accretion
this way. Being aware of caveats and risks, while interpretiigsc in AG Dra, and conclude that the broad components of the
periods close to one year, we leave open the question, whetbglical emission lines are probably due to the wind of a hot
there really is a period around 390 days in the intensities of thempact object. In addition, Thomson scattering midgat the
emission lines, and if yes, why it isftiérent to both orbital and line wings.
pulsational period. More observational data, especially in the Our observations do not include the largest amplitude out-
outbursts, would be needed to solve this problem. bursts like those in 1980, 1981 and 1994, and we have not
detected extremely broad emission wings extending up to
2000-2500 or even 3000 km's Our broadest lines extend up
to about 1000 km's from the line centre. There is certain sub-
AG Dra is considered to be a classical symbiotic star. Its bjective aspect in drawing the continuum level under the spectral
haviour is summarized by Goalez-Riestra et al. (1999) aslines, but it is unlikely that this could causefid@rences in the
follows: AG Dra is generally in a nearly permanent normadxtent of the wings of more than a few hundred krh $/ore
state. This state is occasionally subject to perturbations whidtely, the hot stellar wind from the white dwarf in AG Dra
give rise to a substantial increase of the optical luminosity (tkiéd not reach its maximum possible velocity during the minor
outbursts). It is known from many studies that the most actieeitbursts in 1997 and 1998.
phases (which may consist of several outbursts) of AG Dra re- lonization potentials of the ions generating emission lines
peat with about 13-15 year intervals. Galez-Riestra et al. in the spectrum of AG Dra cover a wide range, extending from
(1999) have distinguished betweeaol and hot outbursts of 13.6 eV (Hi) through 54.4 eV (Ha) to 113.9 eV (OvI). In
AG Dra. The major active phases that started in 1980 and 13f&heral, both low- and high-excitation lines behave in a sim-
contain several cool outbursts during which therHganstra ilar way, becoming stronger when the star becomes brighter
temperature drops and the expanding white dwarf cooffig. 2). Of special interest is the Raman scattered Gne

5. Discussion and conclusions
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20 AR AR RRRA RS AR AR AR AR A Schmid et al. (1999) have found a very high Raman
.1 . . scattering #iciency in AG Dra compared to other symbi-

o T o2, . 1  oftic stars studied. Thefleciency, defined as the photon ratio
= e ] it Nramar/Novi between the Raman scattered and the initial line
3 i e ! * « 1 component, reached 49% fdzgo5/N1g32 both in 1993 and
= ) . i 1996, and 48% and 32%, respectively, Mbs2/Niozs. In four
= i B W* Sefagd. . other systems those ratios were below 10%, but in the system
LT [ 1 CD-43°14304 Negos/Niosz reached 27%. Interestingly, this is

[ also a symbiotic star with an early type cool component, as

ey, ] are also HK Sco and Hen 3-1342. These systems have rather
40 60 80 100 120 14 . . .

EW (Balmer) smooth Raman line profiles with a red peak and a blue shoul-
der. Symbiotic stars with late M giants or Mira variables tend to
show more structured Raman line profiles with two or three in-
tensity peaks (Schmid & Schild 1997 and references therein).
Birriel et al. (2000) found much lower Raman scattering ef-
ficiencies in AG Dra in 1995, 14% and 13% fdlsgos/N1o32
at 1 6825 (and its counterpart dt 7082, not included in the andNygg2/N1o3s, respectively. But still, these values are higher
present observations). Those lines, encountered only in synthian for other stars in their study.
otic stars, remained unexplained for a long time until Schmid
(1989) proposed that they form when photons of ther @es-

010" 50020

(=]

20779040
EW (Hell)
Fig. 8. Left panel EW of the Ovi 1 6825 realtive to that of the

He1r 1 4686 line.Right panelthe same for the hydrogen Balmer lines
Open circles denotBWs of the KB line, filled triangles that of k.

The information given above indicates that cool giant plays

) a significant role in the activity of the AG Dra system. The
onance doubletl 1032, 1038 undergo Raman scatteriri 0stellar wind of the giant likely is modulated by pulsations of

the neutral hydrogen atoms. Up to now, Raman scattered “Qﬁg star that take place with the 355-day period, and might be

are found only n the spectra of gymblotlc stars and planetaqr n-radial (Glis et al. 1999). Shells ejected from the giant are
nebulae (e.g. Arrieta & Torres-Peimbert 2003). Only about ha - : =
otoionized by the hot component, and thus, intensities of the

o - . P
g{ ZH ;%rg(l)a)llotlc stars exhibii4 6825, 7082 lines (Belczyki recombi_nation lines also roughly follow this pulsational period,
Are variations in the Ramah6825 line caused by ch(:mges‘?It least in outburst stages.
in the number of Qr1 photons, by variations in the amount of Gonzlez-Riestra et al. (1999) have found the ratio of the
neutral hydrogen, or both? The Hel 4686 line, most likely, Helr 2 4686 and I8 line fluxes to be on average8x+ 0.2.
forms close to the hot component, and its intensity, at least@ur data give practically the same value®+ 0.15. The only
some extent, traces the variations in the number &f Gho- episode with Hel/HB > 1 was observed around JD 2451800
tons. The hydrogen Balmer lines, in turn, originate from a 2451900 (October to December 2000). This coincides with
wider region of the ionized nebula. Figure 8 presents the dke lowest H intensities in our data. Consequently, Balmer
pendence of the intensity of the Raman scattered ©6825 lines were unusually weak at this time, while Hd 4686 and
line on that for the H& 1 4686, Hy, and HB. Although with  OvI A 6825 did not change much. It is interesting to note that
some scatter, a linear relativv, (6825)= 0.24W,(He1)+2.50 Gonzlez-Riestra et al. (1999) detected a similar episode, char-
rather well approximates the data points (Fig. 8, left panefjcterictic of hot outbursts, in 1986, about 14—15 years prior to
A similar relation W;(6825) = 0.17W,(HB) + 2.84 can be our observations. It would be tempting to say that both major
drawn on the right panel of Fig. 8. However, scatter in the Hool outbursts and smaller scale hot outbursts in AG Dra begin
data points is much greater than that in thetHgoints. The with about 15-year intervals, but the present data are too scarce
rms deviations of the data points from the approximation line confirm that. However, according to Mikotajewska (2002)
are 1.587 and 0.697, respectively. The value®VpfHB) be- all radio detections of AG Dra prior to 2000 were made during
tween 10 and 40 A may correspond to approximately the sahmat outbursts (in 1986). The star was not detected in 1982, in
values ofW,(6825). There is no correlation betwedh(6825) the middle of the large cool outburst (Seaquist & Taylor 1990)
andW,(He) up to values of,;(Ha) ~ 80 A. For higher val- nor during quiescence in 1991 (Seaquist et al. 1993). The next
ues, a linear approximation can be drawn, but the scatter is stdtection by MERLIN in March 2000 (Ogley et al. 2002) is
large. quite close to the time when HEHB was greater than unity.
Correlation between the Heand Ovi lines implies that As there are only 6 occasions over 18 years when radio obser-
greater number of ®1 photons might be responsible for thesations of AG Dra have been accomplished, it is not possible
strongerA 6825 line. But the increased number of high erto make further conclusions about the relations between radio
ergy photons would ionize a more extended region of the ndhsx and optical emission lines. However, it is clear that for
ula, therefore reducing the scatterinfi@ency. The intensity thermal radio emission to be detectable, quite a large volume
of the A 6825 line still increases with increasitgbrightness of ionized hydrogen must be present in the system. As esti-
(which, in turn, indicates enhanced nebular emission due to thated by Mikotajewska (2002), it is likely that bipolar radio
increasing number of recombining ions), and with corresporidbes observed in 2000 were ejected during the series of out-
ingly strengthening Balmer lines. This means that shrinking béirsts in 1995-1998. Similarly, the extended radio emission in
the neutral scattering region should be somehow compensal&86 (Seaquist & Taylor 1990; Torbett & Campbell 1987) may
most naturally by an enhanced stellar wind from the cool giantiginate from large scale outbursts in early 1980s.
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Bipolar radio emission may imply that it originates in fasin Piwnice. Dr. J. Pelt is acknowledged for advice on the ISDA pack-
collimated jets as in some other symbiotic stars, e.g. MWC 568@e. Remarks by the referee, Dr. R. L. M. Corradi, helped to make
CH Cyg, R Agr, Hen3-1341, RS Oph (BelarsKi et al. 2000; the paper more concise and legible. The present study was supported
associated with an accretion disc, the presence of which in grant No. 5 PO3D 003 20.

AG Dra system is unlikely. Recent hydrodynamical simulations

by Gawryszczak et al. (2002, 2003) have shown that in S-typ@ferences

symbiotic systems the wind of the red giant is significantly de- .
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