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ABSTRACT

Context. AX Per is an eclipsing symbiotic binary. During active preasgeep narrow minima are observed in its light curve, and the
ionization structure in the binary changes significantharf~2007.5, AX Per entered a new active phase.

Aims. We aim to derive the ionization structure in the binary asd:ftanges during the recent active phase.

Methods. We used optical high- and low-resolution spectroscopyldBY R:Ic photometry. We modeled the SED in the optical and
broad wings of the Hl line profile during the 2007-10 higher level of the AX Per witji

Results. After 10 orbital cycles{ 186 years), we again measured the eclipse of the hot compowgets giant companion in the
light curve. We derived a radius of 272 R, for the eclipsed object and 113 R, for the eclipsing cool giant. The new active phase
was connected with a significant enhancement of the hot stat. WWrom quiescence to activity, the mass-loss rate isedérom
~9x10°to~ 3x10°°Mgyr?, respectively. The wind causes the emission of the'itene, located in the vicinity of the hot star,
and also is the reason for the fraction of thenfDzone at farther distances. Simultaneously, we identifigdraable optically thick
warm (Tes ~ 6000 K) source that contributes markedly to the composiéetspm. The source was located at the hot star’s equator
and has the form of a flared disk, whose outer rim simulates/éren photosphere.

Conclusions. The formation of the neutral disk-like zone around the a@eocrduring the active phase was connected with its enhanced
wind. It is probable that this connection represents a comora@in of the warm pseudophotospheres that are indicatedglthe
active phases of symbiotic stars.
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1. Introduction To explain the high luminosity of hot components in symbi-
o . ] ) _ . otic binaries, it was suggested that they are powered byestab
Symbiotic stars are interacting binary systems comprisinghydrogen nuclear burning on the WD surface, which requires
cool giant and a hot compact star, mostly a white dwarf (WD}, certain range of accretion rates (e.g. Paczynski&ow
on, typically, a few years’ orbit. The WD accretes from thgg7g: Fujimoto 1982). During active phases, we observe a
giant's wind, heats up to 1>@0°K, and becomes as lumi- significant cooling of the spectrum produced by the hot star
nous as 18- 10'Le. It ionizes the circumbinary environ- (e g. Kenyon & Webbink 1984, and references therein). The
ment and causes nebular emission. As a result, the Specti{fant of outbursts could result from an increase in the accre
of symbiotic stars consists of three basic components of kiggn rate above that which sustains the stable burning, lwhic
diation — two stellar and one nebular. If the processes of thgyds to an expansion of the burning envelope to an A—
mass loss, accretion and ionization are in a mutual equilik)-type (pseudo)photosphere (e.g. Tutukov & Yangelson 1976;
rium, the symbiotic system releases its energy approximat®aczyaski & Rudak 1980). As a result, the pseudophotospher
at a constant rate and spectral energy distribution (SEBs Tyyj|| radiate at a lower temperature, and consequently shét
stage is called theuiescent phase. Once this equilibrium is maximum of its SED from shorter to longer wavelengths, caus-
disturbed, the symbiotic system changes its radiationifsigning a brightening in the optical. Based on optical observa-
cantly, brightens in the optical by a few magnitudes and lisuations, this scenario was supported by many authors. Rgcentl
shows signatures of a mass outflow for a few months to yeagsiero et al. (2009) applied it to the 2008-09 active phase
We name this stage thactive phase. Many particular aspects of C| Cyg. However, modeling the Uwear-IR continuum of
of this general view have been originally pointed out by, €.Gsymbiotic binaries with a high orbital inclination duringtie
Friedjung & Viotti (1982), Seaquist, Taylor, & Button (1984 phases indicated an increase of both the stellar radiatoon &
Kenyon & Webbink (1984), Nussbaumer & Vogel (1987), an@{arm (1-210*K) pseudophotosphere and the nebular radiation

are more recently discussed in Corradi et al. (2003). within the optical wavelengths. This led to the suggesthuat t
there is an edge-on disk around the accretor, whose outedflar
* Tables 2, 3 and 5 are available at hitwww.aanda.org rim represents the warm pseudophotosphere, and the nesbula i
** Viisiting Astronomer: Asiago Astrophysical Observatory placed abovielow the disk (Skopal 2005). In this contribution
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we test this scenario on the recent active phase of the syimbidable 1. Log of spectroscopic observations
binary AX Per.

At present, AX Peris known as an eclipsing symbioticbinary” Date  Julian date Res. Disp. Arange Telescope
(Skopal 1991) comprising a M4.511I giant (Murset & Schmid +2450000 Power (hix)  (A)
1999) and a WD on a 680-d orbit (e.g. Mikolajewska & Kenyon 200707/31 4312.876 10000 B He DDO 1.88m
1992; Fekel et al. 2000). The last active phase began in 19880071120 4425.529 1.81 3824- 7575 CrAO 2.6m
when AX Per brightened by-3mag in the visual, developed 20071203 4438.438 2.30 3230- 7770 Asiago 1.22m
a specific phase-dependent modulation in the light curva,(LC 20080123 4488.506 10000 B Ha  DDO 1.88m
and showed narrow eclipses at the position of the inferior co 200807/07  4655.473 181 3774-7574 CrAO 2.6m

junction of the giant (e.g. vison et a. 1993). Transitiorgui- 200208110 4689450 LBL 5740 7575 CrAD 2.0m
escence happened during 1995, when the LC profile turned %b081Q/13 4753.638 20000  3690- 7300 Asiago 1.82m
the wave-like orbitally related variation at a low level ¢fet 59091023 4763.417 1.81 3349- 7149 CrAO 2.6m
star's brightness (Skopaletal. 2001, Fig. 1 here). Regentl 20081108 4778.393 1.81 3749- 7500 CrAO 2.6m
Munari et al. (2009a) reported on a rapid increase in the AX Pe200812/08 4809.390 2.30 3250- 7830 Asiago 1.22m
brightness by~1 mag inB during 2009 March. They pointed a 20081221 4822.437 20000 3690- 7300 Asiago 1.82m
similarity between this brightening phase and the shorétion ~ 200901/09 4841.426 20000 3690- 7300 Asiago 1.82m
flare that occurred in the AX Per LC about one year be20090324 4915.422 2.12 3890- 7930 Varese 0.60m
fore its major 1988-1995 active phase. Recently, Munari.et a 20090401 4923.323 2.30  4200- 7200 Asiago 1.22m
(2010) reported on a rise in brightness of AX Per during 2010090407 4929.303 2.123900- 8120 Varese 0.60m
November by~0.7 mag inB, which supported their previous 20090408 4930.301 230 3340- 7620 Asiago 1.22m
. . 200904/09 4931.262 1.81 3600- 7575 CrAO 2.6m

suggestion that the 2007-10 active phase was a precursar to 80090414 4936.281 230 3560- 7580 Asiago 1.22m
Oncoming major outburst. From this pOint of VieW, underdtan 200904/14 4936.338 17000 4030- 7510 Varese 0.60m
ing the precursor-type activity can aid us in understandi®y 20090505 4957.458 2.12 3850- 8270 Varese 0.60m
nature of the Z And-type outbursts better. 20090805 5049.535 2.30 3320- 7660 Asiago 1.22m

Accordingly, in this paper we investigate the structureheft 20090826 5070.565 1.81 3324- 7493 CrAO 2.6m
hot component in the binary (i.e. the hot star with the warm20090924 5099.584 1.81 3350- 7500 CrAO 2.6m
pseudophotosphere and the nebula) that developed during tA00911/10 5146.485 20000 3690- 7300 Asiago 1.82m
2007-10 brighter phase of AX Per. To achieve this aim, we ana20190807 5416.368 2.12 3910- 8540 Varese 0.60m
lyze our multicolour photometric observations and the lawd 20100816 5425.564 1.81 3358-7500 CrAO 2.6m
high-resolution optical spectra. In Sect. 2 we summarizkdm 20100821 5430.348 17000 3950- 8640 Varese 0.60m

. X : - . . 20100914 5454.560 1.81 3274-7574 CrAO 2.6m
scribe our observations and data reduction. Section 3 ibescr
our analysis and presents the results. Their discussiorc@md
clusions are found in Sects. 4 and 5, respectively.

. . lute units the spectra of AX Per. The accuracy of the flux scale

2. Observations and data reduction was checked against the photometric observations by atiegr
Our observations of AX Per during its 2007-10 higher level diver the fluxed spectra of théBVRclc photometric pass-bands.
activity were carried out at ffierent observatories. Correction for flat-, bias- and dark frames was carried out in

Spectroscopic observations were secured with fifierint standard way with _IRAF, as well subtraction of the backgibun
instruments: (1) the 1.22-m telescope, operated in Asiago $KY and scattered light.
the Department of Astronomy of the University of Padova, was Multicolour BVRclc CCD photometry was obtained with
used with a B&C spectrograph, 30Q1mm grating and ANDOR Various telescopes operated by the ANS (Asiago Novae and
iDus 440A CCD camera, equipped with an EEV 42-10BU badkymbiotic Stars) Collaboration. Treatments for flat-, biasd
illuminated chip (2048512 pixels of 13.5um size); (2) the dark frames was carried outin a standard way. Photometiic ca
1.82-m telescope, operated in Asiago by INAF Astronomic&ration and correction for color equations was carried gatrest
Observatory of Padova, mounting REOSC echelle spectro- the photometric sequence calibrated by Henden & Munari
graph equipped with aAIMO E2VCCD47-10 back-illuminated (2006) around AX Per. The resulting data are presented in
CCD detector (11091100 pixels of 13m size); (3) the 0.60- Table 2. Their uncertainties are the overall budget ernotsah
m telescope of the Schiaparelli Observatory in Varese, mouticludes the Poissonian componentand the transformatiimet
ing a multi-mode spectrograph, able to provide both sinige dstandard Landolt system). They are of a fe01—- 0.001 mag.
persion, low-resolution spectra and Echelle spectra. Etecd In addition, classical photoelectitBV measurements were
tor was an SBIG ST-10XME camera (2181472 pixels of performed by a single-channel photometer mounted in the
6.8 um size); (4) the 1.88-m telescope of the David Dunlafassegrain focus of 0.6-m reflector at the Skalnaté Pleso ob
Observatory (DDO), University of Toronto (DDO), equippedervatory. Internal uncertainties of these one-day-meaa-m
with a single-dispersion spectrograph equipped with anJoksurements are of a few0.01 mag. These data are presented in
Yovon Horiba CCD detector (204512 pixels of 13..um size); Table 3.
and finally (5) the 2.6-m Shajn telescope, operated by the Arbitrary flux units of the high-resolution spectra were
Crimean Astrophysical Observatory (CrAO) in Nauchny, meunconverted to absolute fluxes with the aid of the simultaneous
ing aSPEMspectrograph in the Nasmith focus. The detector wasBVRc:Ic photometry. To determine flux-points of the true con-
a SPEC-10 CCD camera (134000 pixel). Table 1 provides tinuum from the measured magnitudes, we calculated correc-
a journal of the spectroscopic observations. At each tefesc tions for emission lineshm (see Skopal 2007), using our low-
the observations were carried out as multiple exposuresiid a resolution spectra (Table 4). Then we interpolated thekeesa
saturation of the strongest emission lines. Various spphti- to dates of the high-resolution spectra. Spectroscopierobs
tometric standards were observed each night to flux into-absions were dereddened witks_y = 0.27 (Kenyon & Webbink
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Fig. 1. Top panel displays the historical LC of AX Per fromi890 (see Fig. 1 of Skopal et al. 2001, and references theka
used visual magnitude estimates from the AAVSO InternafiDatabase and those gathered by members of the AFOEV, wtéch
available on CDS. Visual data were smoothed within 20-dag.Bottom panel shows théBV LCs of AX Per from its last 1988
major outburst. Minima timing corresponds to the ephengivisn by Eq. (1).

1984) and the resulting parameters were scaled to a distdncey ~ —0.025P,y,. During the following conjunction the eclipse
1.73kpc (Skopal 2000). was deeper and broader, nearly rectangular in profile are:gla
at the inferior conjunction of the giant. The light obserka-

ing the totality became redder witB — V ~ 1.4 (see Fig. 2).
Finally, we measured a light wave in the LC with a period of
~ 0.5 Py, and minima located around orbital phases 0.2 and 0.7
(Fig. 2, left). Its presence was transient, being connecteéy
with the 2007-10 higher level of the star’s activity (see.Hiy

It can be seen in all filters, but especially in theband is well
According to the LC evolution from 1988 (Fig. 1), the incre@s pronounced also after the 2009 eclipse (see Fig. 2). Thisrea
the star’s brightness byU ~0.5 mag from 2007 July signals thatwas observed in a symbiotic system for the first time. Its un-
AX Per entered a new active phase. An additional rapid brighterstanding requires a detailed analysis, which is, howveut
ening byAB ~0.8 mag and a bluer index— V ~ 0.8, observed of the scope of this paper. Therefore we postpone it to adutur
during 2009 March (Munari et al. 2009a, and Fig. 2 here), supork.

ported the new activity of AX Per. A significant change of the

broad minima, observed during quiescent phasesatnd the

giant inferior conjunction, into a narrower and deeperpagi 3.1.2. Eclipses

indicates the active phase of a symbiotic binary as well. (e.g

Belyakina 1979, 1991, and Figs. 1 and 2 here). During tfide minimum (eclipse), observed during the 2009 brightgnin
2007 conjunction we measured a relatively small, V-type-mimvas very similar in profile to those observed during the major
imum, which position was shifted from the giant conjunctiod988-91 active phase. Its well pronounced profile closely co

3. Analysis and results
3.1. Photometric evolution

3.1.1. Indications of a new active phase
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Fig.2. Left: RecentUBVRcIc LCs of AX Per covering its 2007-10 active phase. Thin andkfsirows denote the dates of our
low- and high-resolution spectra, respectively (Tablé/g)tical dotted lines mark the time of eclipses accordingdo (1). Right:
Minima profiles selected from LCs in Fig. 1, and folded witte taphemeris (1). Vertical dashed and solid line mark thet ligh
minima during quiescent and active phases, respectivelyoation in keys, for example, "Q:4tP2.2", means quiescent phase, U
filter, epoch 4 and a shift by -2.2 mag.

ered by measurements, mainly in BeandV-bands, allowed us Our photometric ephemeris agrees within uncertainties thiat

to determine its contact times &g = JD 245499850+ 0.79, given by the solution of the spectroscopic orbitycon; =

T, = JD 245501250+ 053, T3 = JD 245506540+ 0.85 2 4475533(+5.6) + 6821(+1.4) x E, obtained from infrared
andT, = JD 245508533+ 0.50, where uncertainties includeradial velocities by Fekel etal. (2000). Finally, assumthg
only those given by the data coverage, assuming a linear debital inclinationi = 90° (see a summary in Skopal et al.
pendence of the star's brightness during the ingress to and 2001) and the separation between the binary componants,
cent from the totality. We neglected other possible souafes 364R, (from the mass ratio and the mass function published
errors. These times and their uncertainties indicate amasyby Mikolajewska & Kenyon 1992; Fekel etal. 2000), the ra-
metric profile withT, — Ty = 14+ 1.3d andT4 — T3 = diusof the giantRy = 115+ 2R and that of the eclipsed object,
20 + 1.3d, which implies an increase of the linear size of thB. = 27 + 2R . This result suggests an expansion of the giant
eclipsed object during the totality. Therefore, we detewdithe radius by~13Rs, from 102+ 3R, given by the contact times
middle of the eclipse as the average of all contact times, i@ the 1990 eclipse (Skopal 1994). The asymmetry of the 2009
JDg(1(2009)= JD 2 45504043+ 0.67. Using well-defined tim- eclipse profile and the radius Bf = 36+ 3R, derived from the
ings of other eclipsesiDg (1989)= JD 24475517+ 1.0 and 1990 eclipse profile suggest that the eclipsed object isuty)
JDE¢(1990)= JD 24482316+ 0.6 (Skopal 1991), gives their variation (see also Table 8 below).

ephemeris as

JDgq. = 2 447 55126(:0.3) + 68083(x0.11)x E. (1)
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Fig.3. Evolution in the selected line profiles along the 2007-16/aqihase as observed in our high-resolution spectra. Elare

in units of 10%ergcnt?s™t A-1. Systemic velocity of —117.44 kmswas subtracted. Small numbers at the right side of panels
represent a shift of profiles with respect to the level of teal continuum. The spectra are dereddened.

Table 4. Effect of emission lines on thd BVR: magnitudes

Date AU, AB; AV, ARCJ
200711/20 - -0.26 -0.07 -0.20
20071203 -0.14 -0.24 -0.05 -0.15
20080707 -0.10 -0.30 -0.06 -0.20
20090g10 -0.11 -0.33 -0.07 -0.22
20080924 -0.12 -0.34 -0.07 -0.24
20091023 -0.20 -0.35 -0.08 -0.25
200811/08 - -0.34 -0.07 -0.24
20091208 -0.18 -0.32 -0.06 -0.21
20090324 - -0.19 -0.05 -0.13
200904/01 - -0.15 -0.06 -0.12
200904/07 - -0.17 -0.05 -0.12
200904/08 - -0.20 -0.05 -0.12
200904/09 - -0.21 -0.06 -0.14
200904/14 - -0.19 -0.06 -0.12
20090505 - -0.14 -0.04 -0.10
20090805 -0.15 -0.23 -0.06 -0.10
20090826 -0.10 -0.21 -0.07 -0.13
20090924 - -0.15 -0.06 -0.13
20100807 - -0.30 -0.07 -0.22
20100816 -0.18 -0.36 -0.08 -0.27
20100914 -0.22 -0.39 -0.10 -0.31

3.2. Spectroscopic evolution

3.2.1. The line spectrum

emission lines, although some faint emissions, produced by
permitted transitions in ionized metals, as e.gn¥641 and
Cm4647A, were also present. The spectrum of the forbid-
den lines was characterized mainly by nebular lines ofifO
[Nem] and two [Fevn] lines at 5721 and 6087 A. The Raman-
scattered @11032 line at 6825 A was not present at all. Figure 3
shows evolution in the line profiles of Het686 A, H3, Ha,
[Om] 5007 A and [Fen] 6087 A, as observed on our high-
resolution spectra. Figure 4 demonstrates variationserlitie
fluxes along the active period, which we observed in all our
spectra. Their quantities are introduced in Table 5 (alb&lan-
line). We also measured radial velocities (RVs) of main eris
peaks in the line profiles of highly ionized elements (Table 6
Figure 5 displays their values compared to the radial valoci
curves derived by other authors.

Hydrogen lines: Profiles of hydrogen Balmer lines were sig-
nificantly afected by a blue-shifted absorption component. Its
presence can be recognized around the whole orbital cydm F
the orbital phase@ = 0.85toy = 1.19, it created a double-
peaked profile (Fig. 3). In contrast, during the previouggoént
phase, the H line observed at similar orbital phases+ 0.81
andy = 0.16, as on 1998 Jan. 9 and Sept. 5, respectively,
see Fig. 5 in Skopal etal. 2001), did not display the double-
peaked profile. In addition, both the total flux and the extams
of the broad wings of mainly the ddprofile were significantly
higher than those measured during quiescent phase (Figd 6 an
Sect. 3.2.2 below). It is important to note that during the ma
jor 1988-91 active phase of AX Per a strong absorption cut the

During the investigated period of the 2007-10 activity, tpe  broad emission profile even at positions with the hot stardntf

tical spectrum of AX Per was dominated by,HHer and Hex

(see Figs. 5 and 8 of Ivison et al. 1993). This indicates tles-pr
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ence of neutral material along the line of sight around thelah Table 6. Radial velocities in kms of the main emission peak
orbit, which attenuates line photons via the- b transitions. of highly ionized elements. The systemic velocity was sub-
The strong dierence in the line profiles measured during adracted.

tive and quiescent phases suggests that the density ofsbebab

ing material enhances during active phases at the orbaakpl Date Her 14686  [Fevu] 16087  [Om] 45007
Finally, during the eclipse the total fluxes oftdnd H3 lines and 200707/31 10.5 - -
those of their wings decreased by a factor-08 with respect 200901/23 2.0 - -

to their maximum values (Fig. 4, Table 5). The same behavior ggggigﬁ 260'93 %2'2 ggi
was observed during the 1994 eclipse (see Fig. 6 of Skopal et a 200901/09 57 5.8 317
2001). Hence, during thga active phases, most of the ioniged r 200904/14 238 = 16.2
gion around the hot star is confined in aregion that has abeutt  50091y/10 -18.0 _ 14.1
size of the red giant's radius. 20100821 -0.6 -13.4 29.4

He 14686 A line: The Her 4686 A emission line nearly dis-
appeared during the eclipse. This locates the region ofiigino
in the hot star vicinity and constrains its maximum lineaesi

to the diameter of the eclipsing giant. The measured fluxeén th. . T
Hen 4686 line, F4gse allows us to estimate the mean eIectroH'OIet shift of the Ha1 4686 A emission line was measured also

- L the spectra of other symbiotics. For example, Tamura.et al
g(;ncentratlon in the He zone. Its luminosity can be expresse 2003) measured it for Z And and Munari etal. (2009b) for
AG Dra. Skopal et al. (2006) interpreted thi$eet by the pres-
A d?F 4686 = @asss(Te)NeN(HE ™ vasseVasss, (2) ence of a disk around the hot star, which blocks a part of the
radiation from the wind at its backside to the direction & tb-
whereasese(Te) iS the dfective recombination cdicient for the server. Finally, the profile seems to h#egted by a variable ab-
given transitionne andn(He™") is the mean concentration ofsorption from its violet side, similarly as for the hydrogares
electrons and He ions, respectively, andsess s the volume of (Fig. 3), which makes it dicult to interpret the He 4686 A line
the HE™ zone. We also assume that all He atoms are fully ioprofile more accurately.
ized within the zone, i.e. the abundank@e™) = A(He), and Forbidden lines: In contrast to the H and He lines, the neb-
thusn(He™) = A(He )n,, because the concentration of hydrogegjar N; andN, ([O m] 5007 and 4959 &) lines were not subject
atoms is equal to that of protont,, in the ionized zone. Then 1, yhe eclipse. Fluxes of the stronger 5007 A line were as low
the electron concentration as~ 1x 1012ergcnr? 15;1 before 2009 March, when they in-
_ ot creased to~ 4.5 x 10 “ergcnt<s ™, following the increase
e = (1 + 2A(He)N,, 3) in the optical continuum. However, during the eclipse time li
because each He atom produces two electrons within thie H&ux persisted at the same level. In 2010 it returned to the pre
region. ForA(He™*) = 0.1 the ration,/ne ~ 0.83, and Eq. (2) brightening values (Fig. 4). The rat® = F(N1 + N2)/Fazes,
can be expressed as which is a well-known probe ofie and T, in planetary nebu-
lae, was extremely low. The observed valu7es, 88.5 - % in:jply a
2 (4 2 high-density [Qu] nebula withne([O 111]) ~ 10°—10° cm™ an
4nd?F 4686 = (gﬂRSE) @seed Te) A(He )n0.83Nv4686 ) T(01m]) < 20000K (e.g. Fig. 15.1 in Gurzadyan 1997). A
detailed application of the method to AX Per can be found in
where we approximated th¥sess volume by a sphere with Skopal etal. (2001), who derived the upper limitrg{[O 111])
the radius of the eclipsing gianBy, and e is the filling fac- as 7x 10’ cm™ for R = 1.7 — 4.3. It is interesting that during
tor. Our measured fluxessess ~ 1.56 x 1071t and~ 7 x the 1994 eclipse fluxes in tHé; andN, lines faded by a factor
1012ergcnt?s7L, produced by the He zone before and after of <2 with respect to their out-of-eclipse values (see their Eig
the eclipse, respectively (Fig. 4, Table 8)s36(30 000 Khvaegs and Table 4), in contrast to the evolution during the 200psel
= 4.2 x 102 ergcn¥s? (Hummer & Storey 1987)R, = We discuss thisféect in Sect. 4.1.1.
115Ry (Sect. 3.1.2.) and = 1, yield a meame = 8.6 x 10° The highly ionized [Fen] 6087 A line was present in the
and 57 x 10° cm™3 during the 2009 brightening, before and afspectrum only during a lower activity level. From the opti-
ter the eclipse, respectively. These quantities represenini- cal brightening in 2009 March to our observation on 2009
mum ne, because an optically thin case is assumed. The sizeNdvember 10th, it entirely disappeared from the spectrum
the He* zone can also be estimated from spectroscopic obsgfable 5). Its profile was asymmetrical with respect to the re
vations made close to thg; time (spectrum 20098/26) and erence wavelength, being broadened more to the violet side
just after theT, time (200909/24), when the Ha 4686 line also of the line (Fig. 3). As a result, the RV of the intermediate
aroused from the eclipse (Fig. 4). This time intervaB( days) point at half of the line intensity was negative relative he t
corresponds t&yegs ~ 50 Ro, which yieldsne ~ 2.0x10cm™3  systemic velocity (-18.1, 9.0, —7.3 and —13.4kimas on
(volume of the eclipsed object was not subtracted). 200810/13, 200812/21, 200901/09 and 201821, respec-
Profile of the Her 4686 A line was not symmetrical with re-tively). However, the peak of the emission line followed R
spect to the reference wavelength. The RV of its peak wagg@lacurve as derived by lijima (1988); (see Fig. 5 here), which im
mostly at the antiphase to the RV curve of the giant (Fig. S)lies that a part of the [Fai] zone has to be connected with
which supports the connection of the Hezone to the hot star the hot star, but it is located farther from it, behind the bi-
surroundings. Its larger amplitude indicates an extensfadhe nary. The [Fen] transitions are excited by collisions with ther-
He™* zone to farther distances from the hot star. However, tiheal electrons (Nussbaumer & Osterbrock 1970). The enhanced
position of the main core of the profile, measured around e hionized wind during the brightening produces a larger anhoun
of its maximum, was shifted blueward relative to the systemof free electrons, while the [Rer] 6087 A emission line disap-
velocity (see also Fig. 5 of Mikolajewska & Kenyon 1992). Theears. This anti-correlation can be understood if thevfifee-
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gion is placed instead at the orbital plane, where the natergxample My, = 3 x 108 Mg yr~! andv,, = 2000km?, yield
is in the ionization shadow during the phase of a warm disk,(20Ro) ~ 2.8 x 10'° (i.e.ne = n,/0.83 = 3.3 x 101%cm3),
creation (see Sect. 4). During quiescence, when the disatis andny(50Rg) ~ 3.2x10° cm3 (ne = 3.9x 10° cm~3). This sug-
present, the [Fen] line can be created within the collisionalgests that particles of the hot star wind give rise to the olese
zone of winds from the binary components (Wallerstein et aemission from the H& zone.
1984). According to its shaping in the binary (see Fig. 5 of
Bisikalo et al. 2006), a fraction of the [Fa] emission could
arise behind the binary from the hot star side, and thus s
isfy the RV of its orbital motion with a larger amplitude (se€erhe observed continuum spectrum of symbiotic sti(d), can
Fig. 5). However, more high-resolution observations of thiermally be expressed as a superposition of its three basie ¢
[Fevn] 6087 A line for eclipsing symbiotic binaries are needegonents (see Sect. 1), i.e.
to understand its origin in symbiotic systems better.

F(2) = Fg(2) + Fn(2) + Fn(1), ()

atg.s. Modeling the continuum spectrum

3.2.2. Mass loss through the hot star wind whereFg(1), Fn(1) and Fn(2) represent radiative contributions
. o . from the cool giant, nebula and a hot stellar source, resdet
The hot components in symbiotic binaries can lose their M38qic features of these components of radiation are wedigec

in the form of wind (e.g. Vogel 1993; Nussbaumer etal. 1995, 44 in our low-resolution spectra exposed from shoxtewa

Eriksson etal. 2004; Kenny & Taylor 2005), which enhanceféngths,/l > 3300A. Most distinctive are molecular passbands

considerably during active phases (Skopal 2006). To estimg o i ; ;
; g in the red giant atmosphere, while a pronounced Balm
its rate, we used thedimethod as proposed by Skopal (ZOOG%Ump in emission directly indicates a strong nebular cantin.

which assumes that the broad kings originate in the ionized The source of ionizing photons (i.e. the hot star) is indidat

wind from the hot star. The principle of the method is a COMPAL Jiractlv by the presence of strond recombination lin "
ison of the observed and synthetic profile of the broad wings.zﬁlOsed 03:1 %e coFr)ninuum. Its direc? indication is poss?t?ﬁ; on

The model assumes a spherically symmetric wind origin jithin the super-soft X-ray and far-UV; in the optical itsrtd-

ing in the central star, which is covered by an optically kidésk bution is nedliai .
. e S . gligible (e.g. Fig. 2 of Skopal et al. 2009). Amet
in the direction of the observer. The disk is characterizitd the significantly cooler stellar source of radiation developsin

radiusi, and heightlp, and itis seen edge-onin the model (se ctive phases. It is connected with the hot star, and itseedel

Fig. 9). Density, and thus the emissivity of the wind at a giveiS given directly by eclipses in the optical LCs (e.g. Belyak

distancer from the hot star centre, is determined by the massg 3. :

!oss rate _and the \(elocny of the wind. The velocity disttibn Eﬁ;ge ?gﬁgs ;I 1;3&%?2‘;22&2?&2 ;lﬁli :t\/vzwnc;ttg?l;?g:gl)

is approximated with (Castor et al. 1975) nent (WSC).

V(r) = Vo (1 = Ru/1 ), 5 The aim of this section is to disentangle the composite spec-
trum, observed at fierent stages of AX Per activity, into its in-

where the origin of the windR,, andg are model parame- dividual components of radiation, i.e to determine theiygibal

ters, while the terminal velocity., is given by the extension parameters. For they(1) component we used photospheric syn-

of the wings. During the quiescent phase, paramd®grand thetic spectra of M-giant stars published by Fluks et al.9@)9

Hp can be estimated from thefective radius of the hot star, These models were calculated in the spectral range 350800n

R ~ 0.1 Ry (Table 3 of Skopal 2005). Assuming the ratidor 11 spectral types (ST), from MO to M10. In our modeling

Hp/Rp = 0.1 yieldsRp = 0.32 Ry andHp = 0.032 R. During  we determine the ST and its subclass by a linear interpolatio

the investigated active phase, we estimated the disk réidios  between the neighboring best-fitting STs. Because thetradia

the first two contact times of the 2009 eclipse (Sect. 3.5&.) from the giant can vary, the scaling factor of the synthetexsra

Ro ~ 20 Rp. Assuming a disk wittHp /Rp = 0.3, yieldsHp =  represents another parameter in the model SED.

6 Ry. We recall here that the results do not critically depend We approximated the spectrum produced by the nebula by

on these parameters. The mass-loss rate is mainly detetimne

the luminosity of the broad wings and their terminal velp¢itee  Fn(4) = kn X £4(Te), (8)

Eq. (14) of Skopal 2006). A comparison between the model

and observed profiles is shown in Fig. 6. The synthetic psofil

match the observed wings well f¢RV| 2 200 - 250 kms?.

T e o g 95775 A1, hich depencs o the lecton temperature,

and is a function of the wavelength (e.g. Brown & Mathews

phase (Table 7, Fig. 6). Broad wings from the 1998 quiescenfg70 ; -

7 R ). By this approach we can register only those photams pr
gaﬁﬁsgﬁgiﬁi\t]ﬁ tr;teir?l?esggggi@rfgfgfi ige 'I\\/l/l@ y:_l, while duced by the optically thin part of the nebular medium, and
Ing r mod I)t/h m | rate determin GIK ' rticl dthus estimate the lower limit dEM. For the sake of simplic-
__nourmode’ € mass-loss rate determines the particle dgl)-\,q aicylated the, (Te) coeficient for the hydrogen plasma

Sity at a given dlstancgfrom the origin of the wind according only, including contributions from recombinations andrthal

to the continuity equation as bremsstrahlung. Some additional arguments for this ajmrax

Mw(r) = My /4rr2umav(r), (6) tion are given in Skopal et al. (2009). In addition, we assiime
that T and thuss,(Te) are constant throughout the nebula.

where the wind velocityy(r), is given by Eq. (5)u is the mean The presence of F-G type features in the spectra before and

molecular weight andny is the mass of the hydrogen atomafter the 2009 eclipse suggests that the temperature ofetteer s

Within the He™* zone, i.e. from the hot star tqey = 50Rs source is as low as 5000— 7000 K. As the most obvious F-

(Sect. 3.2.1), the particle densiting(r) excellently agree with G features we identified the broad C&#227 and CaK 13934

those derived independently of the measuagks fluxes. For line (Fig. 7). Also the absorption 48810, pronounced mainly in

‘vn\ﬂ'lere the scaling factok, [cm™>] represents the emission
fheasure EM) of the nebula scaled with the distandei.e.,
M = 4nd? x k,. £1(Te) is the volume emission céicient
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Table 7. Parameters of synthetic models of the broadwings Ry, 8, V), their luminosities observed foRV| > 200kms?,
L,(200), and corresponding mass-loss rakég,

Date Ry B Voo L,(200)  logMy)
ddmmyyyy  [Rol kms™]  [Le]l [Meyr']
Quiescent phas®p = 0.32Rp, Hp = 0.032R
19980109 0.027 1.75 1500 0.90 -7.04
19980905 0.030 1.75 1600 0.88 -7.02
Active phaseRp = 20Rp, Hp = 6Rg
200707/31 520 1.75 2500 2.97 -5.52
200801/23 527 1.74 2500 2.13 -5.59
200810/13 540 1.75 1500 0.83 -5.84
200812/21 545 1.72 2000 1.60 -5.70
200901/09 540 1.75 2000 1.40 -5.72
200904/14 525 1.73 2500 3.17 -5.49
200911/10 520 1.75 2100 1.42 -5.67
20100821 0.94 1.80 2000 2.25 -5.96

" |RV| = 250kms?, £ Ry = 35Rg, Hp = 1.05R;

the 200904/09 spectrum, is clearly evident in the F and G spethe radiation from a stellar source with temperature of 5000
tral templates showed on Figs. 218 to 222 of Munari & Zwitte6000 K well, and can accordingly be associated with the WSC.
(2002). Therefore, we compared the continuum of the hot stdlhe WSC and the nebular emission were strongest during the
lar source in Eg. (7) to synthetic spectra, calculated fad®8 2009 brightening (Table 8). The following eclipse interteghthe
10000K using the Kurucz's codes (Munari et al. 2005). So, thightening by removing the WSC entirely and the nebularcom

third term of Eq. (7) can be written as ponent partially from the spectrurEl/ decreased by a factor of
23). Immediately after the eclipse, the WSC arose again in the
Fr(A) = (65T )2 Fa(Ter), (9) spectrum together with a stronger nebular emission (FigiaB a

Table 8). We were able to fit our last spectra from 2010 August
where#(Ter) is the WSC of radiation. Its correspondin@ez- and September without the WSC, which signaled the return of
tive temperatureTer, and the scaling factofy,, = Rim/d,  AX Per to quiescent phase. For comparison, we inserted ¢he la
represent free parameters in modeling the SED. Other atmgectrum into the UV-IR SED from quiescence (adapted accord
spheric parameters of synthetic spectra were fixed §Jog{ ing to Fig. 21 of Skopal 2005) to demonstrate the negligible
2.5,[M/H] = 0,[a/Fe] = 0,viot = 20 kms™), and their reso- contribution of the hot star in the optical (Fig. 8, bottom).
lution was accommodated to that of our low-resolution sjgect For comparison, we also derivdd, EM and the intrinsid/-

After defining the individual components of radiation ir‘magnitude of the gian¥/y, from the observetd BV magnitudes
Ed. (7), we prepared a grid of models for reasonable rangessgfusing the method of Carikova & Skopal (2010). For the 2009
the fitting parameters (ST, its subclass and scaling for the gclipse we used® = 1301 andV = 1159, taken simultane-
ant; T andk, for the nebular continuunTe and6fy,,, for the  ously with the low-resolution spectrum from 2008/05. TheU
WSC), and selected that which corresponded to a minimumkgnitude was interpolated to 12.93 at this date. After simu

the function taneous corrections for emission lines (Table 4), we detesth
N b 2 Te ~ 37000K,EM = 2.7 + 0.2 x 10°°(d/1.73 kpcf cm™3 and

2 _ Z (FOi) — F(4) (10) Vo = 1098+ 002 Uncertainties of the resulting parameters
rs - AFobs( ;) ’ reflect errors of photometric measurements. WQelux-point

matches the contribution from the giant well (Fig. 8), tall
whereF°bs(4,) are fluxes of the observed continuuNjs their is also well comparable with that derived from the model SED
number (1500 — 1800)F°P1;) are their errors, anB (1) are (Table 8), butT, sufers from a large uncertainty caus_ed_ by a
theoretical fluxes given by Eqg. (7). Input flux-points were s&/€ak dependence of the nebular continuum profil&owithin
lected from the observed spectra by omitting emission lares €U BV region only.
a spectral region from 3645 t3740 A, where hydrogen lines of
the high members of Balmer series were blended, which did npt
allow us to identify the true continuum. For the flux uncertes
we adopted typical values of 10%. From 2007 on, AX Per entered a new active phase (Sect. 3.1.1).
Our resulting models of the AX Per composite continuunihis was also supported by a correlation between the visual
along its 2007-10 active phase are shown in Fig. 8 and thAghtnessEM and the WSC luminosity (see Table 8), as ob-
corresponding parameters are given in Table 8. The preseggfved for the hot components during active phases in ogher s
of the WSC in the 3200-7500A spectrum is constrained bybiotic stars (see Table 4 of Skopal 2005). The 2007-10 active
low Balmer jump and high values of the observed fluxes in thghase was connected with a significant change in the ioaizati
blue part of the spectrum. To fit the small Balmer discontinuistructure in the binary during the transition from the priog
and to fill in the large dference between the contribution fromguiescent phase.
the giant and the observed spectrum fog 5000 A, an addi- (i) In the continuum, this was indicated by a distinctive
tional radiative component with a fairly flat energy distiion  change in the shape of the minimum observgaratind the infe-
throughout the optical was required. This component sasisfirior conjunction of the giant. During quiescence, the broai-

Discussion
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Fig.8. Our low-resolution dereddened spectra (violet lines) &eil imodels (heavy black lines) at selected dates during@o&-
10 active phase of AX Per. The model SEDs and their compomdmegliation here represent a graphic form of Eq. (7) with the

same denotation in keys (in the bottom panel). Fluxes arenits Lerg cm?s 1 A-1. Corresponding parameters are collected in
Table 8. Modeling is described in Sect. 3.2.3.
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Table 8. Parameters of the SED-fitting analysis (see Sect. 3.2.38Jig

Date StagdB-mag Giant Warm stellar object Nebula X
yyyy/mnydd ST Ta/K' Ly/Lf | TaK RELJ/Ro Lwam/lo | TeK  EM/10%cms
200712/03 A/125 M5.8 3316 1430 | 5250 6.2 26 34000 3.5 0.75
20081023 A/12.4 M5.8 3316 1430 | 5250 8.2 45 23000 3.8 1.17
200812/08 A/12.7 M5.8 3316 1430 - - - 32000 4.8 0.87
200904/09 A/11.6 M5.7 3326 1450 | 5500 11 98 25000 8.2 0.80
200908/05 A/13.0 M5.8 3316 1430 - - - 33000 2.6 0.78
20090826 A/12.8 M5.6 3336 1470 - - - 28000 1.7 1.06
20090924 A/12.0 M5.6 3336 1470 | 6250 7.0 68 32000 4.0 0.55
20100816 Q/12.4 M5.3 3366 1520 - - - 27000 4.0 1.30
20100914 Q/125 M5.3 3366 1520 - - - 27000 3.5 1.67

T according to the Fluks et al. (1994) calibrationfor Ry = 115R, * eclipse

imain the LC (e.g. E 4 to 9in Fig. 1) are caused by the orbita#h.1.1. Nebular lines

motion of extended ionized wind from the giant, which is par- _ . .

tially optically thick (Skopal 2001). During the active e the SPECLroscopic observations made after the major 1989-91 ac
broad minima were replaced by narrow ones (eclipses), whifif Phase daround the 1994 eclipse showed that the nebular

suggests that a large part of the optical light produced eyitit Omi] lines were subject to eclipse. Their fluxes faded by a fac-
component was concentrategeaound the hot star. tor of ~2 with respect to values measured before and after the

eclipse (see Table 4 of Skopal etal. 2001). In contrast, from
2009 March, nebular [@1] line fluxes increased by a factor of
S.4.5and kept their values at a constant level to our last 2009 o
servation (2004.1/10), i.e. also throughout the eclipse (Fig. 4).
This behavior implies that the hot star wind causes a fractio
B the [Om] region. Its location is therefore a function of the
O%fass-loss rate, which determines particle densities avengi
distance from the wind source. Highdy, places the [@i] zone
to longer distances from the hot star and vice versa. Duliag t
active phaseM,, ~ 2 x 10°® Mgyr?, v, = 2000 kms? and
4.1. Evolution of the ionized zone critical densities for crez_ition of nebular lineg, = 10’ cm3,
place the [Qu] zone at distances > 210 Ry from the hot star,
i.e. far beyond the eclipsed region. However, during q@ese,
Throughout the whole 2007-10 period we observed a strong néy ~ 1 x 1077 Mg yr* andv., = 1600 kms?! (Table 7) cor-
ular component of radiation in the spectrum (Fig. 8, Table g)espond to the critical radius ef50 Ry, which thus can be par-
A geometrical change of the main source of the nebular radfglly eclipsed by the giant witRy ~ 115 Ry. Finally, the [Om]
tion was indicated by the change in the position and profile e profiles consist of more components (Fig. 3), which sug-
eclipses during the 2007 and 2009 inferior conjunction ef trgests that the hot star wind at farther distances from itgirori
giant. The 2007 minimum was shifted from the conjunction byas structured and not simply uniform in direction and degmsi
~ —0.025P,p (Fig. 2, right). This implies that an enhanced emit-
ting region had to be located in front of the hot star, precgdi
its orbital motion. As discussed by Bisikalo et al. (200@)st

higher density region can develop about 100-150 days aftere indicated the presence of a WSC of radiation in the com-
increase of the hot star wind as a result of its collision & posite spectrum photometrically by the 2009 eclipse pradite
giant's wind and the orbital motion (see their Figs. 4 andBjs  spectroscopically by separating the observed spectrumitsit
region will be ionized by the neighboring hot star, and thies p individual components. Its source is characterized witece
duce a surplus of nebular emission. As a result, the light-minive temperatures 0£5500 — 6500 K and féective radii of~6
mum will precede the inferior conjunction of the giant. H®®e - 11Ry, which correspond to luminosities betweeB80 and
after the following orbital cycle, the minimum was located e 100L, (Table 8). However, its shape cannot be spherical: (i) If
actly at the giant’s conjunction (Fig. 2). Changes in theitims  this were a sphere, its radiation would not be capable oficgus
of the light minima during dferent stages of activity were in-the observed nebular emission. On the other hand, the pesen
dicated also for other eclipsing symbiotic binaries (seef8k of the strong nebular component in the spectrum constrains t
1998). presence of a hot ionizing source in the system. (ii) If treius
of the eclipsed objecR. = 27 Ry (Sect. 3.1.2), were that of a

During the 2009.6 eclipse the WSC of radiation disappeareghere, its luminosity would be a factor e15 higher than that
entirely, and the nebular component faded by a facter®fvith we observed at the 2009 bright stage. These arguments sugges
respect to the out-of-eclipse values (Table 8, Fig. 8). Tinis that the source of the WSC, which is subject to the eclipsg, ha
plies that a strong source of the nebular continuum had to &dorm of a disk with the radiu® = Re. Assuming that its
located in the vicinity of the hot star, within the regionipsked outer rim represents the warm pseudophotosphere (Sed. 5.3
by the giant. According to the modeling of the broaal #ings of Skopal 2005), then its luminosity
(Sect. 3.2.2), the eclipsed emission region can be asciibthe
ionized wind from the hot star. 2Ry 2Hpo o = 4n(RET V2o Ta.. (11)

(i) In the line spectrum, we indicated a significant increea
in the mass-loss rate via the hot star wind with respect tqtiie
escent phase (Sect. 3.2.2, Fig. 6, Table 7). For examplaglu
the 2009 brightening, we measured the highest luminositly
extension of the W wings, which corresponded to the mass-|
rate of~ 3x 1078 Mg yrt.

4.2. The neutral zone

10
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QUIESCENT PHASE ACTIVE PHASE

warm

hotstar  Photosphere

Fig.9. Sketch of the ionization structure of AX Per during the qo@¥ phase (left, pole-on view) and around the hot star durin
the active phase (right, edge-on view). During quiescetheesolid thick line represents the’i* boundary in the steady-state
approximation. Including the wind from the hot star and tiotaof the binary (denoted by the arrow), a denser regiorvesgoat
the preceding front of the hot star, which is further twistedhe front of the giant against its motion (crosses, adahfsten Fig. 5

of Bisikalo et al. 2006). The right panel shows a sketch ofdinézation structure of the hot component during activitye neutral
zone has the form of a flared disk, whose optically thick ripresents the warm pseudophotosphere. The enhanced wndteo
hot star is ionized by its radiation. The Heboundary is denoted by the gray dashed line (see Sect. 4).

ForHp/Rp = 0.3 (Sect. 3.2.2) an& = 11R; (Table 8) we in Skopal 2005) and that of the bipolar stellar wind from the
getRp = 20 Ry, which agrees well wittRe = 223 + 2 Ry, hot star used to model the broad Mings (Skopal 2006). The
obtained from the first two contact times of the 2009 eclipstarmation mechanism of the neutral disk-like zone is noternd
Therefore we conclude that the warm stellar object, which dstood yet. However, first results based on the theory of timel wi
veloped during the active phase, has the form of a flared diskkmpression model (Bjorkman & Cassinelli 1993) support the
whose outer rim simulates the warm photosphere. Material kindings of this paper (Carikova & Skopal 2011).

cated outside of the disk’s rim is in the ionization shadow an

thus represents the neutral zone (Fig. 9). .
5. Conclusions

4.3. Basic ionization structure We have investigated a new active phase of the eclipsingisymb
otic binary AX Per, which began during 2007. Our main conclu-

The results we inferred above imply a significanffelience sions may be formulated as follows.

in the ionization structure of the circumbinary environrneh (i) AX Per entered a new active phase fron2007.5

AX Per between its quiescent and active phase. The corrdspofSect. 3.1.1). After 10 orbital cycles-(18.6 years) we again

ing sketch is shown in Fig. 9. It can be described as follows. measured a deep narrow minimum in the LC, which was caused

During the quiescent phase, the steady-state ST the eclipse of the hot component by its giant companion. We
(Seaquist, Taylor, & Button 1984) model is fBaient to improved the ephemeris of eclipses (Eq. (1)) and found Heit t
explain the radio emission from symbiotic stars and the wavéming is identical (within uncertainties) with that of tirgferior
like orbitally related variation in the optical LCs (Skop2001). conjunction of the giant. We determined the radius of thataa
However, to explain the shift of light minima to a positiorR; = 115+ 2R and that of the eclipsed obje® = 27+ 2Ry
preceding the spectroscopic conjunction (Fig. 2, rightghan (Sect. 3.1.2).

a more sophisticated model of the density distribution i@ th (i) The new active phase was connected with a signifi-
binary has to be considered. Hydrodynamical calculations eant enhancement of the hot star wind. From quiescence to
the structure of stellar winds in symbiotic stars that idelu activity, the mass-loss rate increased frem9 x 108 to ~
effects of the orbital motion suggest a higher density regiop,x 10 Mg yr1, respectively (Sect. 3.2.2, Fig. 6, Table 7).
twisted from the preceding front of the hot star motion td tffa The mean electron concentration within the eclipseti'Hmne
the giant (e.g. Walder 1995; Bisikalo et al. 2006). As a resu{Rqe ~ 50Ro above the hot star)y 10°cm™2, agrees well
the light minima occur before the inferior conjunction oeth with that given independently by the mass loss rate (Se@sl 3
giant (see also Fig. 13 of Skopal 1998). In Fig. 9 we plottedand 3.2.2). The hot star wind creates also a fraction of the][O
scheme of this region as calculated by Bisikalo et al. (286) zone. Depending on the mass-loss rate, the nebular linesecan
a mass-loss rate from the giant and the hot starofl®~’ and subject to partial eclipse (1994 eclipse) or not (2009 selip
1.2x 10" Mg yr1, respectively. Sect. 4.1.1).

During the active phase, the neutral hydrogen zone has the (iii) We revealed a significant change of the ionization stru
form of a flared disk encompassing the hot star. Its opticaltyre in the binary with respect to the quiescent phase (3ect.
thick rim represents the warm pseudophotosphere. TheddniZig. 9). During the 2007-10 active phase we identified a warm
region fills in the remainder of the space abfndow the neu- stellar source located at the hot star equator (Sect. Fig)33).
tral zone, which is ionized by the hot star. It can be assediatThe source had the form of a flared disk, whose outer rim simu-
with the enhanced stellar wind from the hot star, whose emisted the warm photosphere. It blocks out the ionizing raotia
sion is subject to eclipse. The proposed ionization strecis from the hot star, and consequently the material outsiddef t
consistent with the UXhear-IR model SED during active phaseslisk’s rim is mostly in neutral form (Sect. 4.2). The ionized
of symbiotic binaries with high orbital inclination (seegF27 gion is located aboybelow the neutral zone and can be associ-
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ated with the enhanced hot star wind. The formation of thie-disSkopal, A., Sekeras, M., Gonzlez-Riestra, R., & Viotti, R 2009, A&A, 507,
like neutral zone and the increase of the nebular emissidnglu _ 1531

; ; ; mura, S., Otsuka, M., Skopal, A., Pribulla, T., & Vanko, 2003, in ASSL
the active phase was connecied with the enhanced wind fr@mng& Stellar astrophysics - a tribute to Helmut A. Abt. SiRhcific Rim

hot star (Tables 7 and_ 8_). It is probable that this connectpn Conference, ed. K.S. Cheng, K.C. Leung and T.P. Li (Dordekhiwer
resents a common origin of the warm pseudophotospheres thaicademic Publishers) p. 213
are observed during the active phases of symbiotic binaries Tutukoy, A. V., & Yangelson, L. R. 1976, Astrofizika, 12, 521

Vogel, M. 1993, A&A, 274, L21

. . Walder, R. 1995, in IAU Symp. 163, Wolf-Rayet Stars: Binari€olliding
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tion in the continuum and to visualize better the time-ina¢pf
the eclipse (the light shadow band). The width of the dark ang),
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Fig.5. Radial velocities of main emission peaks measured for

Orbital phase

highly ionized elements (open symbols, Table 6) as a funatfo

the photometric phase (1). Compared are radial velocityesur
for the M-type (Fekeletal. 2000,
and A-type absorption lines (Mikolajewska & Kenyon 1992,

dashed line, asterisks), and emission peaks ofviF@6087
line (lijima 1988, grey line, crosses). Systemic velocify-o
117.44kms! was subtracted.
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Fig.6. Example of the broad Hwings from the 2007-10 active
phase (solid line), compared with those observed duringsjui

_ o ) ) cent phase (dashed line). Both spectra were taken at the same
F|g.. 4. Variation in the selected line fluxes during the 200_7'1Qrbital phasey = 0.16. Local continua were subtracted from
active phase. Top panel shows &dand LC to compare varia- he spectra. The spectra were dereddened. The modelsddotte
lines) indicate a significant enhancement of the mass-lates r
ring activity with respect to quiescence (Table 7, Se&.23.

mild shadow band corresponds to the linear size of the exlips
object and the He zone, respectively. Dotted lines limit the ra-

dius of the cool giant. Fluxes are dereddened and their sae

given in Table 5.
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