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ABSTRACT

Context. AX Per is an eclipsing symbiotic binary. During active phases, deepwarninima are observed in its light curve, and the
ionization structure in the binary changes significantly. Fre2007.5, AX Per entered a new active phase.

Aims. We identified formation of a neutral disk structure around the hot staresudt of its enhanced wind during the active phase.
Methods. We used optical high- and low-resolution spectroscopy @BYR:Ic photometry. We modeled the SED in the optical,
broad wings of the H line, and analyzed the multicolour photometry during the 2007-10 higher déthe AX Per activity.

Results. After 10 orbital cycles{ 18.6 years), we measured again in the light curve the eclipse of the hot atiject by its giant
companion. We derived a radius of 22 R, for the eclipsed object and 132 R, for the eclipsing cool giant, the latter being within
10% of what measured during the 1988-1990 outburst. New activeephas connected with a significant enhancement of the hot star
wind. From quiescence to activity, the mass loss rate increased-frdx 108 to ~ 3 x 10°° Mg yr~2, respectively. The wind gives
rise to the emission of the Fie zone, located at the vicinity of the hot star, and to a fraction of the[@one at farther distances.
Simultaneously, we identified a neutraly ~ 6000 K warm, stellar source contributing markedly to the composite specirhe
source was located at the hot star's equator and had a form of adlisiedvhich outer rim simulated the warm photosphere.
Conclusions. Formation of the neutral disk-like zone around the accretor during tiegghase was connected with its enhanced
wind. Probably, this connection represents a common origin of coadogdotospheres indicated during active phases of symbiotic
stars.
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1. Introduction thermonuclear runaways and instabilities of accretiok dis
o . . . .. not allow to explain the short recurrence time (from years to

Symbiotic stars are interacting binary systems compriginggecades) and low luminosity of the outbursts produced by sym
cool giant and a compact star, mostly a white dwarf (WDjqtic systems. Recently, Sokoloski et al. (2006) atteuhpte
on, typically, a few years orbit. The WD accretes from the gislve this problem by combiningtects of both a disk instability
ant’s wind, heats up to 1-A0° K, and becomes as luminousgnq a thermonuclear burning, while Bisikalo et al. (200&)-su
as 16 - 10*Lo. It ionizes the circumbinary environment giv-gested a disruption of the disk due to variations in the vjoc
ing rise to nebular emission. As a result the spectrum of $ymBy the wind from the giant, and proposed formation of a system
otic stars consists of three basic components of radiatiwo— ,f shocks to explain the star’s brightness. Originally, ikaty
stellar and one nebular. If the processes of the maSS"OSSw@Yangelson (1976), Pachgki & Zytkow (1978), Fujimoto
crgtion and ionization_ are in a mutual e_quilibrium, then bim (1982) and Paczski & Rudak (1980) proposed that most sym-
otic system releases its energy approximately at a constnt piotic stars are powered by stable hydrogen nuclear burming
and spectral energy distribution (SED). This stage is dall® he WD surface. As the stable burning requires a rather narrow
the quiescent phase. Once this equilibrium is disturbed, symbi-range of the accretion rate, the burning envelope will reditt
otic system changes its radiation significantly, brightepsn g expansion to any increase in the accretion rate above that
the optical by a few magnitudes and usually shows signatifressstaining the stable burning (see summary by Mikolajevéska
a mass-outflow for a few months to years. We name this staggnyon 1992a). As a result, the pseudophotosphere wilt radi
as theactive phase. Many particular aspects of this general viewge at lower temperature, and thus shift the maximum of i@ SE
have been originally pointed by, e.g., Seaquist et al. (1884 from shorter to longer wavelengths, causing a brightenirtge
Nussbaumer & Vogel (1989), and more recently discussed d@tical. This scenario was supported by, for example, Mugar
Corradi etal. (2003). Buson (1994) and Siviero et al. (2009). A study of rapid vari-

The key problem in the symbiotic star research is the ugbility in symbiotic stars indicated the presence of disksrdy
derstanding the nature of their outbursts. At presentrteeof outbursts (e.g. Sokoloski 2003). In addition, observati@vi-
dence for a disk-jet connection in CH Cyg (Sokoloski & Kenyon
* Visiting Astronomer: Asiago Astrophysical Observatory 2003) and Z And (Skopal et al. 2009a) strongly supported the
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presence of a massive disk during active phases of theset@bjeTable 1. Log of spectroscopic observations
Independently, modeling the UNR SED for 21 symbiotic stars
also indicated the presence of a flared disk around the accret Date  Juliandate Res. Disp. Arange Telescope
during active phases (Skopal 2005). +2450000 Power (foix) A

In this contribution we investigate the recent, 2007-10,200707/31 4312.876 10000 B Hao DDO 1.88m
higher level of the AX Per activity with the main goal to un- 20071420 4425.529 1.81 3824-7575 CrAO 2.6m
derstand better formation of the disk-like structure acbits ~ 200712/03 4438.438 2.30 3230- 7770 Asiago 1.22m
accretor. At present, AX Per is known as an eclipsing symbi200801/23 4488.506 10000 BiHa DDO 1.88m
otic binary comprising a M4.5 Il giant (Erset & Schmid 1999) 200807/07  4655.473 181 3774-7574 CrAO 2.6m

) . CAA . 200808/10 4689.450 1.81 3749- 7575 CrAO 2.6m
and a WD on a 680-d orbit (e.g. Skopal 1991; Mikolajewska &200809/24 4734.609 181 3749- 7575 CrAO 2.6m

Kenyon 1992b; Fekel et al. 2000). The last active phase beg%oslo/ls 4753.638 20000 3690- 7300 Asiago 1.82m
in 1988, when AX Per brightened by3 mag in the visual, de- 50081023 4763.417 1.81 3349- 7149 CrAO 2.6m
veloped a specific phase-dependent modulation in the LC, anghog11/08 4778.393 1.81 3749- 7500 CrAO 2.6m
showed narrow eclipses at the position of the inferior cooju  200912/08 4809.390 2.30 3250- 7830 Asiago 1.22m
tion of the giant (Skopal et al. 2001, Fig. 1 here). Trangito 20081221 4822.437 20000 3690- 7300 Asiago 1.82m
guiescence happened during 1995, when the LC profile turne2p0901/09 4841.426 20000 3690- 7300 Asiago 1.82m
to the wave-like orbitally-related variation at a low lewdlthe ~ 20090324 4915.422 2.12 3890- 7930 Varese 0.60m
) i 200904/01 4923.323 2.30 4200- 7200 Asiago 1.22m
star’s brightness.
200904/07 4929.303 2.12 3900- 8120 Varese 0.60m

Our photometric monitoring programmes, performed by

ANS (Asiago Novae and Symbiotic Stars) Collaboration and a 8838283 3322'22% i'g(l) gggg: ;g%g éi?gozlérzan
Skalnaé Pleso Observatory, revealed an anomalous variation i§009,04/14 4936.281 230 3560- 7580 Asiago 1.22m
the LC of AX Per from around 2007. In particular, Munari et 200904/14 4936.338 17000 4030- 7510 Varese 0.60m
al. (2009) reported on a rapid increase in brightnessbynag 20090505 4957.458 2.12 3850- 8270 Varese 0.60m
in B during 2009 March. They pointed a similarity between this20090805 5049.535 2.30 3320- 7660 Asiago 1.22m
brightening phase and the short-duration flare that ocdurre 20090826 5070.565 1.81 3324-7493 CrAO 2.6m

the AX Per LC about one year before its major, 1988-1995, ac20090924 5099.584 1.81 3350- 7500 CrAO 2.6m

tive phase. Recently, Munari et al. (2010) reported on ainise 200911/10 5146.485 20000 3690- 7300 Asiago 1.82m
brightness of AX Per during 2010 November b§.7 mag inB, ~ 20100807 5416.368 2.12° 3910- 8540 Varese 0.60m
which thus supported their previous suggestion that th&200 281088/%2 Sﬁg'gig 17000 181 235%' 2?3(4),% (\:/er z'grgo

2010 active phase was a precursor to an oncoming major o blgog//m 2454:560 181 3234_' 7574 C?A%sz.e'm m

burst. From this point of view, understanding the precutgpe
activity can aid us to reveal the nature of the Z And-type out-
bursts.

Accordingly, in this paper we investigate the origin of
the 2007-2010 brighter phase of AX Per by analyzing o@rimean Astrophysical Observatory (CrAO) in Nauchny, meun
multicolour photometric observations and the low- and higlng aSPEMspectrograph in the Nasmith focus. The detector was
resolution optical spectra. In Sect. 2 we summarize anditbesc a SPEC-10 CCD camera (134000 pixel). Table 1 provides
our observations and data reduction. Section 3 describes ayournal of the spectroscopic observations. At each tefesc
analysis and presents the results. Their discussion anduzonthe observations were carried out as multiple exposuregdid a
sions are found in Sects. 4 and 5, respectively. saturation of the strongest emission lines. Various spphtr-
tometric standards were observed each night to flux into-abso
lute units the spectra of AX Per. The accuracy of the flux scale
was checked against the photometric observations by atiegr
Our observations of AX Per during its 2007-2010 higher lefel over 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 ta@s

Spectroscopic observations were secured with fitedint dard way with |RAF, as well subtraction of the background sky
instruments: (1) the 1.22-m telescope, operated in Asiago ®nd scattered light.
the Department of Astronomy of the University of Padova, was Multicolour BVRcIc CCD photometry was obtained with
used with a B&C spectrograph, 30Q1mm grating and ANDOR Vvarious telescope operated by ANS Collaboration. Treatsnen
iDus 440A CCD camera, equipped with a EEV 42-10BU badker flat, bias and dark frames was carried out in a standard
illuminated chip (2048512 pixels of 13.5um size); (2) the way. Photometric calibration and correction for color ettpres
1.82-m telescope, operated in Asiago by INAF Astronomic#las carried out against the photometric sequence caliblate
Observatory of Padova, mountingk&OSCechelle spectrograph Henden & Munari (2006) around AX Per. The resulting data are
equipped with &AIMO E2VCCDA47-10back illuminated CCD de- presented in Table 2. Their uncertainties are the overaljéu
tector (110&1100 pixels of 13m size); (3) the 0.60-m tele- errors (which includes the Poissonian component and the-tra
scope, of the Schiaparelli Observatory in Varese, mourgingformation to the standard Landolt system). They are of a few
multi-mode spectrograph, able to provide both single dispex0.01-0.001 mag.
sion, low-resolution spectra as well as Echelle spectra. dd+ In addition, classical photoelectitBV measurements were
tector was a SBIG ST-10XME camera (2381472 pixels of performed by a single-channel photometer mounted in the
6.8 um size); (4) the 1.88-m telescope of the David Dunla@assegrain focus of 0.6-m reflector at the Sk&mkeso ob-
Observatory (DDO), University of Toronto (DDO), equippedervatory Internal uncertainties of these one-day-measuore-
with a single dispersion spectrograph equipped with a Jobiments are of a fewk0.01 mag (see Skopal et al. 2011, in de-
Yovon Horiba CCD detector (204512 pixels of 13..um size); tail). Figure 1 displays historical light curve (LC) of AX Pe
and finally (5) the 2.6-m Shajn telescope, operated by tfrem ~1890 to the present, together withBVY measurements

2. Observations and data reduction
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Fig. 1. Top panel displays the historical light curve (LC) of AX Per freri890 (see Fig. 1 of Skopal et al. 2001, and references therein). We
used visual magnitude estimates from the AAVSO International Datalaistnase gathered by members of the AFOEV, which are available on
CDS. Visual data were smoothed within 20-day bins. Bottom panel shangdBY LCs of AX Per from its last 1988 major outburst. Minima
timing corresponds to the ephemeris given by Eq. (1).

recorded from its previous 1988-95 active phase. Figureef thhere), supported the new activity of AX Per. Also a significan
shows its detail from 2007, covering the recent active phase change of the broad minima, observed during quiescent phase
Arbitrary flux units of the high-resolution spectra werayaround the giant inferior conjunction, into a narrower and
converted to absolute fluxes with the aid of the simultaneodseper eclipses, indicates active phase of a symbioticybfaay.
UBVRclc photometry corrected for emission lines (see SkopBklyakina 1979, 1991, and Figs. 1 and 2 here). During the
2007). To determine flux-points of the true continuum from th2007 conjunction we measured a relatively small, V-type-min
measured magnitudes, we calculated correctitins, using our imum, which position was shifted from the giant conjunctinn
low-resolution spectra (Table 3). Then we interpolated¢hal- ~ —0.025P,,. During the following conjunction the eclipse was
ues to dates of high-resolution spectra. Relevant obsensat deeper and broader, nearly rectangular in profile and plexed
were dereddened withg_y = 0.27 (Kenyon & Webbink 1984) actly at the inferior conjunction of the giant. The light ebged
and resulting parameters were scaled to a distance of 1¢73 Kpring the totality became reder with— V ~ 1.4 (see Fig. 2).
(Skopal 2000). Finally, we measured a puzzling wave in the LC with a period of
~ 0.5P,rp and minima located around orbital phases 0.2 and 0.7.
First indication of such the minimum preceded the 2007 eelip
Its presence was transient, being connected only with tb&-20
10 higher level of the star’s activity (see Figs. 1 and 2).sThi
feature was observed in a symbiotic system for the first time.

3. Analysis and results
3.1. Photometric evolution
3.1.1. Indications of a new active phase

According to the LC evolution from 1988 (Fig. 1), the increas

in the star’s brightness bgU ~0.5mag from 2007 July, sig-

nals that AX Per entered a new active phase. An additionad rap In the following sections (Sect. 3.1.2. to 3.1.4.) we analyz
brightening byAB ~0.8 mag and a bluer indeR — V ~ 0.8, the most significant features in the LC profile and the nattfire o
observed during 2009 March (Munari et al. 2009, and Fig. i light at diferent positions of the binary.
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Fig. 2. Left: RecentUBVRc:Ic LCs of AX Per covering its 2007-10 active phase. Thin and thick arm&mte the dates of our low- and high-
resolution spectra, respectively (Table 1). Vertical dotted lines martirtieeof eclipses according to Eq (1). Right: Minima profiles selected from
LCs in Fig. 1, and folded with the ephemeris (1). Denotation in keys, fampte "Q: U;-2.2", means quiescent phase, U filter, epoch 4 and a shift
by -2.2 mag.

3.1.2. Eclipses JDE¢(1990)= JD 24482316 + 0.6 (Skopal 1991), gives their
ephemeris as

The minimum (eclipse), observed during the 2009 brightgnin
was very similar in the profile to those observed during thipma
1988-91 active phase. Its well pronounced profile closely co
ered by measurements, mainlyBrandV bands, allowed us to
determine its contact times 8§ = JD 24549980 + 0.79, Our photometric ephemeris agrees within uncertaintiels thiat

T, = JD 245501250 + 0.53, T3 = JD 245506540 + 0.85 given by the solution of the spectroscopic orbRypcon; =
andT, = JD 245508533 + 0.50, where uncertainties include2 447 5533(+5.6) + 6821(+1.4) x E, obtained from infrared
only those given by the data coverage, assuming a linear dadial velocities by Fekel et al. (2000). Finally, assumthg
pendence of the star's brightness during the ingress to-aand orbital inclinationi = 90° and the separation between the bi-
cent from the totality. We neglected other possible sounfes nary components = 364R (from the mass ratio and the mass
errors. These times and their uncertainties indicate amasyfunction published by Mikolajewska & Kenyon 1992b; Fekel et
metric profile withT, — T; = 14+ 1.3d andT4 — T3 = al. 2000), the radius of the giafy = 115+ 2 Ry and that of the
20 + 1.3d, which implies an increase of the linear size of theclipsed objectR. = 27 + 2R. This result suggests an expan-
eclipsed object during the totality. Therefore, we deterdithe sion of the giant radius by13Ry, from 102+ 3R, given by
middle of the eclipse as the average of all contact times, imntact times of the 1990 eclipse (Skopal 1994). Howeves, du
JDg((2009)= JD 245504043+ 0.67. Using well defined tim- to possibly larger uncertainties in the contact times (Seva),
ings of other eclipseslDg. (1989)= JD 24475517 + 1.0 and this suggestion should be taken with caution.

JDga, = 2 447 55126(+0.3) + 68083(+0.11) x E. (1)
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Fig. 3. Left: The U — B, B- V) diagram for the light observed (a) during the 2009 and 1990 eclipsést (i) of Sect. 3.1.3), (b) at the minimum
(200708 and 20089) and maximum (around 2008.6) of the LC (Fig. 2), and (c) eclighathg the 2007 and 2009 inferior conjunction of
the giant (point (ii) of Sect. 3.1.3). Right: The same as on the left, buthi® variable light causing the puzzling wave in the LC (point (iii) of
Sect. 3.1.3).

3.1.3. Colour indices Having determined these fluxes from the corresponding magni

. . . . . tudes of the true continuum, we can write its colour indiges i
In this section we apply & — B, B — V)-diagram diagnostic to the form

compare the observed colour indices to those of the continuu

radiation produced by a stellar and nebular source of radiat Fea (V)

The former was approximated by a blackbody radiation and the— B =-25I0 (F—(B)) - (qu — ds) 3)
latter by processes of recombination and thermal brentdsirg Ecl

in the hydrogen plasma. We calculated theoretical colalices gng

in the same way as Skopal (2003). Here they are plotted in

Fig. 3. The observed magnitudes were corrected for thesieter B_V<=-25l0 Fec.(B) ( ) @)
lar extinction and the influence of emission lines to get te-fl ©~ vV = ~4>/09 Fea(V)) % — Qv),

points of the true continuum, and thus to be comparable with
theoretical values. In particular, we applied the colowdtex di- where the constanty, = 3840,gs = 37.86 andgy = 3852
agnostic to (i) the light observed during eclipses, (ii) light, define the magnitude zero for the standard Johri$BN pho-
which is subject to eclipse, and (iii) the variable light sag the tometric system and fluxes in units of 3sm2A- (Henden
puzzling wave in the LC throughout the 2007-10 active phasg.Kaitchuck 1982). Because of brightéinter magnitudes are
The following analysis could be carried out. observed just prigafter the 2009 and 2007 eclipses, we con-

(i) In this case we used tHgBV magnitudes from the 1990 sidered both cases. In th&) (- B, B — V)-diagram, the ar-
and 20009 total eclipse. As expected, the{B, B-V)-diagram rows start from the colour indices of the light produced by
shows that the observed light during totality is composed ofthe eclipsed region at the beginning of the totality and poin
contribution from the giant and a nebula (see Fig. 3, lefighan the position given by the eclipsed light at the end of the to-
According to the positions of colour indices in the diagrding tality (left panel of Fig. 3). The observed, B andV mag-
light measured during the 1990 eclipse contained a straveer nitudes during the 2009 total eclipse were 12.93, 13.02 and
ular contribution than that indicated for the 2009 eclipse; 11.59 (Fig. 2), their dereddened and emission line cordecié
cause of a relative shift to the line representing the netilaeb ues are 11.82, 12.20 and 10.81, which correspond to the con-
radiation in the diagram. Corresponding physical pararaeie tinuum fluxesFr(U) = 8.2 x 104, F(B) = 95 x 1014
the components of radiation seen in the spectrum duringsedi and Fr(V) = 1.85x 10 %ergcnm?st A-L. Similarly we de-
are estimated in Sect. 3.1.4. termined F(U, B, V) fluxes from magnitudes prior to and af-

(i) The eclipsed flux, measured within the filtéy Fec (f),  ter eclipses, and thus, according to Eq. (2), g, (U, B, V)
i.e. the light removed from the composite spectrum due to tfigxes. Using Egs. (3) and (4) we inferred colour indices &f th
total eclipse, can be expressed as eclipsed light asl§ — B)sgge = —0.89, (B — V)2009 = 0.56 and

B (U —B)2009 = —0.57, (B—V)2000 = 0.31 at the beginning and the

Fea (f) = F(f) = Fr(f), (2) end of the 2009 total eclipse, respectively. Similarly,tfar 2007
whereF(f) is the flux observed just prior to, or after the eclipsesclipse, we obtained) — B),oo7 = —1.44, (B — V)2007 = 0.59
and F1(f) represents the flux measured during the totalitend U — B),g07 = —1.32, (B — V)2007 = 0.46, respectively.
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Table 3. Effect of emission lines on tHg BVR: magnitudes permitted transitions in ionized metals, as e.guM641 and
Cm 4647 A, were also present. Spectrum of forbidden lines was
Date AU, AB AV, ARg characterized mainly by nebular lines of @), [Nem] and
2007120 - -0.26  -0.07 -0.20 two [Fevn] lines at 5721 and 6087 A. The Raman-scattered
20071203 -0.14 -0.24  -0.05 -0.15 Ovi1032 line was not present at all. Figure 4 shows evolu-
200g807/07 -0.10 -0.30 -0.06 -0.20 S . .
20090810 -011 -033 -0.07 -022 tion in the line profiles of Ha 4686 A, hBZ He, [0111]_5007/-\
20080924 -0.12 -0.34 -0.07 -0.24 and [Fevi] 6087 A, as observed on our high-resolution spectra.
20091023 -0.20 -0.35 -0.08 -0.25 Figure 5 demonstrates variations in the line fluxes alongthe
200811/08 - -0.34 -0.07 -0.24 tive period, as observed in all our spectra. Their quastitie
20091208 -0.18 -0.32 -0.06 -0.21 introduced in Table 4 (available online).
20090324 - -0.19 -0.05 -0.13
200904/01 - -0.15 -0.06 -0.12
200904/07 - -0.17 -0.05 -0.12 Hydrogen lines: Profiles of hydrogen Balmer lines were signif-
200904/08 - -0.20 -0.05 -0.12 icantly afected by a blue shifted absorption component. Its pres-
20090409 -  -021 -006 -0.14 ence can be recognized around the whole orbital cycle. Fnem t
20090414 - -019 -0.06 -0.12 orbital phasey = 0.85 top = 1.19, it created a double-peaked
20090505 -0.14-0.04 -0.10 profile (Fig 4). In contrast, during the previous quiescdmge,

20090805 -0.15 -0.23 -0.06 -0.10 the Hr line observed at similar orbital phases € 0.81 and

ggéggg% -0.10 '_%'_32% '_%'_%77 %2123 ¢ = 0.16, as on 1998 Jan. 9 and Sept. 5, respectively, see Fig. 5
20090924 -  -0.15 -0.06 -0.13 in Skopal et al. 2001), did not display the double-peaked pro
20100816 -0.18 -0.36 -0.08 -0.27 file. In addition, both the total flux and the extension of thedul
20100914 -0.22 -0.39 -0.10 -0.31 wings of, mainly, the K profile, were significantly larger than

those measured during quiescent phase (Fig. 6 and Se@. 3.2.

below). It is important to note that during the major 1988-91

outburst of AX Per, a strong absorption cut the broad emissio
(iii) To diagnose the puzzling wave in the LC, we assumegtofile even at positions with the hot star in front (see Figsnd

that the observed continuum was composed of a variable @df lvison et al. 1993). This indicates the presence of @éutr

constant part of the light. Then the variable fractibg,(f), of material on the line of sight around the whole orbit, whidieat

the total continuumk-o5(f) can be written as uates line photons via the- b transitions. The absorbing matter
has to be located mostly/atound the orbital plane, because of
Fura(f) = Frota(f) = Fg(f), () its high inclination with respect to the observer. The stralif-

ﬁ?rence in the line profiles, as measured during active aid qu

escent phases, suggests that the density of the neutrtdrscat

ing material enhances during active phases at the orbaalepl
urther, radial velocities (RV) of the absorption coreseveeg-

where theF4(f) flux represents the (presumably) constant lig
of the giant measured throughout the filferFirst, to get mag-
nitudes of the line-removed spectrum, we used averageazorr,

tions from Table 3 adl, = ~0.11, AB = -0.20, AV} = —-0.05, tive with respect to the systemic velocity, and decreasedbi
ARc) = -0.13 andAl¢; = 0. Second, we subtracted the Iighi.al e Spec yste elocity, creas

of the giant from the magnitudes of the true continuum. Fer tl’?OIUte values to higher members of the Balmer series. Fanexa

L - : le, on 2009 April 14th, we measured RWH= -143kms?,
M4.5111 giant in AX Per (Mirset & Schmid 1999) we adoptedp - 1 > 1o
colour indices a&) — B = 1.59, B~V = 1.57 (Cox 2000) and RV(HA) = -138kms~and RV(H) = -103kms". Similar RVs

_ _ . : f the hydrogen absorption components were revealed atso du
V-lc = 276,Rc—lc = 1.57 (Bessell 1979) and its magnitude’ X .

Vo ~ 1113, aF\;CresCults frorrg our analysis)of thEBY m%gni- ing the major 1988-91 outburst by Ivison et al. (1993), who
tugdes presented in Sect. 3.1.4. The colour indices of thiahlar m_terpreted _th|sﬁect asa result of a slowly expandmg envelope.
light then can be obtained from Egs. (3) and (4) by substitt]v%v-'nl?ny’ ?huri'rngvit::e ec(:jllps;e, totglgluxefs otfal-argjvl;ﬁhll?es, ast
ing the Feq, (f) flux by the Fya(f) one. The result is shown in V€ 8S eI WINGS, decreased by a 1actoro espect
the right panel of Fig. 3. We analyzed 2BV magnitudes be- to their maximum values (Fig. 5, Table 4). The same behaviour

: : bserved during the 1994 eclipse (see Fig. 6 of Skopal et a
tween 200/07/15 and 20083/14. To visualize better the result,\Nas 0 . . S )
we divided the data into 2 parts, with magnitudés: 12 (filled 2001). Thus, during the active phases, the ionized regiourar

squares in the figure) andl > 12 (open squares). Corresponding?enhfés:%r' \t"gtph'g ?ni';iqéﬁs'r?f;hgrglagr: ?félsr disk,tobates

positions in the diagram imply that the variable part of tigbt Ignif y ISsion in hydrogen fines.

consists of a nebular and stellar component of radiatiomingu

the minima, the stellar component was very faint, because |3 14686 A line: The Hen 4686 A emission line nearly disap-

dices are clustered more around the line of the net nebudar raypeared during the eclipse. This allocates the region ofrits o

ation, while during the maximum of the light wave, the stellagin to the hot star vicinity, and constrains its maximum éine

contribution became stronger. Analyzes of BV magnitudes sjze to the diameter of the eclipsing giant. The measuredilux

(Sect. 3.1.4.) and modeling the SED (Sect. 3.2.3) suppenteth  the Hen 4686 line,F4gg6, allow us to estimate the mean electron

sult of the colour-diagram diagnostic. concentration in the Hé zone. Its luminosity in the He4686
line can be expressed as

3.2. Spectroscopic evolution 47Td2F4686 = aasse(Te)NeN(HE™ ) NvasacVasss, (6)

3.2.1. The line spectrum . . L .
! pectru whereaygs6(Te) IS the dfective recombination cdiécient for the

During the investigated period of the 2007-10 activity, e given transition,n. and n(He**) is the mean concentration of
tical spectrum of AX Per was dominated byt,HHer and Har electrons and He ions, respectively, and,ggsis the volume of
emission lines, although some faint emissions, produced te He™* zone. We further assume that all He atoms are fully
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Fig. 4. Evolution in the selected line profiles along the 2007-10 active phase asvelson our high-resolution spectra. Fluxes are in units
of 102ergcm?st A-1. Systemic velocity of —117.44 kmswas subtracted from radial velocities. Small numbers at the right sigarafls
represent a shift of profiles with respect to the level of the local contmu

ionized within the zone, i.e. the abundand@e’™) = A(He), =~ 1x102ergcnt?s™! prior to 2009 March, when increased to
and thus(He*") = A(He )n,, because concentration of hydrogen- 4.5 x 102ergcm? s, following the increase in the optical
atoms is equal to that of protons,, in the ionized zone. Then continuum. However, during the eclipse, the line flux peesisit
the electron concentration the same level (Fig. 5). In 2010 it returned to the pre-begirig
values. The ratidR = F(N; + Ny)/F4363 Which is a well known
Ne = (1+ 2A(He™))np, () probe ofn. andTe in planetary nebulae, was extremely low. The

because each He atom produces 2 electrons within the tee Observed values, 0.5 — 2, imply a superdenseif@ebula with
gion. ForA(He™*) = 0.1 the ration,/ne ~ 0.83, and Eq. (6) can Ne([O111]) ~ 10" ~ 10° cm™® and Te([O11]) < 20000K (e.g.
be expressed as Fig. 15.1 in Gurzadyan 1997). A detailed application of the
method can be found in Skopal et al. (2001), who derived upper
®) limit of ne([O 111]) as 7x 10" cm 3 for R = 1.7—4.3. Itis of inter-
est to note that during the 1994 eclipse, fluxes inkkhendN,
: ... lines faded by a factor of2 with respect to their out-of-eclipse
where we approximated th¥sess volume by a sphere with 5 e (see their Fig. 6 and Table 4), in contrast to the evolu

the radius of the eclipsing gianRs, and e is the filling fac- ina the 2 l We di his i ;
for. Our measured fluxedaas ~ 156 x 101 and ~ 7 x tSI%rétdlzjerth e 2009 eclipse. We discuss this interestifgrein

10*2ergcm?s71, produced by the He zone prior to and after
the eclipse, respectively (Fig. 5, Table d)ss6(30 000 Khvaegs
=42 x 10® ergcent st (Hummer & Storey 1987)Rg =
115R (Sect. 3.1.2.) and = 1, yield a minimunm, = 8.6 x 10°
and 57 x 10°cm2 during the 2009 brightening, prior to and
after the eclipse, respectively. The size of the'Heone can

4
And?F 4686 = (é” Réf) aags6(Te)A(He )n30.83v46g6

The highly ionized [Fen] 6087 A line was present in the
spectrum only during a lower level of the activity. From the o

also be estimated from spectroscopic observations masde to Elcal brightelnci)ng irr]] 203? I\/Illarckgto ourt Iats)t ockj)stervtatg)(l)n iarttDQO
the T3 time (spectrum 2@882009) and just after thd@, time 18‘{?”‘ ermz, Y‘ll ?I_n bl |s4|n$ degan 0 3 f e ectﬁ © >:
(24/092009), when the He4686 line also aroused from the ergcmt”s - (Table 4), it disappeared from the spectrum

eclipse (Fig. 5). This time interva~B0 days) corresponds to€ntirely. Its profile was rather broad witWHM ~ 2.3A and
Rugss ~ 50 Ro, which yieldsne ~ 2.0 x 101 cmS. negative radial velocities of —18.1, —9.0, —7.3 and —-53.8Km

as on 2008.0/13, 200812/21, 200901/09 and 201821, re-

spectively (systemic velocity of —117.44 krtsvas subtracted).
Forbidden lines: In contrast to H and He lines, the nebulaHowever, their peaks observed on 20821 and 20081/09
N; and N, ([Om]5007 and 4959 A) lines were not subject tavere placed at 24.8 and 25.8 kn svith a good agreement with
the eclipse. Fluxes of the stronger 5007 A line were as low #®se measured by lijima (1988) (see his Fig. 4).
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lar stellar wind at the optically thin limit as proposed byopkl
(2006). The main aim of the modeling is to estimate the mass-
loss rate via the hot star wind. Principle of the method isra-co
parison of the observed and synthetic profile of the broadjsvin
The model assumes a spherically symmetric wind originat-
ing at the central star, covered by an optically thick disthmdi-
rection of the observer. The disk is characterized with #uéus
Rp and heighH, and it is seen edge-on in the model. Densities,
and thus the emissivity of the wind at a given distanfiem the
hot star, is determined by the mass loss rate and the velafcity
the wind. The velocity distribution is approximated witha&or
etal. 1975)

V(r) = Veo(1 = R/ Y, )

where the origin of the windR,, and 8 are model param-
eters, while the terminal velocity.,, is given by the exten-
sion of the wings. During quiescent phase, paramd®grand
H can be estimated from thefective radius of the hot star,
Rﬁ“‘ ~ 0.1 Ry (Table 3 of Skopal 2005). Assuming the ratio
H/Rp = 0.1 yieldsRy = 0.32 Ry andH = 0.032 R. During
the investigated active phase, we estimated the disk rédios
the first two contact times of the 2009 eclipse (Sect. 3.58.)
Rp ~ 20 Ry. Assuming a flared disk withl/Rp = 0.3, yields
H = 6 Ry. We remind here that the results do not depend crit-
ically on these parameters. The mass-loss rate is detetmine
mainly by the luminosity of the broad wings and their termi-
nal velocity (see Eq. (14) of Skopal 2006). Examples of com-
parison between the modeled and observed profiles are shown
in Fig. 6. Synthetic profiles match well the observed wings fo
IRV| 2 200- 250kms?. There is a significant eierence be-
tween the extension and luminosity of thex Miings observed
during quiescent and active phase (Table 5, Fig. 6). Broadsvi
from the 1998 quiescence corresponded to the mass-loss rate
of $ 1x 107" Mg yr~1, while during the activity, it increased to
~2-3x10° hAC>yr*1.

In our model, the mass loss rate determines particle density
at a given distancefrom the origin of the wind according to the

continuity equation as
Mw(r) = My/4rr2umuv(r), (10)

where the wind velocityv(r), is given by Eq (9),u is the
- mean molecular weight anohy is the mass of the hydrogen
x | '. atom. Within the H&" zone, i.e. from the hot star tye; =
n l. - ® 1 50Ry (Sect. 3.2.1), the particle densitieg(r) are in excel-
] . lent agreement with those derived independently from tha-me
ir n am ' ® » suredFess fluxes. For exampleMy, = 3 x 1076 M@.yr‘1 and
= == Voo = 2000kms?, yield n,(20Rs) ~ 2.8 x 10 (i.e. ne =
M I B S _ 0 A3 _3
54400 54600 54800 55000 Ny /0.83 = 3.3 x 1_g1 cm), andny(50Rp) ~ 3.2 X 10°cm
- ) (ne = 3.9 x 10° cm™3). This implies that particles of the hot stel-
Julian date -2 400 000 . ) . L
lar wind give rise to the observed emission from the Heone.
Fig.5. Variation in the selected line fluxes during the 2007-10 active
phase. Top panel shows tligband LC to compare variation in the

continuum and to visualize better the time-interval of the eclipse (the . .
shadow band). 3.2.3. Modeling the continuum spectrum

—+ T + 1 + T
4 R=FNy + N)/F s m | 4

55200 55400

The observed continuum spectrum of symbiotic sta(g), can
formally be expressed as a superposition of its three basic ¢
ponents (see Sect. 1), i.e.

During active phases the hot components in symbiotic pina V) = Fe(D) + Fn(D) + Fr(d), (11)
ries can lose their mass in the form of wind (e.g. Vogel 1998thereFg(4), Fn(4) andFy(2) represent radiative contributions
Nussbaumer et al. 1995; Eriksson et al. 2004; Kenny & Taylfiom the giant, nebula and a hot stellar source, respegtivel
2005; Skopal 2006). To estimate its rate we used therdthod. Basic features of these components of radiation are wedigrec
Assuming that the broaddAwings originate in the ionized wind nizable on our low-resolution spectra exposed from shovewa
from the hot star, we fitted their profile with a model of a bipolengths,1 = 3300 A. Most distinctive are molecular passbands

3.2.2. Mass loss through the hot star wind
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Table 5. Parameters of synthetic models of the broad wings Ry, 8, V), their luminosities observed fgRV| > 200 kms?, L,(200), and
corresponding mass-loss ratés,.

Date Ry B Voo L,(200)  logMy)

dgmmyyyy  [Rol kms™  [Lol [Moyr?]
Quiescent phas®p = 0.32Rp, Hp = 0.032R
09011998 0.027 1.75 1500 0.90 -7.04
05091998 0.030 1.75 1600 0.88 -7.02
Active phaseRp = 20R, Hp = 6Ry

31/07/2007 520 1.75 2500 2.97 -5.52
23012008 5.27 1.74 2500 2.13 -5.59
13102008 5.40 1.75 1500 0.83 -5.84
21/12/2008 5.45 1.72 2000 1.60 -5.70
09072009 540 1.75 2000 1.40 -5.72
14/042009 525 1.73 2500 3.17 -5.49
10112009 520 1.75 2100 1.42 -5.67
21/082010 0.94 1.80 2000 2.25 -5.96

*IRV| = 250kms?, f Ry = 3.5Rg, Hp = 1.05R,

Belyakina 1979; Skopal 1991) agtod by model SED at any
' other orbital phase (Skopal 2005).
: AX Per The aim of this section is to disentangle the composite spec-
i trum, observed at ffierent stages of AX Per activity, into its in-
" dividual components of radiation, i.e to determine theiygh

égg;ﬁggg — | 1 cal parameters. For thés(1) component we used photospheric

15 F T T
Active phase —

Quiescent phase ----

N
T

F.: 1 models synthetic spectra of M-giant stars as published by Flukd.et a
o ' (1994). These models were calculated in the spectral rebi@ge 3
;I"’ ¢ =0.16 900 nm for 11 spectral types (ST), from MO to M10. In our mod-
g ; eling, we determine the ST and its subclass by a linear iaterp
o> lation between the neighboring best fitting STs. As the taafia
@ from the giant can vary, the scaling factor of the syntheqiectra
N 4L 1 1 represents another parameter in the model SED.
S 6550 6560 6570 | \ We approximated the spectrum produced by the nebula by
3 i Fn() = kn X a(Te), 12)
LL Yook
‘\ \ where ky [cm™] is the scaling factor and,(Te) is the vol-
\*“‘»& ume emission cdgcient [erg cnis ™ A~Y], which depends on

the electron temperaturd,, and is a function of the wave-
_— Gl e e tud  length (e.g. Brown & Mathews 1970). For the sake of sim-
i . . plicity, we calculated thes,;(Te) codficient for the hydrogen
-2000 -1000 0 1000 plasma only, including contributions from recombinaticrsl
Radial velocity [km 'sl] thermal bremsstrahlung. Some more arguments for suchxappro
imation are given in Skopal et al. (2009b). In addition, we

phase (solid line), compared with that observed during quiesceng phggiuzne(_::_ th?‘]—e an thUSsg(Te) (?rt? Cﬁ”Star?t tlflerLrJ]ghoutbltjflle
(dashed line). Both spectra were taken at the same orbital phase, '€oula. Total emission produced by the optically thin na

0.16. Local continua were subtracted from the spectra. The modéd?Fn(1) = &, [, nen.dV = &,EM, whereEM = 4rd?ky cm>

(gray lines) indicate enhancement of the mass loss ratefr@m 108 is the emission measure of the nebula (see also Skopal 2005).

to~ 3x10° Mg yr-* from quiescence to activity (Table 5, Sect. 3.2.2).  We compared the continuum of the hot stellar source to syn-
thetic spectra based on Kurucz’'s codes as published by Munar
et al. (2005). So, the third term of Eq. (11) can be written as

Fu(d) = 62 Fa(Ter). (13)

arising in the red giant atmosphere, while a pronounced Balnwhere F,(T¢;) is the flux emitted by the stellar source. Its ef-
jump in emission indicates directly the presence of a straiy fective temperatureles, and scaling factorg, = Rﬁ“/d, rep-

ular continuum. A hot stellar source of ionizing photonsidii  resent free parameters in our modeling. Other atmospharic p
cated indirectly throughout the presence of strong recoatlin rameters of synthetic spectra were fixed (g 2.5, [M/H] =

lines superposed to the continuum. Its direct indicatiguoissi- 0, [r/Fe] = 0, vior = 20 km s1), and their resolution was accom-
ble only within the super-soft X-ray and far-UV; in the ogtic modated to that of our low-resolution spectra.

its contribution is negligible (e.g. Fig. 2 of Skopal et aD0B®b). Having defined individual components of radiation in
Another, significantly cooler stellar source of radiati@velops Eq. (11), we prepared a grid of models for reasonable ranges
during active phases. It is connected with the accretor,itnd of the fitting parameters (ST, its subclass and scaling fgih
evidence is given directly by eclipses in the optical LCg.(e.ant; T, andky for the nebular continuunte; and6;, for the hot

Fig.6. Example of the broad & wings from the 2007-10 active
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stellar source), and selected that corresponding to a amiof  that a large fraction of the light produced by the nebula dued t

the function hot star was concentrateqdabund the accretor.
In the line spectrum, we indicated a significant increase in
N ob 2 . ) . )
V2= Z (FOY() — F(4) (14) the mass-loss rate via the hot star wind with respect to the qu
- AF95( ;) ’ escent phase (Sect. 3.2.2, Fig. 6, Table 5). For exampl&gdur

the 2009 brightening, we measured the highest luminositly an
whereFs(1,) are fluxes of the observed continuulhjs their ~€xtension of the b wings, which corresponded to the mass loss
number (1500 — 1800)FPS(1;) are their errors, anfi(1;) are rate of~ 3x 10° Mg yr™.

theoretical fluxes given by Eq. (11). Input flux-points weee s
lected from the observed spectra by omitting emission lames
a spectral region from 3645 t8740 A, where hydrogen lines of

the high members of Balmer series were blended, which did niroughout the whole 2007-10 period we observed a strong neb
allow us to |dent_|fythe true continuum. For the flux uncertiEs |ar component of radiation in the spectrum (Sect. 3.2, Fi
we adopted typical values of 10%. . ~ Table 6). A geometrical change of the main source of the neb-
Our resulting models of the AX Per composite continuumjar radiation was indicated by the change in the positioth an
along its active, 2007-10, phase are shown in Fig. 7 and thgfile of eclipses, during the 2007 and 2009 inferior conjun
corresponding parameters are given in Table 6. The presefigfl of the giant. The 2007 eclipse was shifted from the giant
of rather cool stellar source in the 3200-7500 A spectrum d®njunction by~ —0.025P,,. This implies that a strongly emit-
constrained by a low Balmer jump and high values of the ofing region had to be located in front of the hot star, prengdi
served fluxes in the blue part of the spectrum. To fit the sm@h orbital motion. According to a gas-dynamical modelirfy o
Balmer discontinuity and to fill in the largefitrence between the mass-flow structures within the framework of the catiggi
the contribution from the giant and the observed spectrum f@inds model, a higher density region can develop about of 100
A S 5000A, the third radiative component with a rather flat50 days after an increase of the hot star wind (see Figs. 4 and
energy distribution throughout the optical was requirelisT 5 of Bisikalo et al. 2006). Such the region will be ionized by
component satisfies well the radiation from a stellar sowitle the neighbouring hot star, and thus produce nebular emissio
temperature of 5000-7000 K. The strongest stellar soureel-de The nebular nature of the eclipsed light during the 2007ehev
oped during the 2009 brightening (top right panel of FigTHe (see left panel of Fig. 3, open pentagons marked with 2007)
following eclipse interrupted the brightening by removieg- supports strongly this scenario. During the following corg-
tirely the stellar component and a part of the nebular onen fration in 2009.6, the eclipsed light resulted from a combiatf
the spectrum (emission measure decreased by a facteB)of both, the stellar and nebular component (Fig. 3 left, 20098 pe
Immediately after the eclipse, the stellar source arouggiha tagons; Fig. 7 right: 20094/14 and 200924 SED), and the
in the spectrum together with a stronger nebular emissiea (sminimum was located exactly at the giant inferior conjuoicti
Fig. 7 and Table 6). Our last spectra from 2010 August arfllig. 2). As the nebular continuum was very strong during tha
September were possible to fit without the warm stellar cortime (Table 6), its dominant source also had to be located sym
ponent, which signalized return of AX Per to quiescent phaseetrically around the hot star, and thus can be identifiel itst
For a comparison, we implanted the last spectrum into the Ushhanced stellar wind. We remind here that our modelingef th
IR SED from quiescence (adapted according to Fig. 21 of Skopfmoad Hr wings, whose profiles satisfy kinematics of the ion-
2005) to demonstrate the negligible contribution of theibot ized stellar wind (Sect. 3.2.2), also supports locatiomefrhain
izing star in the optical (bottom panel of Fig. 7). Finallyis of source of the nebular emission around the hot star in a form of
interest to note that the spectrum from 2008, taken dur- the wind.
ing the minimum preceding the brightening phase, was plessib
to fit successfully (i.e. Wiﬂ)(rzed < 1) with contributions from i
the giant and nebula only. The stellar component was negligi1-1. Nebular lines
ble in spite of a higher level of activity. Such the model SE

4.1. Evolution of the ionized zone

is consistent with the suggestion of our colour-diagrangyoloes- %peCtrOSCOpic observations made after the major 1989k ac
tic (Sect. 3.1.3, Fig. 3 right), that during minima of the plirag phase, aarounc_i the 1994'ecllpse, s_howed that the nebular][O
wave in .thé LC thé variablé part of the light (see Eq. (5))fis émes_were subject to eclipse. Their fluxes faded by a factor o
the nebular natijre ' ~2 with respect to values, measured prior to and after thpsli
' (see Table 4 of Skopal et al. 2001). In contrast, from 2009

March, nebular [Qu] line fluxes increased by a factor ef4.5
and kept their values at a constant level to our last 2009rease
tion (200911/10), i.e. also throughout the eclipse (Fig. 5). This
From 2007, AX Per entered a new active phase, in spite thmhaviour implies that the hot star wind gives rise to a $igni
no typical 2-3 mag brightening in the optical was observe (scant fraction of the [@Qn] region. Its location is thus a function of
Sect. 3.1.1). This event was connected with a significamigba the mass-loss rate, which determines particle densitegigen
in the ionization structure in the binary during the traiesifrom distance from the wind source. Highld, places the [GQu] zone
the preceding quiescent phase. to larger distances from the hot star and vice versa. During a

In the continuum, this was indicated by a distinctive chand&e phaseM,, ~ 2 x 10°® Mgyr?, v, = 2000 kms? and
in the minimum profile observed/atound the inferior conjunc- critical densities for creation of nebular linag, 2 10” cm3,
tion of the giant. During quiescence, the broad minima in th@ace the [Qu] zone to distances > 210 Ry from the accre-
LC (e.g. E= 4 to 9 in Fig. 1) are caused by the orbital motor, i.e. far beyond the eclipsed region. However, durigegui
tion of extended ionized wind from the giant, which is pdigia cenceM,, ~ 1x10" Mg yr~t andv,, = 1600 km s* (Table 5),
optically thick (Skopal 2001). During active phase, theduro shrink the critical radius te-50 R, which thus can be partially
minima were replaced by narrow ones (eclipses), which sstggeeclipsed by the giant witRs ~ 115 R. Finally, the [Om] line

4. Discussion
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Fig. 7. Our low-resolution spectra (violet lines) and their models (black linesglacted dates during the 2007-10 active phase of AX Per. The
model SEDs and their components of radiation here represent aigfaph of Eq. (11) with the same denotation in keys. Fluxes are in units
ergent?2s 1 A-1, Corresponding parameters are collected in Table 6. Modeling is deddnilSect. 3.2.3.
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Table 6. Parameters of the SED-fitting analysis (see Sect. 3.2.3, Fig. 7).

A. Skopal et al.: Formation of a disk structure in the symbiotic binaryReX during its 2007-10 precursor-type activity

Date Stagd-mag Giant Hot object Nebula X
dd/mmyyyyy Sp.type Ter/K' | TWK RT/Ry  Ln/lo | TJK  EM/10¥cm
03/12/2007 A/ 12.5 5.8 3316 | 5250 6.2 26 34000 35 0.75
23/10/2008 A/12.4 5.8 3316 | 5250 8.2 45 | 23000 3.8 1.17
08/12/2008 A/ 12.7 5.8 3316 - - - 32000 4.8 0.87
09/04/2009 A/11.6 5.7 3326 | 5500 11 98 | 25000 8.2 0.80
05082009 A/13.0 5.8 3316 - - - 33000 2.6 0.78
26/08/2009 A/12.8 5.6 3336 - - - 28000 17 1.06
24/09/2009 A/12.0 5.6 3336 | 6250 7.0 68 32000 4.0 0.55
16/08/2010 Q/12.4 5.3 3366 - - - 27000 4.0 1.30
14/092010 Q/125 53 3366 - - - 27000 35 1.67

T according to the Fluks et al. (1994) calibratioheclipse

15 -

[y
o

Flux [10'12 erg cni? 51 A'l]
(6]

Fig. 8. Example of hydrogen line profiles of Balmer series. Systemic vi
locity of -117.44 kms! was subtracted. Blue-shifted absorption core

AX Per
2009/11/10

-500 -250 0

250
Radial velocity [km 'sl]

500

suggested a dominant contribution from the warm stellarcsou
(see Fig. 7), and the same was figured by our colour-diagram
analysis at that time (Sect. 3.1.3, point (ii); Fig. 3 |effie torre-
sponding 2009 pentagon lies close to the blackbody coloa).li
Effective temperatures,5500 — 6500 K, radii of6 — 11Rg
and luminosities between30 and 100 (Table 6) of the cool
stellar source imply its non-spherical shape. (i) If thisreva
sphere, its radiation would not be capable of giving risedhe
served nebular emission. On the other hand, the presenhe of t
strong nebular componet in the spectrum constrains thempces
of a hot ionizing source in the system, which is not seen tirec
in the optical. (i) If the radius of the eclipsed objeRt,= 27 Ry
(Sect. 3.1.2), were that of a sphere, its luminosity would beec-
tor of ~15 larger than that we observed at the 2009 bright stage.
These arguments suggest a disk-like structure of the hiveact
object withRp = Re. Assuming that its outer rim represents the
cool pseudophotosphere (Sect. 5.3.5. of Skopal 2005),ithen
luminosity

21Rp2HO TS = 4R T4 (15)

ForH/Rp = 0.3 (Sect. 3.2.2) an®, = 11Ry (Table 6) we get
Rp = 20 R, which is in good agreement witR, = 22.3+2 Ry,
obtained from the first two contact times of the 2009 eclipse.
Thus, we conclude that the hot stellar object that develcjed
ing active phase has a form of a flared disk, which outer rim
simulates the warm photosphere.

A comparison between thedrofiles measured at the same
orbital phase, but during quiescence and activity, reflant-
crease of the density of neutral atoms of hydrogen on the line

ecause the binary is eclipsing and thus we see its orbitedge

? sight during the active phase, i.e/axbund the orbital plane,

suggest a slow expansion of the neutral zone (see Sects. 3.2.12jnd 45€ct. 3.2.1, Fig. 6). Formation of the enhanced neutratesea

profiles consist of more components (Fig. 4), which sugghats
the hot star wind, at further distances from its origin, wasc
tured and not simply uniform in directions and densities.

4.2. Evolution of the neutral zone

ing material glaround the accretor’s equator is probably con-
nected with the enhanced wind from the hot star during active
phases. Observations constrain an optically thick wintiénhy-
drogen lines from the star’s equator to a certain latitudesrg

by Rp and H parameters of the disk, where it becomes opti-
cally thin further to the star’s pole (see the bipolar winddaloof
Skopal 2006). This suggestion is based on the SED analysis of
active eclipsing symbiotics (Fig. 27 of Skopal 2005). Thereo
sponding ionization structure then allows us to explairdgast
qualitatively) the basic profile of hydrogen lines duringiwty,

We indicated the presence of a warm stellar component in twbich consists of a central absorption core and extended-emi
composite spectrum photometrically, by our colour-diagid-
agnostic (Fig. 3) and by the 2009-eclipse profile, and spectreflect a slow expansion of the neutral zone (Sect. 3.2.18 €kh
scopically, by disentangling the observed spectrum istonii-
vidual components (Fig. 7). Both analyzes are consisteme¥ RVs of higher members of the Balmer series, which are created
ample, just after the 2009.6 eclipse, the model SEQO@2009) closer to the accretor, have a smaller negative velocity tha

sion wings. Radial velocities of central cores in Balmee$in

pansion accelerates from inner layers to outer ones, bethes
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lower members (Sect. 3.2.1, Fig. 8). Also, absorption cares fied a warm stellar source located at the hot star’'s equatochw
narrow even for higher members, which contradicts a fastiiyje developed during the 2007-10 active phase. The source had a
Keplerian, rotation for the case of a standard accretiok@g. form of a flared disk, which outer rim simulated the warm pho-
Pringle 1981). This suggests that the neutral zone in the &r tosphere. Its formation was connected with the enhanced win
a disk, creating during active phase, hasféedent origin than a from the hot star (Sect. 4.2). Probably, this connectionesgnts
standard accretion disk in CVs. However, it is importantaten a common origin of cool pseudophotospheres indicated gurin
that the absorption component from the neutral wind of the gictive phases of symbiotic stars.

ant can alsoféect the central absorption core, mainly around the

inferior conjunction of the giant. To recognize the origiintlee  Acknowledgements. The authors would like to thank Theodor Pribulla for acqui-
central absorption in the ddprofile unambiguously, more ob- sition of spectra at the David Dunlap Observatory. We alsaldiike to thank
servations along the orbit are needed to reconstruct ttiel ra&. Bacci, M. Marinelli, L. Ghirotto, A. Milani for assistapavith some of the

. . photometric and spectroscopic observations. We acknowledth thanks the
velocity curve (see e.g. Fig. 19 of Skopal et al. 1989). variable star observations from the AAVSO Internationatdbase contributed

by observers worldwide and used in this research. This relsees in part sup-

. orted by a grant of the Slovak Academy of Sciences Na02310.
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Table A.1. Table 2: OumB, V, Rc, Ic CCD photometric observations of AX Persei
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Date Julian date B \Y B-V V-R V-l

yyyy/mmydd  +2 450000

200706/08 4260.547 12.736 11.503 1.170 1.278 3.089

200707/07 4289.514 12.161 11.063 1.009 1.076 2.717

200707/14  4296.448 12.121 10.988 0.961 0.980 2.734

200707/16 4298.448 12.097 10.998 0.971 1.026 2.785

20070718  4300.466  12.044 10.947 00945 1.036 2.619

200707/25 4307.415 12.010 10.987 0.943 0.961 2.695

20070801 4314.473 12.092 10.999 0.963 1.127 2.723

20100801  5409.577 12431 11.353 0971 999  2.785

201008/07 5415.593 12.413 11.349 0961 1471 2774

20100808  5416.592 12.426 11.371 0966 999  2.798

20100822  5430.619 12.469 11.493 0.868 999  2.876

20100824 5432.553 12.471 11483 0.909 1511 2.834
Table B.1. Table 4: Emission line fluxes in erg cfis!

Date Julian date  [OIl]4363 _ Hell4686 H [OIl4950 [ON]5007  Hei5875  [FeVIl]6087 A Res
+2 450000

200707/31 4312.876 - 0.1027E-10 0.1375E-10 — - — - 0.7778E-10 h
20071120 4425.529 0.2692E-11 0.1138E-10 0.1673E-10 0.4850E-1298QE-11 0.8335E-11 0.5535E-12 0.1011E-09 |
200712/03 4438.438 0.2405E-11 0.9972E-11 0.1412E-10 ? 0.2067E-015967E-11 0.7494E-12 0.7677E-10 |
20080123 4488.506 - 0.1367E-10  0.1322E-10 — - — - 0.8410E-10 h
200807/07 4655.473 0.1323E-11 0.5628E-11 0.2748E-10 ? 0.6226E-05542E-11 0.1594E-11 0.1348E-09 |
200808/10 4689.450 0.1283E-11 0.6174E-11 0.3104E-10 ? 0.9025E-056602E-11 0.1406E-11 0.1485E-09 |
20080924 4734.609 0.9510E-12 0.7088E-11 0.3256E-10 ? 0.6724E-06455E-11 0.1697E-11 0.1652E-09 |
200810/13 4753.638 0.7731E-12 0.5899E-11 0.2880E-10 0.2676E-127186E-12 0.5223E-11 0.2060E-11 0.1085E-09 h
200810/23 4763.417 0.1115E-11 0.7103E-11 0.2769E-10 ? 0.5218E-024928E-11 0.1421E-11 0.8801E-10 |
200811/08 4778.393 0.1109E-11 0.6367E-11 0.2310E-10 ? 0.5525E-024105E-11 0.1593E-11 0.9858E-10 |
200812/08 4809.390 0.1309E-11 0.7203E-11 0.1918E-10 ? 0.6316E-023453E-11 0.1648E-11 0.9701E-10 |
20081221 4822.437 0.1268E-11 0.5378E-11 0.1349E-10 0.3315E-129120E-12 0.3583E-11 0.1825E-11 0.9757E-10 h
20090109 4841.426 0.8753E-12 0.5379E-11 0.9558E-11 0.3465E-121176E-11  0.2453E-11 0.1987E-11 0.7248E-10 h
20090324 4915.422 0.2726E-11  0.1571E-10 0.1985E-10 0.9929E-12411@E-11 0.7603E-11 0 0.8329E-10 |
200904/01 4923.323 0.3561E-11 0.1458E-10 0.1855E-10 0.8831E-124800E-11 0.8640E-11 0 0.8165E-10 |
200904/07 4929.303 0.2187E-11 0.1732E-10 0.2083E-10 0.1019E-11436BE-11  0.8459E-11 0 0.8557E-10 |
200904/08 4930.301 0.3125E-11 0.1648E-10 0.1939E-10 ? 0.5029E-018348E-11 0 0.7790E-10 |
200904/09 4931.262 0.3532E-11 0.1513E-10 0.1952E-10 0.1285E-11411@E-11 0.8451E-11 0 0.9625E-10 |
200904/14 4936.338 0.7458E-11 0.1461E-10 0.1145E-10 0.1656E-114710E-11 0.6371E-11 0 0.9172E-10 h
20090505 4957.458 0.2389E-11 0.1120E-10 0.1471E-10 0.7640E-124100E-11 0.7413E-11 0 0.8370E-10 |
200908/05 5049.535 0.3234E-11 0.6719E-12 0.6353E-11 ? 0.4926E-013008E-11 0 0.4250E-10 |
200908/26 5070.565 0.3085E-11 0.1359E-11 0.6866E-11 0.1055E-11458QE-11 0.3347E-11 0 0.5199E-10 |
20090924 5099.584 0.3314E-11 0.5999E-11 0.1118E-10 0.1105E-11447@E-11 0.6023E-11 0 0.6519E-10 |
20091110 5146.485 0.2615E-11 0.7074E-11 0.9168E-11 0.1538E-11531@E-11 0.4716E-11 0.2061E-14 0.7812E-10 h
201Q08/07 5416.368 0.1096E-11 0.6622E-11 0.2735E-10 ? 0.8840E-05056E-11 0.1521E-11 0.1274E-09 |
201008/16 5425.564 0.1244E-11  0.7124E-11 0.2732E-10 ? 0.9043E-05392E-11 0.1611E-11 0.1303E-09 |
20100821 5430.348 0.1490E-11 0.6655E-11 0.2520E-10 0.1160E-111748E-11 0.1356E-10 0.1612E-11 0.1361E-09 h
20100914 5454.560 0.1545E-11 0.7908E-11 0.2525E-10 0.3326E-12133QE-11 0.4801E-11 0.1574E-11 0.9732E-10 |

 h - high-resolution, | - low-resolution spectrum; ? - blendeot measurable line



