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Abstract

@ |In the optical, the spectrum of symbiotic binaries consistsontributions from the cool giant, symbiotic nebula ahe ot

(/) star. Strong emission lines are superposed on the continliutthis paper we introduce a simple method to extract irmidigi
components of radiation from photomettdBV magnitudes. We applied the method to classical symbiais #tX Per, AG Dra,
AG Peg and Z And, the symbiotic novae RR Tel and V1016 Cyg aadlhssical nova V1974 Cyg during its nebular phase. We
estimated the electron temperature and emission meastine okbula in these systems and thenagnitude of the giant in the

—symbiotic objects. Our results are in a good agreement Withe obtained independently by a precious modelling the R'GED.

) Keywords: Stars: binaries: symbiotic; techniques: photometric
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far-UV spectrum, while the nebula is usually dominant in the
o ) neartV/U domain, and the cool giant (especially the red gi-
~ Symbiotic stars are long-perioBdm, ~ 1 — 3 years ormore) - ant) dominates the nedR spectral region. In the case of yel-
interacting binary systems, which comprise a late-typ@gia |oy symbiotics the contribution of the giant to the Johnson’
—(usually a red giant of the spectral type M) and a hot compaoy jjter is very strong relatively to that from the nebula. How-
star, most probably a white dwarf. If the giant of the spdctraeyer, contributions from dierent sources in a symbiotic system
type G or K is present, we call them 'yellow symbiotics’. Dur- depend also on the level of the activity.

ing quiescent phases, the white dwarf accretes a fractiémeof  pyring active phases of symbiotic binaries with a high or-
wind from the giant. Typical mass loss rate from the giant injta| inclination, we observe narrow minima in their lighirges.
the symbiotic binaries is of a few times 170\/'@ yr. The ac- They can be interpreted as eclipses of the hot object by thie co
<f cretion process leads to heating up the white dwarf's sarfac  giant. This implies that during the activity the hot steiaurce

- :avery high temperature af ~ 10°K, and increases its lumi- produces a dominant amount of its radiation within the opti-

nosity toLy ~ 10* - 10" L,. Such the hot and luminous WD is ¢4 region. It is believed that an optically thick disk is ized

S capable of ionizing neutral wind particles of both the SBivS  5round the hot star at the orbital plane during active phisses

—1 'ngrise to a strong nebular radiation. During quiescenspBa  [Skopdl[2005). Its relatively cool rim mimics a warm pseu-

. . the symbiotic nebula represents mostly the ionized paef t dophotosphere, while the circumstellar material afjosiew

.= stellar wind from the giant. During active phases, the mass | the disk can easily be ionized by its hot central part. There-
rate from the hot component increases, and can temporary ejsre the observed depths of the minima are partially fillebyin

s ceed thatfrom the giant. As aresult, properties of the spifbi  the nepular radiation. Thus during the eclipses, the oleserv
nebula significantly change during the active phases. light consists of the contributions from the giant and thb-ne

Accordingly, the observed fluk, (corrected for the inter- |3 puring quiescent phases the optical region is domihate

stellar extinction) is given by the superposition of thresib 1,y the extensive nebula, which thus prevents from observing
components of radiation — from the nebuf§*""3 the cool gi-  eclipses. Corresponding colour indices are vefiedent from
ant,F9°™, and the hot stellar sourcg?®, i.e. those observed during active phases.

The aim of this paper is to propose a method of disentan-
gling photometridJ BV magnitudes of symbiotic stars into their
o o o components from contributing sources as given by Hd. (1).
Contributions of the individual components of the radiaif®- 15’ means to determine physical parameters of their iadiat
pend on the wavelength. The hot stellar source dominates ”]ﬂ particular, the electron temperatuf, and emission mea-
sure,EM, of the symbiotic nebula, and the brightness of the

1. Introduction
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cool giant in theV passband\92"). We describe our method
in the following section. First, we formulated some simplif
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ing assumptions (Sect. 2.1), and then we derived a system of

. . . . e Table 1: Colour excesses, distances and spectral types gfahts.
equations, which relates theoretical properties of théatxe P vpeeg

components to their observational characteristics (2e€}. In Object  Esv _ d  Special ref.
Sect. 3 we applied this approach to selected objects and com- [mag] [kpc]  type
pared the results with those achieved independently byhanot AX Per 027 173  M45 1,7
methods. Discussion and summary of the results are found in AGDra 008 11 K2K4) 17
Vel AG Peg 0.10  0.80 M3 1,7
Sects. 4 and 5, respectively. 7 And 030 15 M4.5 17
RR Tel 010 25 M6 23,7
V1016 Cyg 0.28  2.93 M7 457
2. The method vi974Cyg 032  1.77 - 6

2.1. Assumptions References:

In our approach we assume that the contribution from thé -'Skopall(20C5) and references therein
hot stellar source can be neglected within the optical. We th 2-Penston(1983)
consider contributions only from the nebula and the coahigia 3 -Whitelock(1957)
which simplifies Eq.[1) td=, = F1e042+ F9%" This assump- 4 -Nussbaumer & Schild(1981)
tion can be applied for systems during quiescent phasetg whi> -Paimuchia (2003)
during active phases, it is valid only under specific coodi. 6 -Chochol etal:(1993)
In the following two points we summarize reasons and condi” -Murset& Schmid|(1999)
tions, under which this assumption can be applied.
(i) During quiescent phases the hot star contribution can
be neglected in the optical, because of its very high tempetto determine the true continuum using the multicolour pheto
ature, which moves the maximum of its radiation to the ex-etry, we corrected the dereddened magnitudes for the irdfuen
treme ultraviolet or supersoft X-ray domain, while the epti of emission lines. For the purpose of this paper we used cor-
cal is contributed only with a very faint Rayleigh-Jeans tai rections presented by Skopal (2007), if not specified otiserw
in a blackbody approximation (elg. Kenyon & Webbink, 1984;The corrections are summarized in Tddle 3.
Murset et al.| 1991; Skopal, 2005). We investigated thiseca Finally, according to the Pogson’s equation, we converted
for three classical symbiotic stars AG Dra, AG Peg and Z Andthe magnitudes of the true continuum,, to fluxes by
during their quiescent phases.
(i) During active phases, a large optically thick disk is-cr F, = 10°04m+a) 2)
ated around the accretor at the orbital plane. Its signsturgyhere the constant, defines the magnitude zero. For the stan-
are indicated best for the systems with a high orbital ielin  §ard Johnsot BV photometric system and the fluxes in units
tion (see Fig. 27 of Skopal, 2005). For the eclipsing symbi-of ergcnt2s 1 A-1, gy = 20.9mag,gs = 20.36 mag andyy =

otics the hot stellar source is represented by a relatively"w 21 02 mag (e.g. Henden & Kaitchuck, 1982).
(Th ~ 22 000K) disk’s rim, which light contribution can be sig-

nificant within the optical region. Therefore, the radiatioom 2.3, Contributions from the nebula and the giant

the hot active object can be neglected only during the edips Now, let us have a look on basic relations for the nebular

As example here, we analysed the light from the 1994 eclipsgontinuum and that from the giant. The nebular flux in Ed. (1)
of AX Per during its 1989-95 active phase. In the case of NONtan be approximated by

eclipsing systems, the optical light from the hot object ban nebula
neglected at any orbital phase, because we are viewing the ac Fio0=kn x &a(Te), 3)
tive hot star more from its pole, and thus its radiation is not,

erek, [cm
cooled by the disk material on the line of sight. We demon nl

strate thl'ls case on eﬁample of A;]G(Iji).ra. licabl b [ergcn?st A1), which depends on the electron temperature
Finally, we note that our method is applicable to any o jECth the nebuld ¢, and is a function of the wavelength (e.g. Brown & M:

whose continuous spectrum consists of two or one (nebulalg7() - For the sake of simplicity, we calculated the volume
component of radiation. We demonstrate this case on exampl%mission cofiicient for the hydrogen plasma only, including

of symbiotic novae RR Tel, V1016 Cyg and a classical NOV& ontributions from recombination and bremsstrahlung. dn a
V1974 Cyg during its nebular phase. dition, Eq. [3) required,, and thus the emission cieient
£,(Te), to be constant throughout the nebula. The total emis-
sion produced by the optically thin nebula is

9] is the scaling factor, which determines amount
“of the nebula and:;(Te) is the volume emission cfiecient

2.2. The true continuum from UBV magnitudes

Photometric measurements i.e. obserdd&lV magnitudes
used in this work are summarized in Table 2. And?Fhebua = o) f nen,dV = £, EM, (4)
First, we corrected the observed magnitudes for the inter- v
stellar extinction using the extinction curve of Carddlliayton & MaihisaE M [cm3] is the so-called emission measure. It is deter-
(1989) with appropriat&g_y colour excess (Tablg 1). Second, mined by the volume of the nebula and concentrations of elec-

trons and ions (protonsi, andn,, respectively. So, with the



To simplify relations introduced in the following sectiome de-

Table 2: Input parameters for investigated objects - Phetooomeasurements. - .
PUtp 9 ) note the colour indices of the giant’s spectrlun; BandB-V,

Object Julian date 0 B v by UB andBV, respectively.
JD-24.. [mag] [mag] [mag] )
AX Per 49571 12.689 12.873 11.583 2.4. Parameters of the nebula and giant
Z‘g g;g g;ﬁ g-gzg ﬂ-%‘é Here we propose a method to estimate parameters of the
49601 12733 12936 11681 nebular radiationTe, EM) and that of the giant (e.gv92™),
49608 12.742  12.999 11.722 which dominates the optical part of the spectrum of most sym-
49621 12.715 12.870 11.660 biotic stars. Based on the assumptions formulated in Sekt. 2
AG Dra 23217;385 118-35527 1111-822 3-7725 and relations for the nebular emission (Sect. 2.3.), we aite w
52919 9189 10022 9181 following set of equations for the considered componenta-of
AG Peg 49974 9.16 9.76 8.56 diation. First, the total flux in the continuum is given by the
49988 9.13 9.73 8.55 superposition of fluxes from the nebula and the cool giaat, i.
49993 9.09 9.71 8.55 _
49996 9.10 976 858 Frebulay Fg'a“‘ = 10704V ) 7)
50012 8.97 9.75 8.56
50024 9.08 9.69 8.56 Ehebula pgiant _ q 4-0.4(B*"+qg) ®)
Z And 45172 1141 1172 1050 B B ’
45195 11.28 1174  10.64 Fnebula , pgiant _ 4 -04(v*"+qy) Q)
45196  11.27  11.77  10.64 v v _ ’ _
45204 1124 1177 1067 whereU®nt, Beont andyeont are magnitudes of the true contin-
RR Tel 48066 9.90  11.26  10.84 uum (Sect. 2.2.). Second, according to Ed. (3), the nebuwiar fl
VIoT6 Cyg 4485096775 3526 1111'2:1 1101'8145 in the spectrum is a function of the scaling fackarand the
V1974 Cyg 48883 8243 9350  9.426 electron temperaturg,, i.e.
|
Foebua = ki, sy(Te), (10)
nebula _
Table 3: Input parameters - Corrections for the emissiagslin FB =knes (Te)’ (11)
FOPPU =y 2y (To). (12)
Object Julian date AU AB AV . . . . . .
: JD-24. [mag] [mag [mag] Third, the ratio of the fluxes from the giant infilirent filters
AX Per 49600 0.77 062 -0.19 can be expressed with the aid of the Pogson’s equation as
AG Dra 52765  -0.033 -0.10 -0.01 Egiant
53172  -0.030 -0.08 -0.01 U _0.4(Ugiant_pgiant, g _ 0.4(UB+0
52919  -0.081 -0.12  -0.02 Comn 10704 Yu=te) = 107 04UBrAGe)  (13)
AG Peg 49305 019 041 -012 B
Z And 45293 030 -048 012 giant
RR Tel 51836 -1.71  -1.68 -0.87 Fgo 10-0ABINI gy qy) _ 1 0-04BV-+a-ay) (14)
V1016 Cyg 46045 -1.23  -1.67 -1.19 poiant — = :
V1974 Cyg 48883 157 -1.73 -0.66 v
Thus we have a system of eight equations (Egs. (7)o (14)) for
eight variables,
i issi iant iant iant
aid of Eq. [3), the emission measure can be expressed as Flebula phebula prebula polant - pgEant et e andTe,
Fnebula which can be solved for the known spectral type of the cool
EM = 4rnd%k, = 47rd28”(_|_ ) (5) giant (i.e. theU — B and B - V indices) and the measured
e UBYV magnitudes. The aim is to determine the three fundamen-
whered is the distance to the object. tal parameters, the electron temperafiigethe scaling factor

Due to the asymmetry of the filter with respect to the ki and the giant's magnitud&92™. The first two parameters
wavelength of the Balmer discontinuitygamer, We calculated ~determine the nebular emission, while the third one seities
the emission cdécientsy as the weighted average of its values radiation from the giant characterized with indidés- B and
from both sides of the Balmer jump (see Skbpal, 2009). For th® - V, and thus defines the second term on the right side of Eq.
response function of tHd filter, as published by Matthews & Sanfligd-rom the abovementioned system of equations (Egs. (7)

(1963), we get to (I4)) we can derive a relation for determining the elattro
ey = 0.6&y- + 0.4ey-, (6) temperature in a form (see Appendix A)
wheregy- andgy+ are emission cd&cients at the short and s(Te) [10_0.4(\/com+us-q5) _ 1(To.4(u°°m-3v-q3)] +
long wavelength side of thésamer, respectively. av(Te)
The stellar radiation_ from copl giants offﬁﬁr_ent spectral N eu(Te) [ 10-046E="-BV-q)) _ 1 07014(\,mquu)] . (15)
types can be characterized byfdrent colour indices. For the ev(Te)
purpose of this work we used colour indices from Johnson@).96 + [100,4(U°°”‘—q\,) _ 10—0.4(B°°”‘+UquV)] -0

3



Solving this equation fof, allows us to determine easily other giant in Z And and AX Per where we took the mean values of
parameters. For example, the scaling faktoas upper and lower limit of intervals because those interogysti
ebula o o were empty). Investigated objects are discussed in det#ile

_ RPR 10704BVEVTHGe) _ 1 g-04E™ vae) (16) following subsections.

= = 10-04(BV+s-tv) g\ (Te) — £g(Te)

3.1. Classical symbiotic stars during quiescent phase

3.1.1. AG Dra

yoiant — _o 5 |Og[10—o.4(vcom+qv) _ F\n/ebula —av, (17) AG Dra is a yellow symbiotic star, because its cool compo-
nent was classified as a normal K2 giant (e.g. Miirset & Schmid

1999). To analyse a quiescent phase of AG Dra by our method,

we usedJ, B, V measurements made on 200805 (Skopal et &l.,

and the giant’s magnitude in the V passba¥d™ as

whereF[®Pis given by

10-04(BV+Veiag) _ 1 (-0.4(B°"+0g) 2004) and 200406/21 (Skopal et al!, 2007). We selected these
Fnebula: (18) . . .
v 10-04BV+g—a,) _ 2a(Te) dates, because of having simultaneous spectroscopicvabser
ey (Te) tions, which allowed us to determine corrections for emissi

For more details see Appendix A. The ratios of the emissionines on theJ BV magnitudes (Fig. 6 of Gonzalez-Riestra et al.,
cofficientsey /ey andes /ey are plotted in FiglL 2008, and Viotti, private communication). The colour ireic

for a K2 giant,B -V = 1.16 andU — B = 1.16 (Johnsan,
1966) are, however, in conflict with the observed indicesu t
continuum, B — V)ops = 1.3 and U — B)ops = —0.2, because

7 observations contain contributions from both the giant tred
nebula. Therefore, for the purpose of our analysis we adopte
6 ’ZU ; SV _ the giant’s spectral type of K4, which is characterized viith
B’ v

dicesB -V = 1.41 andU - B = 1.66 (Johnsan, 1966).

Applying our method (Eqs.[(15) t& (IL7)) to these data we
obtained the electron temperature of the nebliday 20 000K
~—_ and its emission measueM ~ 1.7 x 10°9cm 3.

Ratio
N

3.1.2. AG Peg

AG Peg is known as the slowest symbiotic nova. Currently,
— it displays all signatures of a classical symbiotic star quees-
cent phase (Kenyon etlal., 1993; Mirset & Nussbaumer,/1994)
R T We investigated AG Peg around its optical maximum in 1993

Te[10°K] November, at the orbital phage = 0.63. Selection of these

photometric data was important to compare our results with
another analysis and to use appropriate corrections fos-emi
sion lines (see _Skopal, 2007). Thk B, V magnitudes were
taken from Tomov & Tomova (1998). We used values of 6 mea-
surements obtained between JD 2449974.3 and JD 2450024.3
3. Application to selected symbiotic stars and then averaged our results obtained from individualteigh

: For the spectral type of the giant in AG Peg we adopted M3
Our resulting parameters, the electron temperafuférom (Murset & SchmiH, 1999).

Eq. (|zg|;2)' sca:i:ng factok, éEﬁz ) and[(:j(IG)?, ﬁmissir;)yr;iggtea- Analyzing these data we reveal®g~ 17 910K ancEM ~
sureEM (see Eq. [(5)) and the magnitude of the gia 4.85x 10°°cm 3, which are quite similar to those obtained by
(Eq. (1)) are summarized in Tallé 4. ValuesEX¥ were Skopal (2005)

scaled for distances summarized in Tdble 1. Disentarig&d T '

magnitudes for the investigated objects are plotted in Eig. 313 7 And

Assuming that the uncertainties of the obsered andV Z And is a prototype of the class of symbiotic stars. We

magnitudes for all investigated systemsa805 mag+0.03 mag . :
and 0,03 mag, respectively (e.g. Skopal ek al.. 2007), we de:’;malysed.), B, V measurements taken around a light maximum

. . ! of a quiescent phase (i.ep ~ 0.5), because the corrections
rived intervals of possible values of the searched parasiete Co T : "
for emission lines were made at the same orbital positiohef t

which can be found in the fourth, sixth, eighth and tenth col- . . )
umn in Tabld}. Uncertainties in the corrections for emissio binary. For the purpose of our analysis, we used, V magni-
| tudes taken by Belyakina (1992). We selected 4 measurements

I|ne§ are not included. If more photometric measuremente We ¢ 0m ID~ 244517151 to B 2 445 204.42. The spectral type
available, we used mean values of parameters, corrensgpndi

to the individuall BV magnitudes. For these cases, we adopteé)f the glant_ n Z And s M45 (Mirset & Schrmd, 1999). How

- . . . ever, the giant’s colour indices are available only for $gc
uncertainties as the interception of parameter ranges diye types of M4 angbr M5, Therefore, we used indices for a M4
individual measurements (except for the brightness of twé ¢ yp ' '

4

Figure 1: Ratios of the emission deients we used to solve E_{15).



and M5 giant separately, and then averaged our resultneltai used dfferent colour indices of the giant. By this way we ob-
from individual nights. tained a lowerTe ~ 30000K and 38000K for a K2 and K3

Our resulting temperaturé, ~ 29 300K, is somewhat highergiant, respectively. However, the emission measure wagrat
than that determined by Skopal (2005). Using indices of a M5nsensitive to such a small change in the spectral type of the
giant led to a lower temperatur€s ~ 28 390K, while indices giant, because of its large quantity. We note that duriniyect
for a M4 giant yieldedl, ~ 30 220K. Our emission measure, phases the emission measure of the symbiotic nebulain AG Dra
EM ~ 7.8x 10°°cm3, is quite similar to that determined inde- increased by a factor 6f10.

pendently/(Skopal, 2005). In both cases (quiescence and activity) our parameters were

in a good agreement with those obtained independently by a
3.2. Classical symbiotic stars during active phase precise modelling the (02— 5) um SED in the continuum (see
3.2.1. AX Per Fig. 13 of_.Skapal, 2005).

AX Per is known as eclipsing symbiotic binary with an
orbital period of 680 days (Skopal, 1991). The cool compo-3.3. Symbiotic novae
nent of the binary is a normal giant of the spectral type M4.53 3.1. RR Tel
(Murset & Schmid) 19€9).  During active phases we observe  RR Te| is a slow symbiotic nova that underwent an outburst
narrow minima in the light curve at the position of the inéeri i, 1944 and whose optical light curve is still fadihg (Mitr€eNussbaun
conjunction of the giant. It is believed that they are causgd [1994] Kotnik-Karuza et al., 2006). The binary contains aalir
eclipses of the hot object by the cool giant. type variable as the cool component, which produces a neassiv
_In this paper we studied the 1994 eclipse, observed dukyind and give rise to a strong dust emission (e.g Jurkic &oKaruza
ing the 1989-95 active phase of AX Per. We uselBV 5007 Angeloni etdl, 2007). The system contains a very hot
measurements from the totality, between JD 2449 570.54 angh jyminous white dwarf (Miirset & Nussbauhier, 1994), iwhic
JD 2449620.56 (Skopal etlal., 1995). We assumed that contrignizes a fraction of the giant’s wind resulting in a stroregpo-
butions from both the nebula and the giant had not been \@ryin5; emission in the spectrum of RR Tel (Bryan & Kwbk, 1991).
significantly during the relatively short time of the totalipse For the spectral type of the giant in RR Tel we adopted M6
(~ 2 months). Therefore, also in this case, we derived paramg)ijrset & Schmibl/ 1999). We applied our method of disen-
ters for each night set & BV magnitudes, and then used their (5ngjing theUBV magnitudes to the measurements made on
means, to get the most probable values of the fitting paramete 199006/23 and 199M6/24 as published By Munari etlal. (1992).
As in the case of Z And we applied our method to both spectralyie found the electron temperature and the emission measure

types of a giant, M4 and M5, and used their means to obtaift are typical for the quiescent phases of other symbstdics
resulting parameters. (Tablel3).

In this way we received the electron temperature of the neb-
ulaTe ~ 30770K, the scaling factoky ~ 0.41x 10°cm™® 335 V1016 Cyg

Wgsié:h <E(3)rresp0nds tq the emission measwe] ~ 1.47 x V1016 Cyg underwent its nova-like outburstin 1964 (Fitzje et al
10 cm. Using the giant of the spectral type M5 led to lower 1966). The binary contains a Mira variable as the cool compo-

valuers of both nebular parameters than for a M4 giar)t. SkOp‘?f'lentwith a strong IR dust emission (e.g. Taranova and Shienav
(2005) modelled the UV-IR SED from the 1990 eclipse andyq04! parimucha et bl.. 2002; Archipova etal., 2008). Tieesp

found very similar value offe, but a factor of~2 higherEM tral type of the giant in V1016 Cyg is M7 (Miirset & Schiid,
than we obtained for the 1994 eclipse. The lower amount of thgggg)_ However, Johnsoh (1966) doesn't provide the indices
nebular emission indicated during the 1994 eclipse is friyba ;. ihis spectral fype. Theréfore, firstly we used the speéctr
connected with the ending of the 1989-95 active phase. Not.@,pe M6, and secondly, we neglected the giant contribution t
that the high temperature nebula appears to be strong just dy; gy, magnitudes, at all. We found that there is no significant
ing active phases of symbiotic stars (Skopal, 2005). Amall yigerence between these two possibilities. As a giant of the
the mean value of the giants magnitude is 11.15mag. HOW- gnecira) type M7 is even cooler than that of the M6 type (i.e.
ever, its value runs from 11.02 to 11.30 mag for these 6 iddivi ;i ~ontribution to the optical is lower), we decided to reeg|

ualUBV measéLiJaL(?ments_, including their uncertaintiesf®ent o giant contribution and calculated only the nebular icent
values of the/%*" magnitudes are beyond the measured uncery, Also, it is important to note that the nebular contribu-

tainties. Therefore, we conclude that they can be caused by, qominates the optical (see Fig. 5 of Skbpal, 2007), whic
variable brightness of the giant during the eclipse, pesitafe 1,565 it dificult to extract the relatively very faint light from

to its pulsations. the giant by our method. In our analysis we uséHV mea-
surements published by Parimucha etlal. (2000) from 1984 Oc-
tober, which are close to dates of the spectroscopic observa
tions used for emission lines corrections. The large eonissi
measureEM ~ 10°°cmr3, is typical for the active symbiotic
systems.

3.2.2. AG Dra

Here we demonstrate our method on BV magnitudes
measured during the optical burst of AG Dra in 2003 Octobe
(see Fig. 8 in_Skapal et al., 2007). We derived~ 45000K
andEM ~ 1.9 x 10°%cm3, which are significantly higher than
those we indicated during quiescent phase. To check sensiti
ity of these parameters to the contribution from the giarg, w
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Figure 2: TheUBV SED for investigated symbiotic binaries and novae. THV fluxes in the continuumgeont
nebula
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Table 4: Physical parameters of the nebula and the gianefected symbiotic stars and novae obtained by our methogefithngling theitJ BV magnitudes.

ObjeCt Julian date Te Te,min - Temax I<n I<n,min - kn,max EM E Mmin - EMmax Vgiant Vr%liim - Vr%lggt ph.*
JD-24.. K] K] [10Bcm®]  [10%®°cm®]  [10%9cmI) [10%°cm™3] [mag] [mag]
AX Per 49600 30770 27600 - 37600 0.41 0.39-0.47 1.47 1.408-1.6 11.15 11.08-11.20 AE
AG Dra 52765 20710 12330-35410 1.24 0.70-1.90 1.80 1.025 2.7 9.59 9.53-9.66 Q
53172 19230 11200-32610 1.16 0.62-1.79 1.68 0.90-2.59 9.579.50 - 9.64 Q
52919 44940 34210-64160 13.2 11.2-16.1 19.1 16.2 - 23.3 9.499.39-9.61 A
AG Peg 49 305 17910 16500-19130 6.33 6.00 - 6.93 4.85 4.6M-5.3 8.56 8.51-8.60 Q
Z And 45293 29300 24370-38040 2.89 2.59-3.14 7.78 6.99 -8.4510.08 10.01-10.16 Q
RR Tel 51836 18910 16370-21860 0.81 0.73-0.88 6.02 5440 6.6 11.83 11.74-11.90 Q
V1016 Cyg 46 045 24480 22100 -26530 2.59 252-271 26.6 25189 - Q
V1974 Cyg 48883 35760 31480-41420 20.4 19.3-21.8 76.5 3% Q

* phase: active phase (A), eclipse (E), quiescent phase (Q)

3.4. Classical nova V1974 Cyg Parameters of the nebula in our model also depend on colour

V1974 Cyg (Nova Cygni 1992) belongs to the group of theindices of the cool giant, which values, however, are oftién d
classical novae. It was discovered|by Collins (1992) on 1992ferent in diferent articles. For the purpose of this work we
February 19. To investigate the physical conditions in titiga adopted indices frorm Johnson (1966). Further, it is imparta
by our method, we used the data from its nebular phase takdf know the correct spectral type of the giant. Also heftedi
around day 210 after the optical maximum. According to theent authors recommend slightlyfirent spectral types for the
X-ray light curve of V1974 Cyg (see Fig. 1 bf Krautter et al., 9iants in the investigated systems. Furthermore, our aisaly
1996), the burning white dwarf in the nova was already very'evealed that the brightness of the cool giants can varyimath
hot at that time. Therefore we could neglect its contributo ~ féW times 0.1 mag (e.g. AX Per during the 1994 eclipse). This
the optical as well as that from the red dwarf companion. ThdyPe of variability can be ascribed to pulsations of latpetgi-
optical spectrum was thus strongly dominated by the nebula®Nts, because they represent their typical behaviour. hatie
radiation. As a result, we derived parameters characteyitie uncertainties cannot be included in our analysis. Theegfmur
nebular radiation component only. For this purpose, we useffsulting magnitudes of the giant can be considered onlg-as e
two flux-points corresponding, for example,tband B mag- ~ timates of their mean values.

nitudes. Particularly, we used photometric measuremakiést It is of importance to note that we modelled just the opti-
at JD 2448883.4 (1992917) as published by Chochol et al. @l continuum. So it is inevitable to know corrections foe th
(1993). i influence of emission lines on tHéBV magnitudes. Uncer-

Disentangling thesel andB measurements, we found a rel- tainty (ignorance) of these corrections can representrafisig
atively high electron temperature  ~ 36 000K, and also a cant source of errors of the fitting parameters. .
very high emission measurgM ~ 8 x 10°cm3 (Table 4). Knowing actual colour indices of the giant and corrections
for emission lines, our system of equations allowed us tdystu
the dfect of uncertainties of th&) BV magnitudes to the fit-
ting parameters. We could easily found extreme values of the
é)arameters, as well as their values based on all possibleicom
hations ofU BV magnitudes.
During quiescent phases we found the electron temperature

4. Discussion

Physical parameters for the symbiotic nebulae, which w
derived by disentangling the BV measurements (Sect. 3, Ta-

ble 4), are in a good agreement with those determined by a pre- : . . S
cise modelling the UV-IR SED (Skopal, 2005). We found thati-rghezrovg?uoeg (\)/\;rhlle glcj)rcl)rg)goiﬁt(l)vgopohssgigzgrgﬁfgsg;r?glecfr::d
e~ .

the emission measure can be determined with a higher agcurac >. . . 9 m :
.7~ " “8mission measure was in the orderaf0°° cm3, while during
than the electron temperature of the nebula. The formevéngi . . e o 03 .
; o : . activity we identified its increase to 10°° cm3. For symbiotic
by scaling the emission cficient, and thus can be estimated . . o P
e ) . ) novae we obtained even higher values-af0?° — 1081 cm3,
within the uncertainty of the photometric measurementslewvh : : .
o ' o Finally, we note that our method of disentangling thBV
the latter is given by the profile of the volume emission coef- : .
- " magnitudes can be applied to any spectrum composed from a
ficient. In addition, for lower values of electron temperag) nebular and stellar component of radiation
to sayT. < 25000K, the profile is relatively steeper than for P '
higher values offe. As a result a lowet can be determined
with a better accuracy than a higher one, and vice versa. Talb. Conclusion
ing into account dference inT between quiescent and active ) o ) .
phases, we can, in general, conclude that during the quiesge In this contribution we employed a method of disentangling

Te can be determined more precisely than in the activity, itespi tNe composite spectrum of the optical continuum on the basis
of equal uncertainties & BV measurements. of simple multicolour photometric measurements. Our megtho

(Sect. 2) allowed us to determine the physical parametetseof



main contributing components of the radiation into the cgdti  We have 7 equations noW (AL _AZ A4, A5, NG, N7 1A.9).
region — the nebula and the giant. Main results may be summdurther, we express the flux from the giant in Bgassband
rized as follows. F22" from Eq. [A2) as

(i) On the basis of th& BV photometric measurements, we
determined the true optical continuum of the selected sym-
biotic (-like) binaries.

(i) We compared the observed continuum by a model, whictnd substitute it to remaining equations. Equatibns] (A&,
includes contributions from the nebula and the giant (Sct(A.5), (A.6) don’t change. The Eq(A.7) turns into
In this way we determined the electron temperature and
emission measure of the nebula, and thmagnitude of

giant _ 0.4(B*°"+qg) nebula
F2am =107 B) _ FD

Izgiant - 10—0.4(UB+B°°”‘+qU) _ 10—0.4(UB+qU—qB)FEebula. (A.lO)

the giant. .
(i) Our model parameters are well comparable with those deThe Eq. [A9) tums into
termined independently by another method. In particular, 10 04EB>"+ds) _ Fgebula:
gyk spzj(a(;|03§5r;0delllng the UV-IR SED as introduced by _ 10-04BVHVgg) _ 10704BV+te=av) nebuia (A.11)

(iv) Our approach thus provides a good estimate of the phys

e have 6 equations noW (AL A4 AL, N6, A0, A.11).

Itﬁzl gatzggsifiﬁeoggggtg?:tgg;g;(/c ei;fc):?gt'?“on IntoFulrther, we express the flux from the giant in thepassband
P P Y- FJ%" from Eq. [A1) as

i cont
Acknowledgment Fg'a”t — 1004 ray) _ Faebula
This research was supported by a grant of the Slovak Academy . _ o ) )
of Sciences, VEGA No./203810. and substitute it to remaining equations. Equatibns| (AALD),
(A6), (A.11) don’'t change. The Ed._(AI10) turns into
Appendix A. Relation for determining theelectron temper- 10704 +au) _ Frebula_
ature (A.12)

0.4(UB+B*"+qy) _ 1 -0.4(UB+qu—0g) =nebula
10° W~ 10 u=Ge) f nebula

In this appendix we derive relation for determining the elec .
tron temperature (E4_L5) from the following system of equa-/V& have 5 equations now (Al4. A5, Al6. AI11, A.12).

tions Further, we express the scaling factor of the nekgifeom Eq.
ngant n FBEbUIaZ 10—0.4(U°°”‘+qu)’ (A.l) M as
nebula
ngant + Fgebula: 100.4(B°°”‘+q5), (A.2) kn — :U(T )
Ulle
giant nebula _ 0.4(Ve"+qy)
Fyo +RyT=100 ’ (A-3) and substitute it to remaining equations. Equatipns (A L12)
FUevua = ki, su(Te), (A.4) don'tchange. The Eq(A5) turns into
nebula _
Fg = ka e8(Te), (A.5) [Fnebula _ e8(Te) [ nebula (A.13)
F\n/ebula: Kn ev(To), (A.6) B eu(Te) u
giant m i
F;Jiam — 10 04U"-BY"qu—0e) _ 10—0.4(UB+C|U_C|B)’ (A7) The Eg. ) turns into
Fo yeova - SVTe) prevu (A14)
I:g|a\nt SU(Te)
B. — 0—0.4(Bg‘ant—vg‘a”‘+q5—q\,) — 100.4(BV+q37q\/). (A8)
Fg'a”‘ We have 4 equations now (AT, Al1Z AlL3 A.14).
Further, we express the flux from the nebula intthpassband
At the beginning we have 8 equations (A[T-A.8). Frebulafrom Eq. [AI3) as
We express the flux from the giant in tigpassband " from
Eq. (A3) as

nebula _ €U (Te) nebula
U - FB
EB (Te)

giant _ 0.4(V®"+qy) _ =nebula
Fyo =10 Fy

and substitute it to remaining equations. Equafion (A. bEsmh'’t
and substitute it to the remaining equations. Equation$)(A. change. The Eq{A14) turns into
(B2, &3), (A5), [A8), [AT1) do not change. The EG_().8

turns into nebula _ €V (Te) —nebuia

VT (T ® (A15)

ngant — 100.4(BV+V°°”‘+qB) _ 10—0.4(Bv+q5—qv)|:\r}ebula. (A.9)



The Eq. [AJIR) turns into which we used in this work (Eq. (15) in the main text). After
determining the temperatufie from Eq. [A.20), we can easily

determine other parametefePua Febula prebua o - poant

F3*" and FJ*™. For example, we can use equations in the
frames. If we are interested only in three fundamental param
ters (Te, ko andVv92™) it is better to determine the scaling factor

1070A4U™ ) _ eu(Te) [ nebula _
——F§ =
SB(Te)
0.4(UB+Bcom 0.4(UB+qu— bul
= 1070AUB+E® ) _ 1 g-0.4(UB+qu-Gg) Enebula

(A.16)

We have 3 equations no (A1, Al{5,Al16).

Further, we express the flux from the nebula in Bhypassband
Foebulafrom Eq. [AI5) as

B (TE) E nebula

Fnebula —
B &y (Te) \Y

and substitute it to remaining equations. The Eq._(A.11ngur
into

&8(Te) nebula _
ev(Te) v

0.4(BV+\Veont —0.4(BV+0g— bul
107 04BV+Vegs) _ 1 04(BV+ds qV)F\r}e ula

10 O4B= ") _
(A.17)

The Eqg. [[A16) turns into

gu (Te) E nebula _
—F =
&y (Te)

cont, | _ SB(T )
— 10—0.4(UB+B +qu) _ 10 0.4(UB+qu—0g) € F\r}ebula
&y (Te)

We have 2 equations nolv (AJI7,A]18).

Further, we eliminate the flux from the nebula in thpassband
Foebdla from Egs. [ALY) and{AJ8). We get the following
equation:

004U ) _
(A.18)

10»0.4(BV+V°°”t+qB) _ 100.4(B°°m+q5)

Fnebula:
v 10—0.4(BV+qB—qV) _ es(Te)
ev(Te) (A 19)
10-0-4(UB+B*M+qy) _ 1g-04(U*"+qu) .
- - — 8(Te) u(Te)
10-0.4(UB+ay QB)% — Z\lj(Te)

of the nebulak,, from

nebula
— FV

- Ev (Te)

as we did in the main text.

(A.21)
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