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a b s t r a c t

The aim of this note is to reconstruct optical light curves (LC) from the near-UV fluxes of the ultraviolet
spectra of symbiotic binaries during their quiescent phases. The method is based on the fact that the neb-
ular component of radiation dominates the near-UV during quiescent phases and represents the main
source of the light variability in the optical. We demonstrate this approach on example of two quiet sym-
biotic stars, SY Mus and RW Hya. Using their IUE spectra we determined U and B magnitudes in the stan-
dard Johnson system. Values derived from the near-ultraviolet are fainter then those measured
photometrically by DU � 0:2 and DB � 0:4. This difference is due to emission lines.

� 2008 Elsevier B.V. All rights reserved.

1. Introduction

Symbiotic stars are long-period (Porb � 1� 3 years or more)
interacting binary systems consisting of a late-type giant and a
hot compact star, believed to be a white dwarf. During the so-
called quiescent phases the white dwarf accretes a fraction of the
wind from the giant, which heats up its surface to a very high tem-
perature of Th � 105K, enhances its luminosity to Lh � 102 � 104L�
and enlarges its effective radius to� 0:1R� in the ultraviolet (cf. Ta-
ble 3 and Fig. 26 in Skopal, 2005). Such a hot and luminous source
of radiation then ionizes the winds from both the stars in the bin-
ary, giving rise to nebular emission. As a result, the observed spec-
trum of symbiotic stars is composed of three basic components of
radiation – two stellar, FHðkÞ and FGðkÞ, from the hot star and the
cool giant, respectively, and one nebular, FNðkÞ, dominated by the
component from the ionized fraction of the giant’s wind. Thus
the observed flux in the continuum, FðkÞ, is given by superposition
of all these contributions, i.e.

FðkÞ ¼ FGðkÞ þ FHðkÞ þ FNðkÞ: ð1Þ

Throughout the optical they rival each other, producing a composite
spectrum that is often characterized with bizarre colour indices. In

addition, the three components can be very different for individual
objects, and are subject to variation according to the orbital phase of
the binary and/or its activity.

Generally, during quiescent phases the nebular flux usually
dominates the near-UV and optical U spectral region, whereas at
longer wavelength, from about B band, the observed flux is domi-
nated by that from the giant (cf. model SEDs in Skopal, 2005). In
addition, the symbiotic nebula is partially optically thick, which
causes its apparent variation as a function of the orbital phase. This
orbitally-related wave-like variation is characterized with a sinu-
soidal profile of the LC along the orbit, whose minima and maxima
occur around the inferior and superior conjunction of the giant,
respectively. The magnitude difference between the minimum
and maximum, Dm � 1� 2mag, and, in agreement with the flux
distribution of individual components of radiation (Eq. (1)), is al-
ways larger in the blue part of the spectrum than in the red one.
For example, in the UBV photometric system, DU > DB > DV . This
type of variability was originally interpreted in terms of a reflec-
tion effect, in which the hot star irradiates the facing giant’s hemi-
sphere (e.g. Belyakina, 1970). Skopal (2001a) investigated this
wave-like modulation within the simple ionization model as pro-
posed by Seaquist et al. (1984). He found that the model emission
measure (EM) is equivalent to the observed one, and that its
variation produces that observed in LCs. Recently, Skopal (2007b)
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demonstrated the connection between the amount of EM and stel-
lar B-magnitude for V1329 Cyg by modeling the optical SED at dif-
ferent orbital positions of the binary.

In this paper, we describe the method to reconstruct the LCs of
quiescent symbiotic stars from their ultraviolet spectra (Section 2).
In Section 3, we apply it to two quiet symbiotic stars, SY Mus and
RW Hya with the main aim to enrich their scanty photometric
measurements. In Section 4, we compare both the reconstructed
and the measured magnitudes, and discuss the results.

Finally, we note that this contribution follows previous notices
to investigation of symbiotic stars (Skopal, 2000, 2001b;
Csátaryová and Skopal, 2005), which are aimed to point out some
interesting properties of symbiotic stars that can be useful in their
investigation.

2. The method

The stellar magnitude given by the nebular component of radi-
ation in the spectrum of a symbiotic star, measured through a pho-
tometric filter characterized with the effective wavelength f, can be
expressed as (Skopal, 2001a, Eq. (14))

mNðf Þ ¼ �2:5 logðEMÞ þ Cf ; ð2Þ

where Cf ¼ qf � 2:5 logðef =4pd2Þ; qf defines the zero of the magni-
tude scale at the given passband, ef is the volume emission coeffi-
cient per electron and ion at the wavelength f of the considered
filter and d is the distance to the object. For the standard Johnson
UBV photometric system and fluxes in units of erg cm�2s�1Å

�1
;

qU ¼ �20:9; qB ¼ �20:36 and qV ¼ �21:02 (e.g. Henden and Kait-
chuck, 1982). The quantity of EM is determined by the volume of
the ionized zone V and concentrations of ions, nþ, and electrons,
ne as

EM ¼
Z

V
nþnedV ¼ 4pd2 FNðkÞ

ek
; ð3Þ

where FNðkÞ is the measured flux of the nebular continuum and ek is
the volume emission coefficient at the wavelength k. Accordingly,
Eq. (2) can be written in the form

mNðf Þ ¼ �2:5 log
ef

ek
FNðkÞ

� �
þ qf ; ð4Þ

where the ratio ef =ek scales the nebular flux FNðkÞ to that contribut-
ing at the wavelength f of a photometric filter. For practical use we
plotted this ratio in Fig. 1 for U and B filters, and three selected elec-
tron temperatures ðTeÞ. Eq. (4) can be used to determine the stellar
magnitude only in the passbands, in which the nebular emission
dominates the spectrum. However, radiation of symbiotic stars is
composed of three basic components (Eq. (1)). Therefore, to derive
optical magnitudes, contributions from other sources have to be in-

cluded. According to model SEDs the nebular component of radia-
tion usually dominates the near-UV/U spectral region during
quiescent phases and the outbursts of the second type (Skopal,
2005). In these cases, light contribution from the hot star can be ne-
glected in the optical, because of its very high temperature
ðTh P 105KÞ. However, radiation from the giant has to be consid-
ered. Then, Eq. (4) can be written in a more general form as

mðf Þ ¼ �2:5 log
ef

ek
FNðkÞ þ FGðf Þ

� �
þ qf ; ð5Þ

where FGðf Þ is the flux from the giant at the effective wavelength of
the filter, f. This quantity can be taken directly from available SEDs
of giants in symbiotic stars (e.g. Skopal, 2005) or estimated from
their spectral type (e.g. Mürset and Schmid, 1999), corresponding
colour indices or synthetic models (Lee, 1970; Kučinskas et al.,
2005) scaled to an IR magnitude. From the B band to longer wave-
lengths the F Gðf Þ flux must be included, otherwise the magnitudes
inferred from Eq. (5) will be fainter. Also the phase-independent
contribution from the giant produces a lower amplitude of the orb-
itally-related variation caused by the nebula. Finally, we note that
Eq. (5) cannot be used for systems during the 1st-type of outbursts,
because a warm shell of the stellar nature dominates the optical (cf.
Fig. 26 of Skopal, 2005).

To determine magnitudes according to Eq. (5) one needs to esti-
mate and deredden the nebular flux-point at an appropriate wave-
length of the UV continuum (we suggest the region between 3000
and 3200 Å for IUE spectra). Then to transform this flux to the
effective wavelength of the considered filter by multiplying it with
the factor of ef =ek (Fig. 1), to add relevant constants, FGðf Þ and qf ,
and to redden these magnitudes to be comparable with the ob-
served photometric measurements. Note that it would be incorrect
to derive magnitudes directly from the observed UV fluxes, because
the extinction curve is a wavelength-dependent function. It is
important to take into account that the magnitudes given by Eq.
(5) correspond to those of the net continuum. They do not include
the effect of emission lines and therefore are fainter than those ob-
tained directly by the standard photometry (see Skopal, 2007a in
detail).

Finally, we calculated the volume emission coefficient for
hydrogen plasma only including contributions from recombination
and bremsstrahlung as introduced by Skopal (2001b). According to
the asymmetry of the U filter with respect to the wavelength of the
Balmer discontinuity, kB, we calculated the emission coefficient eU

as the weighted average of its values from both the sides of the Bal-
mer jump as

eU ¼
e�
R kB

0 Skdkþ eþ
R1

kB
Skdk

h i
R1

0 Skdk
; ð6Þ
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Fig. 1. The ratios eU=ek and eB=ek for Te ¼ 15; 000, 20,000 and 30,000 K. According to Eq. (5), the nebular flux at, for example, k3100Å is converted to the Uðf ¼ 3650ÅÞ and
Bðf ¼ 4400ÅÞ bands by multiplication with a factor of � 0:7 and � 0:2, respectively.
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where Sk is the response function for the U filter, and e� and eþ are
coefficients at the short and long wavelength side of kB, respec-
tively. For the sake of simplicity, we assumed them to be constant
within the filter width. For the U response function defined by, for
example, Matthews and Sandage (1963) or Johnson (1965),
eU ¼ ð1:17� 1:11Þ � 0:5ðe� þ eþÞ for Te ¼ 15;000� 35;000K.

3. Example objects

We demonstrate this method for symbiotic stars during quies-
cent phases, whose radiation throughout the near-UV spectrum
is dominated by the nebular emission (Section 1). In addition, we
selected objects with a high orbital inclination, where a large
amplitude of the wave-like orbitally-related variations can be ex-
pected. As a result, for the purpose of this paper, we reconstruct
the U and B LCs for two quiet eclipsing symbiotic stars, RW Hya
and SY Mus, with the main aim to enrich their scanty multicolour
photometric measurements. In both cases we use calibrated ultra-
violet spectra from the archive of the IUE satellite. The results are
summarized in Table 2 and plotted in Fig. 2.

3.1. RW Hya

RW Hya is a classical symbiotic binary harbouring a white
dwarf accreting material from a cool M2 III giant (Mürset and Sch-
mid, 1999) on a 370.4-day orbit (Schild et al., 1996). RW Hya is a
stable symbiotic system – no optical eruption of the Z And-type
has been observed to date. Its LC displays a wave-like variation
as a function of the orbital phase (Fig. 2). However, its UBV photo-
metric measurements are very scanty. Only a few observations
were published by Munari et al. (1992) and Skopal et al. (2004).
In addition, its orbital period of roughly 1 year makes it difficult
to cover the whole phased LC by the ground-based observations.
The system of RW Hya has a high inclination of the orbital plane
as indicated by the eclipse effect due to attenuation of the far-UV
continuum by Rayleigh scattering on atomic hydrogen (e.g. Schild
et al., 1996). Therefore, one can expect a pronounced variations in
the U passband, where the contribution from the nebula is domi-
nant (see Fig. 17 in Skopal, 2005).

For the purpose of this paper we selected all available IUE spec-
tra made by the long wavelength prime and taken through the

Fig. 2. LCs and SEDs for SY Mus and RW Hya. Top panels show UBV and visual LCs as a function of the orbital phase. Values derived from the IUE spectra (full symbols, Uobs and
Bobs in Tables 1 and 2) are fainter then those measured directly by means of stellar photometry (open symbols), due to the effect of emission lines (see the text). Bottom panels
show the optical SEDs with isolated main components of radiation from the giant, hot star and nebula. The SEDs were reconstructed according to Skopal (2005) around times
of spectroscopic conjunctions of the binary components (marked by arrows in top panels) to demonstrate also the nature of the orbitally-related modulation, which is due to
apparent variation in the nebular flux (shaded region).
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large aperture. We measured fluxes at k3200 Å and converted them
to U and B magnitudes according to Eq. (5) by using the ratios
eU=e3200 ¼ 0:72 and eB=e3200 ¼ 0:14 that correspond to Te ¼
15000K (Fig. 1). The contribution from the giant into the B pass-
band was estimated to FGðBÞ � 4:0� 10�13erg cm�2 s�1 Å

�1

(Fig. 2). The distance to RW Hya, d ¼ 820pc (Skopal, 2005) and
the coefficient e3200 ¼ 3:4� 10�28 erg cmþ3 s�1Å

�1
were used to

determine the emission measure according to Eq. (3). Measured
fluxes were dereddened with EB�V ¼ 0:1 (Mürset et al., 1991).

3.2. SY Mus

SY Mus is another stable symbiotic star, in which a white dwarf
accretes material from a cool M4.5 III giant (Mürset and Schmid,
1999) on a 625-day orbit (e.g. Dumm et al., 1999). The system is
eclipsing, the Rayleigh scattering significantly attenuates the far-

UV continuum around Ly-a when the binary approaches the posi-
tion of the inferior giant’s conjunction and the light from the hot
star disappears entirely from the spectrum (e.g. Pereira et al.,
1995). The visual LC of SY Mus displays a strictly periodic orbital-
ly-related wave-like variation (Fig. 2). Due to its location on the
southern sky, SY Mus was rarely observed from the ground-based
observatories (Schmutz et al., 1994). As a result its multicolour
optical photometry is very scanty (Skopal et al., 2007). However,
SY Mus had been observed intensively by the IUE satellite during
its whole lifetime. Strong variations in the UV flux were studied
by more authors (e.g. Schmutz et al., 1994, 1995, 1999). A variation
in the emission measure along the orbital phase was pointed out
by Skopal (2005). Therefore, SY Mus is a desirable system to enrich
its optical photometry by our method.

To reconstruct LCs from the ultraviolet spectroscopy we mea-
sured continuum fluxes at k3100 Å on all available LWP[R] IUE

Table 1
U and B magnitudes derived from IUE spectra of RW Hya. Indices ‘der’ and ‘obs’ denote dereddened and observed quantity, respectively. Uobs and Bobs values are plotted in Fig. 2.

Spectrum Date JD 2 4. . . Phasea Fder(3200) (erg cm�2 s�1 Å
�1

) EM(cm�3) Uder (mag) Uobs (mag) Bder (mag) Bobs (mag)

LWR03358 January 02, 79 43875.79 0.784 6.5E�13 1.5E+59 9.92 10.39 10.41 10.80
LWR05110 July 19, 79 44074.25 0.319 9.0E�13 2.1E+59 9.57 10.04 10.34 10.73
LWR05139 July 21, 79 44076.28 0.324 11.0E�13 2.6E+59 9.35 9.82 10.28 10.67
LWR05167 July 25, 79 44080.24 0.335 10.5E�13 2.5E+59 9.40 9.87 10.30 10.69
LWR05481 September 01, 79 44117.84 0.437 9.5E�13 2.3E+59 9.51 9.98 10.32 10.71
LWR09667 January 08, 81 44613.21 0.774 5.5E�13 1.3E+59 10.11 10.58 10.44 10.83
LWP06252 June 21, 85 46238.17 0.161 4.0E�13 9.5E+58 10.45 10.92 10.49 10.88
LWP10825 May 24, 87 46940.37 0.057 1.1E�13 2.6E+58 11.85 12.32 10.59 10.98

a JDsp: conj: ¼ 2;449;512þ 370:4� E Schild et al. (1996).

Table 2
As in Table 1, but for SY Mus.

Spectrum Date JD 2 4. . . Phasea. Fder(3100) (erg cm�2 s�1 Å
�1

) EM (cm�3) Uder (mag) Uobs (mag) Bder (mag) Bobs (mag)

LWR08855 September 21, 80 44503.6 0.924 2.0E�13 8.7E+58 11.23 12.86 11.42 12.77
LWR10828 June 11, 81 44766.9 0.346 7.0E�13 3.0E+59 9.87 11.50 11.03 12.38
LWR12059 November 29, 81 44938.5 0.620 7.8E�13 3.4E+59 9.76 11.39 10.97 12.32
LWR12116 December 11, 81 44949.6 0.639 6.3E�13 2.7E+59 9.99 11.62 11.07 12.42
LWR01263 February 19, 82 45020.3 0.751 5.6E�13 2.4E+59 10.12 11.75 11.12 12.47
LWP03354 May 13, 84 45834.2 0.054 1.1E�13 4.8E+58 11.88 13.51 11.51 12.86
LWP15824 July 2, 89 47709.6 0.054 1.0E�13 4.4E+58 11.99 13.62 11.52 12.87
LWP16306 September 8, 89 47778.2 0.164 2.5E�13 1.1E+59 10.99 12.62 11.37 12.72
LWP16966 December 20, 89 47881.1 0.329 5.7E�13 2.5E+59 10.10 11.73 11.12 12.47
LWP17598 March 25, 90 47975.9 0.481 9.3E�13 4.0E+59 9.57 11.20 10.88 12.23
LWP18063 June 9, 90 48051.7 0.602 8.6E�13 3.7E+59 9.65 11.28 10.92 12.27
LWP18527 August 5, 90 48109.1 0.694 6.0E�13 2.6E+59 10.04 11.67 11.09 12.44
LWP19567 January 13, 91 48270.0 0.951 1.1E�13 4.8E+58 11.88 13.51 11.51 12.86
LWP20180 April 18, 91 48364.8 0.103 2.1E�13 9.1E+58 11.18 12.81 11.41 12.76
LWP20798 July 13, 91 48450.6 0.241 4.8E�13 2.1E+59 10.28 11.91 11.18 12.53
LWP20951 August 4, 91 48473.4 0.276 6.0E�13 2.6E+59 10.04 11.67 11.09 12.44
LWP20982 August 10, 91 48478.5 0.286 6.0E�13 2.6E+59 10.04 11.67 11.09 12.44
LWP21082 August 25, 91 48494.5 0.310 7.7E�13 3.4E+59 9.77 11.40 10.98 12.33
LWP22205 January 7, 92 48628.9 0.526 9.5E�13 4.1E+59 9.54 11.17 10.87 12.22
LWP22777 April 10, 92 48722.6 0.676 7.0E�13 3.0E+59 9.87 11.50 11.03 12.38
LWP23798 August 29, 92 48863.5 0.902 2.1E�13 9.1E+58 11.18 12.81 11.41 12.76
LWP28131 May 15, 94 49487.6 0.898 2.1E�13 9.1E+58 11.18 12.81 11.41 12.76
LWP28266 May 26, 94 49498.5 0.916 1.5E�13 6.5E+58 11.55 13.18 11.47 12.82
LWP28324 June 4, 94 49508.4 0.932 1.1E�13 4.8E+58 11.88 13.51 11.51 12.86
LWP28422 June 15, 94 49518.5 0.948 1.1E�13 4.8E+58 11.88 13.51 11.51 12.86
LWP31938 February 6, 96 50119.8 0.911 2.6E�13 1.1E+59 10.95 12.58 11.36 12.71
LWP31985 February 14, 96 50127.8 0.924 1.7E�13 7.4E+58 11.41 13.04 11.45 12.80
LWP32019 February 23, 96 50136.7 0.938 1.5E�13 6.5E+58 11.55 13.18 11.47 12.82
LWP32130 April 13, 96 50186.9 0.018 1.4E�13 6.1E+58 11.62 13.25 11.48 12.83
LWP32308 May 25, 96 50228.7 0.086 1.4E�13 6.1E+58 11.62 13.25 11.48 12.83
LWP32324 June 1, 96 50235.5 0.097 2.1E�13 9.1E+58 11.18 12.81 11.41 12.76
LWP32333 June 4, 96 50238.5 0.102 2.1E�13 9.1E+58 11.18 12.81 11.41 12.76
LWP32349 June 7, 96 50241.6 0.106 2.1E�13 9.1E+58 11.18 12.81 11.41 12.76
LWP32362 June 11, 96 50246.4 0.113 2.2E�13 9.6E+58 11.13 12.76 11.40 12.75
LWP32370 June 18, 96 50252.6 0.124 1.6E�13 7.0E+58 11.48 13.11 11.46 12.81
LWP32371 June 23, 96 50257.6 0.132 2.3E�13 1.0E+59 11.08 12.71 11.39 12.74
LWP32383 July 17, 96 50281.9 0.170 2.9E�13 1.3E+59 10.83 12.46 11.34 12.69

a JDsp: conj: ¼ 2;450;176þ 625� E Dumm et al. (1999).
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spectra taken through the large aperture. According to the model
SED (Te ¼ 18;500 K, Skopal, 2005) we used the ratios eU=e3100 ¼
0:70 and eB=e3100 ¼ 0:17 to convert the nebular flux from the ultra-
violet to U and B magnitudes (Eq. (5), Fig. 1). The B-band flux from
the giant was estimated to F GðBÞ ¼ 1:6� 10�13 erg cm�2 s�1 Å

�1

(Fig. 2). Observed fluxes were dereddened with EB�V ¼ 0:35, and
to determine EM we used the distance to SY Mus of 1 kpc
(Skopal, 2005) and the emission coefficient e3100 ¼ 2:75�
10�28 erg cmþ3 s�1 Å

�1
.

4. Discussion

4.1. The effect of emission lines

The optical magnitudes derived by our method correspond to
the net continuum, while those measured photometrically include
contributions from both the continuum and the lines. The effect of
emission line spectrum of quiescent symbiotic stars on the mea-
sured U and B magnitudes is of a few �0.1 mag (Skopal, 2007a).
Therefore, the shift between the reconstructed and measured LCs
of DU � þ0:2 and DB � þ0:4, revealed for our cases of SY Mus
and RW Hya (Fig. 2), can be ascribed to this effect. In addition,
the effect of emission lines varies probably with the orbital phase.
At the time of the inferior conjunction of the giant, it is larger due
to the lower level of the continuum than at the opposite position
(Skopal, 2007a). As a result the amplitude of the wave-like varia-
tion inferred from the UV continuum can be expected to be some-
what larger than that measured photometrically.

4.2. Wave-like variation and the SED

The variation in the U and B magnitudes obtained by our meth-
od is strictly periodic with the orbital phase, and is wave-like in the
profile. This behaviour is consistent with conditions during quies-
cent phases of symbiotic stars. We briefly comment on their main
characteristics as follows:

(i) In both cases the LCs show DU > DB. This has an origin in
apparent orbital changes of the nebular component of the
radiation and in the fact that the contribution from the giant,
which does not depend on the orbital phase, strengthens
towards the longer wavelengths (Fig. 2, Eq. (5)).

(ii) A large amplitude, DU � 2:2mag, was revealed for both sys-
tems. This is due to the dominant contribution from the neb-
ula within the U passband (Fig. 2, FNðUÞ � FGðUÞ), and due to
the fact that the EM and orbital inclination for both the sys-
tems are very similar (Tables 1 and 2).

(iii) However, DBðSY MusÞ � 0:6 > DBðRW HyaÞ � 0:3mag. This
difference is caused by the earlier spectral type of the giant
in RW Hya (M2, Teff � 3800K) than in SY Mus (M4.5,
Teff � 3400K), because the ratio FNðkÞ=FGðkÞ decreases more
rapidly with wavelength for earlier spectral type of the giant
(Fig. 2).

4.3. Sources of uncertainties

The uncertainties of the magnitudes derived by our method are
due to those of the UV continuum fluxes and Te. The long-wave-

length part of the LWP[R] spectra were usually well exposed,
having uncertainties of about 5%, which transforms into
Dm � 0:05mag (cf. Eq. (4)). The possible uncertainty in Te trans-
forms to that of the scaling factor ef =ek, which is a wavelength
dependent function. At k � 3350 Å the factor eU=ek practically does
not depend on Te (Fig. 1). However, eB=ek ¼ 0:14—0:25 at this
wavelength for Te ¼ 15;000� 30;000K, producing a maximum
range of uncertainties of DB � 0:6mag.

5. Conclusion

We introduced a method on how to convert the near-UV fluxes
of quiescent symbiotic binaries into the scale of the optical magni-
tudes (Section 2). The method is based on the fact that the nebular
emission dominates the near-ultraviolet and represents the main
source of the periodic variability in the optical light. We applied
the method to symbiotic stars, RW Hya and SY Mus. Using their
IUE spectra we determined corresponding U and B magnitudes of
the Johnson system (Fig. 2). They enriched significantly current
data-sets of photometric measurements for both the stars, mainly
for SY Mus. The reconstructed magnitudes are fainter than directly
measured quantities by � 0:2 and � 0:4mag in U and B, respec-
tively. This difference is caused by the effect of emission lines on
the photometric magnitudes. By this way we also demonstrated
the nature of the wave-like orbitally-related variation in the LCs
of symbiotic stars as a result of the apparent periodic variation in
the EM along the orbital phase.
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