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 � stars: emission-line, Be � stars: late type Ïîâòîðíàòà íîâà RS Oph:Ôëèêåðèíã è ïðîìåíëèâîñò â åìèñèîííàòà ëèíèÿ Hα�àäîñëàâ Ê. ÇàìàíîâÒàçè ñòàòèÿ ïðåäñòàâÿ íàêðàòêî ðåçóëòàòèòå îò íàøèòå èçñëåäâàíèÿ íà ïîâòîðíàòàíîâà çâåçäà RS Oph, íà íåéíàòà êðàòêîâðåìåííà ïðîìåíëèâîñò è ïðîìåíëèâîñòòà éâ åìèñèîííàòà ëèíèÿ Hα. Ïðîâåäåíè ñà ñïåêòðàëíè è �îòîìåòðè÷íè íàáëþäåíèÿ ñíÿêîëêî òåëåñêîïà. Óñòàíîâèõìå, ÷å �ëèêåðèíãúò å èç÷åçíàë ñëåä èçáóõâàíåòî ïðåç2006 ã. Ïîÿâÿâàíåòî íà �ëèêåðèíãà íè äàâà âúçìîæíîñò äà îöåíèì α ïàðàìåòúðàíà Øàêóðà-Ñþíÿåâ çà àêðåöèîííèÿ äèñê â RS Oph: α = 0.26 ± 0.12. Íà áàçàòà íàåäíîâðåìåííè íàáëþäåíèÿ â UBVRI, îöåíèõìå òåìïåðàòóðàòà, ðàçìåðà è ñâåòèìîñòòàíà èçòî÷íèêà íà �ëèêåðèíã. Ïðîìåíëèâîñòòà â êðèëàòà íà åìèñèîííàòà ëèíèÿ Hα,íàé-âåðîÿòíî ñå äúëæè íà èçõâúðëÿíèÿ íà òîïêè (ñãúñòÿâàíèÿ) ñ òèïè÷íà ìàñà ∼

10−10 M⊙. Íèå ïîëó÷èõìå, ÷å ÷åðâåíèÿò ãèãàíò â RS Oph ñå âúðòè 2-3 ïúòè ïî-áúðçîîò îðáèòàëíèÿ ïåðèîä. Íàáëþäàòåëíèòå äàííè ñà äîñòúïíè îíëàéí íà íàøèÿ ñúðâåðhttp://195.96.237.247/.
1 Introduction

RS Oph comprises a high mass white dwarf (WD) in a 455 day orbit with a
red giant. RS Oph has had recorded outbursts in 1898, 1933, 1958, 1967, 1985
and 2006, plus probable eruptions in 1907 and 1945. The optical behaviour
from one outburst to the next is very similar. RS Oph is a peculiar symbiotic
star exhibiting different types of activity (see Bode 1987, Evans et al. 2008,
and papers therein):

– recurrent nova eruptions (light curves are discussed in Adamakis et al.
2011);

– collimated ejecta (Sokoloski et al. 2008; Eyres et al. 2009);
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– flickering (Walker 1977, Kundra et al. 2010);
– high velocity outflows (Zajczyk et al. 2008);
It is also suggested that RS Oph is a strong candidate for a future super-

nova explosion (Patat et al. 2011; Osborne et al. 2011).
The aim here is to present our findings on the Hα variability, flickering,

parameters of the flickering source, the value of Shakura-Sunyaev α parameter
in the accretion disk, and fast rotation of the mass donor.

2 Observations

Photometric and spectroscopic observations are performed with the follow-
ing telescopes: the 2m RCC and the 60 cm telescope of the Bulgarian Na-
tional Astronomical Observatory ”Rozhen”, 1.2m telescope of Observatoire
de Haute-Provence (France), 60 cm telescope of the Belogradchik observa-
tory, the 2.2 m telescope of the European Southern Observatory (ESO) and
from the archive of Isaac Newton Group of telescopes (ING). The data are
now available online (http://mars.astro.bas.bg/) or upon request from the
author.

Fig. 1. Examples of our CCD photometric observations. In June 2006 no variability has
been detected. In 2008 and 2009 flickering with amplitude in B band > 0.2 mag is visible.
The 2006 observations are obtained with the 1.2 m telescope of OHP (France), 2008 V -
2m RCC, B - Schmidt, 2009 - 60 cm Rozhen.
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Table 1. Observations of RS Oph in B band on minute-to-hour time scale. In the table
are given the date of observations, the amplitude of the B band variability (on time scale
minutes-hours), σB , and the reference.

Date-obs ∆B σB Reference
yyyy/mm/dd [mag] [mag]

1983/07/14 0.32 0.07 Bruch 1992
1983/07/18 0.38 0.06 Bruch 1992
1983/08/14 0.34 0.07 Bruch 1992
1993/06/06 0.19 0.07 Dobrzycka et al. 1996
1993/06/07 0.28 0.06 Dobrzycka et al. 1996
1993/06/09 0.24 0.05 Dobrzycka et al. 1996
1997/09/02 0.36 Sokoloski et al. 2001
2002/16/06 0.330 0.057 Gromadzki et al. 2006
2002/08/27 0.275 0.047 Gromadzki et al. 2006
2006/06/06 < 0.058 0.014 Zamanov et al. 2006
2006/06/08 < 0.050 0.011 Zamanov et al. 2006
2006/06/09 < 0.045 0.012 Zamanov et al. 2006
2006/06/10 < 0.035 0.008 Zamanov et al. 2006
2006/07/09 < 0.07 Hric et al. 2008
2006/08/18 0.11 Hric et al. 2008
2007/04/13 0.33 Hric et al. 2008
2007/05/03 0.60 Hric et al. 2009
2007/08/02 0.55 Hric et al. 2009
2008/07/06 0.23 0.051 Zamanov et al. 2010
2008/05/28 0.40 Hric et al. 2009
2008/07/12 0.38 Hric et al. 2009
2009/07/21 0.40 0.098 Zamanov et al. 2010
2009/07/23 0.24 0.062 Zamanov et al. 2010

3 Accretion onto white dwarf

At a process of accretion onto white dwarf the accreted material falls on the
white dwarf surface and forms envelope around the white dwarf. The mass
of the envelope (∆M) increases with the time as

∆M = Ṁ∆t. (1)

The pressure at the base of the envelope increases as

Pbase =
GMWD∆M

R2

1

4πR2
=

GM∆M

4πR4
, (2)

where G is the gravitational constant, MWD is the white dwarf mass,
When the pressure achieves a critical value Pbase ≥ 2× 1019 dynes cm−2,

a thermonuclear runaway begins on the white dwarf surface (see Gehrz et
al. 1998). This thermonuclear runaway we observe as nova outburst. The
amount of time between eruptions of a novae is determined by the mass



62 R. Zamanov
of the white dwarf itself and the amount of accreted material required to
trigger the outburst. The recurrent novae are much like classical novae but
are different as they are observed to have more then one outburst.

Fig. 2. 95 minutes simultaneous UBVR observations of RS Oph obtained on July 6, 2008.

4 Photometry and accretion disc viscosity

Rapid light variations with amplitude ∼0.3 mag in RS Oph were discovered
by Walker (1957). They were also observed by Bruch (1980, 1992). Dobrzycka
et al. (1996) even detected semiregular oscillations with period 82 min in June
1993.

The latest outburst of the recurrent nova RS Oph occurred in 2006 Febru-
ary. In June 2006 (∼ 120 days after the outburst) we performed CCD pho-
tometry. Our result was that the flickering was missing at that time. The
total intranight amplitude was ∆B < 0.06 and standard deviation of the
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mean was σ < 0.015. The disappearance of the flickering is also confirmed
by the observations of Hric et al. (2008). In Table 1 are summarized the
measurements of amplitude and σ in Johnson B band. A comparison with
other data indicates that the short term photometric variability is missing
in June 2006. The disappearance of the flickering of RS Oph indicates that
the accretion disk around the white dwarf has been destroyed by the 2006
outburst.

Worters et al. (2007) observed resumption of the mass accretion and re-
appearance of the optical flickering by the day 241 after the outburst.

Combining their and our results, we can obtain an estimate of the Shakura-
Sunyaev α parameter for the accretion disk in RS Oph. The time needed the
matter to cross the accretion disk (viscous time scale) is

∆t =
2(R/H)2R

3/2
out

3α
√
GMWD

, (3)

where Rout is the outer radius of the accretion disk. For a typical Shakura-
Sunyaev accretion disk, we can use for the ratio (R/H) ≈ 10. The parameters
appropriate for RS Oph are Rout ≈ 10–20 R⊙, MWD ≈ 1.4 M⊙.

For the viscosity parameter in RS Oph, we calculate α = 0.26 ± 0.12,
where the error includes the uncertainties of Rout, MWD, etc. The Shakura-
Sunyaev α parameter is already estimated for a few dozens of object (see
King et al. 2007 and references therein):
dwarf novae – α = 0.1− 0.3 (Smak 1999);
PG quasars – α = 0.01 − 0.03 (Starling et al. 2004);
blazars – α = 0.10 − 0.33 (Xie et al. 2009).

Not surprisingly, the value (α ≈ 0.26 for RS Oph) is similar to that of
the accreting WDs in dwarf novae (dwarf novae are binary star systems in
which a red dwarf transfers hydrogen-rich matter to its WD companion).

5 Simultaneous multicolour observations of the flickering

We performed a study of optical flickering in RS Oph, using optical photom-
etry obtained in July 2008 and July 2009 (Zamanov et al. 2010). Based on
the degree of flickering in each of our program filters (U, B, V, R or I), we
calculate the flux of the flickering component at multiple wavelengths (fol-
lowing the method of Bruch 1992). We then deredden these values assuming
E(B − V ) = 0.73. We calculate the colours of the flickering (U − B)0 =
−0.62 ± 0.07, (B − V )0 = 0.15 ± 0.10, (V − R)0 = 0.25 ± 0.05. We deter-
mine the best blackbody fit to the derived flickering spectrum at the two
observation epochs. We find that the source of the optical flickering has a
temperature of around Tfl ≈ 9500 ± 500 K in both observations, but that
the flickering source is significantly brighter in 2009 than in 2008, with a
bolometric luminosity of 150 L⊙ (vs. 50 L⊙ in 2008).

Recently, Nelson et al. (2011) obtained a flickering source flux density
from UV photometry (λ = 2310 Å) which is consistent with our July 2009
fit.
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Fig. 3. Plot of Hα emission line of RS Oph.
a) The Hα central double peaked component with FWHM ∼5Å (220 km s−1).
b) The same spectra as in a) but on different scales, so the Hα broad component is visible.
From up to down are plotted spectra from 2004/04/11, 2004/06/05, 2004/06/06, and
2004/08/31.

6 Hα variability

We report that the Hα emission line of RS Oph was strongly variable during
our 2004 observations on a time scale of 1 month (Fig.3). Our data suggest
that the Hα profile of RS Oph is purely in emission and consists of both
a double peaked central narrow component (FWHM ∼ 220 km s−1) and a
strongly variable broad one (FWHM > 2000 km s−1). The base of the Hα
line was very broad with FWZI≈4600 km s−1 on all spectra from 1986 to
2004. The variability of the broad component extends from −2000 to +2000
km s−1.

The Balmer emission lines, appearing in the extended envelopes of symbi-
otic stars usually have an ordinary nebular profile with typical FWHM∼100-
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150 km s−1. FWHM increases to 200 km s−1 only during the active phases.
The basic mechanism determining their width is turbulence in the gas. The
central narrow emission of RS Oph is very similar to the double peaked Hα
line of T CrB (other well known symbiotic recurrent nova) and the two stars
have practically the same FWHM of about 200-250 km s−1. The Hα line of
T CrB is supposed to be formed in the outer part of an accretion disk around
the hot compact object. However the peak of this component exceeds the level
of the continuum by a factor of 20-25 like purely nebular lines of the sym-
biotic stars. This peak height differs from that one of T CrB, which exceeds
the level of the continuum by a factor of 2-6 only.

While the appearance and the variability of the narrow component is
relatively common in symbiotic stars, appearance and variability of broad
component is detected in about 10 objects up to now. Fast (∼1000 km s−1)
bipolar winds/jets were detected in Hen 3-1341 and StHα 190 (Tomov 2003).
The jets in both systems appeared as satellite emission components on both
sides of the strong HI Balmer and HeI emission lines, and they looked similar
to the additional emission bumps in RS Oph (Fig. 3b). Similar profiles have
been observed in the symbiotic star AR Pav (Quiroga et al. 2002).

Here, we consider three possible origins for the broad component in RS Oph:
(1) The first possible origin is related to ejection of blobs of matter. These

blobs could be expelled by a rotating white dwarf magnetosphere (Tomov
2003 and references therein) or by a jet mechanism. The de-projected velocity
of the ejection is ∼1500-4000 km s−1, assuming it is realized normal to the
orbital plane, and also the orbital inclination is 300 − 400. This velocity is
practically the same as ejection velocities of up to 3800 km s−1 seen during
the 1985 and 2006 nova outbursts.

(2) Variable disk winds with similar (to RS Oph and CH Cyg) velocities
were detected in a few cataclysmic variables and the whole wind can even
turn on and off. The terminal velocity of the wind in the BZ Cam system is
vt ∼3000 km s−1 and the time scale of the variability is 30-40 min (Ringwald
& Naylor 1998). Indeed, their profiles bear a noticeable similarity to those in
RS Oph at some epochs. For Q Cyg the terminal velocity is vt ∼1500 km s−1

and the events last about 1.5 hours (Kafka et al. 2003). These time scales are
similar to those of the Balmer line variability of CH Cyg but not to RS Oph.
It is possible that the disk wind of RS Oph varies on longer time scales.

(3) If the variable broad component of RS Oph originates in an asymmet-
ric disk, then a Keplerian velocity of 1000 km s−1 requires a distance from
a 1.4 M⊙ WD of about 2×1010 cm. At that distance the Keplerian period is
20 min, which is considerably different from the observed time scale of Hα
variability of RS Oph.

All of the mechanisms considered are related to the accretion and the loss
of mass by the system. Whenever such mass-loss occurs, a question about its
quantitative estimate arises.

The velocity distribution of this line proposes movement of discrete re-
gions (blobs of matter) in the emitting environment (Fig. 3). We obtained
a rough estimate of the mass of one “average” blob. On the basis of its Hα
emission, we obtain mass of the blob Mblob ∼ 2 × 10−8 − 2 × 10−10 M⊙.
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One other estimate of the mass of the blobs can be obtained from the cal-
culated mass accretion rate Ṁacc ≈ 2 × 10−7 − 10−8 M⊙. Assuming 1 blob
per month and 10% of the mass accretion rate ejected in blobs, we calculate
Mblob ∼ 2×10−9−8×10−11M⊙ in agreement with the above estimate based
on Hα emission (more details can be found in Zamanov et al. 2005).

Fig. 4. Spectra of a few symbiotic in the near IR: wavelength range 8360-8450 AA. From
up to down: RW Hya (M2III, v sin i= 6.2 ± 1.0 km s−1), AG Peg (M4III, v sin i= 7.5 ± 1.0
km s−1), SS73 129 (M0III, v sin i= 8.9 ± 1.0 km s−1), RS Oph (M0III, v sin i= 12.0 ± 1.2
km s−1). The absorption lines in the RS Oph spectrum are broader due to the faster rotation.

7 Fast rotation of the mass donor

RS Oph has orbital period Porb = 455.72 ± 0.83 days (Fekel et al. 2000).
The inclination is about 30–40◦ (Ribeiro et al. 2009). A normal M0III giant
should have a radius Rg = 59.1 ± 3 R⊙ (van Belle et al. 1999).



The re
urrent nova RS Oph 67

We obtained high resolution spectra of a number of southern symbiotic
stars with the FEROS spectrograph mounted on 2.2m ESO telescope. Spec-
tra of a few symbiotics in the near IR are plotted in Fig. 4. One can see that
the absorption lines in RS Oph are broader than the those of other symbi-
otics, probably due to a faster rotation. Details of our data and measurement
technique can be found in Zamanov et al. (2008). For the projected rotational
velocity of the red giant in RS Oph we measure v sin i= 12±1.5 km s−1. This
will give for the rotational period of the red giant a 108 <Prot < 197 days,
i.e. Prot is 2–3 times less than the orbital period.

The red giant in RS Oph seems to rotate faster than the orbital period,
which means that it has to be in a process of deceleration. The expected
synchronization time is τsyn ≤ 5.104 yr.

While there are no doubts about Porb, any of the other parameters (v sin i,
inclination, red giant radius) have to be checked with independent measure-
ments. It is noteworthy that our experiments to measure v sin i with CCF
and spectra from different epochs showed that v sin i could even be higher
(up to 14.5±1.5 km s−1).

A possible reason for the fast rotation of the giant is that it was spun
up during the evolution of the system, when the present day red giant was
a main sequence star accreting material via Roche lobe overflow from the
former red giant which is the white dwarf now.

Open questions, which should be addressed in the future:
- what is the reason and mechanism generating the Hα variability (blobs or
disk wind)?
- what is the reason for the fast rotation of the red giant in RS Oph?
- what is the value of the viscosity α parameter in other symbiotic stars?
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