Contrib. Astron. Obs. Skalnaté Pleso 49, 189 – 196, (2019)

Studying symbiotic stars and classical nova outbursts with small telescopes

A. Skopal Astronomical Institute of the Slovak Academy of Sciences 059 60 Tatranská Lomnica, The Slovak Republic, (E-mail: skopal@ta3.sk)

Received: November 2, 2018; Accepted: March 5, 2019

Abstract. Symbiotic stars are the widest interacting binaries, whose orbital periods are of the order of years, or even more, while cataclysmic variables are interacting binaries with periods of a few hours. Both systems comprise a white dwarf as the accretor, and undergo unpredictable outbursts. Using the multicolour photometry and optical spectroscopy obtained with small telescopes, I present examples of the white dwarf outburst in a cataclysmic variable, the classical nova V339 Del, and that in the symbiotic star AG Peg. In this way I highlight importance of observations of bright outbursts using small telescopes. Key words: stars: binaries: symbiotic – novae, cataclysmic variables – individual: V339 Del, AG Peg

1. Introduction

Symbiotic stars (SSs) and cataclysmic variables (CVs) are interacting binary systems, in which the accretor is a white dwarf (WD). In the former the donor is a red giant, while in the latter an evolved main sequence star. Orbital periods are extremely different, being typically of the order of years for SSs, but only of a few hours for CVs. The red giant in SSs underfills its Roche lobe with a factor of ∼ 0.5 (e.g. Mürset & Schmid, 1999), whereas the evolved dwarf donor in CVs fills its Roche lobe. As a result, the WD in SSs accretes from the wind of the giant, while in CVs the accretion runs via the Roche-lobe overflow. A review of CVs can be found in the monograph of Warner (1995) and that on SSs in Kenyon (1986).

A common feature of these types of interacting binaries are their unpredictable outbursts observed on a very different and variable time-scale. The so-called classical nova (CN) outbursts of CVs are characterized by a large brightness amplitude of ∼7–15 mag, whereas the so-called Z And-type outbursts of SSs are as low as ∼ 1 − 3 mag in the optical. CN outbursts are caused by the explosive thermonuclear fusion of hydrogen to helium on the WD surface, when the pressure at the base of the accreted matter exerts the critical value (e.g. Bode & Evans, 2008, for a review). In most cases the CN events result from accretion onto the WD at rates of ∼ 10^{−11} − 10^{−8} M_⊙ yr^{−1}, which gives the recurrence time of their explosions usually much longer than the human life (Yaron et al., 2005). The energy output from the accreting WD in SSs can be generated by two different mechanisms. The observed hot component luminosity of ∼ 10^0 − 10^2 L_⊙ can be powered solely by the accretion process onto a WD (e.g. EG And, 4 Dra, SU Lyn, see Skopal, 2005a; Mukai et al., 2016), while in other cases, luminosities of a few times 10^3 L_⊙ (e.g. Muerset et al., 1991; Skopal, 2005b) are believed to be caused by stable hydrogen nuclear burning on the WD surface (e.g. Paczynski & Rudak, 1980). The latter requires accretion onto a low mass WD at ∼ 10^{−8} − 10^{−7} M_⊙ yr^{−1} (e.g. Shen & Bildsten, 2007).

The nature of outbursts of accreting WDs in SSs is not yet unambiguously established. The low luminosity accretion powered WDs could increase their energy output due to transient accretion phenomena connected with a disk instability, as in dwarf novae. Here an example can be a ∼1 mag brightening of Z And in 1997 (see Sokoloski et al., 2006) and/or the erratic activity of the symbiotic star CH Cyg (e.g. Mikolajewska et al., 1988). For the luminous nuclearly powered WDs in SSs, the event of outburst can result from an increase in the accretion rate above the level sustaining the stable burning, which leads to blowing optically thick wind from the WD (Hachisu et al., 1996) and the luminosity can increase to the Eddington limit. The wind converts a fraction of the hot WD’s radiation to the optical in the form of nebular emission, which causes a brightening in the light curve we indicate as the outburst. In this way, Skopal et al. (2017) explained the recent 2015 outburst of AG Peg.

In this contribution I present examples of the accreting WD outburst in a CV, the classical nova V339 Del (Nova Del 2013), and that in the symbiotic binary AG Peg. This work is based on the optical multicolour photometry and spectroscopy obtained solely with small telescopes collected mostly by amateur astronomers. In this way I demonstrate how such the observations carried out with a high cadence can contribute to worthy science.

2. Observations

2.1. Classical nova V339 Del

Classical nova V339 Del (Nova Delphini 2013) was discovered by Koichi Itagaki on 2013 August 14.584 UT at a visual magnitude of ∼6.8 (Nakano et al., 2013). On Aug. 16.45 UT, after ∼1.85 days of its discovery, the nova peaked at V ∼ 4.43 (Munari et al., 2013), and became to be an attractive target also for amateur astronomers that resulted in obtaining high-cadence photometric and spectroscopic observations in the optical. Figure 1 shows the AAVSO International Database^1 photometric observations in the B and I_C passbands. Optical spectroscopy for the purpose of this contribution was taken from the Astronomical Ring for Access to Spectroscopy (ARAS) database.^2 Here, the spectrum obtained by J. Guarro at the Santa Maria de Montmagastrell Observatory on

1https://www.aavso.org/data-download 2http://www.astrosurf.com/aras/Aras DataBase/Novae/Nova-Del-2013.htm

Figure 1. The B and IC light curves of the nova V339 Del from its explosion (day 0) to day 520 of its life as collected in the AAVSO International Database. Basic phases of the nova evolution are designated by thick gray lines.

August 15.99, 2013, and that secured by M. Fujii at the Fujii Kurosaki Observatory with a 0.4 m telescope on September 13, 2013, were used. The spectra were described in detail by Skopal et al. (2014).

2.2. Symbiotic star AG Peg

AG Peg is a symbiotic binary comprising an M3 III giant (Mürset & Schmid, 1999) and a WD on an 818-d orbit (e.g. Fekel et al., 2000). It erupted around 1850, and rose in brightness from ∼ 9 to ∼ 6 mag around 1885 (Lundmark, 1921). Afterwards, AG Peg followed a gradual decline to around 2000. Such the evolution represents the slowest nova outburst ever recorded (Kenyon et al., 1993). From around 1997 to June 2015, AG Peg kept its brightness at a constant level, showing just pronounced wave-like orbitally-related variations (see Fig. 2). During June 2015, AG Peg experienced a new outburst (Waagen, 2015). The new outburst was monitored both photometrically and spectroscopically with a high cadence and also in the X-ray domain by the Swift satellite. It was found that the 2015 outburst was of the Z And-type (Ramsay et al., 2016; Tomov et al., 2016), during which the enhanced wind from the burning WD converted a fraction of its radiation to the nebular emission causing the observed 2 mag brightening in the light curve (Skopal et al., 2017).

Optical spectroscopy presented in this contribution was performed by K. Graham at his private station using a 0.25 m telescope on October 27, 2013, by U. Sollecchia at the private station in L^′ Aquila with a 0.20 m telescope on June 26, 2015 and by D. Boyd at the West Challow Observatory using a 0.28 m telescope. Spectra are available at the ARAS database and were described by Skopal et al. (2017).

Figure 2. UBV light curves of AG Peg from 2003 to the present. During the quiescent phase the wave-like variation along the orbit is observed (the sine wave with the period of 818 days). Between June 2015 and June 2016, AG Peg showed a new outburst of the Z And-type. Data are from Skopal et al. (2012) and Sekeráš et al. (2019).

3. Analysis and results

During the nuclearly powered outbursts of WDs in CVs and/or SSs, the ejected material reprocesses the inner radiation, originally produced by the nuclear fusion on the WD surface. Because the geometrical and optical properties of the ejecta vary with time, the observed spectrum will be a function of the outburst stage. Generally, at the Earth we can observe the radiation from the WD photosphere, θ^2_{WD}πB_λ(T_{BB}), whose fraction can be converted to the nebular continuum, k_N × ε_λ(T_e). In the case of a symbiotic star, an additional component is emitted by the cool giant, which is compared with an appropriate synthetic spectrum, F_λ(T_{eff} ). As a result, the observed continuum can be expressed as

F (λ) = θ^2_{WD}πB_λ(T_{BB}) + k_N × ε_λ(T_e) + F_λ(T_{eff} ), (1)

where θ_{WD} = R_{WD}/d is the angular radius of the WD photosphere for the distance d. Fitting parameters are θ_{WD}, the blackbody temperature of the hot WD photosphere, T_{BB}, the observed emission measure, k_N, the electron temperature of the nebula, T_e, and the effective temperature of the cool giant, T_{eff} . The volume emission coefficient, ε_λ(T_e), includes f–f and f–b transitions in the hydrogen plasma. A detailed description of modelling the composite spectrum (1) is given by Skopal (2005b).

3.1. Models SED of V339 Del

During the early stage of the nova evolution, called the ‘fireball stage’, the expanding shell redistributes the major part of the inner energetic photons into

Figure 3. Observed (in magenta: spectrum and photometric flux-points) and models SED of V339 Del during the fireball stage (left) and the transition to harder spectrum (right). Observations were dereddened with EB−V = 0.18 mag (see Skopal et al., 2014).

the optical. The observed spectrum resembles that produced by a star of spectral type A to F. Accordingly, the spectrum of the nova can be compared with an atmospheric model, i.e., the first term in Eq. (1) is replaced by θ^2_{WD} F_λ(T_{eff} ) and the nebular contribution can be neglected. The left panel of Fig. 3 shows the observed spectrum from the optical maximum compared with the atmospheric model calculated for the effective temperature of the WD photosphere of 12 000 K. Corresponding scaling, θ_{WD} ∼ 8.3 × 10^{−10}, gives the luminosity of ∼ 2.0 × 10^{39}(d/4.5 kpc)^2 erg s^{−1}.

During the transition to harder spectrum, the ejecta dilutes on the line of sight, the WD photosphere becomes hotter, shifts its maximum to shorter wavelengths and ionizes the outer material giving rise to the nebular emission. Therefore, to model the observed continuum we use the first two terms on the right-hand side of Eq. (1). The right panel of Fig. 3 shows an example of the optical spectrum and its model SED. The nebular continuum radiates at T_e ∼ 40 000 K and strongly dominates the optical with a large emission measure of ∼ 3.0 × 10^{62}(d/4.5 kpc)^2 cm^{−3}. However, a small contribution of the hot WD photosphere in the optical does not allow to determine its T_{BB}.

3.2. Models SED of AG Peg

In the optical, the contribution from the hot WD in AG Peg (i.e., the first term on the right-hand side of Eq. (1)) is negligible with respect to those from the nebula and the cool giant. Therefore, the method is able to disentangle only these dominant contributions, i.e., to determine variables k_N, T_e and the giant’s spectral type. Fig. 4 shows examples of the optical spectrum from the quiescent phase and that from the very beginning of the 2015 outburst with their models SED. The nebular continuum dominated the optical immediately at the start of the outburst. A factor of ∼12 increase of the emission measure, from ∼0.75

Figure 4. Examples of the AG Peg spectra (magenta) and their models SED (black) from the quiescence (left), the 2015 outburst (right) and 2018 quiescence (bottom). Observations were dereddened with EB−V = 0.1 mag (see Skopal et al., 2017).

to ∼ 9 × 10^{60} (d/0.8 kpc)^2 cm^{−3} at these dates corresponds to the observed brightening by ∼2.7 mag (see Skopal et al., 2017, in detail).

4. Conclusion

In this contribution, using examples of the classical nova V339 Del (Nova Delphini 2013) and the symbiotic binary AG Peg, it was shown that bright explosions of accreting WDs in SSs and CVs represent very suitable targets for the science with small telescopes. The following points are relevant.

– An unpredictable sudden change in the brightness of these types of objects is exclusively discovered by photometric monitoring. A discovery of outbursts provides an alert for observation with other facilities (Sect. 2.2).

– Multicolour photometric measurements, when corrected for emission lines, define the continuum flux-points, which allow us to calibrate the spectra that are usually obtained in arbitrary units (Skopal, 2007, Figs. 3 and 4 here).

– High cadence of both photometric and spectroscopic observations as provided by AAVSO and ARAS databases allows a detailed mapping of usually fast events of outbursts (e.g., Fig. 9 of Skopal et al., 2017).

– Disentangling the composite spectra into its individual components of radiation allow us to determine the corresponding physical parameters (Sect. 3).

– Observations with small optical telescopes are useful to complement measurements in other wavelengths.

Accordingly, it is possible to conclude that photometric and spectroscopic observations of bright transients with small telescopes can contribute to worthy science.

Acknowledgements. This research was supported by a grant of the Slovak Academy of Sciences, VEGA No. 2/0008/17, and the Slovak Research and Development Agency under the contract No. APVV-15-0458.

References

Bode, M. F. & Evans, A. 2008, Classical Novae (Cambridge: Cambridge University Press)

Fekel, F. C., Joyce, R. R., Hinkle, K. H., & Skrutskie, M. F., Infrared Spectroscopy of Symbiotic Stars. I. Orbits for Well-Known S-Type Systems. 2000, Astron. J., 119, 1375, DOI: 10.1086/301260

Hachisu, I., Kato, M., & Nomoto, K., A New Model for Progenitor Systems of Type IA Supernovae. 1996, Astrophys. J., Lett., 470, L97, DOI: 10.1086/310303

Kenyon, S. J. 1986, The symbiotic stars (Cambridge: Cambridge University Press)

Kenyon, S. J., Mikolajewska, J., Mikolajewski, M., Polidan, R. S., & Slovak, M. H., Evolution of the symbiotic binary system AG Pegasi - The slowest classical nova eruption ever recorded. 1993, Astron. J., 106, 1573, DOI: 10.1086/116749

Lundmark, K., Ein neuer Veränderlicher vom P Cygni-Typus. 1921, Astronomische Nachrichten, 213, 93, DOI: 10.1002/asna.19212130604

Mikolajewska, J., Selvelli, P. L., & Hack, M., IUE low resolution observations of the symbiotic star CH Cygni in 1979-1986. 1988, Astron. Astrophys., 198, 150

Muerset, U., Nussbaumer, H., Schmid, H. M., & Vogel, M., Temperature and luminosity of hot components in symbiotic stars. 1991, Astron. Astrophys., 248, 458

Mukai, K., Luna, G. J. M., Cusumano, G., et al., SU Lyncis, a hard X-ray bright M giant: clues point to a large hidden population of symbiotic stars. 2016, Mon. Not. R. Astron. Soc., 461, L1, DOI: 10.1093/mnrasl/slw087

Munari, U., Valisa, P., Milani, A., & Cetrulo, G., Spectroscopy of the very fast Nova Del 2013, already declining past maximum brightness. 2013, The Astronomer’s Telegram, 5297

Mürset, U. & Schmid, H. M., Spectral classification of the cool giants in symbiotic systems. 1999, Astron. Astrophys., Suppl., 137, 473, DOI: 10.1051/aas:1999105

Nakano, S., Itagaki, K., Denisenko, D., et al., Nova Delphini 2013 = Pnv J20233073+2046041. 2013, Central Bureau Electronic Telegrams, 3628

196 A. Skopal

Paczynski, B. & Rudak, B., Symbiotic stars - Evolutionary considerations. 1980, Astron. Astrophys., 82, 349 Ramsay, G., Sokoloski, J. L., Luna, G. J. M., & Nuñez, N. E., Swift observations of the 2015 outburst of AG Peg - from slow nova to classical symbiotic outburst. 2016, Mon. Not. R. Astron. Soc., 461, 3599, DOI: 10.1093/mnras/stw1546 Sekeráš, M., Skopal, A., Shugarov, S., et al., Photometry of Symbiotic Stars - XIV.

2019, Contributions of the Astronomical Observatory Skalnaté Pleso, 49, 19 Shen, K. J. & Bildsten, L., Thermally Stable Nuclear Burning on Accreting White Dwarfs. 2007, Astrophys. J., 660, 1444, DOI: 10.1086/513457 Skopal, A., Accretion-powered symbiotic binaries: EG And and CQ Dra. 2005a, in Astronomical Society of the Pacific Conference Series, Vol. 330, The Astrophysics of Cataclysmic Variables and Related Objects, ed. J.-M. Hameury & J.-P. Lasota, 463 Skopal, A., Disentangling the composite continuum of symbiotic binaries. I. S-type systems. 2005b, Astron. Astrophys., 440, 995, DOI: 10.1051/0004-6361:20034262 Skopal, A., On the effect of emission lines on UBVR photometry. 2007, New Astron., 12, 597, DOI: 10.1016/j.newast.2007.04.003 Skopal, A., Drechsel, H., Tarasova, T., et al., Early evolution of the extraordinary Nova Delphini 2013 (V339 Del). 2014, Astron. Astrophys., 569, A112, DOI: 10.1051/0004- 6361/201424284

Skopal, A., Shugarov, S., Vaňko, M., et al., Recent photometry of symbiotic stars.

2012, Astronomische Nachrichten, 333, 242, DOI: 10.1002/asna.201111655 Skopal, A., Shugarov, S. Y., Sekeráš, M., et al., New outburst of the symbiotic nova AG Pegasi after 165 yr. 2017, Astron. Astrophys., 604, A48, DOI: 10.1051/0004- 6361/201629593

Sokoloski, J. L., Kenyon, S. J., Espey, B. R., et al., A “Combination Nova” Outburst in Z Andromedae: Nuclear Shell Burning Triggered by a Disk Instability. 2006, Astrophys. J., 636, 1002, DOI: 10.1086/498206

Tomov, T. V., Stoyanov, K. A., & Zamanov, R. K., AG Pegasi - now a classical symbiotic star in outburst? 2016, Mon. Not. R. Astron. Soc., 462, 4435, DOI: 10.1093/mnras/stw2012

Waagen, E. O., Very rare outburst of the symbiotic variable AG Peg. 2015, AAVSO Alert Notice, 521

Warner, B. 1995, Cataclysmic Variable Stars. (Cambridge: Cambridge University Press)

Yaron, O., Prialnik, D., Shara, M. M., & Kovetz, A., An Extended Grid of Nova Models. II. The Parameter Space of Nova Outbursts. 2005, Astrophys. J., 623, 398, DOI: 10.1086/428435