Contrib. Astron. Obs. Skalnaté Pleso 49, 183 – 188, (2019)

Optical observations of bright supernovae

D.Yu. Tsvetkov^1, N.N. Pavlyuk^1, S.Yu. Shugarov^{1,2} and I.M. Volkov^{1,3} 1 Sternberg Astronomical Institute, M.V. Lomonosov Moscow State University, Universitetskii pr. 13, 119234 Moscow, Russia 2 Astronomical Institute of the Slovak Academy of Sciences 059 60 Tatranská Lomnica, The Slovak Republic 3 Institute of Astronomy of the Russian Academy of Sciences, 48 Pyatnitskaya street, 119017 Moscow, Russia

Received: November 1, 2018; Accepted: March 20, 2019

Abstract. The program of CCD photometric monitoring of bright supernovae (SNe) has been carried out at 0.4 – 1.0 meter telescopes of the Sternberg Astronomical Institute, Crimean Astrophysical Observatory and Stará Lesná Observatory since 1998. We have observed more than 300 SNe of different types. We present the light curves of SN Ia 2014J, type II SNe 2009af, 2009ay, 2010jl, 2017eaw, type Ibn SN 2015U, and SLSN-I 2017egm. We discuss the physical parameters of the explosions and latest developments of the SN classification. Key words: supernovae – photometry

1. Introduction

Supernova (SN) outbursts represent the final, explosive stage in the evolution of certain classes of stars. SNe occur in several spectroscopically distinct varieties. Type I SNe are defined by the absence of hydrogen in their optical spectra, while SNe II exhibit strong lines of hydrogen.

Type II SNe is the most common class of exploding stars. They are thought to arise from the death of massive stars with the mass M > 8M_⊙, when the nuclear burning does not provide sufficient thermal pressure to balance the gravity of the star. Type I SNe are subdivided into types Ia, Ib, Ic on the basis of the intensity of lines in the near-maximum spectra.

SNe of the type II, Ib and Ic are the result of core-collapse of massive stars (CCSN), while SNe Ia are the thermonuclear explosion of a CO white dwarf, which loses stability by accreting matter from the companion (thermonuclear SN).

Recently, new classes were added to this classification scheme. Extremely luminous SNe with maximum luminosity exceeding the absolute magnitude M_V ∼ −21 mag were discovered. They are dubbed ”Superluminous SNe” (SLSN) and divided into classes SLSN-I (without hydrogen) and SLSN-II (with hydrogen).

2. Observations

Light curves and spectra are the basic observational characteristics of SNe.

Obtaining a good-quality light curve requires continuous monitoring of an object for a period from some months to a few years, while the brightness decreases by 5-10 magnitudes. This is an appropriate task for small telescopes with CCD photometers.

We have carried out the program of systematic CCD photometric observations of SNe since 1998. The description of the program and some results were presented by Tsvetkov et al. (2014). Here we present the data for some interesting objects among those studied in the course of this program during the last 5 years. Their light curves are shown in Fig. 1.

3. Results

3.1. SN 2014J

The photometric and spectroscopic observations of this SN were reported by Tsvetkov et al. (2018a). This is a ”normal” SN Ia, whose photometric and spectral evolution are typical for this class of SNe. The interstellar extinction in the parent galaxy is very high, with E(B − V )_{host} = 1.22, and we found a low value of a ratio between total and selective extinction R_V = 1.36. Continous monitoring did not reveal evidence for microvariability with an amplitude and characteristic time as reported by Bonanos & Boumis (2016).

3.2. SNe 2009af and 2009ay

We carried out BV RI photometry for these type II SNe. The results were presented by Tsvetkov (2014). Both objects are characterized by a fast linear brightness decline at early stages of their evolution and a relatively high maximum luminosity. SN 2009af is distinguished by the low brightness drop during the first 200 days after maximum.

3.3. SN 2010jl

Photometric observations of SN IIn 2010jl were reported by Tsvetkov et al. (2016). The data from Fransson et al. (2014) were also plotted in Fig. 1. SN 2010jl was found to be extremely luminous even among type IIn SNe, with M_{V (max)} ∼ −20 mag. The optical light curves showed slow decline during the first ∼ 175 days. After this epoch the light curves flattened, but at phase ∼ 300 days they started to decline considerably. We present evidence that SN 2005kd (Tsvetkov, 2008) is the most similar object to SN 2010jl considering the evolution of luminosity.

Figure 1. The light curves of selected SNe. The data in different bands are shifted for clear presentation. The shifts are indicated in the bottom plot. Filled symbols show our observations, while open symbols represent data from the literature.

3.4. SN 2015U

The results of photometric monitoring of SN 2015U were presented by Tsvetkov et al. (2015). Observations by Pastorello et al. (2015) were also plotted in Fig. 1. We conclude that SN 2015U exhibits a very high rate of brightness decline, fading by 2.6 mag in the V -band during the first 15 days after maximum. This SN belongs to a rare class of extremely fast declining SNe and is similar to SNe 2002bj (Poznanski et al., 2010), 2005ek (Drout et al., 2013) and 2010X (Kasliwal et al., 2010) regarding the shape of the light curves. The estimate of the peak luminosity for a heavily reddened SN depends strongly on the presently unknown value of R_V . If we assume R_V = 3.1, then SN 2015U reached a peak magnitude of M_R = −20.15 mag and was definitely much brighter than all other SNe with similar photometric evolution. If R_V = 1.5, then the maximum luminosity of SN 2015U M_R = −18.8 mag, which still belongs to the brightest objects among SNe of similar classes.

3.5. SN 2017eaw

We presented UBVRI photometry of the supernova 2017eaw in NGC 6946, covering ∼200 days after its maximum (Tsvetkov et al., 2018b). The light curves are typical for type II-P SNe, with a plateau lasting about 100 days. Our first observations were made before the maximum light. We determined the time of maximum to be JD2457892.5. The magnitudes at maximum are U = 12.5, B = 13.22, V = 12.87, R = 12.54, I = 12.18. The fast decline after the plateau stage started at about JD2457980, and the final linear tail started at JD245810, with B = 17.3, V = 15.5, R = 14.5, I = 13.8 mag. The rates of decline on the tail in the B, V, R, I bands are 0.0054, 0.0106, 0.0092, 0.0090 mag day^{−1}, respectively. Assuming the distance of 6.0 Mpc for NGC 6946 (Efremov et al., 2011) and reddening E(B − V ) = 0.30 mag, we derive absolute magnitudes of SN 2017eaw at maximum light: M_U = −17.9, M_B = −16.9, M_V = −17.0, M_R = −17.1, M_I = −17.2 mag.

The light curve shape with a luminous plateau shows that SN 2017eaw is a normal type II-P SN and its presupernova star was a red supergiant (RSG). SNe II-P show a large variety in their light-curve shapes. The main features of the light curves are determined by the initial radius R, total mass of presupernova M, mass of^{56}Ni and the energy of explosion E (Kasen & Woosley, 2009). We computed the large grid of models in the parameter space (R, M,^{56}Ni, E) to evaluate the best fit model.

For the model calculation, we used the multi-group radiation-hydrodynamics numerical code STELLA (Blinnikov et al., 2006). The preliminary results show that the light curves of SN 2017eaw are best represented by the model with parameters R = 600R_⊙, M = 23M_⊙, M_{Ni} = 0.05M_⊙, E = 2 × 10^{51} erg.

3.6. SN 2017egm

SN 2017egm was one of the nearest among superluminous SNe of type I. It exploded in a massive, metal-rich spiral galaxy NGC 3191, while most of SLSNe-I discovered earlier were from dwarf, star-forming metal-poor galaxies. We monitored this SN in UBV RI bands for more than 200 days after maximum. In Fig. 1 wee plotted also the data from Bose et al. (2018). SN 2017egm reached the peak luminosity of M_V = −21 mag. The light curves exhibit linear rise and decline near maximum, while other SLSNe-I show a curvature in their light curves near peaks. On the larger scale, the photometric evolution of SN 2017egm may be considered to be typical for this class of objects.

4. Conclusions

The program of photometric monitoring of SNe with small telescopes proved to be effective. During the last five years we carried out observations of SNe of different types and found some peculiar objects, revealing possibilities for a modification of the existing classification scheme. Comparison of the observed light curves with theoretical models allows to estimate physical parameters of the explosions.

Acknowledgements. The work of D.Tsvetkov was partly supported by the Russian Science Foundation Grant No. 16-12-10519. The work of S.Shugarov was partly supported by Grants VEGA 2/0008/17 and APVV-15-0458. The work of I.Volkov was supported by the scholarship of the Slovak Academic Information Agency (SAIA), by the Russian Science Foundation Grant No.14-12-00146 and Russian Foundation for Basic Research Grant No.18-502-12025.

References

Blinnikov, S. I., Röpke, F. K., Sorokina, E. I., et al., Theoretical light curves for deflagration models of type Ia supernova. 2006, Astron. Astrophys., 453, 229, DOI: 10.1051/0004-6361:20054594

Bonanos, A. Z. & Boumis, P., Evidence for rapid variability in the optical light curve of the Type Ia SN 2014J. 2016, Astron. Astrophys., 585, A19, DOI: 10.1051/0004- 6361/201425412

Bose, S., Dong, S., Pastorello, A., et al., Gaia17biu/SN 2017egm in NGC 3191: The Closest Hydrogen-poor Superluminous Supernova to Date Is in a Normal, Massive, Metal-rich Spiral Galaxy. 2018, Astrophys. J., 853, 57, DOI: 10.3847/1538- 4357/aaa298

Drout, M. R., Soderberg, A. M., Mazzali, P. A., et al., The Fast and Furious Decay of the Peculiar Type Ic Supernova 2005ek. 2013, Astrophys. J., 774, 58, DOI: 10.1088/0004-637X/774/1/58

Efremov, Y. N., Afanasiev, V. L., & Egorov, O. V., Ionized gas characteristics in the cavities of the gas and dust disc of the spiral galaxy NGC 6946. 2011, Astrophysical Bulletin, 66, 304, DOI: 10.1134/S1990341311030035

Fransson, C., Ergon, M., Challis, P. J., et al., High-density Circumstellar Interaction in the Luminous Type IIn SN 2010jl: The First 1100 Days. 2014, Astrophys. J., 797, 118, DOI: 10.1088/0004-637X/797/2/118

Kasen, D. & Woosley, S. E., Type II Supernovae: Model Light Curves and Standard Candle Relationships. 2009, Astrophys. J., 703, 2205, DOI: 10.1088/0004- 637X/703/2/2205

Kasliwal, M. M., Kulkarni, S. R., Gal-Yam, A., et al., Rapidly Decaying Supernova 2010X: A Candidate “.Ia” Explosion. 2010, Astrophys. J., Lett., 723, L98, DOI: 10.1088/2041-8205/723/1/L98

188 D.Yu. Tsvetkov, N.N. Pavlyuk, S.Yu. Shugarov and I.M. Volkov

Pastorello, A., Tartaglia, L., Elias-Rosa, N., et al., Massive stars exploding in a He-rich circumstellar medium - VIII. PSN J07285387+3349106, a highly reddened supernova Ibn. 2015, Mon. Not. R. Astron. Soc., 454, 4293, DOI: 10.1093/mnras/stv2256

Poznanski, D., Chornock, R., Nugent, P. E., et al., An Unusually Fast-Evolving Supernova. 2010, Science, 327, 58, DOI: 10.1126/science.1181709 Tsvetkov, D. Y., SN 2005kd: Another Very Luminous, Slowly Declining Type IIn Supernova. 2008, Peremennye Zvezdy, 28 Tsvetkov, D. Y., Photometric Observations of Type II Supernovae 2009af and 2009ay.

2014, Peremennye Zvezdy, 34 Tsvetkov, D. Y., Metlov, V. G., Volkov, I. M., et al., Photometric and spectroscopic observations of Supernova 2014J in M82. 2018a, Contributions of the Astronomical Observatory Skalnate Pleso, 48, 511 Tsvetkov, D. Y., Pavlyuk, N. N., Volkov, I. M., & Shugarov, S. Y., Photometric monitoring of bright supernovae. 2014, Contributions of the Astronomical Observatory Skalnate Pleso, 43, 351 Tsvetkov, D. Y., Shugarov, S. Y., & Volkov, I. M., The light curves of type IIn supernova 2010jl. 2016, Contributions of the Astronomical Observatory Skalnate Pleso, 46, 87

Tsvetkov, D. Y., Shugarov, S. Y., Volkov, I. M., et al., Light Curves of the Type II-P Supernova SN 2017eaw: The First 200 Days. 2018b, Astronomy Letters, 44, 315, DOI: 10.1134/S1063773718050043

Tsvetkov, D. Y., Volkov, I. M., & Pavlyuk, N. N., PSN J07285387+3349106 in NGC 2388: an extremely rapidly declining luminous supernova. 2015, Information Bulletin on Variable Stars, 6140