IAU Colloquium 164: Radio Emission from Galactic and Extragalactic Compact Sources ASP Conference Series, Vol. 144, 1998 J. A. Zensus, G. B. Taylor, & J. M. Wrobel (eds.)

VLBI Observations of Supernova 1993J: The First 1000 Days

M. P. Rupen & A. J. Beasley National Radio Astronomy Observatory, Socorro, NM 87801, U.S.A.

N. Bartel & M. F. Bietenholz York University, North York, ONT M3J 1P3, Canada

D. A. Graham Max-Planck-Institut für Radioastronomie, Postfach 2024, 53010 Bonn, Germany

V. I. Altunin & D. L. Jones Jet Propulsion Laboratory, Pasadena, CA 91009, U.S.A.

J. E. Conway Onsala Space Observatory, Onsala, Sweden

T. Venturi Istituto di Radioastronomia, 40129 Bologna, Italy

G. Umana Istituto di Radioastronomia, 96017 Noto (SR), Italy

A. Rius Centro de Estudios Avanzados de Blanes, Blanes, Spain

Abstract. We report on phase-referenced 5 and 8.4 GHz VLBI images of supernova SN 1993J in M81, tracking the evolution of the source from 50 to 1000 days after the explosion.

VLBI images of supernova SN 1993J in M81 from 50 to 1000 d after shock breakout (Figure 1) show an expanding shell with an increasingly complex brightness distribution (see also Bartel et al. 1995, Marcaide et al., these Proceedings, p. 353, and references therein). The shock is decelerating, with the radius

Θ / t^{0:837�0:025}. Combining this result with model fits to the radio light curve

(Van Dyk et al. 1994) gives a power-law index for the circumstellar density profile (ρ / R�^b) of b = 1.69^{+0:10}�_{0:23} which is consistent with equipartition and supported by X-ray observations. Phase-referencing with respect to the nucleus of M81 (cf. Bietenholz et al. 1994, 1996, these Proceedings, p. 201) suggests that the center of the shell is offset slightly from the origin of the explosion, although the shell itself remains highly circularly symmetric (cf. Bartel et al. 1994a, b, Rupen et al. 1994). In the 8.4 GHz image from 17 December 1995 we find enhanced emission near the explosion center; however the corresponding 5 GHz image shows no such enhancement, and any central source if present at other times must be considerably fainter. It is intriguing that spectral index maps made from 5 and 8.4 GHz data show a consistently flatter spectrum towards the center than around the rim of the shell. Finally, data taken at 5 and 8.4 GHz on 10 May 1995 set limits to the linear polarization of 10% at both frequencies on scales of 1 mas (5 � 10^{16} cm), suggesting that either the magnetic field is tangled on such scales or the material along the line-of-sight depolarizes any initially-aligned emission.

355

356 Rupen et al.

These observations provide a detailed picture of the evolution of a radio supernova from birth to the present. With phase-referencing, we should be able to continue to image this source for several years at 8.4 GHz and even longer at lower frequencies.

Figure 1. Images of SN 1993J at 8.4 GHz, phase-referenced to the core of M81. The relative position of the 10 May 1995 image is arbitrary. The CLEAN/MEM models were restored using a Gaussian beam with a typical width of 0.6 mas. The total flux densities range from ¸ 90 to ¸ 20 mJy, with peak intensities between ¸ 90 to

¸ 1 mJy=beam. The rms background noise is ¸ 0:05mJy=beam.

Acknowledgments. We are very grateful for the support of the VLBI schedulers, scientists, and engineers at the ¸ 15 telescopes involved. MPR appreciated the hospitality of Princeton University while preparing for this meeting. Research at York University is supported by NSERC. The National Radio Astronomy Observatory is a facility of the NSF, operated under a cooperative agreement by Associated Universities, Inc.

References

Bartel, N., et al. 1994a. Nature, 368, 610–613.

Bartel, N., et al. 1994b. in VLBI Technology, Progress and Future Observational Possibilities, eds. T. Sasao, S. Manabe, O. Kameya, & M. Inoue (Tokyo: TERRA Scientific Publishing Company), 115–122.

Bartel, N., Bietenholz, M. F., & Rupen, M. P. 1995. Proc. Natl. Acad. Sci. USA, 92, 11374– 11376.

Bietenholz, M. F., et al. 1994. in Compact Extragalactic Radio Sources, eds. J. A. Zensus & K. I. Kellermann (Green Bank: NRAO), 109–114.

Bietenholz, M. F., et al. 1996. ApJ , 457, 604–609.

Rupen, M. P., et al. 1994. in Compact Extragalactic Radio Sources, eds. J. A. Zensus & K. I.

Kellermann (Green Bank: NRAO), 103–108. Van Dyk, S. D., et al. 1994. ApJ , 432, L115–118.