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.)

Scintillation and the Vela Pulsar’s Magnetosphere

C. R. Gwinn & M. C. Britton^1 University of California, Santa Barbara, CA 93106, U.S.A.

J. E. Reynolds, D. L. Jauncey, & E. A. King Australia Telescope National Facility, Epping, New South Wales, 2121, Australia

P. M. McCulloch & J. E. J. Lovell Physics Dept., University of Tasmania, Hobart, 7001, Tasmania, Australia

C. S. Flanagan & D. P. Smits Hartebeesthoek Radio Astronomy Observatory, Krugersdorp, South Africa

R. A. Preston & D. L. Jones Jet Propulsion Laboratory, Caltech, Pasadena, CA 91109, U.S.A.

Abstract. Radio-wave scattering in the Vela supernova remnant acts as an imperfect lens to resolve the pulsar’s radio emission region. We use this lens to measure the pulsar’s emission region. We suggest that refraction of radiation within the pulsar’s magnetosphere is responsible for the observed size.

1. Obervational Approach

Strong scattering of radio waves in the interstellar medium forms a diffraction pattern on the Earth. This pattern is the convolution of the pattern for a point source, with a diffraction-limited image of the source (Goodman 1968, 1989). In principle, observations in the speckle limit (Desai et al. 1992) yield both an image of the source and the phase changes introduced by the scattering material (Cornwell & Napier 1988, Cornwell, Anantharamaiah, & Narayan 1989). Observations of the distribution of the electric field, and its moments, observed at different sites and frequencies, contain the information on the structure of the radio source (Gwinn et al. 1997b). In particular, measurements of the degree of modulation of scintillation yield a measure of the size of the spatially-incoherent emission from the source (Salpeter 1967, Cohen, Gundermann, & Harris 1967). From the modulation index for the Vela pulsar, and the distribution function of intensity, we find a size of 500 km for the emission region (Gwinn et al. 1997a).

2. Discussion

The size of the emission region may result from refraction within the pulsar’s magnetosphere. The rapid rotation and strong magnetic fields of pulsars generate v � B forces strong enough to tear electrons from the neutron-star surface and pair-produce within a few centimeters (Goldreich & Julian 1969). The resulting electron-positron cascade provides a plausible site for the emission of the observed radio emission (Ruderman & Sutherland 1975, Arons & Scharlemann 1979, Cheng, Ho, & Ruderman 1986, Daugherty & Harding 1994). The

1New address: School of Physics, University of Melbourne, Parkville 3052, Victoria, Australia 327

328 Gwinn et al.

electron-positron wind refracts radiation with polarization not perpendicular to the pulsar magnetic field (Blandford & Scharlemann 1976, Melrose & Stoneham 1977). In particular, radiation traveling nearly along magnetic field lines is strongly refracted (Arons & Barnard 1986) and can be “ducted” along the field for long distances. Microphysics of the plasma can amplify the radiation as it is ducted along the field lines (Lyutikov 1997). Ducting carries the radiation high into the magnetosphere; when the wave direction becomes sufficiently misaligned from the magnetic field, the ducted wave can couple to a vacuum electromagnetic wave. This picture is consistent with, and partly explains, the observed Radhakrishnan-Cooke mapping of polarization to magnetic field direction (Radhakrishnan & Cooke 1969). The resulting size is expected to be larger than the pulsar but smaller than the light cylinder, as observed.

Acknowledgments. We thank J. Arons, R. Narayan, and B. Rickett for useful conversations. This research was supported by the National Science Foundation. The Australia Telescope is operated as a national facility by CSIRO. The Deep Space Network is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration. The National Radio Astronomy Observatory is a facility of the National Science Foundation, operated under a cooperative agreement by Associated Universities, Inc.

References

Arons, J., & Barnard, J. J. 1986. ApJ , 302, 120–137. Arons, J., & Scharlemann, E. T. 1979. ApJ , 231, 854–879. Barnard, J. J., & Arons, J. 1986. ApJ , 302, 138–162. Blandford, R. D., & Scharlemann, E. T. 1976. MNRAS, 174, 59–85. Cheng, K. S., Ho, C., & Ruderman, M. 1986. ApJ , 300, 500–521. Cohen, M. H., Gundermann, E. J., & Harris, D. E. 1967. ApJ , 150, 767–780. Cornwell, T. J., & Napier, P. J. 1988. Radio Sci., 23, 739–748.

Cornwell, T. J., Anantharamaiah, K. R., & Narayan, R. 1989. J. Opt. Soc. Am., A 6, 977–986. Daugherty, J. K., Harding, A. K. 1994, ApJ . 429, 325–330. Desai, K. M., et al. 1992. ApJ , 393, 75–78. Goldreich, P., & Julian, W. H. 1969. ApJ , 157, 869–888.

Goodman, J. W. 1968. Introduction to Fourier Optics, (New York: McGraw-Hill). Goodman, J. W. 1985. Statistical Optics (New York: Wiley). Gwinn, C. R., et al. 1997. ApJ , 483, 53–59. Gwinn, C. R., et al. 1997. ApJ , submitted. Lyutikov, M. 1997. MNRAS, in press.

Melrose, D. B. & Stoneham, R. J. 1977. Proc. Astr. Soc. Australia, 3, 120–122. Radhakrishnan, V., & Cooke, D. J. 1969. Ap. Lett., 3, 225-229. Ruderman, M. A., & Sutherland, P. G. 1975. ApJ , 196, 51–72. Salpeter, E. E., 1967. ApJ , 147, 433–448.