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Abstract. SNR 1987A is the expanding remnant from the brightest supernova since the in-
vention of the telescope. The remnant has been monitored extensively in the radio at variety
of wavelengths and provides a wealth of data on which to base a simulation. Questions to be
answered include estimating the efficiency of particle acceleration at shock fronts, determining
the cause of the one-sided radio morphology for SNR 1987A and investigating the gas prop-
erties of the pre-supernova environment. We attempt to address these questions using a fully
three-dimensional model of SNR 1987A.
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1. Our model

We use the hydrodynamics code FLASH (Fryxell et al. 2000) to simulate SNR 1987A
in a 256% grid. We derive radio emission in post-processing by using semi-analytic models
of sub-Diffusive Shock Acceleration (Kirk et al. 1996) to place inverse power-law phase-
space distributions of electrons at the shock front. The magnetic field is assumed to be
amplified at the shock using physics from Bell (2004). Both magnetic field and electron
distributions are advected downstream using the velocity field from the hydrodynamics
simulation. Features of the model include a custom Truelove and McKee (1999) progenitor
withn=9, E = 1.5x10* Jand M = 10M; a free blue supergiant (BSG) wind; a shocked
BSG wind, a central equatorial ring and the hourglass. Turbulence was excited in the
expanding shock by perturbing the initial density by a random number chosen from a
lognormal distribution with mean 1.0 and variance 5.0 (Sutherland and Bicknell 2007).

2. Results and conclusions of the study

Optimal fits to the asymmetric radio morphology were obtained if 1.55 times more
kinetic energy was placed in the eastern hemisphere of the progenitor. The best-fit radius
for the free BSG wind was 3.2 x 10'® m (0.43”) in the equatorial plane and 3.78 x 10'°
m (0.51”) in the polar direction. For the HII region the optimal half-opening angle was
Oho = 15 £5°. Fits to the radius (see Figure 1) yield a peak HII region particle density of
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Figure 1. Radius and flux density from simulations of SN 1987A. The red background on the left
is the time-varying radial distribution of simulated radio emission. Overlaid is the expectation
of radius with error bars derived from expectation of variance. On the right the simulated flux
density has been scaled by an injection efficiency n. in the range (2-4%).

(7.11 £1.78) x 107 m~*, given an abundance of 3.5 particles per hydrogen atom. These
results are consistent to within errors of Zhekov (2010).

For the equatorial ring we used a thin crescent torus (Plait et al. 1995), with a peak
particle density of 8.0 x 108 m™ for the smooth component. The torus was azimuthally
interspersed with 21 Gaussian clouds (Dewey et al. 2012) of radius 2.25 x 10'* m (0.03"),
and a peak particle density of 3.14 x 10'® m~?, consistent with Mattila et al. (2010).
Radius measurements for both perturbed and unperturbed models agree well with the
observational data from Ng et al. (2008, 2013) (see Figure 1). The simulations correctly
model the apparent slowing in shockwave velocity seen around day 7500, and predict an
accelerating expansion after day 9500. Flux density measurements (see Figure 1) from
both un-perturbed and perturbed models show that the efficiency of particle acceleration
for electrons is between 2 and 4%. Predicted radio images show that the asymmetric radio
morphology will reverse by day 10000 as the shock leaves the eastern lobe first.
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