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ABSTRACT

Multicolor linear polarimetric observations of SN 1987A obtained from 1987 February 28 until 1987 April
29 are presented. A correction for foreground interstellar polarization is performed, and an instrinsic polariz-
ation (IP) is obtained. The IP was decreasing at a constant position angle of 27° during the first month after

the explosion. The wavelength dependence suggests

that this polarization was due to Thomson scattering.

However, 30 days after the explosion the polarization began to grow in the V, R, and I filters, at a different

position angle, changing the wavelength dependence.

In order to interpret the behavior of the IP during the first month a model is proposed. The expansion of
the outer layers of the supernova and the evolution of the photospheric density are computed. An estimation

of the mass of this expanding shell is also obtained.

Subject headings: polarization — stars: individual (SN 1987A) — stars: supernovae

1. INTRODUCTION

On 1987 February 23 a supernova explosion occurred in the
LMC, giving an exceptional opportunity for studying such
events in a neighbor galaxy. The high apparent brightness
reached by this object made it possible to obtain good quality
observations, even using small telescopes, such as the one
which produced the bulk of the measurements used in this
work. Although extensive amounts of data related to super-
nova events existed at the time of the explosion of SN 1987A,
little information was available concerning their polarimetric
properties (see Shapiro and Sutherland 1982, for a review).
Observations of linear polarization of SN 1987A have been
obtained beginning on 1987 February 25 (Cropper and Bailey
1987), and from the very early moments it was seen that the
polarization was variable with time. Initially, the trend of the
observed polarization was decreasing (Benvenuto et al. 1987),
while the observed variations were large enough to be recog-
nized as real. Since the polarization produced by the inter-
stellar matter is time independent, it follows that an intrinsic
polarization vector (IP) should be responsible for the time-
dependent characteristic. Also, the wavelength dependence of
the observed polarization was far from the well-known inter-
stellar relation (Serkowski, Mathewson, and Ford 1975), sup-
porting the previous conclusion. In addition, as the time scale
of the changes of the polarization was in the order of days, it
was natural to relate them with the expansion of the external
regions of the supernova.

The sole fact of the existence of an IP poses interesting
problems that should be solved. One of them is the problem of
correctly separating the observed polarization in a foreground
polarization, produced by the aligned interstellar matter
located between us and SN 1987A, and the actual IP. This is a
nontrivial point. Although the wavelength dependence of the
IP vector will not greatly change when using any acceptable
foreground interstellar polarization (Clayton, Martin, and
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Thompson 1983), its temporal behavior will be critically
affected by this choice. It may be shown that the decrease
detected in the observed polarization can be explained either
by an increasing or decreasing IP, depending on the adopted
foreground correction.

Another problem is related to the physical mechanism
responsible for the polarization of the SN 1987A light. It is
ordinarily accepted that the opacity of a supernova atmo-
sphere is scattering dominated, although some absorption
must be present in order to thermalize the continuum. The
study of the wavelength dependence of SN 1987A polarization
and its evolution with time may be helpful in testing the pos-
sible preminence of scattering over absorption. In addition,
while the properties of an old supernova expanding shell will
be mainly determined by its interaction with the local inter-
stellar medium, its early behavior will be governed by the
explosion itself. Thus, a model matching the polarimetric
observations during the first weeks could be very useful in
understanding the details of the initial expansion.

Finally, it should also be remarked that some departure
from spherical symmetry must be present in order to produce a
net polarization. The evolution of supernovae, as well as their
using as cosmological distance indicators, may be influenced
by the existence of this asymmetry. Thus, any quantitative
information about its amount would be very valuable.

This paper aims at giving some insight into the problems
mentioned above. In § IT we present the observational data and
describe the steps performed in computing the foreground
polarization. In § I1I, a description of the IP found is given, and
its possible interpretation is discussed. In § IV a model for
explaining the IP is developed, and, finally, the conclusions are
presented in § V.

II. OBSERVATIONS AND FOREGROUND CORRECTION

a) Observations from La Plata

The polarization measurements were carried out with the
0.83 m telescope and the rotating half-wave plate photo-
polarimeter of La Plata Observatory, spanning from 1987 Feb-
ruary 28 to April 29. Standard filters B, V, R, and I of the
Cousins system (Cousins 1976) were used. The instrumental
polarization was determined by measuring nonpolarized
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TABLE 1
RESULTS FROM LA PLATA

OBSERVED PARAMETERS INTRINSIC PARAMETERS
DATE FILTER Q(%) U(%) Q(%) U(%)
Feb28....... B +0.49 + 0.09 +0.99 + 0.10 +0.48 + 0.09 +0.54 + 0.10
Feb28....... vV +0.26 + 0.04 +0.89 + 0.04 +0.25 + 0.04 +0.39 + 0.04
Feb28....... R +0.24 + 0.04 +0.90 + 0.04 +0.23 + 0.04 +0.40 + 0.04
Feb28....... 1 +0.36 + 0.06 +0.67 + 0.08 +0.35 + 0.06 +0.22 4+ 0.08
Marl ....... B +0.37 + 0.05 +0.86 + 0.06 +0.36 + 0.05 +0.41 + 0.06
Marl ....... |4 +0.35 £ 0.05 +091 + 0.04 +0.34 + 0.05 +0.41 + 0.04
Marl ....... R +0.22 + 0.04 +0.86 + 0.04 +0.21 + 0.04 +0.36 + 0.04
Marl ....... 1 +0.24 £ 0.10 +0.80 + 0.10 +0.23 £ 0.10 +0.35 +0.10
Mar2 ....... B +0.11 + 0.08 +0.82 + 0.05 +0.10 + 0.08 +0.37 + 0.05
Mar2 ....... |4 +0.16 + 0.06 +0.79 + 0.04 +0.15 + 0.06 +0.29 + 0.04
Mar2 ....... R +0.20 + 0.04 +0.78 + 0.05 +0.19 + 0.04 +0.28 + 0.05
Mar2 ....... 1 +0.16 + 0.04 +0.77 + 0.04 +0.15 + 0.04 +0.32 + 0.04
Mar4 ....... B +0.27 £ 0.05 +0.73 + 0.04 +0.26 + 0.05 +0.28 + 0.04
Mar4 ....... |4 +0.32 + 0.04 +0.83 + 0.04 +0.31 + 0.04 +0.33 + 0.04
Mar4 ....... R +0.27 + 0.04 +0.70 + 0.04 +0.26 + 0.04 +0.20 + 0.04
Mar4 ....... I +0.25 + 0.05 +0.70 + 0.04 +0.24 + 0.05 +0.25 + 0.04
MarS$ ....... B +0.24 + 0.05 +0.75 + 0.05 +0.23 + 0.05 +0.30 + 0.05
Mar5 ....... |4 +0.21 + 0.04 +0.78 + 0.04 +0.20 + 0.04 +0.28 + 0.04
Mar5 ....... R +0.30 + 0.04 +0.77 + 0.04 +0.29 + 0.04 +0.27 + 0.04
Mar5s ....... 1 +0.21 + 0.04 +0.63 + 0.04 +0.20 + 0.04 +0.18 + 0.04
Mar9 ....... |4 +0.02 + 0.07 +0.69 + 0.06 +0.01 + 0.07 +0.19 + 0.06
Mar9 ....... R +0.26 + 0.09 +0.65 + 0.04 +0.25 £+ 0.09 +0.15 + 0.04
Mar6 ....... B +0.25 + 0.05 +0.73 + 0.06 +0.24 + 0.05 +0.28 1 0.06
Maré6 ....... |4 +0.23 + 0.05 +0.75 + 0.04 +0.22 + 0.05 +0.25 + 0.04
Maré6 ....... R +0.24 + 0.06 +0.69 + 0.04 +0.23 + 0.06 +0.19 + 0.04
Maré6 ....... 1 +0.26 + 0.06 +0.67 + 0.06 +0.25 + 0.06 +0.22 + 0.06
Mar 10 ...... B +0.23 + 0.07 +0.70 + 0.06 +0.22 + 0.07 +0.25 + 0.06
Mar 10 ...... 4 +0.07 + 0.06 +0.66 + 0.04 +0.06 + 0.06 +0.16 + 0.04
Mar10 ...... R +0.19 + 0.04 +0.69 + 0.06 +0.18 + 0.04 +0.19 + 0.06
Mar 10 ...... 1 +0.13 + 0.04 +0.62 + 0.05 +0.12 + 0.04 +0.17 + 0.05
Marll ...... B +0.23 + 0.07 +0.64 + 0.04 +0.22 + 0.07 +0.19 + 0.04
Marll ...... |4 +0.19 + 0.04 +0.68 + 0.04 +0.18 + 0.04 +0.18 + 0.04
Marll ...... R +0.13 + 0.04 +0.65 + 0.04 +0.12 + 0.04 +0.15 + 0.04
Marll ...... I +0.15 £ 0.04 +0.62 + 0.05 +0.14 + 0.04 +0.17 £ 0.05
Mar12 ...... B +0.16 + 0.06 +0.64 + 0.10 +0.15 + 0.06 +0.19 + 0.10
Mar12 ...... | 4 +0.22 + 005 +0.73 + 0.04 +0.21 +0.05 +0.23 4+ 0.04
Mar12 ...... R +0.14 + 0.05 +0.70 + 0.04 +0.13 + 0.05 +0.20 + 0.04
Mar12 ...... 1 +0.20 + 0.06 +0.64 + 0.05 +0.19 + 0.06 +0.19 4+ 0.05
Mar13 ...... B +0.05 +£ 0.05 +0.62 + 0.06 +0.04 3 0.05 +0.17 + 0.06
Mar13 ...... vV +0.13 + 0.04 +0.63 + 0.04 +0.12 + 0.04 +0.13 + 0.04
Mar 13 ...... R +0.16 + 0.04 +0.58 + 0.04 +0.15 + 0.04 +0.08 + 0.04
Mari13 ...... 1 +0.02 + 0.04 +0.55 + 0.04 +0.01 + 0.04 +0.10 + 0.04
Mar 15 ...... B +0.03 + 0.07 +0.56 + 0.06 +0.02 + 0.07 +0.11 + 0.06
Marls ...... |4 +0.09 + 0.07 +0.60 + 0.06 +0.08 + 0.07 +0.10 + 0.06
Maris ...... R +0.11 + 0.04 +0.59 + 0.04 +0.10 + 0.04 +0.09 + 0.04
Marls ...... I +0.13 + 0.04 +0.53 + 0.04 +0.12 + 0.04 +0.08 + 0.04
Mar 16 ...... B +0.14 + 0.04 +0.73 + 0.06 +0.13 + 0.04 +0.28 1+ 0.06
Mar 16 ...... |4 +0.08 + 0.04 +0.58 + 0.04 +0.07 + 0.04 +0.08 + 0.04
Mar 16 ...... R +0.13 £ 0.05 +0.57 + 0.05 +0.12 + 0.05 +0.07 + 0.05
Mar 16 ...... 1 +0.18 + 0.05 +0.58 + 0.05 +0.17 + 0.05 +0.13 + 0.05
Mar17 ...... B +0.24 + 0.07 +0.94 + 0.07 +0.23 £ 0.07 +0.49 + 0.07
Mar17 ...... |4 +0.16 + 0.04 +0.66 + 0.04 +0.15 + 0.04 +0.16 + 0.04
Mar 17 ...... R +0.22 + 0.05 +0.63 + 0.04 +0.21 + 0.05 +0.13 + 0.04
Mar17 ...... 1 +0.28 + 0.04 +0.76 + 0.06 +0.27 + 0.04 +0.31 + 0.06
Mar22 ...... B +0.00 + 0.06 +0.50 + 0.07 —0.01 + 0.06 +0.05 + 0.07
Mar22 ...... |4 —0.01 + 0.04 +0.52 £ 0.05 —0.02 + 0.04 +0.02 + 0.05
Mar22 ...... R +0.15 + 0.08 +0.52 + 0.04 +0.14 + 0.08 +0.02 + 0.04
Mar22 ...... 1 +0.09 +0.11 +0.37 + 0.04 +0.08 + 0.11 —0.08 + 0.04
Mar 25 ...... B —0.07 £ 0.05 +0.39 + 0.04 —0.08 + 0.05 —0.06 + 0.04
Mar?2s ...... |4 +0.00 + 0.04 +0.32 + 0.04 —0.01 + 0.04 —0.18 + 0.04
Mar25 ...... R +0.02 + 0.04 +0.41 + 0.04 +0.01 + 0.04 —0.09 + 0.04
Mar2s5 ...... I —0.07 + 0.04 +0.39 + 0.04 —0.08 + 0.04 —0.06 + 0.04
Mar 26 ...... B +0.01 £+ 0.06 +0.63 + 0.05 +0.00 + 0.06 +0.18 + 0.05
Mar 26 ...... |4 +0.10 + 0.04 +0.51 + 0.05 +0.09 + 0.04 +0.01 £+ 0.05
Mar 26 ...... R +0.08 + 0.04 +0.53 + 0.04 +0.07 + 0.04 +0.03 + 0.04
Mar 26 ...... 1 +0.09 + 0.04 +0.34 + 0.06 +0.08 + 0.04 —0.11 + 0.06
Mar27 ...... B +0.12 + 0.04 +0.64 + 0.09 +0.11 + 0.04 +0.19 + 0.09
Mar27 ...... 14 +0.09 + 0.05 +0.48 + 0.04 +0.08 + 0.05 —0.02 + 0.04
Mar27 ...... R +0.21 + 0.04 +0.42 +0.05 +0.20 + 0.04 —0.08 + 0.05
296
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POLARIMETRY OF SN 1987A

TABLE 1—Continued

OBSERVED PARAMETERS

INTRINSIC PARAMETERS

DATE FILTER (%) U(%) Q(%) U(%)
Mar27 ...... 1 +0.20 + 0.04 +0.27 4+ 0.06 +0.19 + 0.04 —0.18 + 0.06
Aprl........ B —0.01 +0.05 +0.67 + 0.06 —0.02 + 0.05 +0.22 + 0.06
Aprl ........ 14 +0.02 + 0.04 +0.42 + 0.04 +0.01 + 0.04 —0.08 + 0.04
Aprl ........ R +0.12 + 0.04 +0.38 + 0.05 +0.11 + 0.04 —0.12 + 0.05
Aprl........ I +0.16 + 0.04 +0.20 + 0.04 +0.15 + 0.04 —0.25 £ 0.04
Apré6........ 14 +0.18 + 0.04 +0.58 + 0.04 +0.17 + 0.04 +0.08 + 0.04
Apr8........ B +0.09 + 0.06 +0.75 + 0.04 +0.08 + 0.06 +0.30 + 0.04
Apr8........ |4 +0.26 + 0.04 +0.56 + 0.04 +0.25 + 0.04 +0.06 + 0.04
Apr8 ........ R +0.32 + 0.04 +0.48 + 0.04 +0.31 + 0.04 —0.02 + 0.04
Apr8 ........ I +0.17 + 0.04 +0.39 + 0.04 +0.16 + 0.04 —0.06 + 0.04
Apr9........ B +0.08 4+ 0.04 +0.59 £+ 0.04 +0.07 + 0.04 +0.14 4+ 0.04
Apr9........ 1 4 +0.21 + 0.04 +0.57 + 0.04 +0.20 + 0.04 +0.07 + 0.04
Apr9........ 1 +0.09 + 0.04 +0.36 + 0.04 +0.08 + 0.04 —0.09 + 0.04
Apr10....... B +0.07 + 0.06 +0.71 £ 0.04 +0.06 + 0.06 +0.26 + 0.04
Apr10....... V +0.10 + 0.04 +0.57 + 0.04 +0.09 + 0.04 +0.07 + 0.04
Apr10....... R +0.13 + 0.05 +0.47 + 0.04 +0.12 + 0.05 —0.03 + 0.04
Apr10....... 1 +0.05 + 0.04 +0.33 + 0.04 +0.04 + 0.04 —0.12 + 0.04
Apr12....... B +0.27 £+ 0.06 +0.77 + 0.04 +0.26 + 0.06 +0.32 + 0.04
Apri2....... 14 +0.26 + 0.04 +0.47 + 0.04 +0.25 £ 0.04 —0.03 +£ 0.04
Apri2....... R +0.25 + 0.04 +0.41 + 0.05 +0.24 + 0.04 —0.09 + 0.05
Apr12....... I +0.17 + 0.04 +0.28 + 0.04 +0.16 + 0.04 —0.17 +£ 0.04
Apr17....... B +0.12 + 0.05 +0.64 + 0.05 +0.11 + 0.05 +0.19 +£ 0.05
Apr17....... 14 +0.26 + 0.04 +0.58 + 0.04 +0.25 + 0.04 +0.08 + 0.04
Apri7....... R +0.21 +0.10 +0.45 + 0.05 +0.20 + 0.10 —0.05 + 0.05
Aprl17....... 1 +0.25 + 0.05 +0.38 + 0.04 +0.24 + 0.05 —0.07 + 0.04
Apr23....... B +0.06 + 0.05 +0.61 + 0.05 +0.05 + 0.05 +0.16 + 0.05
Apr23....... | 4 +0.19 + 0.04 +0.52 + 0.04 +0.18 + 0.04 +0.02 + 0.04
Apr23....... I +0.24 + 0.05 +0.24 + 0.04 +0.23 + 0.05 —0.21 £ 0.04
Apr29....... B +0.18 + 0.04 +0.63 + 0.04 +0.17 + 0.04 +0.18 + 0.04
Apr29....... |4 +0.23 + 0.04 +0.49 + 0.04 +0.22 + 0.04 —0.01 + 0.04

nearby stars, selected from the Catalogue of Nearby Stars
(Gliese 1969), and, finally, the observations were reduced to the
standard equatorial system by using highly polarized stars
from the list of Serkowski, Mathewson, and Ford (1975).
Repeated observations of these standard stars were made in all
filters during each night in order to check the stability of the
system. It was found unnecessary to correct for depolarization.
The observational error was monitored in real time during the
observation, and data gathering was interrupted when the
desired error level (0.03% in the polarization) was attained.
Typical integration times were 300 s for the B filter, 90 s for the
V filter, and 45 s for R and I filters. The observational data are
summarized in Table 1.

b) Observations from San Juan

The 2.15 m telescope of the Complejo Astronomico “El
Leoncito ” (CASLEO), together with the Vatican Observatory
Polarimeter (VATPOL), which is described by Magalhaes,
Benedetti, and Roland (1984), were employed. UBVRI mea-
surements from the supernova were obtained from 1987 April
2 to April 10. In order to determine the foreground interstellar
polarization, observations of the LMC star Sk —69°203
(Sanduleak 1970) were performed. The corrections for the
instrumental effects were carried out in a similar way, as men-
tioned above. The data are shown in Table 2.

In both cases the observations were corrected for sky
polarization by measuring different star-free zones around the
object studied.

c) Observations from the Literature

Since we could not observe the SN 1987A before 1987 Feb-
ruary 28, some linear polarimetric observations were selected

from the IAU circulars in order to cover its behavior during
the first few days after the explosion and to improve the later
analysis. The selected observations are shown in Table 3.

d) Foreground Correction

As mentioned above, a LMC star near the SN field was
observed in order to obtain the intrinsic polarization of SN
1987A, although no multicolor measurements could be done in
this case. The correction was estimated as follows. Following
Clayton, Martin, and Thompson (1983), the measured polariz-
ation for Sk —69°203 was taken to be P,,,, for the foreground
material, while normal values of A, and k were assumed fol-
lowing the relation k = 1.84 4, — 0.10 (Wilking, Lebofsky,
and Rieke 1982). Then P(1) was calculated for each passband
using the Serkowski interstellar relation. The corresponding
Stokes parameters were computed and subtracted from those
of SN 1987A to achieve its intrinsic polarization. The same
correction was applied to all of the observations, including
those coming from the TIAU circulars.

It might be argued that using a single interstellar P(4) curve
to correct for the combined effects of the Galaxy and LMC
could be quite rough. However, it may be justified as follows.
According to previous studies in the LMC region (Schmidt
1976; Clayton, Martin, and Thompson 1983), the interstellar
polarization of both the Galaxy and LMC behave normally.
We have extensively tested the superposition of two Serkowski
interstellar curves of arbitrary orientations, with parameters in
the range of those observed by the named authors, and we have
obtained P(A) versus A curves which, in all cases, display a
similar interstellar behavior. Thus, having in mind the large
errors involved in estimating foreground polarizations, the use
of a single correction appears to be reasonable. Moreover, this
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TABLE 2
RESULTS FROM SAN JUAN

OBSERVED PARAMETERS

INTRINSIC PARAMETERS

FILTER (%) U(%) %) U(%)
U +0.02 + 0.05 +0.48 + 0.05 +0.01 + 0.05 +0.09 £+ 0.05
B +0.04 + 0.06 +0.66 + 0.06 +0.03 + 0.06 +0.21 £ 0.06
14 +0.11 + 0.04 +0.44 + 0.04 +0.10 + 0.04 —0.06 + 0.04
R +0.20 + 0.05 +0.33 £ 0.05 +0.19 + 0.05 —0.17 £ 0.05
1 +0.15 + 0.03 +0.29 + 0.03 +0.14 + 0.03 —0.16 £+ 0.03
U —0.05 + 0.03 +0.49 + 0.03 —0.06 + 0.03 +0.10 + 0.03
B —0.06 + 0.05 +0.62 + 0.05 —0.07 £ 0.05 +0.17 £ 0.05
vV +0.07 £ 0.03 +045 + 003 +0.06 + 0.03 —0.05 + 0.03
R +0.21 + 0.04 +0.36 + 0.04 +0.20 + 0.04 —0.14 + 0.04
1 +0.15 + 0.02 +0.31 + 0.02 +0.14 + 0.02 —0.14 £ 0.02
U +0.07 + 0.03 +0.38 + 0.03 +0.06 + 0.03 —0.01 £+ 0.03
B +0.05 + 0.04 +0.52 + 0.04 +0.04 + 0.04 +0.07 + 0.04
vV +0.14 + 0.04 +0.44 + 0.04 +0.13 + 0.04 —0.06 + 0.04
R +0.23 + 0.03 +0.34 + 0.03 +0.22 + 0.03 —0.16 + 0.03
I +0.16 + 0.03 +0.28 + 0.03 +0.15 + 0.03 —0.17 £ 0.03
U +0.00 + 0.02 +0.46 + 0.02 —0.01 £+ 0.02 +0.07 £+ 0.02
B —0.05 + 0.03 +0.56 + 0.03 —0.06 + 0.03 +0.11 £ 0.03
14 +0.11 + 0.02 +0.42 £+ 0.02 +0.10 £+ 0.02 —0.08 + 0.02
R +0.21 + 0.02 +0.36 + 0.02 +0.20 + 0.02 —0.14 £+ 0.02
1 +0.19 + 0.02 +0.27 + 0.02 +0.18 + 0.02 —0.18 + 0.02
U +0.08 + 0.04 +045 + 0.04 +0.07 + 0.04 +0.06 + 0.04
B +0.08 + 0.05 +0.57 + 0.05 +0.07 + 0.05 +0.12 + 0.05
vV +0.07 + 0.05 +0.42 + 0.05 +0.06 + 0.05 —0.08 + 0.05
R +0.22 £+ 0.02 +0.38 + 0.02 +0.21 £ 0.02 —0.12 £ 0.02
1 +0.26 + 0.04 +0.31 + 0.04 +0.25 + 0.04 —0.14 + 0.04
U —0.01 + 0.04 +0.48 + 0.04 —0.02 + 0.04 +0.09 + 0.04
B +0.13 £ 0.03 +0.54 + 0.03 +0.12 + 0.03 +0.09 + 0.03
vV +0.11 £ 0.03 +0.47 £+ 0.03 +0.10 £+ 0.03 —0.03 +0.03
R +0.25 + 0.03 +0.32 + 0.03 +0.24 £+ 0.03 —0.18 £ 0.03
I +0.22 + 0.03 +0.30 + 0.03 +0.21 £ 0.03 —0.15 £ 0.03
U +0.06 + 0.03 +0.53 £ 0.03 +0.05 + 0.03 +0.14 + 0.03
B +0.11 + 0.04 +0.61 + 0.04 +0.10 + 0.04 +0.16 + 0.04
vV +0.12 + 0.02 +0.48 + 0.02 +0.11 £+ 0.02 —0.02 + 0.02
R +0.23 £ 0.03 +0.36 + 0.03 +0.22 + 0.03 —0.14 £+ 0.03
1 +0.24 + 0.03 +0.32 + 0.03 +0.23 +0.03 —0.13 £ 0.03
U +0.05 + 0.03 +0.52 + 0.03 +0.04 + 0.03 +0.13 +£ 0.03
B +0.06 + 0.03 +0.60 + 0.03 +0.05 + 0.03 +0.15 + 0.03
14 +0.20 + 0.03 +0.47 + 0.03 +0.19 + 0.03 —0.03 +0.03
R +0.34 + 0.03 +0.40 + 0.03 +0.33 + 0.03 —0.10 + 0.03
I +0.27 + 0.04 +0.31 + 004 +0.26 + 0.04 —0.14 + 0.04
U +0.08 + 0.04 +0.56 + 0.04 +0.07 + 0.04 +0.17 £ 0.04
B +0.15 + 0.04 +0.65 + 0.04 +0.14 + 0.04 +0.20 £+ 0.04
14 +0.19 + 0.02 +049 + 0.02 +0.18 + 0.02 —0.01 £+ 0.02
R +0.27 £ 0.03 +0.37 £ 0.03 +0.26 + 0.03 —0.13 +£ 0.03
I +0.25 + 0.02 +0.31 + 0.02 +0.24 + 0.02 —0.14 + 0.02

correction will not alter significantly the wavelength depen-
dence of either its intrinsic polarization or its orientation
(Clayton, Martin, and Thompson 1983). The observed linear
polarization of Sk —69°203, in the passband defined by the
RCA 31034 A photomultiplier and the optical system, is
p =0.50% at an angle of 44°. This value is similar to that
obtained by Schmidt (1976) for the field of SN 1987A in his
study of the foreground polarization of the Milky Way in the
Magellanic Cloud Region. This result suggests that, in the
region under study, the contribution of the LMC interstellar
material to the total foreground polarization is low, strength-
ening the hypothesis of a single P(4) curve. The foreground
polarization used is summarized in Table 4.

III. THE INTRINSIC POLARIZATION

When the foreground interstellar polarization vector is sub-
tracted from all measurements, the results presented in Tables
1, 2, 3 and Figure 1 are obtained. There are some features that

should be remarked. First, after removing foreground polariz-
ation, there still remains an intrinsic component (IP), which is
greater than the errors involved, and whose wavelength depen-
dence is clearly not interstellar. Second, the behavior of the IP
is similar in all wavelengths during the first 4 weeks after explo-
sion. Third, neglecting irregular variations probably due to
some random characteristic of the expansion produced by the
explosion, the IP shows a decreasing trend with time, at a
position angle of ~27° which is both wavelength and time
independent. This result differs from that obtained by Schwarz
and Mundt (1987), as they found an IP vector growing with
time. However, the difference is due to the foreground correc-
tion applied in each case. When their UBV RI observations are
corrected with our foreground polarization (we have indeed
used them in this work), they display the same trend as the
others. The correction used by these authors was obtained
from a star of magnitude V = 10.3 (Barret 1987a4), which
almost certainly belongs to the Galaxy. The observed polariz-
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TABLE 3
RESULTS FROM THE LITERATURE

OBSERVED PARAMETERS

INTRINSIC PARAMETERS

DATE FILTER Q(%) U(%) Q(%) U(%) SOURCE
Feb25 ......... U +0.38 + 0.10 +0.94 + 0.10 +0.37 £ 0.10 +0.55 + 0.10 1
Feb25 ......... B +0.30 £+ 0.06 +0.92 + 0.06 +0.29 + 0.06 +0.47 £+ 0.06 1
Feb25 ......... vV —0.03 + 0.08 +0.83 + 0.08 —0.04 + 0.08 +0.33 + 0.08 1
Feb25 ......... R +0.03 + 0.06 +0.86 + 0.06 +0.02 + 0.06 +0.36 + 0.06 1
Feb25 ......... I +0.11 + 0.04 +0.80 + 0.04 +0.10 £+ 0.04 +0.35 + 0.04 1
Feb28 ......... U +0.19 + 022 +0.90 + 022 +0.18 + 0.22 +0.51 +£0.22 2
Feb28 ......... B +0.57 £ 0.18 +0.72 £ 0.18 +0.56 + 0.18 +0.27 £ 0.18 2
Feb28 ......... |4 +0.17 + 0.09 +0.95 + 0.09 +0.16 £ 0.09 +0.45 + 0.09 2
Feb28 ......... R +0.18 + 0.01 +0.84 + 0.01 +0.17 £+ 0.01 +0.34 + 0.01 2
Feb28 ......... I +0.21 + 0.03 +0.65 + 0.03 +0.20 + 0.03 +0.20 + 0.03 2
Marl.......... 1 4 +0.29 + 0.09 +0.80 + 0.09 +0.28 + 0.09 +0.30 + 0.09 2
Mar2.......... U +0.31 +0.11 +0.49 £ 0.11 +0.30 + 0.11 +0.10 + 0.11 2
Mar2.......... B +0.22 +£0.10 +0.89 + 0.10 +0.21 £ 0.10 +044 + 0.10 2
Mar2.......... R +0.19 + 0.08 +0.77 £+ 0.08 +0.18 + 0.08 +0.27 £+ 0.08 2
Mar2.......... 1 +0.09 + 0.10 +0.63 +0.10 +0.08 + 0.10 +0.18 £ 0.10 2
Mar6 .......... U —0.06 + 0.06 +0.58 + 0.06 —0.07 + 0.06 +0.19 + 0.06 3
Mar6.......... B +0.22 + 0.06 +0.60 + 0.06 +0.21 + 0.06 +0.15 + 0.06 3
Mar6 .......... |4 +0.26 + 0.07 +0.58 + 0.07 +0.25 + 0.07 +0.08 + 0.07 3
Mar6 .......... R +0.19 + 0.05 +0.57 + 0.05 +0.18 + 0.05 +0.07 £+ 0.05 3
Mar6 .......... 1 +0.27 + 0.07 +0.51 + 0.07 +0.26 + 0.07 +0.06 + 0.07 3
Mar7.......... U +0.11 +£0.12 +0.78 + 0.12 +0.10 + 0.12 +0.39 +£0.12 4
Mar7.......... B +0.15 + 0.04 +0.72 + 0.04 +0.14 + 0.04 +0.27 + 0.04 4
Mar7.......... 14 +0.21 + 0.07 +0.73 + 0.07 +0.20 + 0.07 +0.23 £+ 0.07 4
Mar7.......... R +0.33 + 0.08 +0.63 + 0.08 +0.32 + 0.08 +0.13 + 0.08 4
Mar7.......... 1 +0.21 £+ 0.07 +0.56 + 0.07 +0.20 + 0.07 +0.11 £+ 0.07 4
Mar8.......... U +0.03 +0.11 +0.83 £ 0.11 +0.02 +0.11 +044 +0.11 4
Mar8§.......... B +0.13 + 0.05 +0.71 £+ 0.05 +0.12 + 0.05 +0.26 + 0.05 4
Mar8 ........ 14 +0.22 + 0.08 +0.68 + 0.08 +0.21 + 0.08 +0.18 + 0.08 4
Mar8.......... R +0.23 + 0.09 +0.69 + 0.09 +0.22 + 0.09 +0.19 + 0.09 4
Mar8.......... I +0.16 + 0.09 +0.64 + 0.09 +0.15 + 0.09 +0.19 + 0.09 4
Mar2l ........ U —0.22 +0.10 +0.46 +0.10 —0.23 +0.10 +0.07 + 0.10 5
Mar2l ....:... B +0.17 £ 0.07 +0.59 + 0.07 +0.16 + 0.07 +0.14 + 0.07 5
Mar2l ........ | 4 —0.03 + 0.07 +0.49 + 0.07 —0.04 + 0.07 —0.01 + 007 5
Mar2l ........ R +0.09 + 0.05 +0.52 + 0.05 +0.08 + 0.05 +0.02 + 0.05 5
Mar2tl ........ 1 +0.06 + 0.04 +0.44 + 0.04 +0.05 + 0.04 —0.01 + 0.04 5

Sources.—(1) Cropper and Bailey 1987. (2) Barret 1987a. (3) Schwarz 1987. (4) Barret 1987b.

ation for this star (0.97%) is notably different to that suggested
by Schmidt (1976) for this field, which is based on the average
of 13 Galactic stars. In addition, Barret (1987b) reports a varia-
tion of the polarization of this star. Thus, it seems that the star
used by Schwarz and Mundt for foreground correction is
intrinsically polarized, and we have preferred using our mea-
surements of Sk —69°203.

Fourth, since 1987 March 25 approximately a change in the
behavior of the IP in the VRI filters becomes notable. The
initial decreasing trend is reversed, and the IP vector begins
growing at a different position angle. This change is not
observed in the U and B bands.

According to this last remark it seems reasonable to divide
the analysis of the IP of SN 1987A in two parts: before and
after March 25. The easiest way of explaining this dual behav-
jor is allowing for the presence of two independent sources of

TABLE 4
FOREGROUND CORRECTION
Filter dge(um)  P(%) Q%)  U(%)
U .oovvinnn 0.37 0.39 0.01 0.39
B .ol 0.44 045 0.01 045
Voereieinen 0.55 0.50 0.01 0.50
R ...oooo..t 0.64 0.50 0.01 0.50
I.ooooo... 0.79 0.45 0.01 045

intrinsic polarization. One that dominates the production of
polarized light in the first 4 weeks, and another that becomes
important for the longer wavelengths during the second
period.

The first component appears particularly clean in U and B
filters, where the second component is not existent. This gives
the possibility of using these colors in order to determine the
direction of the evolution of the first component of the IP
vector. This direction was computed by a weighted linear least
squares fit (Deeming 1968), and is shown in Figures la-le. In
Figures 2a—2e we display the temporal behavior of the projec-
tions of the polarization parallel (P1) and perpendicular (Pr) to
this direction. During the first period Pr averages zero, while Pl
displays a decreasing tendency in all filters. Moreover, the Pl
projections are almost the same in all bands, suggesting a
wavelength-independent ' polarizing mechanism. When the
second component appears, this wavelength independence is
lost.

According to Shapiro and Sutherland (1982), the wavelength
independence of the polarization would suggest that the
opacity would be purely Thomson scattering, in a medium
where the ratio of the absorption to the total opacity is much
less than unity. Obviously, the scattering medium will need
some kind of asymmetry in order to produce a net polariz-
ation.

In this frame, it is useful the analysis of the correlation
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between the total and polarized fluxes in each passband. These
correlations are shown in Figures 3a—3e, where the monochro-
matic fluxes used were obtained from the UBV RI photometric
observations of Hamuy et al. (1988), and effective wavelengths
and fluxes are given by Bessell (1979). It is easy to see, from the
inspection of these figures, the differences between correlations
before and after 1987 March 30.

It is known that in a static scattering system where the non-
polarized flux emitted is variable, the polarized and non-
polarized fluxes will be linearly correlated, and the slope of this
correlation will be the polarization. Although both fluxes are
variable with time, the resulting polarization, which only
depends on the geometry of the system and the optical depth of
the scatterers, will be time independent. On the other hand, for
a nonstatic scattering system, the relation between the pol-
arized and nonpolarized fluxes will depend on the balance of
the variations of its light, optical depth, and geometry. This
kind of consideration allows us to qualitatively analyze the
evolution of the IP and the flux correlations presented.

The scattering expanding shell of a supernova is, clearly, a
nonstatic system. However, it appears reasonable to think
about this shell as evolving without greatly changing its
geometry, particularly during the first period when the inter-
action with the local interstellar medium is negligible. The
initial decreasing trend of the Pl projection can be understood
as follows: The increasing nonpolarized light emitted by SN
1987A during this period is combined with a decreasing optical
depth of the scattering electrons in the expanding shell. If the
second process is dominant, the resulting polarized flux, as well
as the polarization, will be decreasing. Concerning the second
IP component, it is due to a polarized flux which is proportion-
al to the nonpolarized one. Consequently, it should be produc-
ed in a region where the optical depth has an increasing trend.
This fact, together with the disparity of the position angles,
which suggests a different asymmetry, supports our previous
interpretation of two different components in the polarization.

IV. THE MODEL

The observational evidence presented in the previous section
can be used to set the basis for a model of the region which
produced the polarization of SN 1987A. The separation of the
polarization in two components of different importance during
each period simplifies the analysis. The projection PI of the first
component appears as the easiest to be explained, since its
wavelength independence indicates that it is produced by
Thomson scattering. The existence of an intrinsic net polariz-
ation, produced by scattering, in the light of the SN 1987A
necessarily implies an asymmetry in its envelope. All current
models of supernova explosions are built under the assump-
tion of spherical symmetry in order to explain the global
dynamics of these events. In this frame, a small asymmetry
does not appear as relevant, and it is neglected. However, itis a
crucial factor in the present model. In fact, the symmetry of the
actual shock is probably not spherical but axial, since it is
produced in the core of a progenitor which carries a large
amount of angular momentum (as it should be if protoneutron
stars and pulsars are originated in this zone). Such a shock will
produce an axisymmetric expanding envelope. In this frame a
net polarization via Thomson scattering will be produced.

There are some theoretical approaches to the modeling of
the polarization region of SN 1987A. The main question to be
answered is concerned with the thickness of the scattering
region. The full consideration of the radiative transfer problem

U @

5 } -

_.3 1 1 1 1 [l 1 1 1
-2 B.o .2 .4 6
Filter U

uaw

-3 ! L 1 1 1 1 1 1
=2 8.0 .2 .4 .B
Filter B QW

FiG. 1b

FiG. 1.—(a) Intrinsic polarization of SN 1987A (corrected for foreground
contribution) in the U filter. Dashed line, observations from San Juan.
Numbers at the right of the dots indicate days after February 23. Dotted line,
the weighted linear least-squares fit computed using the observations in the B
band. Representative error bar in Q and U is also indicated. (b) Intrinsic
polarization of SN 1987A (corrected for foreground contribution) in the B
filter. Solid line, observations from La Plata. Dashed line, observations from
San Juan. Numbers and dotted line have the same meaning as in (a). (c) Same
as (b), in the V filter. (d) Same as (b), in the R filter. (e) Same as (b), in the [ filter.
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T T T T L—— T T the polarization, changes in the orientation of the shell should
U be rejected. Because of its observed wavelength independence,
5t . changes in the opacity must also be neglected. Finally, a sub-
stantial change of the eccentricity would be necessary to
R | explain the observed temporal change of the polarization. As
we mentioned above, such a change in the eccentricity, in a
] time scale of days, does not appear reasonable.
3r It is necessary to introduce a different theoretical frame to
explain the observations. The logical following step is to intro-
- . duce an extended, axisymmetric expanding atmosphere. The
full consideration of the radiative transfer problem in this
1k 4 geometry presents such a degree of complexity that is out of
the scope of the present work. In order to get some insight on
i i the problem, we will treat the much more simple case of an
optically thin envelope.
However, it is important to remark that the polarization of a
-1r 7 scattering dominated atmosphere will be mainly produced in
the optically thin regions. The polarization originated in the
L - innermost layers will tend to be washed out by multiple scat-
tering.
-3 L ! L ! \ L ! L The theory of the polarization by scattering in extended,
oo 2.0 2 4 6 axisymmetric, optically thin envelopes was developed by
Filter R a Brown and McLean (1977), under the hypothesis of a point

FiG. 1d

have been worked out by Shapiro and Sutherland (1982), on
the assumption of a plane-parallel atmosphere. Their results
provide amounts of polarization comparable with our obser-
vations. However, the temporal behavior and color depen-
dence of the polarization of SN 1987A cannot be explained in
this frame. Shapiro and Sutherland’s model relates the
observed net polarization with the opacity characteristics of
the shell (mainly the relative importance of scattering and
absorption processes), its asymmetry (measured by its aspheri-
city or the related eccentricity), and its orientation. A change of
the polarization have to be explained via changes of these
parameters. Because of the constancy of the position angle of

source located at the center of the envelope. Rudy (1978)
showed that for the case of an extended source, a depolarizing
factor must be introduced. The polarization produced by an
envelope, as studied by Brown and McLean (1977), but includ-
ing this depolarizing factor was given by Cassinelli, Nordsiek,
and Murison (1987):

3 ., © 1 5
P= —RaTsm IJ:=0J=_1(I—3u)

a2 1/2
X (1 - r_z) n(r’ ,u)drdu ’ (1)

where n(r, p) is the electron number density, i is the angle
between the axis of symmetry of the envelope and the direction
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to the observer, o denotes the cross section for Thomson
scattering of a single electron, p is the cosine of the polar angle,
r is the central distance in a spherical system of coordinates,
and a is the radius of the illuminating source.

In order to reach further insight on the evolution of the
physical parameters of the shell, an expression for n(r, 4) must
be proposed. We have assumed that these shells are oblate
ellipsoids of eccentricity e, and an exponential radial depen-
dence:

n(r, 1) = ng exp [— ety eﬁﬂ)‘ﬂ] .0
where n,, is the electron number density in the photosphere, a is
the radius of the photosphere, and & is the characteristic size of
the shell. This assumption should be considered as an inter-
polatory approximation. The resulting expression for the
polarization produced by this mass distribution may be
written as the sum of two terms, one of them representing the
polarization produced by a point source (P,), and the other a
correction for finite size of the source (P,):

P=P,+ P,, 3
Py = —3 o7 sin? iF(e)nyé , )
3[13—¢% . 1 e
Fi (e) = Z |:§ e sinh <—’1—_e—2> - 1] s (5)
P, = 30y sin? ingay , (6)
with
2 (2n—3)11 (1
Y= Z ('12,.—",) J; (1 = 3u?) exp (D)E,(P)dpu,  (7)
and
p=F (1 —etteh); ®)

E,, is the 2nth exponential integral. In what follows we will
change n, by po/U, U being the mean molecular weight of the
shell’s gas.

Equation (3) depends upon five unknown quantities: p,, ¢, a,
i, and e, which describe the physical and geometrical properties
of the shell, and may be used to study its evolution.

In the previous section, during the interpretation of the
intrinsic polarization, the assumption of an envelope which
expands without changing its geometry appeared reasonable.
Thus, deriving logarithmically equation (3), keeping e and i
constant, one obtains:

14 P (, ©\(lda 1d¢
+§dt+P<1+|//><adt édt)’ ©)

2n — 3!
2"n!

1
X L (1 = 3u*)¢ exp (P)[E2n(®) — Eay—1($)1dpt .

Pdt p, dt

The photospheric radius, a(f), was obtained from the model
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FIG. 2—(a) Temporal behavior of the parallel and perpendicular projec-
tions (Pl and Pr as defined in text) of the intrinsic polarization of SN 1987A in
the U filter. Plus, observations from San Juan. Cross, observations from the
literature. Solid line superposed on the P projection represents the fitting of
the expression PI(t)/P1(0) = exp [ —(t/¢ p)‘] to the observations in all filters until
March 30 [P1(0) = 0.46%, {, = 19.6 days, and j = 1.63]. Representative error
bar is also indicated. (b) Same as (a) in the B filter, plus the observations from
La Plata (indicated by open circle). (c) Same as (b) in the V filter. (d) Same as )
in the R filter. (¢) Same as (b) in the I filter.
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computed by Woosley, Pinto, and Ensman (1988) for a 15 Mo
progenitor.

In order to determine p, and ¢ it is necessary to find another
independent relation between them. Since the polarization is
produced by the electrons which are being ejected through the
photosphere in the envelope, it is necessary to look for an
equation which relates the mass-loss rate and the mass of the
envelope. The total mass of the envelope can be written as

8n
1-¢?

a

¢

2
%€P+G@ +ma%} (10)

POLARIMETRY OF SN 1987A
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FIG. 2e
where
(1 _ e2)1/2 B e
G(e) = —e— tan™! (1—_7)1/—2 s

and

1—e® . _ e
H(e) = 2e sinh ™! [(1—-—62)1—5] .

If equation (10) is logarithmically derived, the following expres-
sion arises:

M dt  p, dt T +é adt Edt
N G(e) + 2H(e)a/%)
1 + Ge)a/€) + H(eXa/0)*
Equations (9) and (11) determine the evolution of p, and & if
the terms d In (P1)/dt and d In (M)/dt are given. The quantity d

In (P1)/dt is straightforwardly obtained from Figure 2. We fitted
a curve of the form

P(t) = P{t = 0) exp [— (CL)J] (12)

to the first component, and derived the following values for the
parameters: P1(0) = 0.46%, {, = 19.6days,j = 1.63.
On the other hand,

M 2 da
2 = 4mpoa [v(t - E] ; (13)

1 dpo 34t ecw 1@)

(11

where () is the velocity of the ejected mass which was com-
puted by fitting an equation similar to equation (12) to the
radial velocity observations of Ha of Blanco et al. (1987). The
values obtained for the parameters were v(0) = 27.0 10 km
s™1,{, = 17.6 days,j = 0.45.
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In order to solve equations (9) and (11), the initial value of Po 4.0 LA L B B B B R N
or £ (which are related through eq. [3]), and the chemical " Pl projection -
composition of the shell must be fixed. We used the relation 2 3k .

n = p(1 + X)/2H, and adopted an hydrogen mass abundance 'g L -
X = 0.7, which is typical for Population I stars. In addition, Y 28t J
the eccentricity and inclination of the shell have to be assumed. E 7L i
We found that with fixed e and i, the behavior of the density =

after a couple of weeks of evolution was almost independent of Ler T
the py(0) choice. Woosley and Weaver (1986) suggested that z?o B w ° b
~20 days after the explosion the photosphere reaches a C bor ¢ ° .
density in the order of 107 ** g cm 2. Since the photospheric x - .
density has to decrease, po(0) must be greater than this value. 2 2 bttt +
Thus, we have computed models with po(0) = 5 x 10713 g o i ]
cm 3, po(0) = 10712 g cm 3, and p,(0) = 4 x 1012 gcm™3, el Pr pro jection

Since there is no way to fix a priori the geometrical factors, e 5

and i, of the shell, they were kept as free parameters in our o i ° T
models. However, if we adopt a value for po(0), the initial mass “onof o oo 7
of the shell is determined by these geometrical factors, if the -

observed polarization is to be reproduced. This relation may -1.0 LA

be used to limit the values of e and i, provided that the initial e 1 2 3 4 S 6
mass is estimated independently. In Figures 4a and 4b we Filter U Total Flux
present level contour plots of the initial mass against i and e for (16%® W m?Hz")
two values of py(0). According to Blanco et al. (1987), the

hydrogen mass of the outer layer of SN 1987A is less than FiG. 3a

~107% M, (a few days after explosion). This value may be

used in order to limit the region of the i, e-plane in which

realistic models may be located. Models with low values of e T T T T T

and i should be rejected, since they require a large initial mass. 4.0 .
On the other hand, models with high values of e and i cannot o L Pl projection -
reproduce the observed amounts of polarization. lg 3.0k ° i

After computing some models, an additional restriction was o ) R
found. With the inclination fixed, small values of e allowed by E i . 7
the initial mass condition lead to unrealistic results (ie., z 20r * . 7
decreasing typical size and/or decreasing total mass of the - e .
shell). In Figures Sa-5c, two models with p,(0) = 1012 g §Q 1.0 F .;," “x : x 4
cm 3, two with po(0) =4 x 107!2 g cm™3, and one with Aok i LA }
po(0) =5 x 10713 g cm™3 are presented. The characteristic X . x ' . ‘
parameters of the models are given in Table 5. 2 2.0 ! ' ' o '

A remarkable feature is that neither a change of the initial - " Pr projection b
photospheric density, nor that of the initial mass of the outer S Lot -
layers results in a substantial change of the typical size of the 5 L . i
shell. On day 30 the size of the envelope is ~1.4 x 10'% cm, in 0 aol T x
all cases. As we have mentioned above, we look for models that : ®% & . xony x . ]
reach a photospheric density of ~107!3 g cm™3 after ~20 i - i 7
days. In this sense, models with po(0) = 4 x 107'2 g cm ™3 are -1.0 . L ' L L
the most suitable ones. However, this argument does not allow 2 4 6 8
us to disregard some of the models with lower initial photo- Filter B Total Flux
spheric densities. Finally, and according to this, the total mass (16% w m7?H")
of the polarizing shell after 30 days of evolution would be
between 0.35and 1.2 M. FiG. 3b

F1G. 3.—a) Plots of the polarized flux of each projection vs. the total flux,
TABLE 5 . in the U filter. Circles and crosses represent observations before and after
PARAMETERS OF MODELS March 30, respectively. (b) Same as (a) for the B filter. (c) Same as (a), for the V
filter. (d) Same as (a), for the R filter. (¢) Same as (a), for the I filter.
Model e i po(0) £(0) M(0)

Lo, 0.40 20 0.5 0.066 0.006 V. CONCLUSIONS
w 1(5) }8 8:823 8&2 Original UBVRI linear polarimetric observations of SN
045 7 40 0.048  0.024 1987A, obtained between 1987 February 28 and April 29, are

0.55 5 4.0 0.041 0.020 presented'

NoTE—The quantity i is given in degrees; po(0) is given in The observed polarization Wwas separated into a foreground
units of 10~ "2 g cm ™ 3; £(0) is given in units of 10'5 cm; M(0) is component and an intrinsic polarization (IP) of the supernova.
given in solar masses. The IP initially shows a decreasing trend, which is associated
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with changes in the polarizing features of the expanding outer
shells of the supernova. Also, this initial IP is wavelength inde-
pendent, suggesting that the scattering opacity is mainly
Thomson scattering.

On the additional hypothesis that the outer layers are ellip-
soidal, the evolution equations for the photospheric density
and typical size of the envelope are derived. Assuming an expo-
nential density profile for the optically thin layers, we solve
these equations. This allows us to study the expansion of the
external layers during the first few weeks after explosion.

Notably, disregarding the initial parameters adopted, all the
models lead to a similar typical size. In all cases, this size
results 1.4 x 10'° cm, approximately.

The models are unable to provide information about the
inclination and excentricity of the shell separately. However,
realistic results are obtained only for a small range of these
parameters. The inclination should be lesser than 15°, while the
eccentricity should be between 0.40 and 0.60, which implies an
axis ratio of the shell between 0.80 and 0.92. It is interesting
that Jeffery (1987), using synthetic polarization spectra, has
obtained a good fitting for the Balmer lines with values of the
axis ratio between 0.60 and 0.80. This confirms the necessity of
including a significant amount of asymmetry (~ 20%) in super-
novae explosion models.

After ~30 days, the polarization changes both its orienta-
tion and wavelength dependence. This suggests that the effect

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1988ApJ...334..295M&db_key=AST

J. - -3347 ZZ95M

o]

rT983BA

Inclination

c
3
ey
o
=
)
S
.6 .6
Excentricity Excentricity
FIG. 4a FiG. 4b

F1G. 4—(a) Level contour plots of the initial mass of the shell required to reproduce the initial polarization. The value of the mass on each contour is indicated at
the right of the contour. Units are solar masses. Shaded area indicates a forbidden region for the parameters e and i (see text). The initial density used was 107 1% g

cmn 3. (b) Same as (a), using an initial density of 4 x 1072 gem ™3,
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FIG. 5¢

FiG. 5—(a) Evolution of the density for five of the computed models. Dotted-dashed line: model 1. Dotted line: model 2. Long-dashed line: model 3. Solid line:
model 4. Short-dashed line: model 5. (b) Evolution of the typical size for five of the computed models. Meaning of the different line styles is the same as in (a). (c)

Evolution of the mass for five of the computed models. Meaning of the different line styles is the same as in (a).
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of the absorption on the total opacity becomes important after
this time. However, there may be a completely different polar-
izing mechanism. In particular, the possible relation between
this second polarization component and the speckle compan-
ion of SN 1987A (Nisenson et al. 1987) should be considered.

In a previous paper (Clocchiatti et al. 1988), a less elaborated
model led us to conclude that the observed IP could have been
produced by low amounts of asymmetry. In view of the results
of this work, that conclusion should be disregarded.
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