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Polarimetry of supermova SN1987A - a dust shell model
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Summary

Polarimetric measurements of SN1987A In BVR bands were
made on March 6 and 7. These obgervaticns along with the polari-
metric data reported by various other authors wlthin first 30
days of explosion have been discussed. There are: atleast two
Intrineic sources which contribute to the observed polarization;
one gource belng the dust shell around SN1987A as is Indicated
by the wavelength dependence of llnear and circular polarization
and the other being due to the non-thermal synchrotron radlation
from the exploding star itself, A dust shell mecdel to explaln
polarization observations has been suggested, From the tlme varia-
tion of the wavelength dependence of linear polarization, the optl-
cal depth is found to be about. 0.6, the radlus of the dust shell
about 0.04 pc and the grain slze to be smaller than the interstellar
grain size. The temperature of the dust shell is expected to be
sround 200 K. Based on this dust shell model, Infrared excess
beyond 10 micron has been found to be in agreement with the
cbserved wvalues, .

Key words: Polarlzation-circumstellar dust-infrared radiatlon-
supernova
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1. Introduction

The polarizatlon measurements of SN1987A through broad band
flllers were made to Investigate ihe Intrinsic polarization and Its
tlme varlatlons. Earlier Schwarz and Mundt (1987) have reported
polarimetry obtalned on March 6 and 7 using several narrow-band
and broad-band fllters. Several olher authors (Croper et al., 1987;
Barrett, 1987a, 1987b; Balley, 1987; Benvenuto et al., 1987) have
reporied polarimetric measurements. The observed degree of polariza-
tion Is generally less than 1%. Barrett (1987a) has reported p=0.97%
and ©=35.9 degree for a comparison star and has suggested the above
value of polarization due to the interstellar medium. Schwarz and
Mundt (1987} considered the above polarization value as interstellar
polarizatlon and have applled the same to correct the polarimetric
data of SN1987A for Interstellar polarization. However, Barrett (1987b)
noted some change In the degree of polarization of the compar!son
star In hls later observation. It is rather difflcult to correct the
cbserved data for Interstellar polarization. However, good polar!-
metrlc data is avallable on SN1987A during the flrst one month time
after the detection of the supernova In LMC. Photometric data 1in
near Infrared Is also avallable (Bailey et al., 1987; Malkan and
Sun, 1987; Bouchet et al. 1987) within the filrst 30 days. We have
preseniad here discussions and analysis based on polarimetric data
obtained by us on March 6 and 7 and by other investigators wlthin
one month (Table 1). Dwek et al. (1983) and Dwek (1983) have glven
models for a dust shell around the supernovae SN1979¢ and 1980k.
A s:lmilar' dust shell seems to explain the polarimetric observations
of SN1987A. We have discussed and given a dust shell model for
SN1987A which explains the polarimetric behaviour In optical reglon
and IR excess beyond 10 micron; we also report the detectlon of
synchrotron radiation from the supernova.
2. Observations and analysis

Polarimetric observations of SN1987A were made on the 1 meter
telescope at Kavalur of Indlan Institute of Astrophyslcs, Bangalore,
on March 6 and 7 using standard B, V and R filters of Johnson-Morgan
system and have already been reported In JAU Circular (Raveendran
et al., 1987). The Instrument and the method of observation and
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reduction 1s dlscussed elsewhere (Deshpande et al., 1985, Joshl]
et al., 1987). Table 1 lists the polarizatlon data on different dates
avallable from the Iliterature along with our observailons. Figure
1 shows the wavelength dependence of polarization on different
dates and flgure 2 shows time wvariation of polarizatlon in different

bands.

1,0
22 MAR
o8} ] ] ~ - -
L l_—'_--'_"—':-I.-.-—.'
ok Rl MAR
08 | F—H—— i —-.__ﬂ
1.0 I8 MAR ]
E 015 - : ! P ‘r_= -
Z o] o 763 MAR -
= ———
ﬁ 0!5 - -
x "°r 7.3 MAR
j ¥ 1 1 1 |
° 0.5 L 1 LY 5 r — _1
8 o 665 MAR ]
- e
0.5 o
1.0 : 2:3 MAR A
o8l \l .
oF
o —
OB} .
hOF 3 . 204 FED -
| L ‘_i
U v
-1 L1l nL 3 5 >

0.40 050 060 070 080 090
WAVELENGTH IN MICRON

Figure 1 HKWavelength depandence of polarization of SN 1987A on various
dates. Error bar (i) are alao marked.

3. Interstellar Polarization:

Schwarz and Mundt (1987) have adopted the Interstellar
polarizstion value Pis = 0.97% and @ = 39 degrees, which has
been given by Barrett (1987a) for a comparison star. In the subse-
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quent observallons of March 7 and 8, Barrett (1987b) has reported
a decrease In the polarization of the comparison star. The degrea
of expected Interstellar polarization (PIS) is estimated as follows:

The reddening value for SN198B7A has been given by several
authors. We take E(B-V) = 0.20 (Blanco et al., 1987) which corres-
ponds to an extinctlon of Av ~ 0,64 In the visual band, assuming
R=3.20. The ratlo of polarization to the extinctlon In visual due
to the Interstellar dust is typically (mp /AV)V ~ 0.025 (Greenberg,
1978) where mp is the degree of Iinterstellar linear polarlzation
expressed 1n magnitude scale and AV 1s attenuation due to {nter-
stellar medlum. This relationship glves Pig ~ 0.8%. Therefore
the expected Pig Is npearly same as the observed value of polarl-
zation for GSN1987A. However, the observed value of polarization
shows & systematlc decrease In polarization with iime 1In all bands.

The polarization 1In U-band shows some fluctuations. This shows
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Figurs 2 Variation of degree of polarization in various Wavebands
with times.
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that the observed polarization has Intrinsic compeonent. We have
plotted the polarizatlon data In Q=Pcos2@; U=Peln20 plane In flgure
3 to study the time dependent behaviour of\ the observed polariza-
tion. These parameters are the components of the polarlzation vector
In the (Q,U) plane and are additive for Intrinsic and Interstellar
polarizatlon. The observed polarization points are expected to deflne
a straight line In (Q,U) plane under the following assumptlions:

a) the observed polarization Is a mixture of Iintrinsic and
Interstellar polarization;

b) the observed polarization decreases with time. We assume

that only Intrinsic component decreases while pIs remalns constant.

We also assume @ Intrinsic remains constant with time.

The slope of the line would be twlce the Intrinsic polariza-
tlon angle 208. The distribution of points In Q-U plane 1n flgure
3 1s quite random and it is not possible to fit a stralght llne
to the observed points. This indicates that glntrlnsic also changes
with time. This is possible when there are two sources producing
polarization, both or one of which is varying with time.

4, Discussion .

Figure 2 shows the time dependence of polarlzation. The
degree of polarization shows & gradua! decrease between February
25 and March 22 1987, The small fluctuations in positlon angles
In different wavelength bands (Table 1) on different dates could
be due to varlations in Intrinslc polarization. In order to study
the polarization behaviour of SN1987A in more detail we have plottaed
in Figure 1 the wavelength dependence of polarization on different
dates. Before March 6 the wavelength dependence of polarization
resembles the polarlzation produced by a dust layer In front
of the source. However, on March 7, 15 and 22 there is no signi-
ficant variation In the polarization with wavelength. The error
In the polarization measurements in U-band on February 22 and
March 15° by Benvenuto et al. (1987) are qulte large and are not
Plotted In figure 1. Also the U-band data shows comparatively
large fluctuations. The observed polarization behaviour has been
explalned In terms of the dust shell model discussed later,
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The wavelength dependence of polarization on
eand on March 2 and 6 (Figure 1) shows ihat the Pmax
B and V bands whilch is Indicative of the size of the dust partlcles
to be smaller than the Iinterstellar grain size.

February 28

lie between

Circular polarization (q)
March 7 18 qa2,3%10exp(-4).
measured by Barrett (1987a,b) on February 28 and March 2, 7
and 8 In UBVRI bands.
7 is In close agreement with the value reported by Barrett (1987b).
An |interstellar origin for the detected circular polarization ls to
be excluded for the followlng reasons.

in V-band as measured by us on

Circular polarization has also been

Our measurement of g In V-band on March

The maximum Iinter-stellar

q for twlsting alignment of the gralns along the line of sight is

| | 1 | L 1 T 1 i L N L T
ool e °© © 26.4 FEB .
® 28.2 FEB
O 2:3 MAN
0.7} + 5.65 MAR -
u O 73 MAR
o & 7:83 MAR
0.5 le ¥ ® Bl MNAR .
Ll L) | L) T | | 1 T L] L] L |
- L0 -
0.9 A o o
' A
u o7l ., ° i
0.5 |- B o R _
i L | ® 1 1 T T 1 L B |
o0 -
© A o
- + o
0.7 v s ® 1
o]
0.8} ® a -
1 1 1 1 1 1 1 .l 1 1 i 1
- Ol 0:1 o3 05 Ol 03 05
Q

Figura 3

bistribution of obeerved polarization in

plana;

points on Aifferent dates are marked with different symbols.

expected to be q ~ 1/3 (pls)2 (Kemp and Wolstencroft, 1972; Martin,
The expected

1974).

interstellar

polarization as estimated above
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Is pj, ~ 0.8% for supernove. This gives q ~ 2%*10exp(-5) which
Is lower than the deilected polarizatlon by one order of magnltude.
It appears that the observed q Is due to the Intrinsic linear polari-
zation converted to circular polarizetlon due toc the comblned effect
of circumstellar dust and foreground Interstellar dust; the expected

q would be q P, where Pdust Is polarlzation due to

max 7~ Pdust"
dust in the shell and Interstellar medium. Adopting P ~ 1.0% and
Pguat 1.0 we get Anax ™ 1.0"10exp(~4} which Is close to the obser-
ved q, Multiple scattering is alsv expected to produce circular pola-
rization. Observations on clrcular polarization on February 28 shows
change of sign near V-bend. Circular polarlzation data on other dates-
March 2,7 and 8 also shows change In sign, but at differlng wave-
lengths. The change of sign In wavelength dependence of q 1is a
characteristic of polarlzation produced by dust scattering (Greenberg,
1978). The circular polarization Is perhaps produced by circumstellar
dust and Interstellar medlum by convertlng the already polarized
light to circularly polarized light. The degree of clrcular pelariza-
tlon is relatively large on February 28 and drops to lower values
on later dates. These observations thus Indicate the presenca of
the dust shell around SN1987A, Flgure 2 shows the change In polari-
zation with time. The magnitude of change with time In polarization
1s much slower than the change In flux especially in U and B bands
(Hamuy, 1987). This further supports the presence of dust shell
around SN1987A.
5. Dust shell model

Bode and Evans (1980) suggested that the thermal emission
from SN1979c and SN1980k originate from the pre-existing dust in
a circumstellar shell heated by the UV-visual output of the super-
nova. This possibility was also suggested by Chevaller (1982). Dwek
(1983) besed on the dust shell model explained for S5SN1979c and
SN1980k the thermal infrared emission In terms of IR echo of a su-
pernova with the circumstellar dust shell. The polarimetric observa-
tlons seem 1o be consistent with the circumstellar dugt shell model

In the present case. As it has been discussed earlier, linear pola-
rizatlon is a mixture of atleast two components - one produced

due to the presence of dust shell. The wavelength dependence
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of polarization on differenl dales (Figure 1) shows that the dust
scatiering contrlbution to polarization dominates in early phases
upto March 7. However, on March 7.3 and beyond, the wavelength
dependence of polarization 1s almost flat and perhaps the net pola-
rization due to dust has decreased and the other component domlina-
tes. This can be explained In terms of a similar model which Dwak
(1983) has used to explaln the IR emission In SN1975c and SN1980k.

We assume a spherically symmetric dust shell around the
progenitor star. The dust shell Is due to the mass loss from the
pro-genitor star during its evolution., A star of 20Me is expected
to lose a slignificant fractlon of Iits mass during 1is evolution.

The proposed model 1s as shown iIn Figure 4, Due to the
finite llight travel time, the scattered light for larger & shall
arrlve at a later time to the observer than for the smaller @.
As long as © 1s small and the grains asre allgned In the shell,
the observed polarization would be simllar to interstellar peclariza-
tlon, With time & increases and the net polarization would be avera-
ged to negliglble value. Therefore In the early phases polarization
duse to dust in the shell would domlnate and this is what we obser-
ve.

>

OBSERVER
>

Figure 4 Bchematic of the proposed dust shell model around supernova
BN 1987A.
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The radius of the dust shell has been deduced as follows:

We assume that the polarlzaiion due to dust shell will be
averaged to small value when @ exceeds 45 degrees. From the obser-
vations (Figure 1} we find that the wavelength dependence of the
polarization is flat after March 7th i.e. after 13th day from the
explosion. Assuming that the contribution to the observed polarlza-
tion due to the dust Is negligible after t=13 day of the explosion,
the radius of the dust shell is estlmated by: Rd-ct/(1-cose) where
c Is veloclty of light and t is the light travel time for the dis-
tance (Rd-SP) (vide: Figure 4). Taking t=13 day and ©=45 degrees,
we get Rd ~ 0.04pc.

We assume that durlng the first few days the Intrinsic pola-
rization is malnly due to the dust shell. Taklng Interstellar pola-
rization value reported by Barrett (1987a), the intrinsic polari-
zation on February 25.4 comes out to be Psn ~ 0.8%. On very early
phases after the explosion the synchrotron component is expected
to be weak. When the expandling envelope starts becoming optically
thin the onset of synchrotron radiation ls expected. Taking Psn
~ 0.8% in visual band as produced by dust iIn the shell,mp /Av"’
0.025 (Greenberg, 1978) and Av-=1.086"-cd, the optical depth of
the shell Ils estimated to be 0.6. The above model has been checked
and found to explain the IR excess found at waveband N3(12.89 ml-
cron) by Bouchet et al.(1987). The IR flux due to the dust shell
has been calculated assuming isothermal and thin shell model. Under
these assumption the flux at wavelengthland time t can be expressed
as: .

F(t) = (HZIDZJ'V(t)"‘nd(R).ﬂBA(Td)‘_EA
where a,D,R,V(t), nd, Q\r, and BA(Td) are respectively grain size,
distance of SN1987A from the observer, radius of the dust shell,
volume of the emitting region at time t, number density of the gra-
ins, emission efficlency and Planck function.

¥Writing V(t)-2:‘lT.Rd.c.t.A R; and Td-aza,\"'nd'AR; where Q)
1s absorption efficlency of the grains in UV and AR is the geometri-

cal thickness of the shell, the expression for the flux 1Is re-written
as:
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FA() = (29/D%)*R.C.1.Td.BA(T)*T)
Here Q has been taken as 1.0.

Using 1this expression and teklng D=55kpc for SN1987A and
a=0,1 micron and adopting the emission efflciencles from Dralne and
Lee (1985) the IR excess at 12.89 mlcron can be explalned if the
dust temperature 1is 200:50 K. The observed flux and blackbody
flux at 12,89 micron as estimated by Bouchet et al. (1987) on March
11 are respectlvely 1.07*10exp(-6) and 6.11*"0efwp(-7) ergs s-l cm 2
u"l The dust shell contribution to the flux at 12.89 micron as
calculated for the model given above Is 4.3*10exp(-7) ergs s~! .2
u"l which satisfactorily explaln the IR excess at 12.89 mlicron.

The slight IR excess at 10.2 micron can also be attributed to the
dust shell.

6. Conclusions

Time varlation of wavelength dependence of linear polarization
Is suggestive of a dust shell around SN1987A. The Iintrinsic polarl-
zatlon Is due to atleast two components: one is due to dust shell
and other 1s perhaps synchrotron component. The minimum radlus
of the dust shell [s estimated to be 0.04 pc with optlcal thickness
at visual wavelength 0.6, The temperature of the dust shell is expe-
cted to be Td,..,ZOOK.
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