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SN 19878 : LIGHT CURVES AND INFERENCES

T.P.Prabhu
Indian Institute of Astrophyslcs
Bangalore 560034

Abstract. The UBVRI llght curves of SN 1987a are descrlbed. The Inferences
one can draw from these data, such as the colour evolutlon, evolution of
photospheric radius and temperature, and the bolometrlc light curve, are
discussed. Theoretical explanation for different portlons of the light curves
Is also glven. The blue light curve ls compared with the mean light curves
of other supernovae. SN 1987a appears to be a low-luminosity member
of type II-P supernovae, Its lower lumlnosity belng assoclated with a low
value of envelope mass.

1. Introductlon

The visual light curve of SN 1987a durlng the first year Is characterized
by an Initlal rapld rise, subsequent slow rise to 8 round meximum, followed
by a decline that remained linear for a long tlme before {alllng below the
llnear extrapolation. The shape of the light curve contrasts well with the
light curves of other well-observed supernovae (SN). However, It apFears
llkely that the curve forms the low-luminosity envelope of the family of
type II-P SN light curves. Simllar events In other galaxies might have gone
unnoticed In the past, or were very poorly observed, due to their under-lumlno-
sity.

Following an SN outburst, most of the electromagnetic radlation Is
emitted by the expanding and cooling photosphere at the optical wavelengths.
The line emlsslon does not contribute signliicantly to the broad band {luxes
which can hence be used to Infer the blackbody temperature, radius, and
luminosity of the source. These quantitles help setting constralnts on the
theoretical models of exploslon.

We summarlze here the broadband photometric Information on SN 1987a
durlng the first year followlng the outburst, and also inferences drawn from
these data,
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2. UBVRI light curves

The precursor of SN 19878 was Sanduleak -69°202, a B3] star with V=12.24,
B-¥=0.04, and U-B=-0.65 (Rousseau et al. 15978). Following the discovery
of its outburst on 1987 February 24, It was photometrically monitored exien-
sively, mainly at the South Afrlcan Astronomical (SAAO), Cerro Tololo Inter-
Amerjcan, and European Southern Observatorles. A {ew prediscovery observa-
tions of the reglon contalning the SN have helped In obtalning magnitude
estimates closer to the outburst. We reproduce In Fig.l, the Johnson UBY
and Cousins RI light curves during the first 365 days, based on the observatlons
from SAAO (Menzles et al, 1987; Catchpole et al. 1987, 1988; Whitelock
et al, 1988. Hereinafter referred to as SAAO IV, respectively). The peak
In ¥V band reached approxlmately 80 days slnce outburst, at 2.75 mag.
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Fig.1 Tha yBYV (nl)u light ourves of BN 1987a during the first 365 days
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'Fig.z The B light curve of SN 1987a compared with tha mesan curves
for different types of SN on an absoclute scale. The zero

of time is taken to be the light maximum for msan curves,
but as the outburst time for BN 1987a.

SN 1987a Is spectroscoplcally class!fled as type II. Type Il SN are further
classifled as P(plateau) and L(llnear) depending on whether or not the light
curve exhlblts a halt during the decline. The B llght curve of SN 1987a
s compared with mean curves of type I, 1I-P, and II-L In Flg.2. The shapes
of the mean curves are taken from Doggett & Branch (1985). The mean
brightness at maxima have been taken from de Vaucouleurs (1979) as M
= -18,5 (type 1) and -16.05 (type II) with no distinction between subtype%
P and L. A distance modulus of 18,3 for LMC and absorption of A, = 0.46
towards SN 1987a were assumed. At first sight, the light curve of SN 1987a
appears totally dliferent from the mean curve. The maximum brightness
of My = -14.5 attained by SN 1987a renders It 1.5 mag falnter than mean
type H light curves.

If one makes the mean type lI-P curves 0.8 mag brighter and shifts
the zero time of SN 1987a to day 20 (Fig.3), some similarities between SN
1987a and mean type lI-P curve become evident. Flrst, the two curves
match well at the late phases. Secondly, the peak of SN 1987a coincldes
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Fig.3 A comparison of mean typs II-P light curve (made brighter

by 0.8 mag,) and the light curve of 9N 1987a (day 20 reckoned
ag zero)

with the plateau of type II-P curves, being only 0.2 mag falnter (on the
scale of devaucouleurs 1979). Flnally, the peak of type II-P curve colncldes
with the dlp In B curve of SN 1987a. No dip appears at corresponding time
In the VRI and bolometric light curves, One may hence assume that SN
1987a is a type 1I-P In which the light curve directly reaches plateau without
going through a normal maxlmum.

The evolution of different colour Indices of SN 1987a is shown In Flg.4.
The colours become progressively redder during the early days at a rate
several times faster than for other SN. This can be underst as an effect
of lower envelope mass, and consequent Increase in the cooling efficlency.
Line blanketing, Initlally by Balmer llnes and later also by metallic llnes,
contributes to the reddening of U-B and B-V colours. This is also a consequence
of cooling. The reduced envelope mass may thus explain the anomalows
light curves of SN 1987a.
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Fig.4 The svolution of broadband colours of SN 1987a.

3. Radll, temperatures and total luminosities

Beglnning with the outburst, and untll the spectrum beglns to be domlnated
by emlission lines, the broadband magnitudes and colours can be used to estimate
the radlus, temperature and total lumlnosity of the SN. Two methods are
avallable: Flrst, the observed colours may be compared with a suitable calibra-
tlon for effectlve temperaturej the observed colour and magnitude may be
compared with a sultable callbratlon for angular dlameter (Ashoka et al.
1987; Hearnshaw, Mc Intyre & Gllmore 1988). Alternatlvely, blackbody
curves may be fltted to the observed UBVRI magnitudes, supplemented by
JHKL magnitudes, to derive the effectlve temperature, angular radlus, and
the total apparent luminosity (Danziger et al. 1987y SAAO I-IV} Hamuy et
al. 1988). The quantitles derived from SAAO data are shown In Fig.5.
effectlve temperature reduces quickly In the early stages and reaches a
plateau lasting tlll about day 100. It then comes to a minlmum only to
steadlly rise thereafter. The radius reaches a maximum about day 100 and
reduces thereafter. The total Juminosity has a maximum 'at about days
80-90.
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Fig.5 The evolution of the photoapheric radius, temperature and
total luminosities of BN 19B87a.

4. Theoretlcal modelling of the light curve

We dlscuss below the dominant physical mechanisms responsible for different
portlons of the light curve of SN 1987a. A comparison of two speclilc mode]s
in lterature ls reproduced In Fig.6 from Doplta (1988).

4.1 Initial Riset The Shock Breakout

The intlal rise In brightness of SN Is attributed to the breakout of shock
following the core-bounce. The time of core collapse Is reckoned wlth the
neutrlno event (1987 February 23.316 UT from Kamiokande detectlon). The
optical outburst, on the other hand, had to wait for the shock to propagate
to the surface, and for the surface to cool sufficiently to radlate In the
optical. Two pre-discovery cbservations help In setting limits on the time
of optical outburstt a negatlve observation on February 23.44 UT, and a
potitive one on 23.54 UT. The time difference between the optical outburst
and the neutrino event place constralnts on the envellgpe mass, radlys, and
exploslon energy. Optimum values are 10 Ms, x10 cm, and 1 erg,
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Flg.6 A comparison of observed bolometric light ourve of SN 1987a

with the 10H model of Woosley (1988) (envelope masaHOMe;

Kinetic energy: 1.4 x 10°'erg), and 11E 1¥4 of Nomoto, Shige-

Yama & Hashimoto (1987) (6.7 Mo, 1051erg). Tha figure is
reproduced from Dopita (1968). Bes also Bhigeyama, Nomoto

& Hashimoto (1988) for more models,

respectively (cf, Dopita 1988), The f{lrst two parameters agree with aB3l
precursor,

Further evldence for the shock breakout comes from the radlo light
curve which reached Its peak at 843 MHz on day 4. The radlo emlssion
ls attrlbuted to synchrotron emlssion from a thin shel near the expanding
ejecta (Storey & Manchester 1987),

4.2 To the Maximum and Downhills The Photespheric Fvolution

Beginning with the halt soon after outburst, the eveolution of the light curve
follows the evolutlon of the photospherlc radius and temperature. The effect
of line-blanketing and consequent departure from a blackbody result in initlal
dlps In U and B llght curves Instead of a haly as In VRI bands.
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i ' i It is shrinking
Though the photosphere keeps increasing till the maxlr:num, _
with respect to the matter streaming out of it. A comparison of photospheric
absorption lines with photospherlc radius can hence yleld information on
the varlatlon of expanslon velocity with radlus at this stage,

After day 20, the temperature of the photosphere of SN 1987a remalned
nearly constant. The rate of photospheric expanslon at thls stage can also
yleld Information_on the density law. Assuming the photospheric denslty
falllng as (time)-* , one derives ol = 10.6 between days 15-26, 5.1 between
days 26-46, and 4.1 between days 46-103 (Doplta 1988). The denslty and
velocity laws too place constraints on the envelope mass and structure,
and klnetic energy of explosion.

In SN 1I-P the photospheric radius remains constant at the 'plateau’
of the light curve. Average brilghtness of the plateau ls M% = -14,5 (de
Vaucouleurs 1979). This compares well with the maxlmum { SN 1987a.
It thus appears that SN 1987a just reached the 'plateau' at its maxlmum.
This would further suggest that SN II-P may form a family with differlng
envelope masses, larger envelope masses resulting In brighter maxima.

After the maximum the radius of photosphere beglns to shrink Isothermally,
resulting in the decllne of the llght curve. Increasing contrlbution of line
emission from outer regions brakes the decllne to some extent. A new
mechanism then takes over and turns the light curve llnear.

43 Linear Decliner “6Co decay

Fe-peak element are synthesized by neutron capture durlng SN exploslons.
Of these, 36N! decays radio-actively to 36Co with a mean llfe of 8.8 days,
and the Iatter decays to 3€Fe with a mean llfe of 111 days. The gamma
rays emitted durlng the decay heat the envelope. When the photospherlc
radlus has shrunk considerably, the radloactive heatlng brakes the decline
and the luminosity falls exponentially. Most of the 26NI Is converted to
I6Co_py this time (beyond day 120) and the light curve mimics the decay
of %o, The decllne has a 'mean llfe' of 104-115 days, comparable to
the mean life (111 days) of J6Co (SAAO IIl}. Assuming that the energy
radlated on day 127 was equal tg the energy released by radio-actlve decay,
one deduces that 0.085 M, of “6NI was produced In the exploslon (Doplta
1988). The photosphere conqtlnues to shrink during the llnear decline revealing
hotter and hotter Inner layers (Fig.5).

Beginnlng with day 265 the light curve beglns to dip slightly below
the extrapolated llnear rate. This can be attrlbuted to the leakage of the
radlo-active energy In other bands of radlatlon. The X-fays observed by
Ginga satellite reached a maximum around day 190 (Dotani et al. 1987).
These result from the Compton scatterlng of the gamma rays.  The gamma
rays themselves became observable soon after (cf.Mahoney et al. 1988).
The leakage Is caused by a decrease In the opaclty of the envelope, and

is expected to increase contlnuously. Thus the light curve would decline
faster and faster.
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5. Conclusion

Since SN 1987a Is much closer than any SN observed in modern times, It
has been observed well In all bands of electromagnetic radiatlon, and in
neutrlnos. Though the SN was intrinsically falnter, and presented somewhat
peculiar llght curve, the light curve is understood {falrly well In terms of
a low envelope mass of lts precursor. The theoretical modelling of this
SN would pave way of Improving the models of SN with more massive envelopes.
Finding a compact star exploding as SN has demanded the reflnement of
theoretlcal models of stellar evolutlon. The SN rates will need to be revlsed
now, slnce similar SN may have been mlissed in past SN searches. This fact
would motivate detailed observations of fainter extragalactlc SN. The revised
SN rates wlll have Important implicatlons on the chemical evolutlon of galaxies.
Thus SN 1987a has truly heralded a new era In astronomy and astrophysics.
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