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Abstract. We obtained extensive photometric and spectro-
scopic observations of the Linear type II SN 1990K. The pho-
tometry suggests that the SN suffered a relatively high extinc-
tion (Ap ~ 2 mag) and was therefore very bright at maximum
(MY, < —18.9). However, the luminosity in the exponential tail
is very similar to that of other SNII, in particular to SN 1987A,
indicating that the explosion produced a similar mass of radioac-
tive material (M (**Ni) ~ 0.1 M,).

The spectral evolution is typical for SNII, very similar for in-
stance to that of the SN 1987A (neglecting the fact that the latter
SN.showed unusually strong Ball lines). The line flux evolution
of SN 1990K compared with that of other SNe and with theoret-
ical models indicates that the envelope mass of SN 1990K was
relatively low (~ 5 Mg). Also, the envelope density is probably
low (i.e. a factor 3 lower than in SN 1987A).

Two months after discovery a bump appeared in the blue side
of the Ha line which has a strong similarity to the same feature
observed in SN 1987A (Bochum event) and in SN 1988A and
has been related to the emergence of radioactive material into
the outer hydrogen-rich envelope.

Key words: supernovae: general — supernovae: SN 1990K —
galaxies: NGC 150

1. Introduction

The SN 1990K was found by Evans (1990) on May 25.8 UT
(J.D. 2448037.3) in the SBb galaxy NGC 150. It was located
1874W, 26/6N from the galaxy nucleus, superimposed on a
galaxy spiral arm (Fig. 1). The absolute position was deter-
mined by McNaught & Sadler (1990) as o = 0h31m45%371,
§ = —28°04’18"58 (1950.0). Prompt spectroscopic observa-
tions indicated that the SN was of type II probably within 15-20
days from explosion (Phillips 1990).

*  Based on observations collected at ESO-La Silla (Chile)

D

-
C

Fig. 1. SN 1990K in NGC150 and reference stars. The image is an R
frame obtained at the 3.6m telescope on Oct. 26, 1990. North is up,
East is left :

Observations of the SN at ESO-La Silla, obtained in the
framework of the ESO Key Programme dedicated to the study
of SNe, started on May 30 and were terminated 16 months later.
The SN 1990K belongs to the class of Bright Linear SNII. The
extensive set of optical observations makes SN 1990K one of
the best studied objects of this class.

2. Observations

CCD photometric observations of SN 1990K were obtained on
23 nights using four different telescopes (Table 2).

When the nights were photometric, the frames were cali-
brated through observations of Landolt standard stars (Landolt
1983, 1992) and thereafter the magnitudes of a set of refer-
ence stars within the field were determined. These reference
stars were used to calibrate the observations obtained on non-
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Table 1. Magnitudes of the reference stars in the field of SN 1990K.
star B v R
a 15.104+0.03  14.694+0.03  14.36+0.02
b 18.454+0.02 17.68+0.02  17.174+0.02
c  2049+0.04 18.994+0.04 17.90+0.02
d 17.14+£0.02  16.594+0.02 16.24+0.02
e 19.194+0.02 18.59+0.02 18.214+0.02
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Fig. 2. B,V and R light curves of SN 1990K. The visual magnitude at
discovery, from Evans (1990), has an uncertainty of ~ 0.5 mag

photometric nights. The magnitudes of the reference stars, iden-
tified in Fig. 1, are reported in Table 1.

The SN magnitudes have been measured using the Romafot
package in MIDAS. After meausuring the point spread function
(PSF) from field stars, the program allows the simultaneous fit-
ting of the target object and of the background, the latter approx-
imated by a tilted plane. The major problem in SN photometry
is the subtraction of the complex galaxy background, expecially
when the SN fades. In this respect the PSF fitting gives more re-
liable results than aperture photometry (cf. Turatto et al. 1993).

Results are reported in Table 2 where in cols. 1 and 2 are
the date and J.D. of observations, in cols. 3-6 the B,V,R and I
magnitudes along with an estimate of the internal errors, in col.
7 the seeing (FHWM) and in col. 8 the equipment used.

The light curve of SN 1990K in B,V and R bands is shown
in Fig. 2.

The rise in brightness has not been observed, hence the
epoch of maximum is not known. In the following as reference
we use the date of discovery (J.D. =2448037.3). During the first
100 days after discovery, the light curves show a steep, almost
linear, decline. A linear fit of the data gives 33, = 4.7 £ 0.3,
Bloo = 4.4 £+ 0.3 and B, = 3.6 £+ 0.2 mag (100d)~"!, which
are typical of Linear SNII (Patat et al. 1993b). We note that
the observations obtained 20-30 days after discovery show the
presence of a shoulder in the light curves which means that they
are not truly linear. This is not uncommon in Linear SNII light
curves, e.g. SNe 1970G and 1979C (Patat et al. 1993a).
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Fig. 3. B—V and V—R color curves of SN 1990K

After this first 100 day phase the luminosity decline settles
down at a significantly smaller rate. In the phase range 100-
210 days the decline rates are yg = 0.6 £ 0.1, v = 1.0 +
0.1 and yg = 1.3 & 0.2 mag (100d)~!, which are similar to
the average for SNII (Turatto et al. 1990). The observations
were then interrupted because of the seasonal limitation. The
SN was recovered, albeit very faint, over 200 days later, about
15 months after discovery. The photometric errors at these late
stages are relatively large but the measurements are consistent
with a constant decline rate: in the phase range 200-470 the
decline rates are yg = 1.3 £ 0.1 and vy > 1.1 & 0.1 (the late
V measurement is an upper limit).

Also the color evolution of SN 1990K (Fig. 3) is typical of
Linear SNII (Patat et al. 1993b). The B—V color exhibits a rapid
evolution from blue to red (rate Sg_v = 1.3mag (100d)~")
until a maximum is reached at about 50 days. From here on
the color slowly becomes bluer (Bg_y = —0.4 mag (100d)~!).
However, at all phases the color of SN 1990K is significantly
redder than that of other SNII Linear. Indeed the color curves of
well observed SNIIL can be matched by adopting a color excess
E(B —V)=0.5+£0.1. Also the fit is improved if we assume
that the SN was discovered a couple of weeks past maximum
(Fig.4).

Adopting a standard reddening law this implies an absorp-
tion Ap = 2.0+ 0.4 mag. Because the galactic extinction in the
direction of NGC 150 is only Ag = 0.07 (Burstein & Heiles
1978), the large extinction suffered by SN 1990K must occur
in the parent galaxy.

Because SN 1990K was not observed at maximum we can
give only an upper limit to the maximum SN brightness: V' <
14.0+0.5. Adopting for the parent galaxy NGC 150 a distance
modulus g = 31.42 (Tully 1988) and for the extinction Ay =
1.540.3, we derive an absolute magnitude at maximum My, <
—18.9 £ 0.6. This is expected to be very similar to the absolute
B magnitude since at maximum (B-V)y ~ 0.

The absolute magnitude of SN 1990K is then more than 2
mag brighter than the regular SNII (< Mp >= —16.5 £ 0.6)
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Date J.D. B v R I seeing  Telescope
+2440000 (arcsec)
30/5/90 8041.41 15.89+£0.05 14.99+0.03 32 3.6m+EFOSC
31/5/90 8042.39 16.03£0.02 15.05+£0.02 14.57+0.02 1.3 NTT+EFOSC2
01/6/90 8043.39 16.13£0.03  15.13£0.03  14.63£0.03 1.7 NTT+EFOSC2
02/6/90 8044.42 16.21+£0.05 15.13£0.04 14.64+0.04 1.7 NTT+EFOSC2
18/6/90 8060.40 16.79£0.02  15.52+£0.02 14.9440.02 1.6 Danish 1.5m
21/6/90 8063.42 16.85+£0.02 15.52+0.02 14.97+0.02 1.1 Danish 1.5m
24/6/90 8066.42 16.92+0.04 15.62+0.03 15.024+0.03  14.6940.06 2.1 Danish 1.5m
25/6/90 8067.42 16.97£0.02 15.72+0.03  15.04+0.02 14.8440.02 1.1 Danish 1.5m
24/7/90 8096.21 19.17+£0.03  17.72£0.02 1.4 NTT+EFOSC2
26/7/90 8098.32 19.06+£0.05 17.73£0.02  16.75+0.05 1.3 3.6m+EFOSC
12/8/90 8115.36 19.46+£0.04 18.06+0.03  17.02+0.03 0.9 Danish 1.5m
28/9/90 8132.12 19.80+£0.04 18.67+0.03  17.67+0.02 1.1 3.6m+EFOSC
13/10/90 8177.23 20.15+£0.05 18.894+0.04 17.76+0.04 1.0 Danish 1.5m
15/10/90 8179.23 20.05£0.05 18.98+0.04 17.89+0.04 1.1 3.6m+EFOSC
26/10/90 8190.22 20.08+0.10  19.06£0.03 18.02+0.02 1.3 3.6m+EFOSC
08/11/90 8203.23 20.31+£0.25 19.21+0.10 18.14+£0.10 23 MPI 2.2m
09/11/90 8204.20 20.25+£0.15 19.23+0.07 18.18+0.06 1.7 3.6m+EFOSC
23/11/90 8218.07 19.35+£0.10 1.2 3.6m+EFOSC
14/12/90 8239.11 20.46+0.12  19.67+0.05 18.65+0.05 2.0 Danish 1.5m
20/12/90 8245.08 19.5540.04 1.3 3.6m+EFOSC
01/08/91 8469.24 <222 21.79+0.20 1.1 MPI 2.2m
06/08/91 8474.30 22.04+0.25 1.6 3.6m+EFOSC
11/09/91 8510.28 22.1540.30 1.4 3.6m+EFOSC
T — T T — — a similar absolute magnitude (Turatto et al. 1990; Patat et al.
r A 19706 #8,=000 | 1993b). Once corrected for the adopted interstellar extinction
I s . 0 1976C Alum0.0 1 SN 1990K conforms to this finding. This is shown in Fig. 5
10l so 4 where we compare the V absolute light curve of SN 1990K
3 R 8 O‘. ° O 1980K Ku=1.83 | \ith that of the linear SN 1979C and of SN 1987A. Whereas at
- ::n ,,9}‘ ‘s : ° ° 1 discovery SN 1990K and SN 1979C were 5 magnitude brighter
. | “. % o o ° o’ | then SN 1987A, 150 days later all SNe converge to very similar
& o5l . ‘.,";? R o © o %o e - luminosities. This conclusion does not strongly depend on the
L ® @0 . { adopted value of Hj assumed in determining distances to all
S ﬁ’o ° ) . ® these objects.
8 ]
00 & - 3. Spectroscopy
L .,O 3.1. Spectral evolution
5 50 100 150 200

phase [days]

Fig. 4. Comparison of the B-V color curve of SN 1990K with those
of well studied Linear SNII. The latter have been corrected only for
galactic extinction. The arrow indicates the shift applied to the observed
data of SN 1990K to best fit the average color curve of SNIIL. We
conclude that SN 1990K suffered a color excess E(B-V)=0.5 + 0.1
mag and, most likely, was discovered about 15 days after maximum

and indicates this SN is a member of the rare class of Bright
Linear SNII, having < Mg >= —18.9 £ 0.6 (cf. Patat et al.
1993b).

Although SNII at early stages can exhibit very different light
curves, with a range of 5 mag in absolute magnitude at max-
imum light, at late phases most of them seem to converge to

The log of the spectroscopic observations is reported in Ta-
ble 3. Each spectrum has been wavelength calibrated using He-
Ar comparison lamp and flux calibrated by comparison with
observations of standard stars (Stone 1977; Stone & Baldwin
1983, 1984; Massey et al. 1988, 1990).

The absolute flux calibration of the spectra has been verified
against the B,V and R photometry. The agreement is generally
quite good but for the 1990 May 31 spectrum where the B-V
color derived from the spectrum was found 0.5 mag larger than
the photometric measurement. The spectrum has been corrected
accordingly but the flux calibration in the extreme blue remains
uncertain.

In Table 3 are indicated the date and J.D. of observations
(cols. 1-2), the phase relative to discovery (col.3), the equipment
used (col.5), the exposure time (col. 6), the spectral range (col.
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Fig. 5. Comparison of the V absolute light curve of SN 1990K with
that of SN 1979C and SN 1987A. For the SN 1990K an extinction
Av = 1.5 mag is assumed. The magnitudes of the other two SNe are
corrected only for galactic extinction. Again, it is assumed that the SN
have been discovered 15 days after maximum

7) and the resolution derived from the average FWHM of night-
sky lines (col. 8). In several cases, when a good wavelength
coverage and resolution were obtained using different grisms,
the cumulative exposure times are indicated.

The SN is projected on a spiral arm, close to many HII
regions which show up in the long slit spectra with narrow
emission lines adjacent to the SN spectrum. The heliocentric
radial velocity at the location of the SN has been derived by
taking the average of the measurements of the narrow emis-
sion lines in all the spectra. The resulting heliocentric velocity
is 1450 & 20 km s~ . The difference with the value reported in
Tully (1988), v = 1593 km s~1, is probably due to the rotational
velocity of the parent galaxy.

In the spectra of higher S/N we note a narrow absorption
corresponding to the NaID doublet at the redshift of the parent
galaxy. The equivalent width of this feature, ~ 1A, confirms
that the SN suffered a significant reddening. According to the
empirical relation derived by Barbon et al. (1990) this would
imply an interstellar reddening E(B — V) ~ 0.25 mag, which
corresponds to half the value derived from the B-V color curve.
However the relation between extinction and EW(NalD) is not
well determined. The same relation deduced from the measure-
ments of Cohen (1975) would indicate an extinction equal to
that measured from the photometry, E(B-V)~0.5 mag, which
will be adopted in the following.

The spectral evolution of the SN is illustrated in Fig. 6 where
nearly contemporaneous spectra have been averaged to increase
the signal to noise and/or to extend the wavelength coverage.

As is typical for SNe, the evolution is initially very rapid.
At early epochs the bulk of the flux is emitted in the continuum.
When corrected for the large extinction the continuum appears
relatively blue (black body temperature ~ 7000° K'). Major fea-
tures in the spectra have pronounced P-Cygni profiles and, as

E. Cappellaro et al.: The bright linear type I SN 1990K
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Fig. 6. Spectral evolution of SN 1990K. Spectra taken at similar epochs
have been averaged to improve the S/N and/or the wavelength cover-
age. In these cases, the phase range of the averaged spectra is indicated.
In the last spectrum a narrow absorption at 6600 A is due to oversub-
traction of the nearby HII region. Wavelength is in the observer rest
frame and flux is not corrected for extinction

indicated in the next section, they are mostly due to permit-
ted transitions of light elements. In two months the continuum
becomes significantly fainter and redder, forbidden transitions
emerge and lines of heavy elements, in particular Fe, appear.
From then on the general appearance of the spectrum remains
unchanged but with forbidden lines becoming increasingly im-
portant as the density of the line emitting region decreases.

An indicator of this evolution is the relative ratio of the
[Call]/Calllines. Thered part of the early spectrum is dominated
by the Call IR triplet. Two months later the [Call] 7291-7324 A
feature first appears and progressively grows in strength, until
6 months after discovery, it becomes stronger than the Call
IR lines. From here on it competes in intensity with Ho until,
15 months after discovery, the [CalI] 7291-7324 A doublet is
the dominant feature in the optical spectrum. At this epoch the
broad feature in the range 6250-6750 A is a blend of Ho and
[OI] 6300-6364 A lines having roughly the same strength.

It is difficult to perform a detailed comparison of the spec-
tral evolution of SN 1990K with that of other Linear SNII since
very few good S/N spectra have been published so far. Some
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Table 3. Spectroscopic observations of SN 1990K

727

date 1.D. phase™ telescope  exp.time  spectral range resolution
+2440000  (days) & instrument  (min) A A
30/05/90 8041.94  +5 3.6m+EFOSC 10 5800-9600 23
31/05/90 8042.91 +6 NTT+EFOSC2 20 3600-7000 23
01/06/90 8043.90 +7 NTT+EFOSC2 20 6000-8200 18
24/07/90 8096.50 +59 NTT+EFOSC2 50 3600-7000 7
26/07/90 8098.83 +62 3.6m+EFOSC 35 3800-9500 16
10/08/90 8113.80 +77 1.5m+B&C 30 4000-6800 8
28/09/90 8162.71 +125 3.6m+EFOSC 120 3800-9500 21
15/10/90 8179.75 +142 3.6m+EFOSC 30 3800-7000 14
18/10/90 8182.61 +145 MPI 2.2m+B&C 80 4000-6900 6
26/10/90 8190.75 +153 3.6m+EFOSC 30 3800-7000 15
09/11/90 8204.75 +167 3.6m+EFOSC 60 4000-10000 21
23/11/90 8218.58 +181 3.6m+EFOSC 60 3900-10000 16
20/12/90 8245.62 +208 3.6m+EFOSC 60 3600-7000 16
21/12/90 8246.54  +209 3.6m+EFOSC 50 5800-9600 18
06/08/91 8474.81 +438 3.6m+EFOSC 120 4000-8500 18
12/09/91 8510.77 +473 3.6m+EFOSC 90 4000-7000 18
* from discovery
general remarks can, however, be made in particular by com- 16.0 —— - : -
parison with the observations of the SNe 1979C (Branch etal. ~ + s 4 sniovec |
1981; Barbon et al. 1982a) and 1980K (Barbon et al. 1982b; e & sworec |
Uomoto & Kirshner 1986). The comparison with SN 1987A is % ??‘.‘L e O Snaso |
also very interesting because of the superb observational and 7’ 100 L 6A """""" o ]
theoretical material available for this SN, and because, in terms g
of the photometric classification, the peculiar light curve and ;
faint absolute magnitude SN1987A lies at the opposite extreme i
with respect to SN 1990K. 5
L 50k
[
In the first 2/3 weeks the spectrum of a linear SNII is g
almost featureless, showing only a very blue continuum. At |
these phases the Ha emission is very faint, or absent. It took L ]
a month for SNe 1979C and 1980K to develop an Ha emis- 0.0 L T .

sion similar to that of SN 1990K only few days after discov-
ery (EW ~ —180 A). Indeed, this may also indicate that
SN 1990K was discovered some time after maximum (cf. Sect.
2), but note that SNe 1979C and 1980K, unlike SN 1990K, never
developed strong P-Cygni troughs. The Ho: P-Cygni absorption
of SN 1987A is much deeper, but it may include a contribution
from Ball (6497 A) which is unusually strong in SN 1987A (cf.
Sec. 3.3).

No significant difference can be found with the spectra of
other SNII at phases later than 2 months, with the exception
of the spectrum obtained at 438 days. Even if at this phase the
S/N is poor it appears that in SN 1990K the [Call] doublet is
significanty stronger than Hea, which does not occur in other
SNII.

The expansion velocity of the line emitting region can be
traced measuring the FWHM of the Ha line (Fig. 7). Neglecting
the peculiar behaviour of SN 1979C, which always showed a
very high expansion velocity, the other three SNe show a very
similar kinematical pattern.

300
phase [days]

Fig. 7. Ejecta expansion velocity of SN 1990K from the FWHM of the

Ha emission (filled circle) compared with the same data for SN 1979C,

SN 1980K and SN 1987A

3.2. Profile of the Ho emission

The evolution of the Ho profile in the spectra of SN 1990K is
shown in Fig. 8. In the early phase the line is produced in the
outer, high velocity, material and is therefore very broad. With
time the photosphere and the line emitting region recede in mass
coordinates, and the line becomes narrower. As expected from
a theoretical model, at the beginning the peak of the emission of
this strong line is blue-shifted with respect to the rest wavelength
(Jeffery & Branch 1990). With time the peak moves redwards
and starting 4 months after maximum it appears red-shifted by
about 10A compared with the rest wavelength (cf. 3.4). The line
is symmetric, with an almost gaussian profile except in the very
early spectrum, where the P-Cygni absorption is strong and in
the spectra obtained 2 months after discovery where a bump ap-
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pears on the blue wing. In the galaxy rest frame this feature has
a peak at 6500 A. This is especially interesting because a simi-
lar feature was noted in other SNII, in particular in SN 1987A
(Bochum event, Hanuschik 1988, Phillips & Heathcote 1989)
and SN 1988A (Turatto et al. 1993). In all these SNe the blue
satellite emission occurs at a similar phase, i.e. between 1 to
3 months after maximum, and at about the same wavelength.
One possible explanation of this feature is the lack of Ho ab-
sorption in a region of the envelope of intermediate velocity,
that is 2000 — 3000 km s~'. In a model developed by Chugai
(1991a) this is achieved by assuming that, as a consequence of
the deep recombination of hydrogen at this phase, clumps of
radioactive material emerge above the photosphere. Because of
the low penetrating power of the exciting radiation in the rel-
atively dense regions, the filling factor of excited hydrogen is
small and therefore the screening of the photosphere by the Ho
transition is small. The reduced absorption causes the apparent
emission bump on the blue wing of the Ha profile. If the inter-
pretation of the blue bump on Hev is correct, the similarity of the
event in three different SNII, 1990K 1987A and 1988A, sug-
gests that the inner regions are not very different, at least with
regard to the clumpiness of the radioactive material penetrating
outwards and to the density structure. We recall that the three
SNe had different light curves: that of SN 1990K was linear,
whereas that of SN1988A was plateau and that of SN 1987A
was “peculiar”. The differences in the early light curve are ex-
plained with different structures of the precursor atmosphere
at the time of explosion but the similar occurrence of the blue
satellite emission may indicate that the inner regions are instead
quite similar.

3.3. Line identifications near maximum

By merging the first three spectra of Table 3 we obtained a good
S/N spectra of the near maximum phase extending over the com-
plete optical region. In Fig. 9 this spectrum is compared with a
spectrum of SN 1987A at day 18. Neglecting the shape of the
continuum, which is bluer in SN 1990K, the two spectra show a
general resemblance but with a few noticeable differences. Be-
cause much work have been done on the line identification of
SN 1987A (e.g. Williams 1987; Mazzali et al. 1992). this com-
parison is very helpful for the line identification in SN 1990K.
The most obvious features are the Balmer lines of HI that
can be seen up to He. The absorption near 5750 A appears to be
a blend and is broader than the analogous feature in SN 1987A
where it is attributed to the NaID doublet. In SN 1990K Hel
(5876 A) at relatively high velocity (~ 8000 km s~!) probably
contributes to this feature. The Call lines, both the near-infrared
triplet (8498-8542-8662 A) and the H and K lines, are very
strong. The average expansion velocity of the photosphere, de-
rived from the minimum of the P-Cygni absorption of these lines
(excluding the very strong Ha and Hell) is v = 7000 km s~ !.
BalI lines in SN 1990K are much fainter than in SN 1987A
(see in particular the 6142 A line), whereas SclI lines (from
another s-process element) have about the same strength. The
Ball lines were unusually strong in SN 1987A compared with

E. Cappellaro et al.: The bright linear type II SN 1990K

flux [£,]

6600
wavelength [4]

Fig. 8. Evolution of the profile of the Ha line in SN 1990K. The dashed
line marks the position of the He transition in the galaxy rest frame.
In two spectra, namely at 59d and 62d, a bump is present, measured at
about 6510 A, on the blue side of the emission feature. The last of it
is conceivably present on day 125 at a much lower blueshift

other SNII, e.g. SN 1988A (Turatto et al. 1993) or SN 1990E
(Schmidt et al. 1993). This may be partially related to the low
ionization temperature of SN 1987A. Also, for both SN 1987A
and SN 1990K, the expansion velocity derived from the Ball
6142 A line is significantly smaller than the average for the other
lines (v = 5000 km s~ ). This was also noted in SN 1988A and
attributed to contamination by FeIl 6149 A and/or by redshifted
scattered photons from NalID (Turatto et al. 1993).

The line measured at 4940 A is probably due to ScII 5031 A
(Mazzali et al. 1992). This is of interest because this unblended
line is often identified with FeIl 5018 A (multiplet 42) and used
to estimate the expansion velocity of SNII photosphere. If the
line is instead due to Scll the expansion velocity would be un-
derestimated by ~ 800 km s~'. Indeed we find that the iden-
tification with Scll gives an excellent agreement with the ex-
pansion velocity derived from other lines. On the other hand, at
later phases, because of the simultaneous presence of the other
strong lines of the same multiplet,the Fell 5018 line is the more
likely identification for the same feature (see next section).

Finally, we propose to identify the absorption measured at
~ 7660 A with OI multiplet 1 (7774 A). This line is heavily
contaminated by telluric absorption which is often not corrected
for in SN spectra. However, it was already identified in the
spectra of SNe 1987A (Mazzali et al. 1992) and 1990E (Benetti
et al. 1993). A contribution of multiplet 4 of OI (8446 A) to the
the Call IR feature is also possible.
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Fig. 9. Comparison on the near maximum spectrum of SN 1990K with
that of SN 1987A at 18 days (ESO data set). The absorption line identi-
fications are indicated adopting an expansion velocity of 7000 km s~ L
The two spectra are corrected to the galaxy rest frame and have been
corrected for extinction
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Fig. 10. Comparison between the late time spectra of SN 1990K
(+210d) and SN 1987A (277d). Line identifications are indicated. The
spectra are corrected to the galaxy rest frame and have been corrected
for extinction

3.4. Line identifications at nebular phases

The last good S/N spectrum of SN 1990K was obtained 210
days after maximum. Again, the spectrum appears very similar
to that of SN 1987A at the same phase (Fig. 10) and the same
lines can be identified (cf. Phillips & Williams 1991; Danziger
et al. 1991; Spyromilio et al. 1991)

The peaks of the emission lines appear red-shifted compared
with the narrow lines of the adjacent HII region by 600-700
km s~1, and this seems too large to be explained by a motion
of the SN relative to the neighbour HII regions. A similar effect
was also observed in SN 1987A where the centroid of emissions
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Table 4. Emission line fluxes of SN 1990K 209 days after discovery

Ao ion )\lab flux*
4180: Fell (27) 4233

4400: Fell (27) 4352

4604 Mgl] 4571 28
4926 Hp@+Fell (42) 4861,4923 12
5036 Fell (42) 5018 13
5163-5393  Fell (42+49) 5169,5316-5362 36
5554: [O1] 5577 5:
5918 Nal 5892 13
6166 Nal 6157 4
6314 [O]] 6300-6364 37
6575 Ho 6563 155
7326 [Call] 7291-7324 93
7724 KI+OI 7681,7774 6
8550-8688  Call 8498-8542-8662 60
8743: [CT] 8727 7:

* corrected for extinction, in unit of 1075 erg cm =2 s~!

lines is displaced by 300-500 km s~! compared with the SN rest
frame and the line profiles exhibit an extended red wing. This
effect was alternatively attributed to a major anisotropy in the
explosion (Spyromilio et al. 1990) or to the effect of electron
scattering in the homologously expanding ejecta (Witterborn et
al. 1989). Since asymmetries are not expected to appear in the
same way in different SNe, the effect of Thompson scattering
seems a more likely explanation.

The spectrum is dominated by Hey, [CalI] 7291-7324 A and
the Call infrared triplet. The doublets of [OI] 6300-6364 Aand
the NaID 5890-96A are also relatively strong. The latter con-
tinues to have a strong P-Cygni absorption which indicates a
significant optical depth (this occurred also in SN 1987A up to
~ 2 years past maximum). The expansion velocity correspond-
ing to the minimum of the NaID absorption is ~ 4000 km s~!,
similar to that of SN 1987A. The 6141-6161 A doublet of Nal
may also be present. This has been attributed to a non-thermal
pumping mechanism by Lucy, Danziger & Gouiffes (1991).
Most of the lines shortward of 5500 A are due to permitted Fell
transitions, in particular multiplets 42, 49 and 38. MgI] 4471 A
is also present probably blended with Fell lines of multiplet
27. [Fell] emission lines, crowding the spectra of SNII 400-
500 days after explosion, e.g. SN 1987A (Phillips & Williams
1991) or SN 1988A (Turatto et al. 1993), have not yet emerged.
On the red side of the spectrum, KI 7681 A and OI 7774 A
are probably contributing to the emission centered at 7730 A
(Benetti et al. 1993), whereas the hump on the red side of the
Call infrared triplet is more likely due to [CI] 8727 (Phillips &
Williams 1991).

The observed positions, ion identifications and extinction
corrected fluxes of the lines identified in the late time spectrum
are reported in Table 4.

3.5. Lines fluxes

The evolution of the flux in the Ha emission of SN 1990K is
plotted in Fig. 11 and compared with the same data for SNe
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Fig. 11. Evolution of the luminosity of Ho for SN 1990K (filled circle)
compared with the same data for SN 1979C, SN1980K and SN 1987A.

Also reported are the Chugai’s 5 and 14 M models (Chugai 1991)

1979C, 1980K and 1987A. The SNe 1990K, 1980K and 1987A
show a similar Ha flux up to 150 days, then SN 1990K and
SN 1980K decline faster then SN 1987A. Again SN 1979C ap-
pears peculiar, being always significantly brighter than the oth-
ers. These observations are compared with the simple model
developed by Chugai (1988, 1991b) in which the late Ho emis-
sion of SNII is energized by the radioactive decay of Co in
56Fe. Once the energy of the explosion and the mass of °Ni
are fixed, the emerging flux is very sensitive to the mass of the
envelope. It seems that the observations of SN 1990K (and also
of SN 1980K at least up to one year after explosion) are very
well fitted by a model constructed with the same Ni mass (0.075
Mg,) and explosion energy (10°! erg) as SN 1987A but with an
envelope mass a factor three smaller, i.e. 5 M.

With the same basic assumption, i.e input energy by ra-
dioactive decay, but with more detailed calculations, Fransson
& Chevalier (1987, 1989) have also modelled the late emission
of SNe. In particular they calculated the expected late emission
from different progenitor models of SN 1987A. Because of the
different composition and density structure one can discrimi-
nate between progenitors on the basis of the relative emission
line strengths. In particular the ratio of the forbidden emission
of [OI]/[Call], which has a weak dependence on temperature
and density of the emitting region and therefore is expected to
be rather constant with time (Fransson & Chevalier 1989), in-
creases with the ZAMS mass of the progenitor. The evolution of
the [OI]/[Call] ratio for SNe 1990K and SN 1987A is reported
inFig. 12. As expected the ratio is quite constant and, somewhat
surprisingly, is very similar in the two SNe, indicating that the
relative abundance of the two elements is also similar.

On the other hand, the ratio of permitted to forbidden lines
of Call, decreases with time with a similar slope in the two SNe
but, at any given time, it is significantly smaller in SN 1990K,
by about 0.5 dex (Fig. 12). According to Fransson & Chevalier
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Fig. 12. Evolution of the emission of He, Call infrared triplet and
[O1] 6300-6364 A relative to [Call] 7291-7324 A for SN 1990K (filled

symbols) and comparison with the same data for SN 1987A (open
symbols)

(1989) this can be explained if, at similar phase, the envelope
density in SN 1990K is a factor 5 smaller than in SN 1987A.

4. Discussion

The photometric classification of SNII in plateau and linear
was introduced by Barbon et al. (1979) on the basis of the mor-
phological appearance of the light curves. At that time all SNII
where thought to originate in the explosion of massive red su-
pergiants via core collapse. The possible continuous sequence
from the linear SN 1959D to the extended plateau SN 1969L
was attributed to the occurence of the same kind of explosion
in progenitors of increasing envelope mass.

Later, Young & Branch (1989) stressed the very close match
between the absolute V light curve of the linear SNII 1979C with
that of the Ia SN 1972E. Also, they pointed out that, although
the shapes of the light curves are similar, SNII linear are not an
homogeneous class. For instance SN 1979C was, at maximum,
2-3 mag brighter than a normal linear SNII. SN 1979C was
thereafter suggested as a prototype of a different class of SNII
called bright-linear (IIB-L) (Patat et al. 1993b).

From this evidence Young & Branch (1989) proposed a dif-
ferent scenario in which IIL (or possibly only IIB-L) have a pro-
genitor and explosion mechanism more similar to SNIa, rather
than to IIP. Both IIL and Ia are thought to result from the de-
flagration of C-O degenerate core of relatively low mass stars
(£ 8 Mg), the only difference being that in IIL a small hydro-
gen envelope is left at the time of explosion, whereas this has
completely vanished in Ia. This explosion is expected to produce
a large amount of *Ni (~ 0.6 M) compared to normal core
collapse and therefore result in a very bright late luminosity.
Moreover, the late time spectra of this C-O degenerate-core IIL
should be very similar to that of Ia, i.e. dominated by Fell and
Felll emission lines and faint (if any) Ho (Branch et al. 1991).
Both these expectations are not supported by the observations.
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Another scenario has been proposed by Swartz et al. (1991)
in which an intermediate mass star (8-10 M) undergoes an
electron-capture induced core collapse. The interest of this new
scenario lies in the fact that it reproduces the basic features of
the linear light curves still retaining a significant envelope mass
(~ 3 My). Also, because a small amount of N is produced
(~ 0.1 Mg), this model is able to reproduce the observed ex-
ponential tail. However the very high maximum luminosity of
IIB-L is not accounted for. To explain SNIIB-L they also suggest
a carbon deflagration model.

Alternatively, according to Bartunov & Blinnikov (1992),
the bright maximum of IIB-L may be explained, in a standard
core collapse model, by the reprocessing of UV photons in the
shell created from the presupernova superwind. An interesting
feature of their model is that it has a very rapid rise to maxi-
mum (only five days from explosion). Since IIL has never been
observed in the rising branch of the light curve it is likely that
this is very rapid.

In favour of this last scenario we note that the two bright
IIL SNe 1979C and 1980K were both detected as strong radio
sources, whereas normal SNII have never been detected, with
the exception of SN 1987A which, though intrinsically faint in
the radio, could be detected because it was close (Weiler et al.
1991a). The radio emission of radio-loud SNe is attributed to
the interaction of the SN ejecta with a dense presupernova wind.
Estimates range from My,inq > 0.34 Mg in SN 1980K (Weiler
et al. 1992) to Mying > 1.3 Mg in SN 1979C (Weiler et al.
1991b). Based on stellar evolution models the latter implies a
progenitor mass for SN 1979C Mz ams > 13 M (Weileretal.
1991b) which is in good agreement with the Bartunov & Blin-
nikov (1992) scenario. Chugai (1993) for SN 1986J and Chugai
& Danziger (1994) for SN 1988Z have shown that these 2 SNe
are among the most extreme examples of ejecta-wind interac-
tion, giving rise to, among other things, strong radio emission.
However a progenitor mass of ~ 8 M for SN 1988Z is indi-
cated from their work.

Finally, we note that both SN 1979C (Fesen & Matonick
1993) and SN 1980K (Fesen & Becker 1990) have been recov-
ered, at optical wavelengths, several years after the explosion.
The measured flux at these phases is much stronger than that
expected from the extrapolation of the radioactive decline rate
exhibited in the first two years after the explosion. Again, the
source of the energy is possibly related to the interaction of the
expanding SN ejecta with dense circumstellar matter (Fesen &
Matonick 1993).

We review the observations of SN 1990K in the light of the
different scenarios.

The spectrum of SN 1990K was, at all phases, very simi-
lar to that of SN 1987A. In particular the ratio of Call to OI
forbidden lines is exactly the same in the two SNe. In the mod-
els of Fransson & Chevalier (1987) this ratio depends on the
ZAMS mass of the progenitor which, therefore, should not be
very different in the two cases. We note that preferred models of
SN 1987A have an initial mass in the range 15-20 M, (Woosley
1988).
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Also, the late time absolute V light curve of SN 1990K
matches that of SN 1987A. The late luminosity of SNe is pow-
ered by the «-rays produced in the radioactive decay of **Co
into % Fe (half-life = 77.1d). The *Co is produced by the rapid
(half-life = 6.1) radioactive decay of N generated by nu-
cleosynthesis during the explosion. Because of the slow core
expansion velocity, SNe from massive progenitors, like SNII,
are expected to be optically thick to y-rays for a period of about
2 years (Woosley 1988). In fact the luminosity decline rate of
SNII up to 2 years after maximum matches very well that ex-
pected if all the y-rays are trapped, i.e. ¥ = 0.98 mag (100d) !
(Turatto et al. 1990).

The bolometric luminosity is not available for SN1990K
but, since the spectral energy distribution is similar to that of
SN 1987A, the V magnitude can be adopted as representative
of the bolometric luminosity evolution (Whitelock et al. 1989).
The late V decline rate of SN 1990K is consistent with the as-
sumption of complete ~y-ray trapping for over 1 year. In this
condition the absolute luminosity output at late phase is directly
related to the mass of **Co present at any given moment and, in
turn, to the mass of ° N4 synthesized in the explosion. The sim-
ilar late luminosity of the two SNe indicates that a similar N+
mass (~ 0.1 M) has been produced in both cases. Because, in
principle, the amount of N produced is a function of the core
mass and the mechanism of explosion (Swartz et al. 1991), this
suggests a similar core mass for SN 1987 and SN 1990K.

On the other hand, SN 1990K was almost 5 magnitude
brighter than SN 1987A at maximum. This can be explained as-
suming that the progenitor of SN 1990K had an extended radius
(3 x 10" cm), i.e. was ared supergiant, whereas it is known that
the faint SN 1987A had a compact progenitor (radius = 3 x 10'2
cm). The compact blue supergiant progenitor of SN 1987A has
been related to the low metallicity of LMC (Woosley 1988).

The linear early luminosity decline of SN 1990K is possibly
related to a small envelope mass. Light curve models indicate
that, depending on the presupernova model and explosion mech-
anism, the envelope mass must be confined in therange 1-5 M,
(Swartz et al. 1991). We found spectroscopic indications that, at
late phases, the mass of the envelope of SN 1990K was signif-
icantly lower of that SN 1987A. It is therefore concluded that
the envelope mass of SN 1990K was 3-5 times smaller than in
SN 1987A. We note that since models of SN 1987A adopt an
envelope mass of about 10 Mg (Woosley 1988), an envelope
mass of 2-3 M, seems a reasonable estimate for SN 1990K, in
good agreement with the expectation from light curve models.

Because we argued that the ZAMS mass of the two SNe was
not very different, the mass loss in the red supergiant phase of
the progenitor of SN 1990K should have been quite strong. The
detection of this SN at radio wavelengths has not been attempted.
We stress that, because of the similarities with the other two SN
IIB-L, we would expect SN 1990K to be a radio-loud SN.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995A%26A...293..723C

FTOO5ACAT © Z793C "723

732

5. Conclusion

SN 1990K was a representative of the class of linear SNII, quite
similar to SN 1980K. It probably suffered a heavy reddening
and, therefore it was very bright at maximum.

The comparison of the observations of this SN with that of
other SNII linear and with the reference object SN 1987A sug-
gests that all these SNe come from the same kind of explosion,
i.e. core collapse, in similar relatively high-mass, ‘progenitors
with different envelope masses and envelope configurations at
the time of explosion. A significant constraint is that the mass
of 3 Ni produced in the explosion should be in all cases close
to 0.1 Mp.
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