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ABSTRACT 

Infrared light curves of SN 1986g in NGC 5128 show significant quantitative differences from other Type la 
SN. The colors of SN 1986g are bluer, their variation with time is smaller, and the time scale for variation 
appears to be shorter. These differences are probably related to the fact that SN 1986g is the first Type la SN of 
ß class 12 (i.e., rapidly declining blue light curve) to have adequate infrared and optical data. 

Spectroscopy in the 1.0-2.4 /xm region of SN 1986g shows the broad J band depression detected 
photometrically in other Type la supemovae. Photometry at L indicates a depression in this band as well. 
Narrower absorption features in the H and K bands could be due to Na i, He i, and Mg i at a redshift of only 
one-third that derived from the optical spectrum. 

Two estimates for the distance modulus of NGC 5128 with respect to Virgo, dependent on assumptions about 
the luminosity of SN 1986g relative to other Type la supemovae, are that it is 3.37 or 3.6 mag closer. A more 
reliable relative distance, based on infrared and optical data, is with respect to NGC 5055; we find that NGC 
5128 is 2.1 mag closer than NGC 5055. The use of Type la supemovae as distance indicators via their infrared 
magnitudes is clearly compromised by our results on SN 1986g. Considerably more data are needed to define the 
photometric differences between the different ß classes and to begin to understand the physical origin of these 
differences. 

Subject headings: infrared: spectra — photometry — stars: supernovae 

I. INTRODUCTION 

Infrared photometry of Type I supemovae (Elias et al 
1981, 1985) reveals the following: 

1. The light curves can be divided into two well defined 
groups—Types la and lb. 

2. Light curves of the former type predominate among 
objects so far observed and have a dispersion in color and 
absolute magnitude not more than a couple of tenths of a 
magnitude. 

3. The J band of type la supemovae is strongly affected by 
variable absorption of unknown origin. 
Because of the first two results, and the fact that measure- 
ments in the infrared are considerably less affected by redden- 
ing than in the optical, infrared fight curves of supemovae 
have considerable potential for use as distance indicators. 

When Evans (1986) announced the discovery of a bright 
supernova in NGC 5128 (Centaurus A) it was hoped that 
infrared photometry of it would improve the distance estimate 
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to this unusual galaxy. Also we wished to obtain infrared 
spectra to investigate the strong J band absorption. As we 
will show, however, infrared fight curves for SN 1986g differ 
substantially from fiducial ones for Type la supemovae. The 
blue fight of 1986g (Phillips et al 1987) exhibited a rate of 
decline after maximum substantially higher than that of any 
other supernova with adequate infrared data. 

II. INFRARED PHOTOMETRY 

Table 1 and Figure 1 give the infrared photometry for 
1986g. CTIO data are from the 4 m with the D3 InSb system 
or with the monitor channel of the Infrared Spectrometer 
(1RS). Filters and detectors in both systems are essentially 
identical. Aperture diameters of 672 and 973 and a beam 
separation of 10" in a north-south direction were used. 
Differences in the K magnitudes through the two apertures 
were about 0.02 mag and could be attributed entirely to 
seeing effects. There was no evidence that background fight 
from the galaxy itself affected these data. Standard stars were 
from Elias et al (1982). 

Observations from the South African Astronomical Ob- 
servatory (SAAO) were made on the 0.8 m and 1.9 m reflec- 
tors at Sutherland with photometers described by Glass (1973, 
1985) and standards from Carter (1984). The 1.9 m observa- 
tions were made with a 12" diameter aperture and a 30" beam 
separation. Although no measurement was made of the con- 
tribution from background galaxy flux, the agreement be- 
tween these data and data points from other telescopes on the 
same dates indicates that any such correction would be small. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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TABLE 1 
Photometry of SN 1986g in NGC 5128 

Date 
(JD - 2,440,000) 

Observed Magnitudes and Colors3 

J - H H V - K H K 
Observation 

CODEb 

6556.4 . 
6557.4 . 
6562.2 . 
6563.4 . 
6565.8 . 
6567.3 . 
6568.3 . 
6568.4 . 
6569.3 . 
6569.3 . 
6570.7 . 
6571.4 . 
6573.4 . 
6575.5 . 
6575.5 . 
6576.5 . 
6580.5 . 
6581.3 . 
6581.4 . 
6581.5 . 
6582.5 . 
6583.5 . 
6584.5 . 
6585.5 . 
6587.5 . 
6596.4 . 
6607.3 . 
6638.2 . 
6662.5 . 

0.14 
0.09 
0.13 
0.18 

0.74 
0.84 
0.78 
0.92 
0.99 
1.07 
1.01 
1.01 
1.08 
1.15 (5) 
0.97 
0.87 (5) 
0.78 
0.72 
0.88 (5) 
0.87 (5) 
0.84 
0.86 
0.90 
1.07 (8) 
1.15 
1.40 
1.40 (10) 
1.06 (12) 

0.06 
0.10 
0.12 
0.07 
0.08 

-0.04 
-0.03 
-0.05 
-0.05 
-0.04 
-0.01 

0.08 
0.01 

-0.05 
0.01 (5) 
0.06 
0.02 (5) 
0.01 

-0.04 
0.00 (5) 
0.00 (5) 

-0.03 
-0.04 
-0.05 
-0.05 (5) 
-0.12 
-0.22 
-0.42 (7) 
-0.54 (16) 

2.00 
1.87 
1.57 
1.43 
1.45 
1.56 
1.62 
1.59 
1.73 
1.75 
1.84 
2.02 
2.05 
2.17 
2.26 
2.24 
2.51 
2.55 
2.48 
2.50 
2.55 
2.51 
2.49 
2.47 
2.32 
2.25 
2.07 
1.44 
1.53 

9.96 
9.97 
9.99 

10.10 
10.10 

9.99 
10.02 
10.03 

9.96 
9.95 
9.97 

10.00 
10.00 
10.03 
10.00 (5) 
10.03 
10.17 (5) 
10.21 
10.23 
10.21 (5) 
10.29 (5) 
10.39 
10.49 
10.60 
10.85 
11.27 
11.75 
13.10 
13.56 (7) 

0.12 (10) 
-0.08 (10) 

-0.59 (7) 
-0.53 (7) 
-0.54(10) 

1 
2 
2 
2 
3 
1 
1 
2 
2 
1 
4 
2 
2 
2 
5 
2 
5 
1 
2 
5 
5 
5 
5 
5 
5 
1 
1 
1 
1 

aThe observations from the SAAO 0.8 m have been corrected by galaxy contamination as 
discussed in the text. Uncertainties in percent if greater than 3 are given in parentheses after the 
observations. These do not take into account uncertainties in the correction for galaxy 
contamination. V data from Phillips et al. 1987. 

bTelescope: (1) SAAO 0.8 m. (2) SAAO 1.9 m. (3) UKIRT 3.8 m. (4) CIT 5 m. (5) CTIO 
4 m. 

The 0.8 m data from Sutherland were obtained with a 36" 
diameter aperture and a 170 separation. Corrections to these 
data for background light from NGC 5128 were determined 
in two ways. First, there are four nights on which the super- 
nova was observed with both the 0.8 and 1.9 m telescopes. 
The mean difference between the two sets of data (with ala 
scatter of less than 10% of the difference in each of the three 
filters) was assumed to arise from the background light of the 
galaxy. Second, measurements with the 0.8 m on 1986 July 9 
and 31 should have been completely dominated by galaxian 
flux and, therefore, give a direct estimate of the correction. 
Data from the two nights agreed to within the statistical 
uncertainties; the mean values of these data are within 10% of 
the means for the corrections determined by the first method, 
so a straight average was taken. The resulting corrections in 
magnitudes are 11.86, 10.69, and 10.27 at /, //, and K, 
respectively, with 10% uncertainties. 

Finally, there is one set of JHK data obtained on the 5 m 
Hale Reflector referenced to a standard from Elias et al 
(1982) at a similar air mass and another at HKL obtained on 
the United Kingdom Infrared Telescope in Hawaii by Charles 
Jenkins and communicated to us by James Graham. 

Because the spectral energy distribution of a supernova in 
the JHK bands is so different from that of normal stars and 
galaxies, no attempt was made to put the data on any one 
“standard” system. 

III. THE INFRARED SPECTROSCOPY 

The 1RS was used on the CTIO 4 m to obtain the spectra 
shown in Figure 2. Order separation is done by filters essen- 
tially identical to those used for photometry with the addition 
of one with half-power wavelengths at 0.99 and 1.15 jim. The 
two gratings used give spectral resolutions of about 1000. The 
entrance aperture was 4x4 mm. The detector array consists 
of eight Cincinnati Electronics InSb detectors of size 0.25 by 
0.8 mm on 0.275 mm centers. The grating was stepped by an 
amount equal to 8 times the detector spacing. Approximately 
10% of the light passing through the entrance aperture is 
picked off by a BaF2 beam sphtter and sent to a second set of 
filters and a single 0.5 mm diameter InSb detector. When the 
outputs of the spectroscopic channels are divided by this 
monitor channel, the effects of variation in the signal due to 
poor seeing, guiding errors, and clouds can be reduced to the 
1% level or better. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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Fig. 1.—Photometry from Table 1. Fiducial light curves for a Type la supernova (Elias et al. 1985) are shown. These curves have been reddened by 
2.64, 0.19, 0.32, and 0.45 mag inV - K, H - K, J - H, and H, respectively, corresponding to an £(5 - V) = 0.9. 

wavelength [microns] 

1.0 12 1.4 1.6 1.8 20 22 24 

Fig. 2.—Spectrophotometry of SN 1986g in NGC 5128. For each of the nights after 1986 May 25 the continuous lines represent the smoothed spectra 
from the latter night as an aid to show the changes in shape and absolute level. Note that only parts of the spectrum were scanned on the nights 
subsequent to the first. 
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Two unreddened A-type infrared standards were used to 
calibrate the spectra. Details of the reduction procedure closely 
follow that employed for the reduction of optical digital 
spectra. On the first night, 1986 May 25, all bandpasses were 
scanned. On subsequent nights only parts of some bands were 
observed so as to monitor changes in the overall spectral 
shape. In Figure 2 the measurement at each wavelength is 
represented by a vertical bar that indicates the 1 a un- 
certainty in the measurement. The thin continuous fine is a 
running mean over 3 pixels of the spectrum from the first 
night to facilitate comparison with the subsequent nights. 

IV. DISCUSSION 

Phillips et al (1987) present detailed optical and spectro- 
scopic data for SN 1986g. The strong blueshifted Si n feature 
at X6355 observed near maximum light unambiguously iden- 
tifies this supernova as Type la rather than lb. There are, 
however, a number of small, but real differences between the 
spectrum of SN 1986g and those of other well-studied Type la 
supemovae. These differences, the time variation of the spec- 
trum, and the shape of the light curves of SN 1986g are 
consistent with observations of ß = 12 supemovae, where ß 
is defined as the extrapolated decline in blue magnitude in the 
100 day period after maximum (Pskovskii 1977). Such objects 
are uncommon: supemovae with ß > 12 comprise only 10% 
of a sample of 54 supemovae with known ß classes (Pskovskii 
1984). The three Type la supemovae (1980n, 1981b, and 
1981d) used by Elias et al (1985) to derive fiducial infrared 
light curves all had ß values less than 10. Only SN 1971i in 
Table 1 of Elias et al has ß = 12. A number of others do not 
have sufficient optical observations to determine their ß class. 

a) Infrared Light Curves 

The fiducial infrared fight curves for a Type la supernova 
(Elias et al 1985) are shown in Figure 1 superposed on the 
data for SN 1986g. The fiducial curves were reddened by an 
amount corresponding to E(B — V) = 0.90 (Phillips et al 
1987). Following Elias et al (1985) we have set tQ at 5 days 
before maximum blue fight. The H curve is plotted with the 
assumption that NGC 5253, in which occurred SN 1972e 
(Fig. 3 of Elias et al), is at approximately the same distance 
from us as NGC 5128 (Sandage and Tammann 1975; de 
Vaucouleurs 1975). 

Although there are qualitative similarities between the fidu- 
cial and observed curves, there are significant quantitative 
differences (infrared fight curves of Type lb supemovae, how- 
ever, provide an even worse fit to the SN 1986g data): The 
size of the initial rise in J — H for 1986g is more than 0.5 
mag smaller than that of other la’s; the maximum redness 
achieved in SN 1986g’s initial phase is bluer by nearly the 
same amount. J - H beyond 70 days after maximum fight is 
also blue by this amount. H — K oî SN 1986g is consistently 
bluer than the fiducial curve. The H fight curve does not 
show the initial dip exhibited by the fiducial curve but is flat 
for the first 20 days then declines steadily. If NGC 5128 and 
5253 are at similar distances, then SN 1986g would appear to 
be between 0.5 and 1.0 mag fainter in H than a typical la 
supernova in the later stages of decline. A similar trend is 
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claimed to exist in optical fight (Pskovskii 1977,1984; Branch 
1981). The fiducial V - K curve is based on a small number 
of data points. It would appear, though, that for SN 1986g 
V - K is considerably bluer than it with perhaps a smaller 
total variation. 

SN 1986g is the first supernova of ß = 12 or greater to 
have been extensively observed in the infrared. Can the 
striking differences seen in Figure 1 be understood on the 
basis of the characteristics of supemovae with rapidly declin- 
ing fight curves (cf. Pskovskii 1977,1984; Branch 1981)? Both 
the J — H and H curves appear to be compressed with 
respect to the fiducial curves in that the ultimate H decline 
starts earlier while the initial J — H peak and secondary 
minima occur sooner. Both these patterns could be viewed as 
consistent with the compressed optical fight curve of a ß = 12 
supernova. 

Elias et al (1981) argued that “the minima and secondary 
maxima in the infrared fight curves are best explained as a 
temporary increase in absorption rather than a later increase 
in emission.” Thus, the sharply reduced peak in / - 77 would 
imply much less absorption which in turn would result in a 
removal of the early minimum in the H curve and, instead, 
cause the nearly constant H magnitude observed in 1986g 
over the first 20 days. Pskovskii and Branch note that super- 
novae with high ß values have relatively lower expansion 
velocities in their atmospheres. This is confirmed for SN 
1986g by Phillips et al (1987). The reduced infrared absorp- 
tion could result from less matter being pushed out into the 
cooler regions surrounding the supernova. 

Elias et al (1985) noted the possible existence of strong 
absorption at L in Type la supemovae. The present data 
show strongly negative K - L colors and confirm the pres- 
ence of such absorption. However, it does not appear to be 
simply related to the J absorption: in mid-May with J — H 
= 0.7, K — L was -0.1 while by early June with J — H 
between 0.8 and 0.9, K - L was -0.55. 

The only other ß = 12 supernova to be observed in the 
infrared is SN 1971i in NGC 5055 for which there are only 
three measurements at K (Elias et al 1985). Elias et al 
estimated a very faint value (13.28) of 7720 for 1971i, quite 
inconsistent with the distance of NGC 5055 (Fig. 6 of their 
paper). Our fight curves of SN 1986g show the source of the 
problem: the three data points for 1971i were obtained late 
enough after maximum to fall on the part of the fight curve 
where a ß = 12 supernova is considerably fainter than one 
with ß = 9 (cf. Fig. 1) for any of our distance estimates to 
NGC 5128 (see discussion below). If we compare the mea- 
surements of SN 1971i with the fight curve of 1986g instead 
of with the fiducial curve of Elias et al, we infer a value of 
77max = 11.60 ± 0.2 and H10 = 11.65 ± 0.2, quite close to the 
mean fine in Figure 6 of Elias et al 

b) Infrared Spectra 

The infrared spectra in Figure 2 are the first such data to be 
published of a supernova. They are quite similar in detail to 
spectra obtained on the same date on the UKIRT (J. Graham, 
private communication). The first set of spectra corresponds 
closely in time to the maximum observed J — H color. Broad 
absorption, strongly affecting the redward half of the J band- 
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pass, is clearly evident. In fact, the entire J band is depressed 
below the 1.0 /am part of the spectrum. The spectra on May 
30 and 31 indicate relatively less J band absorption as 
reflected in a / — 77 color 0.2 mag bluer than that on May 25. 

A number of discrete absorption features are visible in the 
spectra. We have attempted to make identifications which are 
plausible with respect to abundance and energy level consid- 
erations. In the K band, Na i at 2.206, 2.208 and at 2.335 and 
2.338 /Am and He i at 2.058 /xm fit the observed features at 
2.178, 2.306, and 2.031 if z = -0.0133. (J. Graham [private 
communication] has independently deduced the Na i identifi- 
cation). In the H band Mg i features at rest wavelengths of 
1.7109 and 1.7408 /im provide a good match to the spacing 
observed between the features at 1.707 and 1.736 /im for a 
z = —0.0025. These redshifts are considerably at variance 
with an optically determined z of -0.03. Absorption due to 
Fe I and Si i lines in the solar spectrum (Hall 1973) was 
integrated and compared with H and K band features. There 
were no obvious correlations. Si II and Fe n fines in the K 
band arise from lower states at implausibly high energies. The 
states which are important for the optical spectrum do not 
result in transitions visible in the K band. We found no 
promising candidates for the features in the J and the 1.0 /a m 
bands including Fe i fines. 

c) The Distance to NGC 5128 

The small dispersion in the absolute infrared magnitudes of 
Type la supemovae gave one hope that they might be used as 
distance indicators (Elias et al. 1981,1985). Elias et al (1985) 
pointed out, though, that it would first be necessary to dis- 
tinguish between Type la and Type lb supemovae. From the 
data presented here it is clear that we have yet a third type of 
supernova, at least insofar as the infrared fight curves are 
concerned. From these data alone, though, it is not clear if the 
differences between the ß classes are restricted just to the 
colors or if the absolute magnitudes at maxima differ. Fur- 
thermore, there are insufficient data to determine whether the 
infrared characteristics vary continuously with ß class or if 
there are distinct groups. In short, how to use infrared magni- 
tudes of Type la supemovae to determine distances is not 
nearly as clear as originally thought. In spite of these caveats, 
we can make some distance estimates to SN 1986g based on 
various assumptions. 

First, assume that the peak H magnitude is independent 
of ß class and only the shape and time dependence of the 
H fight curve varies. The extinction corrected 77max for SN 
1986g is 9.55. From the data and fiducial curves in Elias et al 
(1985) we derive 7Tmax = 12.92 for SN 1984a in NGC 4419 in 
the Virgo Cluster (since 7720 = 7/max + 0.36). Comparing these 
values we find A(m - M)0 = 3.37 [hereafter, A(m - M)0 

will signify the distance modulus with respect to that of 
Virgo]. 
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A second estimate for the relative distance to NGC 5128 is 
based on the fact that SN 1971i in NGC 5055 has an optical 
fight curve and ß value very similar to SN 1986g (Phillips 
et al 1987). Of the three infrared observations of SN 1971i 
(Elias et al 1985), only one is of reasonable accuracy. If the K 
fight curves of the two supemovae are identical, we obtain a 
weighted mean difference in distance moduli of 2.17. A dif- 
ference in extinction to the two objects of E(B - V) = 0.65 
(yielding hAH = 0.3) has been taken into account (Phillips 
et al 1987). This difference in moduli is close to that derived 
by Phillips et al (1987) from a comparison of the optical fight 
curves—2.05 ± 0.2. We will use a mean of 2.1. For NGC 
5055 Aaronson et al (1982) give d/dVivgo = 0.51 or A(m - 
M)0 = 1.46. Sandage and Tammann (1975) given d/dviTgo = 
0.49 or A(m — M)0 = 1.55 for the M51 group of which NGC 
5055 is a member, essentially identical to Aaronson et al’s 
value. So, for NGC 5128 we derive A(m — M)0 = 3.6—quite 
close to the first estimate. Note that this approach makes no 
assumptions about the relative magnitudes of supemovae 
with different ß classes. 

For a third approach assume that NGC 5128 and 5253 are 
at the same distance (de Vaucouleurs 1975; Sandage and 
Tammann 1975). From the H20 magnitudes for SN 1972e in 
NGC 5253 and SN 1984a in NGC 4419 (Elias et al 1985), we 
directly derive A(m - M)0 = 3.98. If the assumption is cor- 
rect, Figure 1 shows that SN 1986g has a maximum H 
luminosity 0.5 mag fainter than the ß = 9 SN 1972e. 

To summarize, two different assumptions about the 
luminosity of SN 1986g in NGC 5128 yield estimates for the 
distance modulus to the galaxy of 3.37 and 3.6 mag with 
respect to Virgo—the latter value depends on the distance to 
NGC 5055, the only other galaxy for which there is any 
infrared data for a known ß = 12 supernova. These values are 
to be compared with a relative modulus of 3.93 mag if NGC 
5128 is at the same distance as NGC 5253. We feel that 
because of the close similarity of the supemovae in NGC 
5128 and 5055, the relative distances of these two galaxies—2.1 
mag—is well established. If we take (m - M)0 = 31.0 for 
Virgo, then NGC 5128 is at 27.4 or 3.0 Mpc, near the lower 
limit of what is expected from a comparison of NGC 5128’s 
globular cluster luminosity function (Harris et al 1984). 
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SUPERNOVA 1986g IN NGC 5128 
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