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No. L, 1973 SPECTRA OF SUPERNOVAE 307

resolution of 40 and B0 A, The exceptions are multichannel observations made in

1972 December and 1973 January.

Obscrvations were made in such a way that the entire Specirum was covered and
No gaps occurred. Observations between 8900 and 9700 A are somewhat uncertain
because of the strong waler-vapor absorption in the Farthy atmaosphere. In par-
tivularly bad cases the observations were completely deleted over this wavelength
range. This water-vapor absorption problem was particularly serious in SN 1972¢
which, hecause of jis southerly dechnation, wys always observed at large zenith
divtances. In some cases a nearby comparison A-type star, Boss 18446, waus observed
ai the same time and with the same bandpasses as the supernova. It was then possible
1o correct accuraiely for the water-vapor extinction. In a few cases the extinction in
the anmospheric 4-band was mod properhy determined, and those observations have been
deketed. The spectral encrey distributions are based on the absolute cahibration of
« Lyrae given by Oke and Schild {1970y,

Absolute spectral-energy distributions are plotted in figures 1-7 where log f.. the
iogarithm of the spectral flux densily (ergss-*em-2 Hz"?) is plotted against log v,
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Fii. 3. —Encrgy distributions for the Type 1 SN 1970¢ in NGC 5457 {MIQ1). Description is
the same as fig. 1. Dotted portions of the top two energy distributions are the emisséion lines 13727
of 1O n) and A5007 of IO m] which are emitted by the H it region i

#cwed. For the bottom 1wao energy distributions the background H region (which had been
previously observed [Seatle 1371]) has been subtracied as well as ] i ]

tions of 1he emission peaks are marked. Positions of the strongest expected Fe it lines are shown,
Emision wavelengihs are plotted withoul velocity corrections. Absorption warelengths are
displaced by 0.008 in log + to the vioier, corresponding 1o the best fit of the absorption minima,
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Tt scems likely that the H 1 absorption lincs observed at this
i phase are related to the weak blucshified absorptions seen in
: the first 1 m specirum when the Woll-Raye!-like emission lines
were still present. This is supporied by the radial velocity mea-
surements, which show a steadily increasing bueshift of these
features over the 11 day period from premaximum 1o
mavimum cosered by the 1 m spectra. The mean of the H: and
Hd measurements are plotted as a function of time relative to

|
5000

1 1
6000 7000

A (k)

Fic. 2—SIT Vidicon spectrs of SN 1983k obtained with the CTI0 1.5 m telescone in 19RN June and July The Fuly spectrum w the average of oburvainom made

the nuckear velocity of NGC 4699 (and corrected for the
assumed contribution of galactic rotation) in Figure 4. and
indicale an approximately lincar scceleration rate of 40 km s~ !
day ' The velocities for this absorption are quite low and the
line profiles much narrower in comparison with the absorption
hines observed in the postmatimum spectra of August | and 2
(se¢ below). and those seen in other Tape 1l supernovace at
comparably late epochs {e.g. see Kirshner and Kwan 1974),
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MODEL FOR LATE TIME SPECTRA OF SN 1
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gt CCD pectra-ofihe suarlike abject and its surrounding H 1
segion mear the sucleus of NGC#618. Ordinate units are given by
Al = -13lag(f)- 805, where f, i in erg s an ? Hr ' but the
Blue specrem probahly —~0.1 mag fainter than displayed bere.
ANl wactow e are sasocisted with the H1 region, while the
road lcateres, which strongly revemble those in Quasatt, are

i by » sw 2 in NGC4618. The dats
Bave beow smoothed with & gaussian (3 A FWHM), making the

peak indewsities o marrow lines SRPCAT smatler than in the original
spectrs.

Hale 5.08-m telescope st Palomar Observatory. The slit (~2arc
min in length) was placed siong the conspicuous centsal bar
and included the stellar object. A dichroic fiher directly behind
the stit reflected blue fight {A %5500 A) to one camerd and
transmitted red light (A ® 5,500 A) 10 the other. Delectons con-
sisted of two charge-coupled devices (CCDs) (Texas Instru-
aents), each with 800 %200 square pixels. Gratings having 1,2
and §00 grooves mm~" wese used in the first order (0 achicve
resolutions. {full width st hall-marimum, FWHM) of ~2.6
and ~43 A in the red and blue cameras {respectively} with &
olit width of 2arcs. The first integration (20 min) covered the
wnten als Ax 4,250-5,128 and Ax6,200-6,850, whereas the second
(15 mia) pravidcd usclul data over Ak 3,680-4,120 and AAS5,620-
6,280, The seeing was 1.5-2 arc s at all times. .
Normal procedures were used 10 calibrate the spectra. A biss
level was subtracted from each data frame, and division by the
featyreless specium of a hot tungsten lamp removed local
variations in the scnsitivity of the CCDs. Pixels aflected by
£OMMIC Fays were eliminated by inspection. Wavclengths were
determined by fitting cubic polynomials 10 unblended emission
- . e
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Fig. 2 Plots of the nverage comineum (6,608-5812 A} emission
(b} and sverage comtinuum ples Ha (8,570-4578 A) emission La)
along the ceniratbat in NGC 4618 The apparent nuclevs, s defined
by the continuum, is ~14 arc 5 from the suptmovs. althouph the
actual nucieus mey be hidden by o thick dust lane ncar pinel 142
Many H u regiont are visible, in (@), the mowt inense of whick
surrounds the suprraove and i brightest on the south-west pille

Inspection of the long-stit CCD specirs revesls B series
H 5 regions which are pmumabiy responsible for the mott
arance of the central bar in NGC 4618 {Fig. 21. The bright
of these is slmost coincident with the starfike object its px
# displaced by st most ~1 arcs, while its centroid i 8 few
scconds away. Ie the 1op portion of Fis. 2 @ appears 2
‘shoulder’ predominantly on one side (south - west) of the vr
salved spike. Because the effective entrance apeniure for
specirum in Fig. § is 2x3.Tarc3, much of the light from 1
H 11 region is included and it obviously accounts for sl
parrow emission lines. Their refative intensities do mot &
substantialiy from these in other ionized clouds atong the
The ratio 1([S11] IYRITTA 1] A8V~ 1.40, indicat
that the electron densit (n,} is <0 cm”?, Assuming not
Case B recombination’, & visual extinction of ~1.0ma
jmplicd by the gbserved strengths of HE and Hy. This ma
may not &pply 10 the stellar object, depending on its ac
spatial location with respect to the H 11 region. The narros
st ~3,734 A mentioned castier is clearly (O 0] AN
Intensities, equiraient wigths, wastlengths, and profile wi
U full width at JEr0-intensity, FWZI+ of the emit
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