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Summary. Observations of Nova Muscae 1983 over a wide
spectral range from 1200 A to 10 um in the time interval January
21, 1983 to March 4, 1983 are presented. Two evolutionary phases
were covered: diffuse enhanced and Orion-phase. Spectroscopic
observations were carried out in the visual spectral range at
medium and high resolution, in the IR range at low resolution, and
in the UV range at low and high resolution with the IUE. Broad
band photometry was carried out in both the visual (UBYV,
Walraven) and IR (JHKLMN) spectral ranges.

It is shown that Nova Mus was discovered several days (3—4)
after outburst. A maximum brightness V,,,,~7mag, a lifetime
t3~40 days, and an absolute visual magnitude M,__ =—7.75
were determined. Hence, Nova Mus 83 can be classified as a
moderately fast nova. The distance modulus together with the
interstellar extinction Ep_,=0.45 (derived from the interstellar
2200A feature in the UV spectra) leads to a distance
D =4.841kpc. The visual lightcurve of Nova Mus 83 is extraordi-
nary for a fast nova: After a decline over about 4 months the
brightness remained constant for at least 5 months (based on data
collected by the RASNZ). Until then no formation of an optically
thick dust shell was observed. The prenova could be identified on
the SRCJ sky survey with a faint object of ¥'=21mag. With
Am =14 mag Nova Mus exhibits one of the largest outburst ranges
ever observed for novae.

Visual spectroscopy during 10 days starting on January 21, 3
days after discovery, showed that Nova Mus had already entered
the diffuse enhanced phase. The Balmer- and some metallic
emission lines showed a complex structure with several emission
components of a few hundred kms ™!, broad wings extending to
+3000kms~!, and two P Cygni type absorption systems at
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—588kms ™! (principal absorption) and at —1753km s~ ! (diffuse
enhanced absorption). The 4640 A feature is already rather
conspicuous. The flux distribution (0.32-10 um) was that of an
optically thin free-free emitter. The luminosity of Nova Mus after
outburst was of the order of one Eddington luminosity for a white
dwarf of one solar mass.

By February 21 and 24 Nova Mus had entered the Orion phase
with a radial velocity of the Orion absorption system of
—1976kms~!. Typical Orion lines like Hei, Nu, Nii, On
increased in strength between February 21 and 24, while the
absorption systems considerably weakened. The [Om] 114959,
5007 lines, characteristic of the nebular stage are already stronger
than the Fen lines.

The UV spectra showed lines of He, N, C, O, and some metals,
at a wide variety of ionization and/or excitation potentials, the
strongest lines being O1 211304 and Nmx] 41750. The intercombi-
nation lines (e.g. Nu1], Cur], Simr]) increased in strength between
February 19 and March 4. No P Cygni absorption components
could be found. Differences in line profiles demonstrate that the
expanding envelope has a complex structure with excitation
conditions being different for different regions.

The strongest lines in the IR spectral range are the hydrogen
Bracket series. Several highly ionized emission lines could be
identified: A broad emission feature at 1.56 um — previously
unreported — was identified as a blend of Hem, Ov, and Nv. An
O line was found at 1.45 pm. On the other hand, molecular lines
(CO, formaldehyde) are also present. This indicates the presence of
molecules associated with dust in the surroundings of Nova Mus.

Abundance ratios deduced from the IR and UV line intensities
suggest an overabundance of helium (He/H =0.12) and a pronoun-
ced overabundance of nitrogen relative to carbon and oxygen
(N/C=~20, N/O=~24). The abundance ratios as well as the
luminosity of one Lgyy after outburst are entirely consistent with
the thermonuclear runaway model of nova outbursts with hydro-
gen being burnt via the CNO cycle.

Key words: novae — spectroscopy — photometry — expanding
envelopes — abundances
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Table 1. Journal of Coudé observations

Plate Date Start of exposure  Exposure Remarks

no. D) time

F 8015 January 25, 1983 24405359.83 1220™ Slightly
underexposed

F 8021 January 26, 1983 24405360.80 1201™ Good

F 8031 January 27, 1983 24405361.82 1825™ Good

F 8036 January 28, 1983 24405362.76 1206™ Good

F 8038 January 29, 1983 24405363.81 1843 Slightly
underexposed

F 8047 February 21, 1983 24405386.84 0239™ Good

F 8060 February 24, 1983 24405389.88 1200™ Good

1. Introduction

Nova Mus 1983 was discovered on 1983 January 18, by Liller
(1983) as a 7th magnitude object. A general problem concerning
observations of nova outbursts is that these events are unpredic-
table. Hence, coordinated observations over wide spectral ranges
are very rare due to the difficulty to get ad hoc access to the
necessary telescopes and instrumentation.

For the outburst of Nova Mus 83 the facilities of the European
Southern Observatory on Cerro La Silla, Chile, with its many
telescopes and widespread instrumentation, offered excellent
possibilities to organize an extensive observation campaign. Here
we report on spectroscopic and photometric observations, both in
the visual and infrared spectral ranges obtained during 3 weeks
covering the early decline phase of Nova Muscae 1983, and on UV
spectral observations made with TUE several weeks after outburst.

II. Spectroscopic observations
A) Visual spectral range

Observations

Spectroscopic observations in the visual spectral range with
medium and high resolution were obtained between January 21,
and February 24, 1983. Coudé spectrograms of Nova Mus 1983
were secured with the Coudé spectrograph of the ESO 1.52m
telescope during the periods January 25-29 (5 spectrograms), and
February 21-24 (2 spectrograms). A journal of our observations is
provided in Table 1. The spectra taken in January were recorded
on IIla-J plates, the ones taken in February were recorded on
IIa-O plates. The plates were baked in forming gas. The dispersion
was 20 Amm ! (resolution ~0.4 A). The IIla-J spectrograms are
widened to 150 um, the spectra recorded on IIa-O plates were
widened to 200pm (plate No.F8047), and to 250um (plate
No.F8060), respectively. The effective wavelength ranges are
3400-5200 A for the IT1a-J plates and 36005000 A for the ITa-O
plates. The plates were developed for 5 minutes in D-19 and
calibrated by means of the ESO ETA spectrograph. Finally, we
measured each spectrogram with the Grant measuring machine of
the MPI-A at Heidelberg.

On January 21 and 23, medium resolution spectrograms in the
blue spectral range with a dispersion of 59 A mm ~! were obtained
with the ESO 1.52m telescope using a 3-stage EMI image
intensifier attached to the Boller and Chivens Cassegrain spectro-

graph. The spectrograms were recorded on IIla-J plates with a
spectral resolution of about 3A and were calibrated using an
average IIla-J calibration curve. Unfortunately, the spectrum of
January 21 is strongly overexposed and the strong emission lines
are heavily saturated. For conversion into intensities the calibra-
tion curve had to be extrapolated to very high densities (~4.5).
Hence, intensities of strong emission lines obtained from this
spectrum are unreliable. On the other hand, line profiles of the
weaker lines give useful results.

On January 22, a 39 A mm ! spectrogram was taken with the
image dissector scanner attached to the Boller and Chivens
Cassegrain spectrograph of the ESO 3.6m telescope. The spec-
trum covers the spectral range 4000-4800 A and has a spectral
resolution of 2.5 A. Because of the large photon flux which could
have damaged the detector, we reduced the amount of energy
going through the spectrograph aperture by defocussing the
telescope.

High resolution spectrograms

Since our most homogeneous and comprehensive set of data are
the Coudé spectrograms taken between January 25 to 29, we will
start with a description of these spectra. Afterwards we will discuss
the spectral variations from the medium resolution spectrograms
taken earlier and the Coudé spectrograms taken in February.

We could not find any significant spectral variation between
January 25 and 29. Hence, we superposed the five digitized Coudé
spectrograms taken in January in order to obtain a mean spectrum
with a high signal-to-noise ratio. The resulting mean spectrum of
Nova Mus 1983 is shown in Fig. 1, along with the individual
Coudé spectra taken in February. It should be noted that the
wavelength regions longward of 4750 A are relatively far away
from the plate center and suffer from astigmatism. Furthermore,
Hp was strongly overexposed on all plates. As for the medium
resolution spectrograms, conversion from density to intensity for
Hp was possible only by extrapolating the obtained calibration
curves to high densities.

The spectrum is dominated by very strong emission lines, the
strongest of which are the Balmer lines with P Cygni profiles.
Balmer emission can be traced up to H19 and two absorption
systems are clearly discerrible until at least H 12. A more detailed
discussion of the Balmer line profiles will be presented in connec-
tion with a discussion of the radial velocities. Apart from the
hydrogen lines, P Cygni absorption has also been found in some
metallic emission lines. Interstellar absorption lines of Cann H and
K are present. In addition, there is a narrow absorption which is
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Fig. 1. High resolution spectra of Nova Muscae 1983. The upper spectrum is the
mean spectrum of the Coudé spectra taken during January 25-29. The most
prominent emission lines are indicated. In the two lower spectra only additional
emission lines are indicated. Note that Hf is strongly overexposed. For the upper
spectrum the conversion from density to intensity was obtained by extrapolating
the calibration curve. No extrapolation was done for the two spectra taken in
February

practically unshifted, if identified with Mg 14481. This line is a
transition from a non-metastable level and is very sensitive to the
dilution of radiation in extended atmospheres (cf. e.g. Struve and
Wurm, 1938). It is therefore very unlikely that this line can be
formed in the extended envelope of a nova. We are not aware of
any reasonable explanation of where this particular line could
have its origin. All other lines are found in emission. Most lines are
identified as lines or blends from singly ionized metals (mainly
Fem). This spectral appearance is typical for the diffuse enhanced
phase of the spectral evolution of a nova. Around 4640 A is a very
strong emission feature which may be a blend of On, N1, probably
Nm, and contributions from Fem and Tin. On, N1, and N lines
are typical for the Orion phase of a nova. However, no further
emission lines typical for this phase could be found on any of our 5
spectrograms.
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Of each plate radial velocities were individually measured with
the Grant measuring machine. The results for the Balmer lines and
a few selected metallic emission lines are presented in Table 2. The
heliocentric radial velocities of the individual plates (including the
two plates taken in February) are listed in columns 3-9. The mean
internal error of a single measurement on one plate was typically
2kms ™! near to the plate center and 4kms ! towards the edges.
However, this accuracy could only be obtained for strong, sharp
absorption lines. Most emission features were difficult to localize
with the Grant machine and so the resulting uncertainty may be
much higher.

No systematic velocity variation could be found for any feature
between January 25 and January 29. The varying radial velocities
of certain features are partly due to uncertainties of the measure-
ments, but may also be an indication of irregular small-scale
variations in the nova envelope.

Two emission line systems are clearly visible in the Balmer and
(unblended) metallic emission lines. The mean radial velocities of
the Balmer line systems are +531+58 and —434+33kms™1,
while those of the metallic emission lines are +419+42 and
—348+34kms~! indicating a possible systematic difference in
radial velocities. There are also differences in the line profiles, since
in the metallic emission lines the red- and the blueshifted
components are of about the same strength, whereas in the Balmer
lines the redshifted component is clearly stronger than the blue-
shifted component. This can be well seen in Fig.2 which shows
enlarged tracings of the Balmer lines from Hp to H8 (abscissa
given in kms~') and of the higher Balmer lines (abscissa given in
A). On the red wings of the Balmer lines Hf to He additional
emission components with higher radial velocity are probably
present. These systems are denoted by el and e2 in Fig. 2.

Two absorption systems of constant velocity over 5 days are
clearly discernible in the Balmer lines (cf. Fig.2) and in some
metallic lines (e.g., Fenm A5016), a sharp absorption component and
a diffuse absorption component with higher radial velocity. The
sharp absorption component which can be readily seen from Hf to
H8 is identified with the principal absorption (pa), while the broad,
high velocity component is interpreted as the so-called diffuse
enhanced absorption (dea) (e.g. Payne-Gaposchkin, 1957). The
results of our radial velocity measurements of the principal
absorption are plotted in Fig. 3. Each point represents the mean
derived from five plates of the pa velocity from Hf up to H16. The
error bars denote the mean error of the mean value (H13 was
measured only once and so no bar is given). The velocity
progression, as implied by Fig. 3, is due to a filling effect by the
emission component. The Balmer emission decreases for higher
Balmer lines and consequently there is less interference with the
absorption components. Note that it is evident from Fig. 3 that the
pa for n=10 is relatively unaffected by emission and should
represent the true velocity of the principal absorption, vp,.
Therefore, we calculated v, as a mean of vy, to vy, ¢ and found
Vpa=—588+9kms™ 1.

The velocity of the diffuse enhanced absorption showed no
dependence on the Balmer quantum number. Reliable values of
4o cOuld be measured for HB, Hy, He, and H8 (Ho was excluded,
see below) and the mean is vg,,= —1753+55kms™!. On the
tracings of the Balmer lines in the superposed spectrum (Fig. 2) it
can be seen that the diffuse enhanced component is split into two
subcomponents. Because of the low signal-to-noise ratio it was not
possible to measure these features on the individual plates. On the
superposed spectrum radial velocities have been measured with
respect to well defined features of known radial velocities. Table 3
lists the radial velocities of these two components which are split by
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For Hé the dea component is systematically stronger and more
blueshifted than the other Balmer dea components. This could be
attributed to a possible contribution of an absorption component
of the N1 44097 line which is typically found in the Orion phase.

Fig. 3. Radial velocities of the principal absorption components

an average velocity of 328kms~!. The appearance of several
subcomponents in the dea spectrum is a rather common pheno-
menon in novae during the diffuse enhanced phase (e.g.
Mc Laughlin, 1960).

However, no indications for an emission component of this line
nor of N1 14103 is detectable. All these spectral properties show
that Nova Mus 1983 was during January 25-29 in a transition
stage between the diffuse enhanced and the Orion phase.
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Fig. 4. Image tube spectrum taken on January 21.35. The stronger emission lines
are heavily saturated

All emission lines show extended line wings, in some cases up to
about +3000kms ™, asis evident from the velocity scale in Fig. 2.
This is less obvious for the metallic emission lines. More accurate
values could not be determined because of the large number of
emission lines which causes severe blending in the line wings.

On all five spectrograms we measured the radial velocities of
the interstellar Can H, and K absorption lines and derived a mean
value of vy=vx=15+2kms™ 1.

Medium resolution spectrograms

As an example of the medium resolution spectrograms our first
spectrogram taken on January 21 in the 3600-5000 A wavelength
range is presented in Fig.4. These spectra are rather similar to
those taken 4-8 nights later. The radial velocities of the emission
and of the diffuse enhanced absorption components are, within the
error limits, the same as for the Coudé spectra, with the exception of
H¢ where the dea component is not found at shorter wavelengths
than the other dea lines. The mean radial velocity of the principal
absorption component is systematically higher which is probably
caused by the lower resolution. The strength of the diffuse
enhanced absorption component varies; it is largest on January 21
and is clearly weaker on the spectrum taken on January 23
reaching about the strength found in the Coudé spectra. However,
due to the different resolution, a comparison can be only very
rough. On the basis of our medium resolution spectra Nova Mus
83 seems to be in the diffuse enhanced stage during January 21-23.
However, we would like to note that already on January 21 the
4640 A feature is rather strong.

Orion phase

By February 21, some remarkable changes took place in the
spectral appearance of Nova Mus 1983 (cf. Fig. 1) showing that it
has now entered the Orion stage. The metallic emission lines
became slightly weaker. He1 114026, 4471 emission lines are visible
and have about the strength of the metallic emission lines. Also a
weak emission of Hem 14686 is now present as well as N1 13995,
which is a characteristic feature of the Orion phase. Apart from the
Balmer lines the most conspicuous feature is the 4640 complex.
Already present in considerable strength are the forbidden
[Om] 144959, 5007 emission lines which are characteristic of the
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last stage of the nova evolution, the nebular stage. This early
appearance of the [Omn1] lines is somewhat unusual, since accord-
ing to McLaughlin (1960) these lines should reach the same
strength as the Fe lines 4.4 mag below maximum brightness.

Changes also took place in the absorption systems. The fast
absorption system has increased its radial velocity compared to
the value at the end of January (—1976+70 instead of
—1753+55kms ™). This system is the Orion absorption system
which usually has a larger radial velocity than the diffuse enhanced
system. Again the absorption component of Hé is stronger and at
higher velocities than the other fast absorption components,
giving strong evidence for the presence of Nm absorption.
However, no other absorption lines of He1, Nm, or O11, which are
characteristic of the Orion absorption system could be identified.
The principal absorption system is still present in the Balmer lines
but is now split into two components which are on the average
separated by 147+23kms™!. Faint indications of this splitting
can in fact be already traced in the line profiles of He, H8, and
especially H9 in the January spectra (cf. Fig. 2). This behaviour can
be easily explained by variations in the relative line strengths as
has also been found for other novae (McLaughlin, 1960).

Three nights later, on February 24, further changes have taken
place. Most remarkable is the weakening of the absorption
systems, both of the fast absorption and of the principal absorp-
tion, and the increase of the He1114026, 4471 line strength.
Especially He114471 is now considerably stronger than the
metallic emission lines. Other lines characterising the Orion stage
have increased in strength, too, like N1 43995 and Om 414703,
4705. While the Balmer lines are still very broad (with extended
wings), the He1 44471 emission line has a comparatively small total
line width of only 1550 kms™!.

B) UV spectroscopy

UV spectrograms were obtained on February 19, and March 4,
1983, with the IUE satellite using the facilities of the ESA
Villafranca ground station. On February 19, a spectrogram in the
low resolution mode was taken with the SWP camera. On March
4,several spectra both in the short and long wavelength range were
obtained in both low and high resolution mode. All spectra were
taken through the large aperture. The journal of our IUE
observations is given in Table4. In the present paper only a
preliminary discussion of the UV data will be given. A more
detailed discussion will be presented in a forthcoming paper
(Wargau, 1984).

Low resolution spectra

Figure 5 shows a tracing of the low resolution spectrogram of
Nova Mus 83 together with some line identifications. The tracing
is a combination of the SWP (1<1950 A) and LWR (1>1950 A)
spectrograms taken with 5Smin exposure times on March4
(SWP 19384 and LWR 15421). Note that the spectrum has not
been corrected for interstellar reddening.

The continuum energy distribution has been used to determine
the interstellar extinction from the 2200A feature. However,
because of the low exposure level of the continuum and because of
the presence of many weak emission lines, the derived extinction is
somewhat uncertain. A smooth continuum was obtained for
Ep_,=04510.15 in reasonable agreement with E;_,,=0.40
determined from an interstellar extinction map in the visual
spectral range (see below). In the following we shall use the value of
0.45mag for dereddening of our data.
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Table 4. Journal of IUE observations

Image Date (UT) Camera Resolution Expos. time Remarks

no. [min]

19299 1983, February 19.561 SWP Low 20 Em. lines saturated

19383 1983, March 4176 SWP Low 20 Em. lines saturated

15421 4192 LWR Low 5

19384 4211 SWP Low 5

19385 4232 SWP Low 2

19386 4250 SWP High 120 Continuum
underexposed

15422 4356 LWR Low 0.5

19387 4358 SWP High 20 Underexposed

19388 4397 SWP Low 0.5 Continuum
underexposed

15423 4406 LWR High 45

19389 4441 SWP High 12 Underexposed

The spectrum shows that the nova is at the end of the transition
stage, and is about to enter the nebular phase. The spectrum is
dominated by strong emission lines the strongest of which are
saturated due to the low dynamic range of the IUE detector. Many
weak emission lines are present besides the strong lines. The
strongest emission lines are 0141304, and N 1] A1750. Dominant
are emission lines from neutral, singly or doubly ionized atoms.
Lines from highly ionized atoms and/or excited levels are present
too, but weaker than the other lines. Very conspicuous are
intercombination lines like N 1] 41750, N1v] 41486, Cm] 41908,
Sim] 11892, and Om] 21663.

A quantitative comparison of the SWP spectrum taken on
February 19, 1983 (SWP 19299) with one of the SWP spectra taken
two weeks later on March 4, 1983, is not possible, since the former
is highly saturated (exposure time 20 min). However, a comparison
with the similarly overexposed 20 min exposure SWP spectrum
taken in March (SWP 19383) gives clear evidence that the strength
of the intercombination lines increased considerably, indicating a
decrease of the electron density in the envelope.

Following the procedure applied by Williams et al. (1981) for
the recurrent nova U Sco it is possible to derive from the strength
of the CNO lines crude abundance ratios relative to each other.
The emission lines of C, N, and O are all collisionally excited.

Fig. 5. The combined SWP and LWR UV spectrograms taken with 5min
exposure time. The more significant emission features are indicated
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Hence, under the simplifying assumption, that ionizations of C, N,
and O, are similar, i.e. that C*3/N*3~C/N and N*2/0*2xN/O,
approximate abundance ratios can be calculated from the
relative  line strengths of Ci1v/11549/N1v] 11486 and
Nmr] A1750/01m1] 41663. For these four ions critical densities for
de-excitation are >10° cm ™3 (cf. Baldwin and Netzer, 1978). On
the other hand, in the Coudé spectra taken about 10 days earlier
the [Omnr] lines are already present. Since these lines are collision-
ally de-excited above electron densities N, ~6.510° cm ~3 (Oster-
brock, 1974), the gas density in the shell must be lower than this
value. Hence, collisional de-excitation processes can be neglected.
After deconvolution of the blended lines, the observed line ratios
are F(A1750)/F(A1663)~5.9 and F(11549)/F(41486)~0.3. Using
Williams et al.’s relations [Egs. (2) and (3) of their paper]

n(N*2)/n(0*?)

=0.5exp[—4305/T,]- F(11750)/F(11663)
and
n(C*3)/n(N*?)

=0.2exp[—3942/1,]- F(11549)/F(11486)

and assuming T,~210*K one obtains the abundance ratios
N/C=~20 and N/O = 2.4. The results are not very sensitive to the
adopted T, since T,=10* K leads to abundance ratios of N/C =25
and N/O =2.0, differing by only 20%. By comparing these values
with solar abundance ratios N is overabundant relative to C by a
factor of 80, and compared to O by a factor of 15.

The nitrogen abundance ratio relative to C and O is rather
high as compared with other novae. For instance, for DQ Her
N/C=4.3 and N/O=0.9 has been found (Williams et al., 1978),
and for Nova Cyg 1978 values of 2.6 and 1.2, respectively, were
derived (Stickland et al., 1981). Recently the same abundance ratio
N/C=20 has been determined for Nova CrA 1981 by Williams
(1983). Williams (1982) reports similar abundance ratios for
CP Pup, namely N/O =10 and N/C=10. However, since only
lower limits could be derived by Williams, the abundance ratios in
CP Pup might be even more extreme.

Unfortunately no abundance ratios of CNO relative to H
could be determined, since the intensity of the hydrogen lines at the
time of our UV observations is not known. Hence, a comparison
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Fig. 6. Line profiles of the most prominent emission lines from the high resolution UV spectrograms
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Table 5. UV-radial velocities of UV lines (from high resolution
spectrum SWP 19386 with 120™ exposure time. N11] is from SWP
19837 with 20™ exposure time)

Ao e, e, e e,
[km s™*]
Hen 1640 —310 —20 +275 +600
N] 1750 -377 +288 +520
Sim] 1892 —380 —30 +190 +510
Cui] 1909 —319 +293 +511
Mgn 2795 —268 +492
2802

with solar abundances is not possible. On the other hand, since the
CNO lines are very strong, it does not seem unreasonable to
suspect that CNO may be overabundant with respect to the sun.

High resolution spectrograms

Our high resolution spectrograms are underexposed and hence
only few emission lines are usable for a detailed discussion.
Unfortunately, some of the lines do not allow a detailed study of
their profile because of blending with other lines or because of the
doublet or multiplet character of the line itself. Figure 6 shows
tracings of the best exposed emission lines. Nm] A1750 has been
taken from the spectrum with 20 min exposure time.

Best suited for line profile studies are Hen 41640, Nur] 41750,
Sim] 11892, and Cmx] A1908. The Mgu 142795, 2802 doublet gives
some information, because of the comparatively wide separation
of the two components. These emission lines show 4 emission
components, whose radial velocities are listed in Table5 and
marked by arrows in Fig. 6. The strongest emission components
have radial velocities of +540kms~ ! and —320kms~!. Thisisin
good agreement with the velocities determined in the visual
spectra. Two faint components of lower radial velocities are
present too, but they are only barely detectable in some lines.
These two components (2 and e3) have not been found in the
visual spectral range, the reason probably being the lower spectral
resolution of our Coudé spectra.

The mean total line width of 1470km s~ of the 3 lines Her,
Sim], and Cmr] is smaller than the line widths found for the
emission lines in the visual spectra. No broad line wings can be
seen in the UV spectral region. A simple explanation may be that
the S/N of the high resolution UV spectrograms is too low. On the
other hand, in the February Coudé spectra He1i4471 and
[Om1] 44959 do not seem to have the same broad wings as the
other lines. This may indicate that in fact the broad line wings
disappeared or became considerably weaker.

The N1v] 11486 line displays a line profile which differs
considerably from that of the other emission lines, including the
other intercombination lines. It does not show the 4 component
emission structure with minimal intensity in the line center, but
rather a symmetric profile with maximal intensity in the center.
This cannot be an effect of the lower signal to noise ratio of this
line, since in our shorter exposed high resolution spectrum e.g.
Hen 41640 has about the same signal to noise and clearly shows
the four component structure. This finding could be an indication
that the lines of the more highly ionized atoms have different line
profiles than those of neutral, singly, or doubly ionized atoms.

These different line profiles probably reflect different geometries of
their respective emission region.

It is interesting to note that no P Cygni absorption, neither
principal nor diffuse enhanced, could be detected. A simple
explanation may be that the continuum level is too weak and the
signal-to-noise ratio too low in order to detect any absorption
component. Alternatively, one may not exclude that the absorp-
tion systems had already disappeared or had considerably weake-
ned by the time the UV spectrogram was taken. This is supported
by the weakening of the diffuse enhanced absorption components
in the visual spectral range from February 21 to 24.

Several interstellar lines could be found in our spectrograms.
These lines are indicated in Fig. 6. The lines are saturated and no
useful limit of Ez_, could be determined.

C) The IR spectrum

Observations and data reduction

Low resolution (R~70) infrared spectra of the nova between
1.43 pm and 4.15 pm have been obtained in the period January 31—
February 10, 1983 with the ESO CVF spectrophotometer
mounted on both the 3.6 m and 1 m ESO telescopes. The data have
been calibrated by measuring at least one standard star at similar
airmass and in the same spectral points. The absolute fluxes of the
standard stars were determined by taking the nearest broad band
photometric point and scaling according to a black-body law of
temperature equal to T.g.

Due to the low spectral resolution (equivalent to about
4000kms ') all the observed lines are unresolved. The line
intensities have been determined by fitting to the observed points a
gaussian instrumental profile over a straight continuum. For the
brighter lines, all the line parameters (amplitude, central wave-
length and width) are defined by means of a minimum chi-square
method. In the case of faint lines, both the line width and central
wavelength have been fixed. The error on the line amplitude is
computed according to the standard method based on the chi-
square variation (e.g. Avni, 1976). This is the error quoted in all the
tables. A further uncertainty of about 10% on the absolute line
intensities comes from the flux calibration. However, it does not
affect at all the relative quantities, such as line ratios and
equivalent widths.

The wavelength calibration of the CVF has been obtained in
the laboratory using a monochromator. A further calibration
check has been carried out by comparing the fitted wavelengths of
observed hydrogen lines with respect to the theoretical values. In
such a way, all the systematic errors are eliminated and a residual
scatter of about 0.4% was found in the various measurements.
Therefore, a line has been identified when the observed and
predicted wavelengths differed by less than 0.4%.

Hydrogen lines

The nova was monitored during a period of 10 days (January 31—
February 10) in the hydrogen recombination lines Ba (54,
4.0512 pm) and By (74, 2.1655 pm). Two measurements were also
obtained for the B{ (104, 1.7362um) line. Table 6 lists the
observed intensities and equivalent widths. We expect a negligible
contamination from Henm 10-9 (4.0512 ym) to Bo and from
Criv 9-8 (1.737 um) to B{, the expected intensities being about
310 3ergem™2s7! and <3.4107*2ergem ™25 !, respectively
(cf. Table 7).
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Table 6. Hydrogen and Her lines
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Date Telescope Line Obs. intensity Obs. eq. width®
(10" ergem2s7Y) (um)

31 January 3.6m Ba 16.1 (+0.4) 0.338

31 January 3.6m By 8.65(10.26) 0.0733

02 February 3.6m Ba 20.7 (+0.5) 0.442

02 February 3.6m By 11.1 (£0.1) 0.0810

02 February 3.6m B¢ 4.21(+0.14) 0.0231

07 February Im Ba 11.3 (+0.6) 0.45 (40.15)

07 February 1m By 7.12(+0.35) 0.0907

10 February 1m Ba 15. (£3) Undefinable

10 February 1m By 7.7 (£1) 0.10 (£0.02)

10 February 1m B¢ 3.6 (£0.1) 0.029

10 February 1m Her2's—-2'p 7.4 (+0.7) 0.09 (£0.02)

2 Where not quoted, the errors are less than 5%

The ratio By/Ba is always larger than that expected for thin gas
emission (0.24-0.35), indicating that the lines are self-absorbed, but
it is lower than expected in a completely thick case (>0.9). The
growth of this ratio during the last days indicates an increase of
the optical depth in the lines.

The observed equivalent widths are uniformly increasing,
showing the stellar contribution becoming fainter with time, as
one expects when the nova moves towards the nebular stage. The
equivalent widths of By and B( are always near to the values
computed assuming thermodynamic equilibrium in the level
population and pure f—f continuum emission (0.09 and 0.03,
respectively). The low value observed in Bx (=0.4 against 0.9) may
indicate that dust emission is already important at 4 pm.

Hei lines

A very bright He1 line, namely the 2* P— 215 (2.058 um) transition,
has been detected in the K-band spectrum (see Fig. 8). We discuss
this line separately because of its particular nature.

This transition occurs between the fine structure of the first
singlet level. The population of the 2! P level strongly depends on
the optical depth of the nebula in the Her 2'P—11S (584 A) line,
which is the equivalent of the hydrogen Lyman-alpha line. If the
nebula is very thick for 584 A photons, then the ground state 1'S
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Fig. 7. 1.43-1.80 pm spectrum of Nova Muscae 1983. The intensity scale is in
units of 10 % ergem ™25~ ! um ™! and identified lines are indicated on top of the
spectrum

“disappears” and all the recombinations to the 2P level end up
with a 2.058 pm photon.

The observation of such a strong line (cf. Table6) clearly
indicates that the gas must be very opaque to 584 A photons. This
is strong evidence in favour of an ionization bounded region, at
least as far as the He-ionizing photons are concerned.

Quantitative results about the He* abundance are difficult to
obtain from this line because the Her 2!P—11S photons can be
absorbed by neutral hydrogen photoionization. This effect de-
creases the population rate of the 2 P level, and it is strongly
dependent on the detailed ionization structure of the nebula (e.g.
Osterbrock, 1974). However, assuming that none of these photons
is absorbed by hydrogen, an upper limit for the 2.058 pm emission
coefficient, and thus a lower limit for the He* abundance, can be
easily obtained. In such a case the population rate of the 2 P level
is about 4107 * T,7 %7 cm® s ! (where T, = T,/10,000 K, Burgess
and Seaton, 1960). Thus, the line emission coefficient can be
written as

I(He12.058 pm)
=3910"2°T, %7 {n(He*)n,dVergem™2s~*

which, compared to the emission coefficient for By,
I(By)=5.610"%"exp(0.32/T,) T, !**

fn(l *)n,dVergem 257!
gives
n(He*)/n(H*)>0.14T, 8

-exp(0.32/T,) I (He1 2.058 pm)/I(By).

In our case, assuming a reasonable electron temperature
T ~20,000K, we obtain a lower limit for the He* abundance,

n(He*)/n(H*)=0.10.

Complete spectrum

A complete spectrum in the H (1.4-1.80 um), K (1.95-2.45 pm) and
L (3.2-4.15 pm) atmospheric windows has been obtained during
the night of February 9-10, at the 1 m ESO telescope. Figures 7-9
show the resulting data together with the positions of the known
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Fig. 10. The 3.5 pm feature fitted with a line having the instrumental width. The
obtained intensity is listed in Table 7

transitions. The strongest lines can be identified as hydrogen and
Hel transitions (see above). The bright feature at 1.56 um is new,
however, and can be interpreted in two ways:

1) A molecular emission feature

It is well known that molecules in grain mantles emit broad line
systems at IR wavelengths (e.g. Allamandola et al., 1979). The
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Fig. 11. The unidentified 2.39 pm feature fitted with the instrumental profile. The
detection is at the 2-¢ level (cf. Table 7) and the nearest known transitions are
indicated on the top of the spectrum
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Fig. 12. The 1.56 um broad feature fitted with the Gaussian lines having the
instrumental half-width of 0.017pum. The best fit (minimum x2) central
wavelengths are 1,=1.557pm and A,=1.575um. The corresponding line
intensities are listed in Table 7

detection of the 3.5 pm feature (Fig. 10), not coincident with any
reasonable ionic line, may support this idea. In fact, it was already
observed in another nova (Grasdalen and Joyce, 1976), in pre-
main sequence stars (Allen et al., 1982) and it has been interpreted
as emission from UV-excited formaldehyde (Blades and Whittet,
1980). Moreover, another feature, around 2.39 um, is marginally
detected at the 2-0 level in our spectrum (Fig. 11). A similar feature
was found in the spectrum of Nova Vul 1976 by Ferland et al.
(1979). They interpret this feature as emission from CO molecules.
This may be a further proof of the presence of a strong dust
component in the envelope of Nova Mus.

However, no molecular feature has ever been observed at
1.56 um. The nearest known feature lies at 1.53um and was
observed in a cool, C-rich Mira star (Goebel et al, 1981).
Therefore, if the 1.56 pm feature does arise in grain mantles, the
molecule(s) responsible has not yet been found in other astronom-
ical situations.

2) The blend of two (or more) lines

Figure 12 shows a two line fit to the 1.56 um feature. The most
probable central wavelengths of the two lines are 1.575 pm and
1.557 um and their intensities are listed in Table 7. They can be
identified as Hem 13-7 (1.573 pm) and “XV” 10-9 (1.554 pm)
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Table 7. IR line identification and line parameters
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A (um) Line Obs. intensity>  Predicted intensity® Comments
Thin Thick

1.451 Ovi11-10 1.3 (0.7) 1.3 1.3 Bad atmosphere
1.477 Hen9-6 <0.7 42 0.71 Bad atmosphere
1.554 (Nv+0v)10-9 1.3 (0.1) 1.3 1.3
1.573 Hen 13-7 0.36 (0.09) 0.36 0.36 .
1.693 Hem12-7 <0.7 0.53 0.32 Close to By
1.737 Civ9-8 m <0.26 <0.34 Coincident with B{
1.979 (Nv+0v)14-12 <04 0.04 0.38 Blended with Bé
2.101 (Nv+0Ov)11-10 <04 0.39 0.48 Blended with Her

(2.06 um) and By
2.189 Hen 10-7 <02 1.3 0.12 Blended with By
2.347 Hen13-8 <0.11 0.24 0.11
2.39 con 0.25 (0.11) - -
2.429 Crv10-9 <0.11 <0.11 <0.11
3.5 Formaldehyde? 1.8 (0.5) - -
3.545 Hen13-9 <l 0.17 0.03
3.594 (Nv+0v)13-12 <l 0.15 0.08
3.850 Ovi15-14 <l1. 0.10 0.05
4.051 Hen 10-8 m 0.83 0.03 Coincident with Ba

b

transitions, where “XV” 10-9 is the quasi hydrogenic transition of
an element in the 5th ionization state. This kind of line has already
been observed in other objects, like Wolf-Rayet stars (Aitken et al.,
1982) where the “XIV” (generally identified as C1v) and Hen lines
show up in the spectrum. Nevertheless, no “XV” line has ever been
detected so clearly in an IR spectrum.

Although the nature of the “X” element cannot be defined by
the IR spectrum alone, we can reasonably restrict our choice to the
most abundant C, N, O elements. The Cv has a very high
ionization potential (392 V) and its abundance is thus likely to be
very low, compared to the lower ionization potential ions Nv
(98¢eV) and Ov (114¢eV). Also, if the Cv were abundant, then one
would expect a large amount of Civ to be present (unless the
ionization spectrum is very peculiar) whose 10-9 line at 2.429 pm
should appear bright in the IR-spectrum. Since no C1v is detected
in our spectrum, we can reasonably rule out the possibility of Cv
contribution to the 1.554 um line.

A possible confirmation of the presence of highly ionized
species is the marginally detected line at about 1.45 pm, which can
be identified as Ovi 11-10 (1.451 um) although, unfortunately, the
atmospheric transmission is poor in this wavelength region.

If the interpretation of the 1.56 um feature as Hen+Nv+Ov
lines is correct, it may seem strange that such highly ionized species
may appear in a spectrum together with molecular emission.
However, a similar situation is found in the UV spectrum, where
both the O1, Hem, and NV are clearly detected (cf. Sect. IIB). A
simple explanation is to suppose that the very hot nova ionizes
only a small region around it, where the Hen and Nv lines are
produced. The molecules may then be formed, as already proposed
by Ferland et al. (1979), in a largely neutral cooler region extending
to the outer edges of the envelope. There is, however, an alternate
possibility: further away from the nova, there is material deposited
by the stellar wind arising from the accretion disk/white dwarf

In units of 107! erg cm ™2 s~ 1. Both the errors and the upper limits are at the 1-o level
The predicted intensities are normalized, for each ion, to the line observed with the best S/N ratio

region during the minimum phase (e.g. Krautter et al., 1981). This
cooler gas component contains dust with associated molecules
which can be excited by the UV radiation produced in the central
region and then emit the observed 3.5 um feature. This idea is
partially supported by the evidence of an ionization bounded He1
region (see above).

Actually, from the data we have it is impossible to decide
between the above two interpretations (i.e. molecular vs. ionic
lines). However, the second one does not require the introduction
of any new molecular species and a simple atomic theory is enough
to explain the observations. We therefore prefer the ionic lines
explanation.

Following it, one can compare the measured line intensities
with the upper limits of other similar recombination lines expected
to fall in the observed wavelength range, and obtain useful
information either about the gas optical depth in the IR-
transitions or about the ion abundances. In particular, an estimate
of the gas optical depth can be easily made by modelling the
observed intensities of Hen, Nv+Ov, Ovi according to two
extreme assumptions.

a) Gas totally opaque in the lines [i.e. 7(line)— 0o]. In the first
approximation the line flux is simply proportional to the source
function at the line wavelength times the surface on which
7(line)~ 1. Assuming LTE in a strongly accelerated wind, the
relative line intensities of a single ion scale approximately as
(A1/A2) 73 (my/m,y)*® (A,/A,)'3, where A,, 1, are the central
wavelengths, m,, m, are the upper level principal quantum
numbers, and 4,, 4, are the transition probabilities for the two
lines, respectively (for more details cf. Felli et al., 1982; Oliva and
Panagia, 1983).

b) Gascompletely thin in the lines [i.e. 7(line)—0]. All the lines
considered here come from transitions between quasi-hydrogenic
levels. Therefore, the theoretical intensities can be easily computed

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


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1984A%26A...137..307K&amp;db_key=AST

FTI84AGA = “I37- Z307KD

320

according to well known atomic theory. In particular, the ratio of
two lines is proportional to the ratio of the central wavelengths
times a coefficient containing the relative level population and
transition probabilities.

In brief, in the thick case one expects line intensities rapidly
decreasing with wavelength. In the thin case, on the other hand, no
strong correlation between central wavelength and line intensity
exists.

In Table 7 the observed intensities are listed together with
those obtained adopting the simple theory just described (LTE at
20,000 K is assumed). The predicted fluxes are normalized for each
ion to the line observed with better accuracy.

The Hen emission must arise in a thick gas to explain the
missing Hen 10-7 (2.189 pm), Hen 13-8 (2.347 pm) and Hemn 96
(1.477 um) lines expected adopting a thin gas emission.

No direct conclusion can be inferred for the other ions.
However, the ionization potentials of Nv (98 eV), Ov (114 ¢V), Ovi
(138¢V) are higher than that of Hen (54 €V). These ions, therefore,
can be photoionized, and then produce the observed recombi-
nation lines, only in a region smaller than, and at least as opaque
as the Hen region.

The model suggested, therefore, is one in which the gas density
decreases rapidly with distance from the star. The less numerous
high-energy photons ionize only a small, dense region close to the
star, where the Hem, Nv+Ov, Ovi lines are produced. The more
numerous “low” energy photons can ionize a larger and less dense
region, where the bulk of the H and Hei lines are produced.

In such a situation, the relationship between line intensity and
ion abundance is not direct, the thick emission depending on the
details of the gas distribution. In particular, the line flux is not any
more proportional to n;,.n,V, as in the thin condition, because the
part of the gas inside the 7~ 1 region does not contribute to the line
emission. Therefore, the ion abundances deduced assuming thin
emission are lower than the real abundances.

Furthermore, when lines coming from similar regions are
compared, one reasonably expects that the errors tend to partially
cancel each other.

Adopting LTE, the line fluxes can be written in the form:

I10-4(H)

=2.0010"2"exp(0.16/T)T > f n(H " )n dvV
I3 ,(Hem)

=1.0010"2%exp(0.38/T,) T~ !-* [ n(He? *)n dV
I1-s(NV+OV)

=2.3610"2*exp(1.20/T,) T~ -* [ (n(N°™)

+1/2n(03*))n dV

I11-10(0OV1)

=3.8510"2*exp(1.30/T,) T~ * [ n(O°*)n dV
I16-o(C1v)

=6.1710"2%exp(0.75/T) T~ > f n(C**)n dV,
where all the quantities are expressed in cgs units and

T,=T,/10,000K. From these, a rough estimate of the relative
abundances can be obtained:

(n(NS*)+1/2n(05 *))/n(He? *)~0.01
(0% *)/(n(N>*) +1/2n(05+)) ~0.6
n(He?*)/n(H*)~0.02

the last relationship being very uncertain since lines arising from
totally different regions are compared. Even with some un-
certainty, however, the total He* +He?" abundance must be
larger than 0.12, indicating an enrichment of He in the gas.

The observed upper limit for the C1v 10-9 (2.429 pm) line sets a
strict constraint on the C** to N** +O°* abundance ratio:

n(C**)/(n(N>*) +1/2n(05+)) <0.4.

The C** and N5 ions are likely to be the most abundant ions
of C and N in the highly ionized region close to the nova. On the
other hand, O®* is probably the most abundant oxygen ion, rather
than O3*. Therefore, whatever mixture of N and O abundances
one assumes, the resulting C/(N + O) abundance ratio is at least a
factor of two lower than solar. Also, if we assume that the O3 is
negligible compared to N°*, the resulting C/N ratio (<0.4) is
similar to that observed in some planetary nebula. This is exactly
what one expects for material processed in the CNO cycle and it
agrees very well with the current ideas about the nova outburst
produced by non-equilibrium CNO burning near the white-dwarf
surface.

III. Photometry

A) Visual photometry

Most of our photometric observations in the visual spectral range
were carried out in the Walraven VBLUW photometric system
with the 5 channel photometer attached to the Dutch 90cm
telescope at the European Southern Observatory. For a descrip-
tion of the instrument and the photometric system we refer to e.g.
Rijf et al. (1969), and Lub and Pel (1977). Nova Mus 1983 was
observed with this equipment during 27 nights between January 21
and February 25, 1983. An additional observation was carried out
on March, 25, 1983. Observations in the Johnson UBV system
were carried out by us on the 4 nights from January 24 to 28, with
the standard UBV photometer attached to the Bochum 60cm
telescope at La Silla.

Figure 13 shows the V-lightcurve of Nova Mus from the date of
its detection until the end of September. Our Walraven data have
been transformed into Johnson V-magnitudes using the trans-
formation formula by Lub and Pel. There is, however, a systematic
difference of about 0.1 magnitudes between these transformed
values and the Johnson V values measured by us, probably due to
the strong emission lines of Nova Mus. Additional brightness
values in our lightcurve are the visual estimates by Liller (1983) and
Overbeek (1983), and photoelectric values by Nikoloff and
Johnston (1983), Nikoloff et al. (1983), and Budding (1983). After
February 25 visual magnitudes obtained by amateur astronomers
of the Royal Astronomical Society New Zealand (RASNZ) and of
the AAVSO have been used. If there was more than one
measurement per night, an average value has been taken.

One can easily see that the visual estimates by Liller and
Overbeck are systematically higher than the photoelectric mea-
surements by about 0.5 mag. This overestimate of the " magnitude
might be explained by the rather red colour of Nova Mus. The real
V magnitude of the nova on the date of its detection (January
18.14) should have therefore been around 7.7 mag.

The lightcurve of Nova Mus 83 shows, after a steep decline
during the first days, a slower decrease until about the end of April.
There are daily variations of a few tenth of a magnitude and a
brightness flare by mid of February. After a small increase in May
the brightness of Nova Mus remained nearly constant for at least 5
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Fig. 13. Lightcurve of Nova Muscae 1983 until
September 30, 1983. Please note the change of the
scale after May 2 (right of vertical dashed line).
From May 2 on only the upper and lower limits of
the range of variability as given in the circulars of
the variable star section of the RASNZ are
indicated. Between August 1 and September 30, the
4 brightness of the nova was rather constant at
V=10.6 apart from the sudden increase around
September 1. The individual symbols denote:
@ Visual measurements (Liller, 1983; Overbeck,
1983), + Walraven photometry (this paper),
i o UBV measurements (this paper), 0 UBV
measurements (Nikoloff, 1983), A UBV
measurements (Budding, 1983), x Visual
measurements (amateur astronomers of the
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months at ¥x10.6-10.7. Very remarkable is the brightening by
about 1 mag around September 1. During one night (February 25)
Nova Mus has been observed for 6 consecutive hours; no
significant variations could be detected during that time.

B) Infrared photometry

Broad band infrared photometry in the JHKLMN bands was
obtained with the ESO 3.6m and 1m telescopes. On the 1m
telescope the old Kreysa photometer (Kreysa, 1980) was used
during the period January 21 to February 2. From February 7-10
the same telescope was equipped with the new ESO photometer

RASNZ)

550 600

(Moorwood, 1982). Both photometers were equipped with an InSb
detector and measurements in the J, H, K, and L bands were
carried out. On the 3.6 m telescope data were obtained in JHK LM
with the standard photometer in the InSb mode on January 26, 31,
and February 2, and in KLMN in the bolometer mode during
January 27, 28, and February 1. The journal of our IR obser-
vations is given in Table 8. We would like to note that the L filters
used at the 3.6m and 1m telescope differ slightly in central
wavelength (3.8 pm and 3.6 pm respectively). The L filter centered
at 3.8 micron contains the strong Brackett emission line at
A=4.05 um which contributes a considerable fraction to the total
radiation. This may explain the higher brightness in the L band
measured with the 3.6 m telescope.

Table 8. Magnitudes of Nova Muscae 1983. The statistical error is typically smaller then 0.05 mag.
Only for those values for which we did not give a hundredth magnitude, the error is between 0.05 and

0.1 mag

Julian Date Date J H K L La M N
(2445300 +) (UT)

55.81 January 21.31 6.28 6.16 5.71 4.72

56.77 22.27 6.41 6.38 5.87 4.77

57.80 23.36 6.53 6.43 5.88 4.72

58.81 24.31 6.45 6.41 5.83 4.67

59.74 2524 647 6.42 5.89 473

60.75 26.25 6.43 6.38 5.81 4.66

60.90 26.40 6.35 5.81 4.46 4.16

61.75 27.25 6.47 6.50 597 4.80

61.89 27.39 591 4.54 43 3.0
62.92 28.42 5.88 4.50 431 2.9
63.88 29.38 6.55 6.57 592 4.73

64.89 30.39 6.52 6.54 595 4.77

65.79 3129 6.45 6.58 591 4.80

65.87 31.37 5.86 4.52 4.3

66.76 February 1.26 6.36 6.50 5.87 4.68

66.83 1.33 435 4.03 29
67.77 2.27 6.44 6.62 592 4.74

67.89 2.39 6.58 4.56 3.82

72.88 7.38 6.28 7.16 6.53 5.14

74.89 9.39 6.31 7.22 6.58 5.32

75.87 1037 6.33 6.98 6.27 5.11
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Fig. 14. Infrared lightcurves of Nova Muscae 1983
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Fig. 15. Flux distributions of Nova Muscae 1983 at different epochs. For

dereddening Eg_, =045 has been used

Infrared lightcurves measured in the JHKLM filters are
presented in Fig. 14. During the first 13 days the behaviour in the
JHK L filters is essentially the same: A slight decay from the first to
the second night is followed by a longer period with constant
brightness. After a gap of 4 days in the observations the brightness

in H, K, and L had decreased by about 0.6 mag, whereas in the J
band the brightness still remains constant. In the M band only 6
data points were measured. Here the flux increased by about
0.5 mag within 2 days (January 31 to February 2).

Additional IR observations were carried out during daytime
on August 18.92 UT and 19.8 UT, 1983 using the InSb photometer
attached to the ESO 1 m telescope. No significant variations were
found between these two days. The mean magnitudes are:
J=8.35+0.02, H=9.66+0.07, K=8.6210.04, and
L=7.53+0.08, and M =6.5. Note the relative decrease by about
one magnitude in the H-band.

C) Spectral energy distribution

Figure 15 shows the dereddened spectral energy distributions
(SED) for several days between January 21 and February 10. For
dereddening E;_,,=0.45 was used. Generally the flux increases
from the infrared to the ultraviolet spectral range (1>32004)
obeying a power law F;oc A~ * with 2 <« <2.3. There is no obvious
change in the slope of the SED from January 21 to February 10.
The overall intensity dropped by about a factor 1.5 during this
time intervall. The spectral index found here is characteristic of
free-free emission of an optically thin gas.

Several comments should be made in this regard. Due to the
strength of the emission lines the broad-band photometry fluxes
are considerably influenced by line radiation. For instance, the two
bright lines Her1 2.058 pm and Brackett gamma contribute about
50% to the K magnitude. Therefore, variations of the broad-band
filter fluxes could be caused by line radiation instead of continuum
variations. Also the opposite could be the case: a decreasing
continuum flux could be compensated by an increasing flux of an
emission line and hence the total broad band filter flux remains
constant. This effect might explain the constant flux in the J band
after February 3 while the flux in the other wavelength bands
decreases. The He1 410830 line which might considerably con-
tribute to the J flux (e.g. Whitelock, 1983) may have increased
during this period as did He144471 in the visual spectral range
between January 29 and February 20. However, since no spectrum
in the visual spectral range between these two days is available, the
exact date of the increase in the Her line strength remains
uncertain.

Anincrease of the flux in the M band giving rise to an excess on
February 2, is a strong indication for the formation of the yet
unidentified S micron feature found in several other novae during
the free-free emission stage (e.g. Ney and Hatfield, 1978). Unfortu-
nately no M band data are available after February 2. We would
like to note that the time base of our IR observations is too short in
order to establish a ¢ ~2 time dependence of the flux, the decay rate
expected for an optically thin shell expanding at constant velocity
and thickness (e.g. Ennis et al., 1977).

No formation of an optically thick dust shell has been observed
by the end of September 1983. Indications of dust formation would
have been a significant drop of the visual lightcurve or an increase
of the IR flux. Neither was observed.

D) The prenova

Nova Muscae 1983 could be identified with a very faint object on
the SRC J sky atlas. A finding chart is given in Fig. 16. An attempt
has been made to measure the brightness of the prenova using the
magnitude-image diameter calibration of the UKSTU J-survey
plates given by King et al. (1981). Since this is a mean calibration
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Fig. 16. Identification of the prenova and
finding chart of Nova Muscae 1983 from a

IIIaJ plate of the SRC sky survey

10’

and therefore differs somewhat from plate to plate, the open
cluster NGC 4052 (Engver, 1968) being in the same field No. 94 as
Nova Mus83 has been used as an independent calibration
sequence. As a result we have found the calibration sequence to
be 0.65 mag weaker for a given diameter than the mean calibra-
tion of King et al.

The diameter of Nova Mus 83 in its minimum state was
measured as D =50 micron. There are, however, some problems by
applying King et al’s relation, since the faintest star used for
construction of their calibration curve has a diameter of 60 micron
yielding a magnitude m;=0.8B+0.2V' =20.5. By extrapolating the
calibration curve and by applying the correction of 0.65 mag one
obtains as j-magnitude of the prenova m;=23.0. However, it is
very uncertain whether the extrapolation of King et al.’s relation is
valid for such small diameters. One would rather expect a
considerable flattening of the calibration curve. Moreover, the
magnitude limit of the SRC J-plates is about 23 mag or somewhat
brighter. Since the prenova is clearly visible on the SRC plate as
well as detectable on the corresponding ESO quick blue survey
plate (which goes less deep than the SRC J-survey) it should be
brighter than the extrapolated brightness. An upper brightness
limit can be given by assuming the most extreme case of a totally
flat extrapolation of the calibration curve. With the correction of
0.65mag one obtains m;=21.15. With Ez_,=045 and
(B—V)o=0.0 for a nova in minimum state one gets as upper limit
for the visual magnitude m; =20.8. On the other hand, since a

totally flat extrapolation is not very probable, it is rather safe to
assume that the visual brightness of the prenova is equal to or
below 21st magnitude.

IV. Discussion

An attempt has been made to derive the distance of Nova Mus
1983 from the equivalent width of the interstellar lines. We
determined the equivalent widths of the interstellar CanK line to
be Wy =0.43+0.02 A as the mean from five plates. Hobbs (1974)
established a correlation between the distance d and Wy for
approximately 80 galactic stars. Extrapolation of this relation to
Wy =0.43 would yield D=1.7+0.3kpc for Nova Mus 83. It is
unlikely, however, that Hobbs’ relation holds for d> 1 kpc. Also, it
depends on galactic latitude and longitude. The most comprehen-
sive study yet of the distribution of interstellar matter as a function
of distance has been carried out by Neckel and Klare (1980). They
found that in the direction of Nova Mus 83 (I~297°, b~ —5°) the
total visual absorption A, linearly depends on d for d <1kpc, but
stays constant at A, ~1.2mag for d=1kpc out to about 5Skpc.
Hence, the W vs. d relation is not valid for distances in excess of
1kpcin this part of the sky and we regard the distance of 1 kpcas a
lower limit only.

On the other hand, Neckel and Klare’s relation provides a
lower limit for the interstellar extinction of Eg_,, =0.40 mag. Their

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


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1984A%26A...137..307K&amp;db_key=AST

FTI84AGA = “I37- Z307KD

324

Ay(d) relation is rather well established up to a distance of about
2kpc. At this distance the nova is already 175 pc away from the
galactic plane, and we do not expect the section of the line of sight
beyond this point to significantly contribute to the reddening of
Nova Mus. Hence the interstellar extinction Eg_, should not
exceed the lower limit 0.40 mag by a large amount in agreement
with E5_,=0.45mag as derived from the 2200 A feature in the
ultraviolet.

Another approach to determining the distance is by estimating
the absolute magnitude of Nova Mus. The absolute magnitude of a
nova at maximum may be calculated from the luminosity-lifetime
relation My = —11.75+2.5logt; (Schmidt-Kaler, 1957) where ¢,
is the time in days for the nova to decline from maximum to 3
magnitudes below the maximum. For Nova Mus 83 we are in the
unlucky situation that we do not know whether the first detection
was really at, or, at least very close to maximum. Our data provide
evidence that Nova Mus was, in fact, discovered a few days past
maximum:

a) Our first photometric and infrared observations were
carried out on January 21, 3 days after discovery. The spectral
energy distribution was that of an optically thin free-free emitter.
However, general wisdom indicates that this is already the second
stage in the evolution of a nova’s SED which starts with blackbody
radiation from an optically thick pseudophotosphere (e.g. Gal-
lagher and Ney, 1976; Ney and Hatfield, 1978; Ennis et al., 1977;
Wamsteker, 1980; Gehrz et al., 1980a, 1980b). Even for Nova Cyg
1975 (=V1500 Cyg), the fastest nova yet observed, Gallagher and
Ney report the onset of the optically thin free-free radiation phase
not earlier than 4.2 days after maximum. For the other inves-
tigated novae the free-free phase began even later; for the fast
Nova Cyg 1978 about 8 days after eruption (Gehrz et al., 1980a),
for the moderately fast Nova Ser 1978 6 days after eruption (Gehrz
et al, 1980b), and for the also moderately fast Nova Vul 1976 (Ney
and Hatfield) 8 days after eruption. It is therefore highly improb-
able that Nova Mus 1983 should have been in the optically thin
free-free phase as early as 3 days after maximum.

It is therefore safe to assume that we first observed Nova
Muscae 83 at least 5 days after maximum. Extrapolating the visual
lightcurve towards this earlier date with the mean decline rate of
the first 4 (observed) days, 0.25mag/day, we find a maximum
brightness V,,,, of <7.3mag.

b) Our first spectrum was also taken 3 days after discovery on
January 21 at V=_8.3 mag. The very pronounced diffuse enhanced
character and the presence of the 4640 A emission feature qualita-
tively show that the nova had already undergone some evolution.
According to Payne-Gaposchkin (1957), the earliest appearance of
the diffuse enhanced spectrum occurs at 0.7 mag below maximum
brightness and 4 days after the outburst for fast novae, and at
2.3 mag below maximum brightness and 16 days after outburst for
slow novae, respectively.

On the other hand, the diffuse enhanced spectrum disappears
3.0mag below maximum brightness. There is considerable
evidence that this happened when the ¥ magnitude faded from 9.8
to 10.1 mag between February 22 and 25. The strength of the dea
components decreased considerably from the Coudé spectra of
February 21 to 24 (cf. Fig. 1). In addition, there is no evidence for
any dea (and pa) absorption feature in the UV spectra taken 10
days later on March 4.

The first Nm absorption feature (44097) was found when the
nova was at ¥'=9.1. The first appearance of this feature for fast
novae should occur at 2.3mag below the maximum (Payne-
Gaposchkin, 1957).

Hence, from the appearance and disappearance of spectral
features the most probable maximum brightness seems to have
been V., ~7.0mag. The extrapolation of the V-lightcurve with the
mean decline rate for the first days (see above) then suggests that
the outburst occurred about on January 14-15, 1983, 3 to 4 days
before the discovery. From this we get as most probable lifetime
t;~40 days. However, if the nova was as bright as 6.7 mag at
maximum (which cannot be fully excluded) decay by 3 mag would
have been reached on February 4, and t; would be as short as 22
days.

We therefore classify Nova Mus 83 as a moderately fast to fast
nova according to Payne-Gaposchkin’s classification scheme.
Several other properties found from our data support this
classification:

1) The lower limit of the outburst amplitude is about 14
magnitudes. This is one of the largest outburst ranges ever
observed (e.g. Payne-Gaposchkin, 1977). Since there is a corre-
lation between speed class and outburst amplitude in the sense that
faster novae have larger outburst ranges, the large amplitude
favours the classification as a fast nova.

2) There exists a general correlation between speed class and
expansion velocity (Payne-Gaposchkin, McLaughlin, 1960). Ac-
cording to this classification Nova Mus 83 is undoubtedly a fast
nova.

3) Slow novae stay in the diffuse enhanced stage only during a
narrow brightness interval of Am=0.3 mag. (Payne-Gaposchkin,
1957), whereas Nova Mus remained in the diffuse enhanced stage
for Am~1.7 mag. This obviously argues against its classification as
a slow nova.

For the first four months Nova Mus displayed a rather normal
lightcurve for a certain type of fast nova: steep decrease, followed
by a slower decrease with oscillations. The following period during
which Nova Mus irregularly oscillated around a constant mean
brightness level for at least 5 months is, however, rather un-
common. The only nova known to have shown a similar behaviour
is DN Gem (=Nova Gem 1912). This nova which had a similar
lifetime of ;=46 days also remained for several months at a
constant brightness level about 3.54mag below the maximum
brightness (Payne-Gaposchkin, 1957). Another similarity between
Nova Mus and DN Gem are the radial velocities of the absorption
systems. The radial velocities of the pa and dea systems of Nova
Mus agree well with those of absorption II and IIT of DN Gem
according to Payne-Gaposchkin® classification. The outburst
range of DN Gem, however, is only 11.5mag, and hence much
smaller than that of Nova Mus.

It is now possible to obtain a rough estimate of the distance D
to Nova Muscae 83. With our preferred value of t; =40 days we get
M, =-775. Assuming V,, =70 and A4,=135 we obtain
D =48kpc. Taking into account the uncertainties in the various
quantities we estimate the error in the distance to about +1kpc.

Using this distance we derived a lower limit to the luminosity
from the SEDs of January 21 and February 10 (see Fig. 15). For
wavelengths longer than the IR regime we assume that the flux
distribution may be extrapolated as F,oc A~ 2. For the UV spectral
range shortward of 3200 A we cannot make a safe assumption on
the flux distribution, since our earliest IUE spectrum was taken on
February 18. For January 21 integration of the flux distribution
for 2>3200 A yields a lower limit to the luminosity L=3.8 10*L,
i.e. equal to the Eddington luminosity Ly, for a 1 M o white dwarf.
If the flux distribution decreased in the UV as it did for Nova Sgr
1982 early in the decline (Wargau et al., 1983) the total luminosity
would be around 1.5 Lgy,. This is consistent with thermonuclear
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runaway theories of nova outbursts. According to e.g. Sparks et al.
(1978) and Starrfield et al. (1978) the achievement of a luminosity at
maximum light close to Lggq is one of the main features of the
thermonuclear runaway.

On February 10, the luminosity longward of 3200A is
L=0.4Lg4q. Still our earliest IUE spectrum was taken 8 days later.
If we take that spectral distribution as representative also of
February 10, the total luminosity is L=0.9 Lg4,. Finally, for
March 4 the short-wavelength IUE spectrum and the visual
magnitude of 10.0 mag permit a rough estimate of the luminosity if
the assumption is made that F,oc A~ 2 still holds for the optical and
IR range. The resulting total luminosity is L=0.5Lg4q.

For the subsequent time interval of 3 weeks we find that the
corresponding lower limits (based on visual and infrared photo-
metric data) to the luminosity decrease. This does not contradict,
however, the concept of a constant bolometric luminosity during
that phase. With increasing time elapsed from outburst the
temperature of the expanding optically thin shell increases and
hence the relative amount of the free-free emission emitted in the
ultraviolet spectral region is expected to increase (Stickland et al.,
1980).

V. Conclusions

Spectroscopic and photometric observations of Nova Mus 1983
were carried out during its early decline phase over a wide spectral
range from 1200 A to 10 um. Our main conclusions are:

Nova Mus 83 was a moderately fast to fast nova which was
discovered several days after its maximum brightness. The most
probable maximum brightness and lifetime ¢; are V'~7 mag and
t;~40 days, respectively. With the interstellar extinction
Ep_,=0.45mag a distance of D=4.8+1kpc has been derived.
The lightcurve of Nova Mus, with its long stay around a constant
mean brightness, is rather unusual for a fast nova.

The prenova can be identified with a very faint object of
V =21 mag. The outburst range is therefore 4m =14 mag which is
one of the largest outburst ranges ever observed for novae.

The line profiles of the emission lines display a complex
structure: several emission components, broad wings, and several
absorption systems are present. Indications are found that the line
profiles depend on the ionization state. From this one may
conclude that the ejection of the envelope was highly asymmetric.
The envelope seems to have a very complex structure and
geometry with rather different excitation conditions for different
regions. The simultaneous appearance of lines of highly ionized
species as Nv, Ov, etc., neutral lines, and molecular bands in the
infrared and ultraviolet spectra clearly shows that regions of very
different temperatures existed simultaneously in the shell.

The molecular lines indicate the presence of molecules as-
sociated with dust in the surroundings of Nova Mus. This material
may be either in the outer cooler regions of the expanding
envelope, or, alternately, material which was deposited in the
circumstellar region by the stellar wind which has been active
during the minimum phase.

A possible overabundance of He/H as compared to solar
values is indicated. The N/C and N/O ratios show a strong
overabundance of nitrogen with respect to solar C and O
abundances. From the strength of the CNO lines one may also
suspect an overabundance of these elements to hydrogen as
compared to solar values. This is entirely consistent with the
thermonuclear runaway model of nova outbursts with hydrogen
being burnt via the CNO cycle. This conclusion is also supported
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by the luminosity of Nova Mus 83 after outburst which was of the
order of the Eddington luminosity of a white dwarf of one solar
mass.
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