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Novae form a very interesting class of non-stationary objects. A 
considerable amount of observational data, both photometric and 
spectroscopic, covering different stages of nova outbursts, have been 
stored up by observers for many years. Processing and systematization 
of these data has lead to a better understanding of the physical 
processes taking place in the nova outbursts. 

The first spectra of novae at maximum brightness proved to be 
similar to the spectra of supergiants; their distinctive feature was 
the presence of the strong lines of lines from C, N and 0 (McLaughlin, 
1936). This fact lead to suspect that these elements must be 
overabundant in the nova envelopes. 

The first quantitative analysis of a nova spectrum was made by 
Mustel and Boyarchuk (1959) on the basis of spectrograms of DQ Her 
obtained during its maximum brightness. An analysis of the absorption 
lines by the curve-of-growth method proved the abundances of light 
elements (C, N and 0) in the nova envelope to really exceed the 
"normal" values by roughly a factor of 100 (Mustel and Boyarchuk 
1959). Since that time these spectrograms have been revised several 
times (Mustel and Boyarchuk 1959a; Mustel and Baranova 1965), but the 
main conclusion about the large overabundances of C, N and 0 remained 
practically the same. Pottasch (1959, 1957) was the first to apply a 
technique based on the analysis of the emission lines, originally 
developed for planetary nebulae, to estimatee the chemical composition 
from the spectra of six classical novae and the recurrent nova RS Oph 
in its nebular phase. 

The discovery of the binarity of novae increased the interest in 
such objects. It became clear that the reason of a nova outburst 
should be looked for in their binarity. According to the generally 
accepted model, all novae are close binary systems, and their 
outbursts occur in a layer of matter accreted on the surface of a 
white dwarf, lost by a cooler companion. This matter is rich in 
hydrogen - a potential nuclear fuel. Hydrodynamical analyses of nova 
outbursts within the framework of this model (Starrfield et al. 1972) 
prove that the chemical composition of the accreted matter and, in 
particular, of the layer where the outburst begins, plays rather an 
important role in producing. Therefore the analysis of the chemical 
composition of novae became of special importance. It is considered 
that nova outbursts may also introduce a contribution to the 
enrichment of the Galaxy's matter with some elements and isotopes. 

There are two ways to study the chemical composition of the 
envelopes ejected by novae: (a) from the analysis of the absorption 
lines and (b) from the analysis of emission lines. In most 
investigations the latter approach was used. There is a number of 
papers devoted to the critical analysis and to the comparison of these 
two methods (see, for example, Collin-Souffrin 1977; Williams 1977). 
The development of space research permitted to study the chemical 
composition of nova shells from ultraviolet and infrared data. The 
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Table 1 
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analysis of all the data, available by now, on the chemical 
composition of novae shells obtained by different methods and in 
different spectral regions is of interest. 

By now, we have information about the chemical composition of 
the envelopes of about twenty classical novae (see Table 1). These 
novae belong to different velocity classes, amplitudes, etc. Table 2 
contains the determinations of the chemical composition for these 
novae. Column 4 indicates which type of lines have been analysed. 
Whenever several determinations of the chemical abundances were 
available, the results are given in chronological order; the time 
(days or years) from the moment of maximum brightness (0a) to the 
moment when the analysed spectrograms were obtained (negative values 
mean that pre-maximum spectra were analysed) are given in Column 3. 
The spectral region under analysis is indicated in Column 5. In all 
cases, except those mentioned in the remarks, abundances relative to 
hydrogen are given (lg N(H)=12). 

One can see from Table 2 that many of the investigations on the 
chemical composition were based on the analysis of the emission lines 
during nebular or earlier stages. For four novae the chemical 
composition was determined by using absorption lines; for five ones 
it was based on spectra in the ultraviolet region. The relative 
abundances of chemical elements ([X] = lg(X)»ova - lg(X)aoB), 
calculated on the basis of Table 2, are shown in Fig. 1. It can be 
seen from Fig. 1 that the general properties of the envelopes of all 
the novae are: 1) an abnormally high abundance of N and 0; 
2) He-content higher than "normal"; 3) a high abundance of Ne in some 
novae. Besides, one should note here that overabundances of 
intermediate mass elements (Na, Mg, Al, Si, S) were found in the 
envelopes of two novae - V693 CrA and VI370 Aql - named "neon" novae. 
Let us analyse in detail each of these anomalies. 

CNO-abundances. One can see from Table 2 and Fig. 1 that the 
abundances of N and 0, and in some cases of C, exceed the "normal" 
values by the order of 1-2 dex on the average. Unfortunately, the 
data in Table 2 are very inhomogeneous, therefore comparisons are 
difficult. The reasons for these inhomogeneities are: 1) various 
investigations were based on spectra taken at different resolutions; 
2) the methods of analysis also differ and, in particular, the methods 
to determine Te and Ne; 3) the emission lines chosen to determine the 
abundances in various investigations often do not coincide. And 
finally, the outburst stage, which has to do with investigation, is of 
great importance. During the initial period of decrease in 
brightness, the hydrogen Balmer emission lines that, as a rule, are 
used in the analysis of the chemical composition (usually H"^ or H(j ) 
are often distorted by self-absorption. As shown by Ferland (1978), 
for the extremely fast nova V1500 Cyg, the case B conditions for 
Balmer emission were achieved in 100 days. This period is much longer 
for other novae. In many investigation self-absorption in Balmer 
lines has not been taken into account. There are very few papers 
where the presence of self-absorption was checked for, and if 
necessary, corrections were made. Self absorption, to the extent it 
is not taken into account, distorts the abundances of chemical 
elements relative to hydrogen. Despite the data inhomogeneity, one 
may try to make an analysis of the abundances of the C, N and 0 in the 
novae envelopes. 

According to the predictions of thermonuclear runaway models 
(Starrfield et al. 1977, 1978) the main characteristics of an outburst 
are determined by the number of CNO-nuclei at the bottom of the 
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Fig. 1 Abundance anomalies of novae. Points are numbered 
following the object numbers given in Table 1. Positions 
in the diagram corresponding to two objects are labeled as 
, i. Circles denote "neon" novae. 
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accretion layer before the beginning of thermonuclear reactions. 
First of alli this affects the velocity class of the nova. 
Calculations based on the model with accreted matter enriched in CNO 
nuclei provide light curves and outflow velocities which are typical 
for a fast nova. 

Fig. Dependence of the sum of CNO-nuclei on the velocity 
class of novae. 

On the contrary, a white dwarf with solar chemical composition of the 
accreted matter is a good model for an outburst of a very slow nova 
such as, for example, HR Del (Sparks et al. 1978). Thus, a 
correlation of the abundance of CNO-elements with the velocity class 
of the nova should be observed. 

The first observations showing a correlation between the 
abundance of N in the nova envelopes and ta (time needed for the nova 
to decrease three magnitudes from maximum) was published by Ruusalepp 
and Luud (1970). Later, using determinations of chemical composition 
in the nova envelopes based on optical observations, Pacheco and 
Codina (1985) showed that there is less oxygen in the envelopes of 
novae with smaller ta. The data obtained on the basis of ultraviolet 
spectra confirm this result (Cassatella and Selvelli 1988). Taking 
into account that, according to the theory of nucleosynthesis during 
thermonuclear runaway, the total number of atoms of the elements C, N 

https://doi.org/10.1017/S0252921100068433 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100068433


107 

mv 3 

4 

5 

6 

7 

8 

9 
T,K 

12000 -

10000 

8000 

6000 

0 60 

40 

20 

I 

-
1 

' 

1 1 

» 1 

——, -, 

- v . , ^ 

1 1 

1 

I, 

1 

1 

V1^ 

i 

-

— 

-
-

R/R 

0 

. 
-
-
-

1 

1 

>t „ 

1 

, * " • " • . 

1 1 I 

' " ' • " ^ ' " • ^ S ^ s ^ - v . ^ , . . * . . 

1 1 1 

1 

1 

-•V-."-'. 

1 ~ r 

.;> 
. 

_ 
-
-

..-

1 — 

-
-

1 

1 1- 1 1 i 

,,-.,-

1 

-V 

1 ' 
i 

i 

. 
-

i 
Vr ,km/s 

600 

400 

200 

r 

-

i, 

i 

1 

l 

I 

.1. 

1 

1 

1 1 

-1 4 — 

1 1 

1 

-

-

VI VII VIII IX 

1967 

XI XII I II 

1968 

Fig. 3 Changes of brightness, temperature, radius and 
velocity of the ejected matter for the nova HR Del during 
the pre-maximum period. 
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and 0 must remain the same, it seems useful to analyse the correlation 
of the sum of the CNO nuclei with the parameter ts. For novae with 
more than one determination of the chemical composition, the data 
obtained as late as possible after the outburst must be chosen since 
during the earlier stages of the outburst stratification effects of 
the physical conditions in the envelope are not negligible. A 
diagram showing the dependence of the sum of CNO nuclei on the 
parameter t3 is presented in Fig. 2. There are several post-novae 
which were observed for determinations of chemical abundances many 
years after the outburst, when their envelopes were certainly 
optically thin and more homogeneous than at the initial stages. Such 
determinations should be considered as the most reliable. In Fig. 2 
these stars are marked with a circle. One may conclude that the 
correlation of ZCNO with the velocity class of novae exists indeed. 

Since during the thermonuclear transformations the total number 
of CNO nuclei must remain constant, the following model was proposed 
to explain their overabundance in the burning zone (Colvin et al. 
1977): the outburst occurs on the surface of a carbon-oxygen white 
dwarf; carbon and oxygen come into the lowest part of the accretion 
layer as the result of convective mixing with the outward parts of the 
carbon-oxygen white dwarf. The analysis of the chemical composition 
of HR Del during its pre-maximum stage possibly confirms this model. 
HR Del is a very slow nova which is observed to have a long (about 
half a year) pre-maximum period, during which its brightness, 
temperature and radius were practically constant, and the radial 
velocities of the absorption lines shoved a continuous outflow of 
matter from the nova (dynamical equilibrium was taking place), see 
Fig. 3. Using the curve-of-growth method, the chemical composition of 
the nova was determined on the basis of the absorption lines at three 
different epochs during the pre-maximum period (Raikova 1977) and at 
maximum brightness (Antipova 1977). The abundances of C, N and 0 at 
the different dates are shown in Fig. 4. One can see from the figure 
that there is a tendency for the abundance of these elements to 
increase with time. Since a relatively thin shell layer is observed 
in the absorption lines ("reversing" layer above the 
"pseudo-photosphere"), under the conditions of dynamical equilibrium, 
matter from deeper layers flows through the reversing layer. The 
increase of the abundances of C, N and O with time may then be 
regarded as a confirmation that the nuclei of these elements get in 
this layer from the white dwarf. 

Thus, the analysis of both the absorption and the emission lines 
lead to the conclusion of abnormally high abundances of C, N and 0 
nuclei in the nova shells. The differences in the absolute values of 
the anomalies must obviously be connected with the above mentioned 
inhomogeneities in the chemical composition of nova shells: the 
absorption lines arise from a thin layer of the shell and denote its 
chemical composition; the emission lines are formed in a much broader 
layer of the shell, so that the derived abundances are to be regarded 
as average values in the shell and consequently may result lower than 
those obtained on the basis of the absorption spectrum at maximum. 

He-abundance. In the review by Collin-Souffrin (1977) the value 
[He] = 0.25 was determined as mean value for several novae and the 
supposition was made that faster novae contain more helium than 
slower novae. 
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Using the data of Table 2, we have plotted in Fig. 5 the values 
of [He] vs. ts. One can see that there is no correlation between the 
overabundance of He and the velocity class of novae. On average, the 
He abundance in novae is slightly higher than "normal"; the mean value 
[He] = 0.40 is close to the value given by Collin-Souffrin (1977). 
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Fig. 5. Helium abundances in the envelopes of novae with 
different velocity classes. 

Critically analysing the methods of determination of the Helium 
abundance in novae envelopes, Ferland (1978) mentions at least two 
reasons which lead to an overestimation of the Helium abundance. 
Firstly, the chemical composition is often determined before the 
effects of self-absorption in the Balmer lines, used in the analysis, 
have become negligible. The presence of self-absorption causes a 
change of the intensity of the hydrogen lines and, therefore, leads to 
wrong values of the relative abundance of Helium. Secondly, one must 
bear in mind that triplets lines may also give wrong values of the 
Helium abundance as compared with the values based on singlet lines 
because of the metastabllity of level 23S. Taking into account these 
two circumstances and having made the necessary corrections, Ferland 
(1978) obtained a "normal" abundance of Helium in V1500 Cyg and draw 
a conclusion about the solar Helium abundance to be obviously typical 
also for other novae. However, he also assumed that it is possible 
that novae may not have all one and the same abundance of Helium, and 
that this could be easily checked by analysing old novae with 
optically thin envelopes. By now several of such investigations have 
already been performed (Williams 1979; Williams et al. 1978; Williams 
1982; Ferland and Shields 1978; Gallagher et al. 1980). The circles 
in Fig. 5 indicate the Helium abundance obtained in the above papers 
as well as the Helium abundance from Ferland and Shields (1978) and 
Bartash and Boyarchuck (1965), in which the self-absorption in the 
Balmer lines was corrected for. It can be seen from the figure that 
different novae can indeed have different amounts of Helium. Since no 
correlation is observed between He and CNO abundances in the nova 
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envelopes, then the source of the CNO overabundances must have little 
influence on the Helium abundance (Ferland and Shields 1978). 
According to the assumption in Colvin et al. (1977), much of C and 0 
result from convective mixing of the upper layers of the nucleus of 
the white dwarf with the accretion matter, while the abundances of He 
and Fe correspond to the chemical composition of the cool component. 
In this case, if the correlation in Fig. 5, based on the best 
determinations of the Helium abundance, is real, it could mean that 
the cold components of slow novae are more evolved than those of fast 
novae. 

Ne-abundance. According to Table 2 and Fig. 1, a number of stars 
show an overabundance of Neon. Among them there are both fast novae 
(like V1500 Cyg) and slow novae (like RR Pic). No correlations were 
found though there are very little determinations of the Neon 
abundance. The overabundance of Ne in the envelopes of novae may be 
real; in this case, since it is not formed in the process of the 
thermal nuclear synthesis during the nova outburst it must come in the 
envelope from a white dwarf nucleus together with C and 0 (Ferland 
and Shields 1978). However, one should bear in mind also the 
following. Very often, the spectra of novae contain lines of very 
different stages of ionization, whose intensities cannot be explained 
by one source of ionization only - a central star emitting blackbody 
radiation. So, the analysis of the envelope HR Del has shown that the 
only way to remove this difference is to assume the ionizing radiation 
to consist of two components with different temperatures (Tylenda 
1978). The conclusions about the existence of both hot and cold 
regions in the nova envelopes were derived following the analysis of 
the novae both at early outburst stages (Tylenda 1978) and at very 
late stages, many years after the outburst (Williams 1982; Williams et 
al. 1978; Gallagher et al. 1980). In the spectra of novae one can 
observe lines from [Ne III], [Ne IV], [Ne V], whose potentials lie 
between 41 and 97 eV, values which, on average, are higher than the 
potentials for the lines of the various stages of ionization of C, N 
and 0, from which T« is usually estimated. Therefore, the Ne lines 
can also arise from regions which are different from those where the 
CNO lines are formed. Applying a value of lower Te, obtained from 
the lines of CNO elements, to the Neon lines may lead to an 
overestimation of Neon abundance in the nova envelope. The problem of 
the abundance of Neon in novae is still to be solved. 

Na, Mg. Al. Si. Fe-abundances. Abnormally high abundances of 
these elements are indicated only in two novae: V693 CrA and V1317 Aql 
(Williams et al. 1985; Snijders et al. 1984). Both investigations 
have been performed by analysing the UV spectra. It should be noted 
that the UV data were complemented by spectroscopic optical data. 
The range 1200-3300 A contains several lines of elements and ions that 
cannot be observed in the optical range. They can be used for the 
determination of the abundances of chemical elements. Many of the 
lines observed in UV range are resonance lines. While analysing such 
lines, one should remember that the exciting energy of upper levels 
in the UV range is high; for example, to transfer in X 1600 A, the 
excited level energy is E * hr " 8 eV, while for similar transitions 
in the optical spectral range (for example X 5000 A) this value is 
approximately equal to 2.5 eV. It is clear that a small error in 
the temperature when determining the abundances of the elements from 
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the lines in the UV range would cause greater errors in the estimation 
of the number of atoms on the ground level (and therefore, of the 
element abundance), than that using spectra in the optical range. 

In the analysis of the spectrum of V693 CrA (Williams et al. 
1985), the absence of pairs of lines sensitive to T« in the UV 
range did not allow to obtain a good estimation of T« , and in the 
calculation of the abundances of chemical elements the value T« " 
15000 K was adopted, typical for planetary nebulae. It should also be 
noted that the analysis was carried out during the period of the so 
called "quasicoronal" stage, when in the spectrum, besides the lines 
of the middle ionization stages (He II, 0 III], O IV], N III], 
C III]), there were also lines of the forbidden transitions of the 
highly ionized atoms [Na V], [Si IX], [Al VIII], 
[Mg VII], etc., most of which are observed in the spectrum of the 
Solar corona. The presence of coronal lines in the spectra of novae 
is explained by the existence in the nova envelope of regions of very 
hot gas, where these lines are formed (Ferland et al. 1977; Andrillat 
and Collin-Souffrin 1977). Therefore, for the determination of 
chemical abundances from these lines one should use the temperature 
value, appropriate for these particular regions. If this is not 
taken into account, it would cause errors in the determination of the 
chemical composition, more in the UV range than in the optical range. 

All the above can also be fully applied to the nova V1370 Aql 
(Snijders et al. 1984), in whose shell the abundances of any of the 
analyzed elements has not proved to be "normal". All of them (C, N, 
O, Ne, Mg, Al, Si, S and Fe) show overabundances by factors 30 to 
3000. 

One can draw the following conclusions from the above review: 

1. Both methods for the determination of the chemical 
composition of novae (from emission lines and from absorption lines) 
give the same results: the shells ejected by novae during outburst 
show abnormally high abundances of the elements C, N, 0 and He. 
Although these methods are applicable to different phases of the 
outburst (for example, absorption lines can be analysed near the 
maximum brightness, when the emission lines cannot be observed), they 
nevertheless supplement each other, allowing one to investigate on the 
changes of the chemical composition in novae during the development of 
the outburst. 

2. It is important to study novae from spectra both in the UV 
range and in the optical ranges. The determination of the number of 
ions from lines in different stages of ionization including lines 
which can only be observed in the UV range, allows to obtain a higher 
accuracy on the abundances of the chemical elements in the shells of 
novae. 

3. To determine the chemical composition of the matter ejected 
during the nova outburst, it is worthwhile to observe the nova shells 
many years after the outburst, when their envelopes have become 
absolutely transparent in the lines and the lines are not distorted 
by self-absorption, and inhomogeneities in the shells, important at 
the initial stages, are now minimal. It can be seen from Fig. 1 that 
the determinations of the chemical composition of the shells available 
now, many years after the outburst, give smaller scatter than those 
performed at earlier stages of the outburst. 
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