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ABSTRACT 

Infrared photometry from 1 to 20/¿m and spectroscopy at ~2/¿m are presented for Nova 
Cygni 1975 for the period from 2 days before to 1 yr after maximum light. The data can be ex- 
plained by a simple model in which the expanding gas expelled during the explosion is always a 
plasma at ~ 10,000 K. Initially the gas is optically thick; this phase clearly defines the time of 
onset of the nova. Later, as the gas continues to expand, it becomes optically thin. The temporal 
dependence of the observed flux suggests that in this phase the expanding cloud is in the form of a 
shell. After ~ 300 days, long wavelength emission which may be attributable to thermal reradiation 
from dust is observed. 
Subject headings: infrared: sources — stars: novae 

I. INTRODUCTION 

Recently, extensive 1-10 /¿m photometry which 
delineates the early behavior of Nova Cygni 1975 has 
been published by Gallagher and Ney (1975), and 
1-3 ¿on photometry has been published by Kawara 
et al (1976). Limited 2-4/¿m spectroscopic measure- 
ments of the nova have been published by Grasdalen 
and Joyce (1976) and discussed by Black and Gallagher 
(1976). Prior to these investigations, detailed study of 
the development of infrared radiation from novae has 
been reported for only one object—Nova Serpentis 
1970 (Hyland and Neugebauer 1970; Geisel, Klein- 
mann, and Low 1970). Those observations began 19 
days after discovery, and so nothing was known of the 
behavior near maximum light. 

This paper presents a series of infrared measure- 
ments of Nova Cygni 1975, both broad-band photo- 
metric from 1.2/¿m to 20/¿m and spectroscopic at 
2.2 jum (ÀA/À ~ 0.015) which began 2 days before 
visual maximum and continued for 1 yr. The data 
agree with the previous measurements of this time- 
varying object but extend the temporal coverage to 
earlier and later times than other published reports. 
The combination of spectral and photometric data 
leads to a particularly simple self-consistent model of 
the gross geometry and history of the nova. 

II. OBSERVATIONS 

The observations were made between 1975 August 
30 UT and 1976 September 08 UT using indium anti- 
monide photovoltaic detectors and germanium bolom- 
eters at the 0.6 m, the 1.5 m, and the 2.5 m telescopes 
at Mount Wilson, and the 5 m telescope at Palomar 
Mountain. The central wavelengths and widths of the 
photometric bands are 1.25/¿m (AA = 0.3/¿m), 1.65 
lim (0.3 /xm), 2.2 /zm (0.4 j^m), 3.5 /¿m (0.6 /zm), 
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4.8/zm (0.6/zm), 8.7/zm (1.2/zm), 9.5/zm (1.5/zm), 
10 /zm (5 /zm), 11.2 /zm (1.5 /zm), 12.5 /zm (1.3 /zm), 
and 20 /zm (7 /zm). The 2 /zm spectra were obtained 
with an indium antimonide detector and a nitrogen- 
cooled circular variable filter-wheel spectrometer 
having a resolution of AA/A ~ 0.015. Measurements 
were made several times per night before and at 
maximum light, and less frequently during decline, 
as dictated by the rate of change in the nova and by the 
weather. Because the nova is a unique time-varying 
object, low-accuracy data, which would otherwise be 
improved at a later time, are retained in these results. 

in. RESULTS 

Figure 1 shows the 1-20 /zm energy distribution of 
the nova on each of 6 days around maximum and at 
14, 31, and 43 days after maximum, and Table 1 
summarizes all the photometric data obtained. Figure 
2 shows a comparison between a portion of the present 
photometric data and those of Gallagher and Ney 
(1975) and Kawara et al (1976). It is seen that there 
is excellent agreement among all three sets of data. 

Figure 3 shows a portion of the 2 /zm spectrum of 
the nova on each of 5 days around maximum and 44 
days after maximum; the equivalent width of the 
Brackett-y line of hydrogen (A = 2.17 /zm; n — 1 -> A) 
is included in Table 1. The wavelength coverage was 
dictated by the desire to observe the development of 
the Brackett-y line, and many spectra were restricted 
to wavelengths near that line. The spectra are con- 
sistent with those of Grasdalen and Joyce (1976) when 
adjusted to the same dates. 

The photometric data shown in Figure 1 show a 
striking change in the characteristic shape of the 
energy distribution of the nova at about the time of 
maximum light from that of a Rayleigh-Jeans spectrum 
{Sv oc v2) to that of thermal bremsstrahlung emission 
(Sv constant). This transition takes on the order of 
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Fig. 1. 1-20 /un energy distribution of Nova Cygni 1975 on each of 6 days around maximum and at 14, 31, and 43 days after 
maximum. The transition between the blackbody and bremsstrahlung emission can be seen in the data of JD 2,442,657.8 (1975 
Sep 2.3 UT). The arrows on the second through sixth data sets indicate the wavelength Aff of optical depth unity based on the model 
discussed in the text under the assumption that Aff = 5 /un on JD 2,442,657.8 (1975 Sep 2.3 UT). On all other days Aff lies outside 
the range of observed wavelengths. 
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IR OBSERVATIONS OF NOVA CYGNI 1975 481 

2 days. The subsequent changes in the gross shape of 
the spectrum are small; the detailed shape is affected 
by the presence of emission lines. Initially the Brackett- 
y line, seen in Figure 3, is in absorption when the 
1-20 fJLm spectrum is that of a blackbody. The line is 
seen in emission as the 1-20 /¿m continuum spectrum 
starts to become predominantly that of bremsstrahlung 
radiation, confirming this mechanism for the 2 /xm 
radiation. About 3 days after maximum, the equivalent 
width of the Brackett-y line assumes a value near 
0.05 pm (Table 1). 

IV. DISCUSSION 

The present data lend themselves to a simple model 
in which the nova consists throughout its lifetime of an 
expanding mass of ionized gas. Initially the gas is 
optically thick at infrared wavelengths, and absorption 
lines are produced at the front edge of the cloud. 
Later, as the gas continues to expand, it becomes 
optically thin, resulting in a bremsstrahlung spectrum 
with hydrogen and helium lines in emission. The data 

can be interpreted without any temporal variations in 
temperature, and so for simplicity the temperature is 
taken constant at 10,000 K throughout. This tempera- 
ture is typical of that in an ionized plasma (Osterbrock 
1974) and is consistent with the equivalent width 
(Hilgeman 1970) of the Brackett-y line measured 3 
days after maximum. Also for simplicity the expansion 
velocity is assumed constant. 

In this picture, the observed increase in total flux of 
the nova at all wavelengths during the optically thick 
phase is caused simply by the change in size of the 
object; specifically, the flux is proportional to the 
angular size of the nova. If, therefore, the expansion 
velocity is constant, a plot of (flux)1/2 versus time will 
be a straight line, and an extrapolation to zero angular 
size will give the time of the explosion. Figure 4 shows 
that the present data during the time the nova is 
optically thick (see discussion below) are consistent 
with the onset of rapid expansion at ID 2,442,653.0 ± 
0.5 (1975 August 28.5 UT). It should be noted that the 
data, to the extent they define a straight line, confirm 
the plausibility of the simplifying assumptions. The 
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X(/zm) X(/¿m) X(/xm) 

Fig. 3.—Spectra of Nova Cygni 1975 in 2 fim region on each of 5 days around maximum and 44 days after maximum. The 
data of 1975 Oct 15.2 UT have been multiplied by 100 in order to appear on the ordinate shown. The emission line at 2.04 pm in 
this spectrum has been identified with [A1 ix] by Grasdalen and Joyce (1976) and with He i by Black and Gallagher (1976). The 
typical relative uncertainty in the spectral data is 2%. 

epoch of onset is relatively insensitive to details of the 
model as long as the spectrum is in the Rayleigh-Jeans 
domain. 

The slopes of Figure 4 can also be used to determine 
the distance to the nova if a value of the expansion 
velocity is assumed. The expansion velocity for Nova 
Cygni 1975 obtained from optical spectra lies in the 
range 1300-2500 km s_1 (Woszczyk, Krawczyk, and 
Strobel 1975; Preston, private communication; 
Leparskas 1976; Campbell 1976 and references 
therein); together with the mean observed angular 
expansion rate obtained from Figure 4, this range 
implies a distance Z) to the nova of 1.3 < D < 2.5 kpc, 
in good agreement with distances obtained by other 
means (see, e.g., McLean 1976; McLaughlin 1960; and 
de Vaucouleurs 1975). 

By approximately 4 days after the onset of the nova 
the expansion had caused the material to become 
optically thin. As discussed below, the wavelength at 
which the plasma has optical depth unity increases 
with time after the onset. The Brackett-y line is seen in 
emission rather than absorption after the third day. 
The continuum shows a transition between an 
optically thick spectrum and an optically thin thermal 

bremsstrahlung spectrum on the third and fourth days 
and remains optically thin for the next several months. 

It is possible to make an estimate of the mass of the 
ejected material from the data of Figure 1. For an 
optically thin plasma at a temperature 10,000 K, the 
optical depth r(A) at a wavelength À in /¿m can be 
written 

r(A) ~ IO"18 AV/ (1) 

(Kaplan and Pikel’ner 1970), where ne is the electron 
density (cm-3) and / is the mean path length (pc). The 
data of JD 2,442,657.8 (1975 September 2.3 UT) show 
a clear transition at A ~ 5 /¿m (see Fig. 1), and in the 
present interpretation the optical depth at 5 jum is 
assumed to be unity at that time. From equation (1), 
this implies that at that time «e2/ ~ 4 x 1016pccm"6. 
Arguments presented below indicate that the line-of- 
sight extent of the object lies between 1013 cm, the 
inferred thickness in an expanding shell model, and 
1014 cm, the inferred outer radius of the gas on the date 
in question; thus æ 5 x 1010cm'3. The 
resultant mass of the ejected material, which depends 
only slightly on the assumed model, is then ~ 10-4 M0, 
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JD 2442653.0 + 

Fig. 4.—Sy
112 versus time for Nova Cygni 1975. As ex- 

plained in text, a linear extrapolation of this quantity to zero 
gives the time of the onset of the explosion if the emission is 
from an optically thick gas at a constant temperature and if 
the expansion velocity is constant. This time is determined 
from an average of least squares fits at 2.2, 4.8, and 10 ^m to 
be JD 2,442,653.0 ± 0.5 (1975 August 28.5 UT). The uncer- 
tainties shown include the uncertainty due to the absolute 
calibration of the photometry. 

typical of ejecta masses calculated from visual data for 
other novae (Payne-Gaposchkin 1957). It is interesting 
to note that at the density derived above, the re- 
combination time for the plasma is minute (see, 
e.g., Spitzer 1968). The primary star must therefore 
continue to emit enough ultraviolet radiation to 
maintain the ejecta in an ionized condition. 

The data of Figure 1 are numerically consistent 
with the model presented above. From equation (1), 
the wavelength at which the plasma has decreased in 
density to have optical depth of unity is given by 
Aff oc (time)p. The value of the exponent P depends on 
the model chosen for the expanding mass, but lies in 
the range 2-2.5 for any simple geometry (see below). 
In Figure 1, Aff is identified on the assumption that on 
JD 2,442,657.8 (1975 September 2.3 UT) Aff = 5 /xm 
and Aff oc (time)2. Clearly, the continuum energy 
distributions shown are consistent with this interpreta- 
tion. Furthermore, with this assumption Aff # 2.2/xm 
3.2 days after the onset, i.e., on JD 2,442,656.2 (1975 
August 31.7 UT). Figure 3 shows that before that date 
the Brackett-y line is observed in absorption while 
later it is seen in emission. 

Finally, the temporal dependence of the flux during 
the optically thin phase gives an indication that the 
spatial distribution of the expanding gas is in the form 
of a shell. If no extra mass is ejected after the initial 
outburst and if no significant clumping occurs, the 
electron density of the optically thin plasma varies 
inversely as the volume of the plasma. For an expand- 

ing shell of initial thickness H, the total volume at a 
time t will be given by 

47rv2t2(H + 2cst), 

where v is the expansion velocity and 2cs is the rate of 
increase in the shell thickness; cs should be roughly 
equal to the sound speed in the plasma. The time 
dependence of the flux is then given approximately by 

Sv oc t~2(l + Icst/H)'1, 

and in the early stages of expansion the flux will be 
proportional to ¿ "2, while at later times in the expan- 
sion the flux is more closely proportional to t~3. 

The 1-2 /xm data of Figure 5 may be fitted initially 
with ai"2 dependence with an indication of a change 
in slope at ~60 days after the outburst. Thus a 
plausible model is that the initial expansion is as a 
shell. The apparent change between the two simple 
expansion laws at i ~ 60 days indicates that, if 
cs ~ 10 km s"1, H ~ 1013 cm. If the expansion 
velocity is taken to be ^2000 km s"1, this thickness 
corresponds to a very reasonable time of expulsion of 

day. Clearly, these latter details and interpreta- 
tions are still more speculative than those relating to 
the simple shell structure. The data can also be 
consistently fitted with a single slope with a power law 
intermediate between —2 and —3 which could 
indicate that a more complicated model of the nova 
obtains. 

The time dependence of the 10 /xm flux shown in 
Figure 5 shows a departure from the time dependences 
discussed above after ~ 300 days. This departure may 
be indicative of the beginning of thermal emission 
from dust grains similar to that observed in Nova 
Serpentis 1970, although numerous other explanations 
are possible. The study of this phase in the develop- 
ment of Nova Cygni 1975 is left for a future paper. 

A comparison with the other published models of 
the nova is appropriate. The present model differs 
only in technical detail from that of Gallagher and 
Ney (1975). Specifically, those authors attribute the 
early increasing redness at visual wavelengths to the 
cooling of neutral material rather than to the expan- 
sion of an initially optically thick plasma. As a result, 
the times of onset differ slightly between the two 
models. A more significant difference (3.7 days) exists 
between our time of onset and that of Campbell (1976) 
who derives an outburst time of JD 2,442,649.3 ± 0.2 
(1975 August 24.8 UT) based on observations of the 
Ha line; the difference can only reflect a real in- 
consistency in the two models. 

V. CONCLUSIONS 

The development of the infrared emission from Nova 
Cygni 1975 can be understood in terms of a simple 
model in which ~ 10"4 M0 of ionized gas is expelled 
in an explosive event. Initially the plasma is optically 
thick in the infrared, but as it expands it becomes 
optically thin. A plausible geometry which is suggested 
by the subsequent temporal behavior of the observed 
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IR OBSERVATIONS OF NOVA CYGNI 1975 487 

fluxes is that the ejecta are initially in the form of an 
expanding shell. The effects of the radial spreading in 
the thickness of this shell apparently become im- 
portant after ~ 60 days when a change in the temporal 
behavior is seen. About 1 yr after the explosion, 
deviations from this simple development are seen; 
these may be related to the formation of dust grains. 
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