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THE LONG TERM BEHAVIOUR OF CLASSICAL OLD NOVAE
A. Bianchini
Osservatorio Astronomico, 35100-Padova, Italy

Abstract Quiescent novae are more stable against mass transfer rate than dwarf
novae. They may however show cyclical variations of their quiescent magnitudes on time
scales of years, probably caused by solar—-type cycles of activity of the secondary. The
probability density function of the periods of the cycles observed in CVs is similar to
that for single stars. Sometimes, periodic or quasi periodic light variations on time scales
of tens to hundreds of days are also observed. Although the magnitudes of prenovae
and postnovae are essentially the same, the definition of the magnitude of a quiescent
nova is still uncertain. At present, the hibernation theory for old novae seems to be
supported only by the observations of two very old novae.

1. Introduction. Classical old novae are variable stars. They vary spectroscopically
and photometrically on time scales which may range from a few seconds to years, cen-
turies and, most probably, millennia. We can try to define the variability of old novae
according to the different time scales which are typically observed as follows:

i} Very short-term variability.— It occurs on time scales of seconds to tens of
minutes. It is connected with rotational and pulsational phenomena associated
with the magnetized white dwarf, turbulent processes in the mass flow from the
secondary, inhomogeneities in the accretion disc, instabilities in a boundary layer
if present or, alternatively, in accretion columns.

ii) Short-term variability.— The time scales range from a few hours to a few days.
It can be caused by orbital motion, reprocessed radiation by parts of the system,
hot spots, rotation of the magnetized white dwarf, instabilities in the accretion
process.

iii) Medium-term variability.~ It occurs on time scales of tens of days to hundreds
of days. These time scales might be appropriate for physical phenomena such as
the disc instability mechanism (Osaki 1974, Hoshi 1979, Meyer & Meyer-Hofmeister
1984) or instability events in the atmosphere of the secondary (Bath 1973, Bath
& Pringle 1981). Dwarf nova-like behaviour has been observed only in a few old
novae like GK Per (Hudec 1981, Bianchini et al. 1986, Cannizzo & Kenyon 1986),
WY Sge (Duerbeck 1984a) and V3890 Sgr (Dinerstein & Hoffleit 1973). Periodic or
quasi periodic small amplitude sinusoidal light oscillations with time scales of tens
to hundreds of days have been discovered in the long term light curves of some old
novae by Shugarov (1983), Della Valle & Rosino (1987) and Della Valle & Calvani
(these proceedings). However, this type of variability is still poorly studied and not
understood.

iv) Long-term (Secular) variability. — Typical time scales range from a few years
to tens of years. It seems to be mainly characterized by periodic or quasi periodic
variations of the mass transfer rate and the quiescent luminosity, probably due
to cycles of activity of the secondary (Bianchini 1988a,b, Warner 1988). For this
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reason, no conclusion should be drawn from the apparently monotonic trends which
are observed in the light curves of some old novae.

v) Very long-term variability.— The time scale may range from tens of years to
millennia. This variability is supposed to be connected with the evolution of the
binary system. Simple statistical arguments suggest that all novae recur after time
intervals which depend on theoretical models of nova explosion (Vogt 1981,1987;
Duerbeck 1984b; Shara et al. 1986; Prialnik & Shara 1986; Warner 1987). It has
been suggested that a hundred years after the explosion, the mass transfer rate
within post nova binaries decreases. Old novae should then spend part of their
quiescent life as dwarf nova systems and might finally experience a more or less
long hibernation phase in which the mass transfer from the secondary is totally
suppressed.

This classification shows that the secular evolution of old novae is strongly charac-
terized by variations of the mass transfer rate. For this reason, the long term history of
a post nova can be often studied directly from its light curve. The questions now are:
i) what does the body of the observational data tell us about the long and very long
term evolution of old novae?; ii) can we uniquely define the magnitude of an old nova?;
iii) does there exist a general behaviour for all the novae during the years before and
after the explosion?

2. Pre novae and post novae. Robinson (1975) has shown that the magnitudes of pre
novae and post novae are essentially identical. Most prenovae are however variable and
present light fluctuations or gradual rises in brightness before the explosion. Reanalysis
of the observational data shows that, out of 10 pre novae, 6 have a rise before the
outburst, 3 remain constant or have irregular light variations, and one, V446 Her (1960),
presents a 12—yr cycle, similar to those discovered in old novae and dwarf novae by
Bianchini (1988a,b) and Warner (1988). On the other hand, out of 6 post novae, 5
are characterized by cyclical light variations, 2 of them presenting also declining light
curves, and 1 by a decline only. The main characteristics observed in the light curves
of pre novae and post novae are summarized in Table 1. Unfortunately, the long term
photometric behaviour of quiescent novae is usually hard to analyze because of the poor
coverage of individual objects and the fragmentary nature of the observations. For this
reason, we cannot exclude that the types of variability exhibited by the objects of Table
1 might also characterize any quiescent nova. In spite of these problems, we give in
Table 2 a list of revised magnitudes of pre and post novae. Novae more recent than
1975 have not been included because it is improbable that they have already reached
their quiescent state. Although large differences between preoutburst and postoutburst
magnitudes are not rare, 70% of the novae of Table 2 show differences of not more than
0.5 mag. It is then possible, though not sure, that a few objects like CP Pup, V1500
Cyg, V446 Her and IV Cep can be considered as anomalous cases.

Before its 1942 outburst, CP Pup was certainly fainter than 17 mag. This makes
CP Pup very similar to V1500 Cyg. At present, these two old novae are in a sort of
‘standstill® and no one can say how long they will survive at the present luminosity level.

https://doi.org/10.1017/50252921100068251 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100068251

15

(Omspusss g9 (w4 12 Z  SL6I 34D 009TA
£61 2 9T 16T deD AI
l 1°01 191 0F  0L6T 28 HJ
L €61 €61 I  0L6I 39S 89CA
9°L1 ¥61 ST 0161 1bY 6ZZIA
8% eI 0Z 6961 188 2149ZA
l 691 LTS ) 12 8961 INA AT
121 ¢zl 78T 1961 [°d HH
¢ L Ll 01 1961 VID 999A
¢ g'81 $'81 st £961 dngdzhg
PPl LT 4 ) 97 €961 I9H £E9A
8°g1 81 g 0961 I9H 9VPA
H 991 991 1 TS6T  19S SA
0Ll ’ £91 ¥ 6%61 39S NA
§L1 §'LI 00z 8¥61 34D 99PA
(i)mspueys  1°g1 L S y61 dng do
8°s1 o goT 0FT  6£61 UOW L
g9r g'o1 05T 9¢6T bV 958A
9°at 2 ggr g 9g61 997 dD
L'yt N2 L9  ¥e61  1@H ba
g'91 091 S, 0861 335 IPPA
sak A IN4 08 SZ6T o1d MU
991 991 0z1  vz6I 185 uUd
sak A so1 g'c  8I6l bV copA
I'st 'St €1 BISI VUOIN ID
8°gI §°sT LT ZIST wed Nd
8'91 ; 991 0zZ O0Isl 135 666A
gLl g LI ¥ OI6T ®IV XO
(% 21 oFI 0Z O0I61 eI
(2)s3£ 1'er L gel 9 1061 xod D
671 0°sI ZI 6681 335 9TOTA
(8zw) (8ew) (p)
supap (1sodyur esty  (axd)ur 4 1eaf vAON
T 2199y,

8861 1aurep) (g !qeggel umpouerg (g !yiom jussaxd(y

1061 yom (e loger meurem (g

16161 uosuiqoy ([:seduasagay

9 s3p24d 786T-¥E61 L9 peel 1y dba
z sePA> 4 SwdIp  $R6T-0961 08 gzel a1d Uy
¥ sumpIp 6861-5¢61 g'¢  8I6l bV c09A
¥ £951 mau 68611861
§'p s> + JumIp  1861-0961
g% s9p4d Buons 0S61-0P61
sy osu 0%61-L161
5% umep LI6I-T06T 9 10671 13d IO
q sa[2£> 78612061 It 981 340 0
s32ho +

¥ (;uoppns) sudep  6361-6161 95 syer  ydo 1v8A

avaou jsod
£ isu g6t 34D 00STA
1 asu $961-6¢61 1z 896l MA AT
1 ¢ suone[Iso L961-G€61 TST 1961 °d ¥H
I o5 £961-T%61 T €961 I9H SLSA
¥l op4> 1£-71 0961-968T g 0961 9 H PP A

}sinqino ouOuuﬁ
1 sreak g asu 0¥T  6€61 won 19
1 a5yt 9¢6I-F161 S 9£61 el O fo
I sasd23 PE6I-F681 L9 veet By da
1 & dqess 0161-L881 0z  O161 e 1
I sl T061-4681 9 1061 wd AD
awaou-aad
(14) (p) (16)
=o.~un§.~ona~0 -wuahusc
Lymqerrea Jo a3 jo
Y Jo ad4y porrad 4 yooda 12990
I 3lqeL

https://doi.org/10.1017/50252921100068251 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100068251

16

The existence of standstills has been often associated with the presence of a hot
central object which illuminates the accretion disc. It has been shown that this can
cause overestimate of the accretion rate (Friedjung 1985). We note that the very fast
nova V446 Her could also-be in a similar situatiom. The behaviour of IV Cep, whose
postoutburst luminosity is much lower than the preoutburst one, is the opposite. RR
Pic, though declining (Warner 1986), still has a negative m(post)-m(pre) value. V603
Aql, which is also declining, is instead now considerably fainter than during its observed
prenova state. As a conclusion, we can say that, besides the particular case of standstills,
the major source of uncertainty in the determination of the magnitudes of novae at
quiescence is the presence in the light curve of monotonic rises (pre-novae) and declines
(post-novae) and/or of long term cycles. Perhaps, a first level of postnova brightness
could be defined for the old novae Q Cyg, DI Lac and V603 Agl, if we assume that the
0.4 mag step observed about 18 years after maximum (Della Valle 1989) indicates the
shutoff of the white dwarf. We shall see, however, that V603 Aql is still declining.

3. On the stability of old novae against mass accretion. Fig. 1 plots the
absolute magnitudes of the accretion discs of old novae and nova like systems with
known orbital inclination as a function of the orbital period. Absolute magnitudes of
dwarf novae at mean light are also displayed. The data have been taken from Warner
(1987). The absolute magnitudes of the old novae V603 Agl, V841 Oph, have been
corrected according to the revised apparent magnitudes of Table 2.
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Fig.:1 Plot of the absolute magnitudes of the accretion discs of CVs
as a function of the orbital period. The My, line separates the
region of stable discs (above) from that where dwarf novae outbursts
occur.

The orbital periods of V841 Oph and CP Pup are given by Bianchini et al. (these
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proccedings); their orbital inclinations have been derived from the equivalent widths of
hydrogen emission lines and also considering the lack of eclipses. The orbital inclination
of GK Per is assumed to be 60°, as for a grazing binary system.

According to the disc instability model, when the mass transfer rate from the sec-
ondary of a given close binary system is lower than a certain critical value, the outer
regions of the accretion disc become unstable and-produce dwarf nova outbursts. The
My,.,.,, line of Fig. 1 has been drawn assuming the Lynden-Bell & Pringle (1974) tem-
perature distribution of the steady-state accretion disc, the LTE stellar atmosphere ap-
proximation with a limb darkening coeflicient of 0.6, a 1 M white dwarf, and imposing
that the effective temperature of the outer edge of the disc be T.=6000 K, which ensures
the onset of the unstable transition region (Cannizzo & Wheeler 1984). The inner edge
of the disc has been calculated for any mass transfer rate assuming a magnetic white
dwarf having B=4 x 10* Gauss. The temperature distribution of theoretical accretion
discs has been then calculated starting from their inner radii. This choice produced
& better fit to the observed magnitudes at shorter orbital periods. The My, line
separates the region of stability, where most old novae and nova like systems lie, from
that of unstable discs, mainly populated by dwaif novae. The only exception amongst
old novae is GK Per, whose very large accretion disc falls in the unstable region, in
agreement with the dwarf nova-like properties exhibited by this old nova.

These results could however be criticized for the simple reason that they strongly
depend on two major uncertain assumptions which have been made. The first consists
in having assumed that old novae possess "normal” accretion discs. In fact, Williams
(1989) has recently suggested that the emission lines of several novae and nova like
systems originate in rotating polar accretion columns and not in accretion discs. This
situation could explain in another way the observed stability of old nova systems com-
pared with dwarf novae, and, perhaps, also the similarity of their quiescent luminosities.
The second assumption is represented by the uncertain determination of quiescent mag-
nitudes due to the variability of old novae.

4. Monotonic light declines ? According to Livio (these proceedings), an increase
of the orbital separation caused by the mass loss and the cooling of the white dwarf
after the nova explosion should not result in a drasiic decrease of the mass transfer
rate. Thus, the idea that old novae should evolve towards an hibernated state is still in
search of a theoretical justification. As for the standstills, the light declines shown by a
few old novae could also be connected with the presence of a slowly cooling hot central
object.

Evidences for steadily declining luminosities of classical post novae have been col-
lected only for RR Pic (Warner 1986), V841 Oph, V603 Aql and GK Per. The light
curve of V603 Agl (Fig. 2) is obtained from the data by Steavenson (1920-1935), from
two photoelectric observations by Walker (1957) and the photographic estimates by
Favero & Dalmeri (1989). The light curve of V841 Oph (Fig. 3) has been compiled
using the data by Barnard (1921), Peek (1925,1926,1927), Steavenson (1921-1953), two
photoelectric measurements by Walker (1957) and two estimates derived from our 1988
ESO spectrophotometric observations of the nova. In this case, instead of a mono-
tonic light decline we observe a sudden 1 magnitude drop of the luminosity around JD
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2434000. However, a recalibration of the magnitudes of the comparison stars used by
more ancient observers is badly needed.
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Fig.:2 Long-term light curve of the old nova V603 Aql. Fig.:3 Long~term light curve of the old nova V841 Oph.

The decrease of the quiescent luminosity of GK Per between 1950 and 1981 (Bian-
chini et al. 1986) might be only a transitory phenomenon. In fact, as shown in Fig. 5,
during the last 8 years, the old nova seems to have returned to the brightness it had
during the forties. More details on the behaviour of GK Per will be given in the next
section. A statistical approach can be attempted by plotting the absolute magnitudes
of old novae as a function of the epoch of their explosion. Data are from Warner (1987;
and references therein). The distribution of data points of Fig. 4 might be consistent
with a minimum rate of decline for all the old novae of the order of 0.03 mag/yr, that
is not too far from the values derived for RR Pic and V603 Aql. This might suggest
that novae tend to hibernate within 300-400 yrs after the explosion. However, such a
conclusion is suggested mainly by the position in Fig. 4 of only two objects, namely,

WY Sge(1783) and CK Vul (1670) which might not be classical.
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Fig.:4 Absolute magnitudes of old novae as a function of the epoch
of their explosion.
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The very old nova V841 Oph (1848), though declining, is however still bright. The
secondary of U Leo, recently recovered by Downes & Szkody (1989), is still heated by
the white dwarf remnant after 130 yrs.

5. Solar type cycles. Analysis of the long term behaviour of the different types of CVs
led Bianchini (1988a,b, 1989) and Warner (1988) to use four independent diagnostics to
evaluate the variations of the mass transfer rate within a close binary system. They are:
(i) variations of the quiescent luminosity; (ii) variations of the time intervals between
consecutive outbursts of dwarf-nova systems; (iii) variations of the orbital period and
(iv) of the rotational regime of the mass accreting magnetic white dwarfs. Warner
(1988) demonstrated that the changes of stellar radius AR/R ~ 1. x 10* derived from
these mass overflow—sensitive techniques are all in agreement with the hypothe51s that
they are due to solar~type magnetic cycles.
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Fig.:5 Historical mean light curve of GK Per. Filled squares with
error bars represent mean annual magnitudes. The post outburst
minihibernation phase occurred in 1917 (around JD 2421800). The
continuous line which fits the mean annual magnitudes, represents
the x? solution involving periods P, and P;. The arrows indicate
the maxima of the oscillations during the light decline and of the
sinusoids corresponding to periods P; and Pj.

Up to now, the presence of cyclical activity of the secondary has been recognized
in 20 close binary systems (Bianchini 1989). Of these, 6 are classical novae. The cycles
discovered in old novae are shown in Table 3. The 60 yr extra period for GK Per is
rather uncertain and will be discussed later on. The table contains also the periods of
the medium term modulation (MTM) discovered by Della Valle (1989). Two periods
are detected in the light curve of Q Cyg, two (or three) in that of GK Per. The presence
of more (correlated ?) periodicities seems to be a characteristic of several CVs. Usually,
the main cycle has an amplitude of 0.2-0.3 mag.

The preoutburst light curve of the symbiotic nova RR Tel shows strong coherent
oscillations with a period of 11 years. During the decline from the 1946 light peak
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the oscillations were still present though with a smaller amplitude. There are reasons
however of believing that this is due to orbital motion (Bianchini 1989).

Table 3
Nova  Popp P.ye  Pmrm) Diagnostic Ref.
(hr) (yr) (d)

GK Per 48 17.2,3.2,607 nx4007 (i) 1
Q Cyg ? 6.4,3.6 55-65 (i) 1,3
V841 Oph 14.4 34 51.7 () 1,3
DQ Her 4.65 13.4 (1)(ii1) 2
T Aur 491 23 (iii) 2
RR Pic 3.48 14 (1) 2
V446 Her 7 12* 715 (1) 43

*: observed during the pre-nova state;1)Bianchini 1988;
2) Warner 1988; 3) Della Valle 1989;4) this work;
(1),(ii),(iii) refer to the diagnostics of section 1.

As we have anticipated, the case of GK Per is extremely important for the under-
standing of the effects which may be produced by the activity of the secondary. The
historical mean light curve of GK Per is shown in Fig. 5. Pre-eruption magnitudes are
from Robinson (1975, and references therein); the light curve in the years 1901-1983 is
from Sabbadin & Bianchini (1983, and references therein); the period 1984-1989 is cov-
ered by the photographic observations of Dalmeri et al. (1988) and Dalmeri & Favero
(1989). As suggested by Bianchini et al. (1986), the 1917 deep minimum might repre-
sent a mini-hibernation episode probably caused by thermal instability of the secondary
following a phase of an enhanced mass transfer rate. The decline light curve of the nova
is characterised by strong oscillations with period Py = 2.95 yr. We note that these
oscillations seem to start coinciding with the nova outburst, while the two peaks of the
preoutburst light curve are uncorrelated. At the end of the minihibernation phase, two
main periodicities are revealed by the x? technique, at P; = 3.2 yr and P, = 7.2 yr.
They roughly correspond to the former period, Py, and to its double, respectively. The
amplitudes of these oscillations (the largest being associated with the longer period)
decrease with time. In fact, since 1948 the light curve of the old nova became flatter
and flatter and well defined dwarf nova-like outbursts appeared (Bianchini et al. 1986).
For this reason, the optical outbursts have been excluded from our analysis and so they
do not contribute to the mean magnitudes of Figure . In the period 1945-1975 the nova
luminosity decreased at a rate of 0.007 mag/yr. However, during the last 14 years we
observed a constant increase of the luminosity so that we are tempted to see in all this
the presence of an even longer cycle (see Table 1), Most of the optical outbursts of
GK Per at quiescence occur at time intervals given by relation AT = n(400 % 40) days,
where n can be 1, 2, 3, or 5 (Sabbadin & Bianchini 1983). The very recent outburst
of July-August 1989, however, occurred about 973 days after the 1986 one. This time
interval is just in antiphase with the proposed recurrence period but. also coincides with
the time interval between the 1978 and 1981 outbursts. Cannizzo & Kenyon (1986)
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suggested that the outbursts of GK Per are caused by disc instability events starting
from the inner regions of the disc. Bianchini et al. (1986) suggested that the accretion
disc is cold and stable most of the time and that an unstable transition region can be
occasionally formed in its inner regions only in coincidence of maxima of activity of the
secondary, that is when the mass transfer rate reaches a’certain critical value. Consid-
ering the existence of the solar type cycle, one could perhaps argue that the observed
time intervals between the outbursts might be submultiples of the 7-yr cycle (about
2400 days). However, the lack of more observational data, as well as of a general model
for solar type cycles, does not allow too many speculations in this direction.

In Fig. 6 we present the histogram of the periods of the solar-type cycles discovered
in CVs compared with that for late-type main sequence stars (Bianchini et al. 1989).
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The two distributions can be considered similar at 90% confidence (Kolmogorov-
Smirnov test). The density distribution estimate of the sum of the two samples is
asymmetric and peaked around 6 yrs. This result is confirmed if we include in the
analysis also RS CVn stars. If we analyse the data in the the frequency domain the
estimate of the probability density function peaks around 0.095 yr—1.

6. Conclusions.

i) The term "minimum magnitude” of a nova is still unclear. If the 0.4 mag step
claimed for three novae (Q Cyg, DI Lac and V603 Aql) about 18 years after max-
imum is real (Della Valle 1989), this could indicate shutoff of the white dwarf. A
first level of a post nova brightness could then be defined. A systematic search to
test the reality of this type of effect needs therefore to be undertaken.

ii) Besides the particular case of post outburst standstills (e.5. CP Pup, V1500 Cyg)
the magnitudes of prenovae and postnovae are essentially the same. Up to now,
evidence for hibernation is based on the observations of only two old novae, one of
which (CK Vul) might not be classical.
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ili) An effort should be made to confirm the existence of periodic medium term light
oscillations.

iv) The presence of what appears to resemble the effect of solar-type cycles should
provide a warning about the possible presence of even longer period cycles. We
therefore need to live for a thousand years!

v) The probability density distribution of the periods- of solar-{ype cycles discovered
in CVs is similar to that for single late-type MS stars and is peaked around 6 yrs.
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