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Abstract. I review models that try to explain dwarf nova outbursts and 
soft X-ray transients. The disc instability model for dwarf novae is still in a 
preliminary state of development: its predictions depend very strongly on 
the unknown viscosity mechanism. It is also doubtful that a pure disc insta-
bility phenomenon will be able to describe all types of dwarf nova outbursts, 
in particular superoutbursts. The disc instability model for SXTs suffers 
from the same difficulties but in addition its predictions are contradicted 
by observations of transient sources in quiescence. The mass transfer model, 
incorporating illumination of the secondary, cannot describe correctly the 
time scales of SXT events for main-sequence secondaries with masses less 
than 1 Μ Θ . The existence of at least three systems with P o r b < 10 hr seems 
to rule it out as an explanation of the SXT phenomenon. 

1. Introduction 

Dwarf novae and soft X-ray transients (SXTs) are subclasses of cataclysmic 
variables (CVs) and low-mass X-ray binaries (LMXBs) , respectively, which 
undergo, more or less regularly, high-amplitude outbursts. CVs and LMXBs 
axe close binary systems in which a Roche lobe filling low-mass (secondary) 
star transfers matter to a compact (primary) object: a white dwarf in CVs, 
a neutron star or a black hole in LMXBs. The primary accretes matter 
through an accretion disc, except if it is a strongly magnetized white dwarf. 
There is no doubt that outbursts are accretion events and that their site is 
the accretion disc around the compact objects. The uncertainty concerns 
the origin and the cause of the outbursts. Are they due to an increased 
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mass transfer rate from the secondary or to some instability in the disc 
itself? 

In the case of dwarf nova outbursts the second hypothesis - the disc in-
stability model - gained popularity after is was realised that locally accre-
tion disc equilibria become thermally and viscously unstable due to strong 
opacity variations caused by partial ionization of hydrogen (see Cannizzo 
1993a, for a short history of the disc instability model) . In the mass transfer 
model the cause of an increased mass transfer rate was rather obscure. One 
should realise, however, that the disc instability is local. To obtain a global 
"limit cycle" behaviour corresponding to observations one has to "tune" the 
viscosity prescription and/or the vertical disc structure as shown first by 
Smak (1984). The α-disc approximation (Shakura & Sunyaev 1973) fails to 
give a consistent physical mechanism for dwarf novae outbursts. At present, 
as I discuss below, it provides mostly phenomenological descriptions of var-
ious processes. It is clear that further progress in this domain will require 
a substantial improvement of the description of viscosity in accretion discs. 
This is not a very optimistic perspective. 

In Section 2 I summarize the main elements of the disc instability model 
and some recent work on the subject. Section 3 will be devoted to the origin 
of so-called superoutbursts in SUUMa type systems. Particular attention 
will be given to W Z Sge, a system which seems to be a close cousin of SXTs. 

The disc instability model possesses the undeniable merit of offering a 
description of the main properties of normal (U Gem type) dwarf novae 
outbursts. The same model extended to SXTs does not function very well 
since it is unable, at least in its present version, to reproduce basic observed 
properties such as recurrence times and accretion rates in quiescence. 

In the case of SXTs, illumination of the secondary by X rays emitted in 
the vicinity of the compact object provides a mechanism for an increased 
mass transfer. Unfortunately, time scales obtained in this type of model 
cannot apply to SXTs in which the companion star is on the main se-
quence. The exact cause of SXT phenomena is therefore still uncertain. 
This problem as well as some recent attempts to combine mass-transfer 
and disc-instability mechanisms will be reviewed in Section 4. 

2. The Disc Instability Model 

2.1. WORKING PRINCIPLES 

The local (i.e., at a given radial distance) equilibria of accretion discs are 
conveniently represented as curves on the accretion rate M (or effective 
temperature T eff) versus surface density Σ plane. For 2500 ^ Teff ^ 25000 Κ 
the equilibrium curves have a characteristic "S" shape. The upper and 
lower branches of the S correspond to stable, respectively "hot" and "cold" 
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equilibria. The middle branch with a negative slope corresponds to disc 
equilibria which are thermally and viscously unstable. If the accretion rate 
at a certain radius is fixed in the unstable regime the system will undergo 
"limit cycle" oscillations between the lower and the upper branches. The 
S-shaped curve implies only a local instability. To obtain a global "limit 
cycle" the whole disc (in the simplest case) has to behave in a certain way. 
Prom the local Teff - Σ relation it follows that the surface density in the 
"cold" (quiescent) state has to be lower than a certain E m a x , which has the 
general form 

S m a x = Σ ο Α Μ - ^ / ν * (1) 

where M is the mass of the central object, r the distance from its center 
and α the Shakura-Sunyaev viscosity parameter, and br ~ 1 so that Σ ^ χ 
is an increasing function of r whereas in an equilibrium solution Σ is a 
decreasing function of r in the same regime of physical parameters. An 
accretion disc configuration which is globally on the lower branch will be in 
a non-equilibrium state when the mass-transfer corresponds to a unstable 
equilibrium. 

For a constant mass transfer rate the type of outburst will depend on 
two characteristic times: the time £ a c c U m it takes the matter accumulating 
at the outer disc to build up a surface density larger than the critical one, 
compared to the viscous time t w l s it takes the matter to diffuse inward and 
cross the Σ Π 1 Α Χ barrier somewhere nearer to the inner disc boundary. If 
^vis > Baccum one obtains a so-called "outside-in" outburst beginning at the 
outer disc edge; in the opposite case the outburst is of the "inside-out" type 
(Smak 1984). 

When, locally, the disc becomes thermally unstable its system point 
on the Σ - Teff plane jumps to the upper hot branch. This increases the 
temperature and viscosity and an abrupt temperature (and density) gra-
dient forms in a local thermal time. This gradient propagates towards the 
cold disc regions, igniting them on its passage. This gives rise to a global 
outburst. (In practice, one has to increase α by hand or to use a suitable 
viscosity prescription.) The density profile in outburst is a decreasing func-
tion of r, so that outer disc regions are always closer to the E m a x barrier. 
Therefore the cooling wave that brings the disc back to the lower state (be-
low the E m a x line) always proceeds from outside (see e.g., Cannizzo 1993a). 
It is interesting to notice that, according to most model calculations, only a 
small fraction (10-20%) of the matter stored in quiescence actually accretes 
on to the central body. The main reason for this rather surprising result is 
the speed at which the cooling front brings the disc back to the cold state, 
before a significant amount of matter has had time to accrete (Cannizzo 
1993a). 
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2 . 2 . THE DISC INSTABILITY MODEL OF DWARF NOVA OUTBURSTS 

As has been shown already in early papers (Cannizzo, Wheeler & Ghosh 

1985; Papaloizou, Faulkner & Lin 1983; Meyer & Meyer-Hofmeister 1984; 

Mineshige & Osaki 1983; Smak 1984), time-dependent calculations in the 

framework of the disc instability model are able to reproduce some prop-

erties of dwarf nova outbursts. The excellent review of the subject by Can-

nizzo (1993a) ends with a list of eight arguments in favour of the "limit 

cycle model". Here I would like to stress the weak points of the model. In 

the next paragraphs I will discuss the claim that all categories of dwarf nova 

outbursts are due to "pure disc phenomena" in the sense that all outbursts 

can be modelled assuming a constant mass transfer rate. 

Ludwig, Meyer-Hofmeister & Ritter (1994) have made a systematic 

study of how the observed features of dwarf nova outbursts in various sys-

tems can be described by the disc instability model. They used a two-alpha 

viscosity prescription in which viscosity in quiescence and in outbursts is pa-

rameterised by two constants a c o id and ahot> respectively. They concluded 

that no single viscosity prescription using an (a C oid 5 <*hot) pair can account 

for all observed properties of dwarf nova outbursts. In particular, it is diffi-

cult to get "outside-in" outbursts, whereas in such systems as U Gem and 

V W H y i observations show that outbursts start in the outer disc region 

(Smak 1984). 

One possible conclusion is that one should modify the viscosity prescrip-

tion. This can be done either ad hoc, by assuming that, for example, α is a 

function of r, or by finding inspiration in the theoretical work on viscosity 

in accretion discs. The result in both cases is the same: an α depending 

on r, T , M y , the binary system mass ratio, etc. Among the most popular 

are: α = cto(H/r)n, where Η is the disc half-thickness, or just α ~ r e . The 

formula ν — ι /ο(τ ι / τ , ο) α (Σ/Σο) ί > was proposed in a study that is supposed 

to demonstrate the superiority of the disc instability model over the mass 

transfer enhancement model (Mineshige, Yamasaki & Ishizaka 1993). 

Another difficulty is the so called UV lag: in some dwarf novae the rise 

to outburst of the optical flux precedes that of the UV flux by 0.5 to 1 

day. The disc instability model in its standard form is unable to account 

for this effect because the heating front arrives too fast at the inner, UV 

emitting, disc regions (obviously the outburst has to be of the "outside-in" 

type). This difficulty could be avoided if the inner disc regions were absent 

during quiescence. The heating front propagating inward would then end 

its trip at some ri n(quiescence) > ^ ( o u t b u r s t ) . The increased viscosity 

would rebuild the inner UV emitting region in a viscous time. In this way 

one obtains the required UV lag. Two models removing the inner disc have 

been proposed. Livio & Pringle (1992) show that a weak magnetic field of 
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the white dwarf may have the required effect. Meyer & Meyer-Hofmeister 
(1994) show that the inner disc may be evaporated through a coronal flow. 

The second model has the advantage of solving another difficulty: to 
keep Σ < E m a x for the duration of low states the disc instability model 
requires very low accretion rates in quiescence (compare with Eq. 4 below): 
M ^ 5 1 0 1 2 - 1 0 1 3 g s - 1 whereas observations of UV and hard X-ray radia-
tion in quiescence suggest M ~ 5 1 0 1 4 g s - 1 . A similar problem arises in the 
case of SXTs. It is worth investigating if the Meyer & Meyer-Hofmeister 
(1994) model could apply also in this case. It is clear that the Livio & 
Pringle (1992) model cannot work in systems containing black holes. 

Finally, both models may suppress "inside-out" outbursts by removing 

the "inside". 

3. The Thermal-Tidal versus the Enhanced Mass Transfer Insta-
bility Models 

The SUUMa systems are characterised by the appearance of so-called "su-
peroutbursts": stronger outbursts that are longer than "normal" ones. Typ-
ically they last more than two weeks. During these events photometric dis-
turbances ("superhumps") are observed in the optical light curve with peri-
ods a few percent longer than the orbital one. Studies by Whitehurst (1988), 
Whitehurst & King (1991), Hirose & Osaki (1990) and Lubow (1991a,b) 
established that the superhump is due to a tidal distortion of the outer disc 
resulting from the presence of the 3:1 resonance inside the disc. A short 
but comprehensive review may be found in King (1994). The presence of 
a 3:1 resonance inside the disc requires mass ratios (secondary/primary) 
q = M2/Mi < qCT1t ~ 0.25-0.33. This explains why all SUUMa systems 
are found to have periods ^3hr . Observations of "superhumps" in some 
black-hole SXTs are a nice confirmation of the model, since one expects 
those systems to have low mass ratios as well. 

The superhump is therefore well explained, but the origin of superout-
bursts is subject to debate (e.g., Ichikawa, Hirose & Osaki 1993; Whitehurst 
1994). 

According to Osaki (1989) the superoutburst is a pure disc phenomenon. 
In his model, normal outbursts occurring between superoutbursts (the "su-
percycle") are due to the thermal disc instability. Since, as I have mentioned 
above, normal outbursts are not efficient in causing accretion on to the cen-
tral body, both the disc mass and radius grow during the supercycle. When 
the radius is large enough to contain the 3:1 resonance, the disc becomes ec-
centric due to a tidal instability. The tidal instability then enhances removal 
of angular momentum from the outer part of the disc allowing accretion 
of a large fraction of matter accumulated during the supercycle. This last 
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point, as Whitehurst (1994) pointed out, assumes a very efficient coupling 

("viscosity") between the outer and inner disc. 

The tidal-thermal instability model makes several, very definite, predic-

tions which can be tested by observation. First, it predicts a secular growth 

of disc radius (in a 'normal' cycle the radius first increases then decreases). 

Second, it predicts a rapid decrease of the superhump period during the su-

peroutburst (Whitehurst 1994). Third, it requires the length of the 'normal' 

cycle to increase during the supercycle. Observations of the disc radius of 

the system Ζ Cha show behaviour opposite to the predictions of the tidal-

thermal instability model (Smak 1991). There are not enough data to test 

the second prediction. Finally, observation of V W H y i shows that gener-

ally the cycle length increases during the supercycle but decreases in the 

final cycles just before the superoutburst. The data in both cases show a 

large scatter but no tendency to follow the predictions of the Osaki model 

can be detected. One may conclude, that this model is not confirmed by 

observations. 

On the other hand, as Smak (1991) has pointed out, a slight enhance-

ment of the mass transfer during the last outbursts is capable of making 

the cycle length decrease. Such an enhancement is indeed observed (Vogt 

1983), and as Smak (1991) has stressed, it is seen only in outbursts pre-

ceding the superoutbursts - those with decreasing length. Van der Woerd 

& Van Paradijs (1987) concluded that the recurrence behaviour of V W H y i 

suggests that superoutbursts are due to enhanced mass transfer from the 

secondary. 

The (moderate) mass transfer enhancement model for superoutbursts 

was proposed by Whitehurst (1994). Here the enhanced mass transfer ex-

plains the length of the superoutburst. The exact cause of this enhancement 

is not known, but it is natural to think that it is due to the effects of illu-

mination by the light emitted during normal outbursts. This model has the 

advantage of being supported by observation. In addition, the mass trans-

fer enhancement episodes are independent of q, so that only for q ^ 0.33 

would the resulting long outburst develop a superhump. U Gem showed a 

very long (45 day) outburst which was not classified as a superoutburst 

because a superhump was absent. The mass ratio for this system is ~0.46. 

This type of dwarf nova behaviour cannot be explained by the Osaki model. 

In any case short-term mass transfer variations in dwarf-novae are not well 

studied (see Wood et al. 1994). 

3.1. W Z S G E AND RELATED SYSTEMS 

W Z Sge has the particularity of showing only superoutbursts with a re-

currence time of ~33 years. A few other systems show similar but less 
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extreme behaviour. The properties of W Z Sge are most probably connected 
to its short period: it is very close to the minimum period of CVs distri-
bution. The mass transfer in this system, as estimated by Smak (1993) is 
low (~2 1 0 1 5 g s - 1 ) and is close to the one obtained from evolution models 
(Kolb 1994, private communication). It is no more than 2.5 times less than 
that of, e.g., Ζ Cha (Kolb 1994). The disc instability model requires W Z Sge 
to have an extremely low quiescent viscosity: a c o i d < 5 10~ 5 (Smak 1993) as 
compared to the usual value of ~0.01. The physical reason for such a small 
value is not known, so the explanation of the W Z Sge phenomenon (Osaki 
1994) by a low viscosity is obviously not satisfactory. The disc instability 
model for SXTs also requires very low values of viscosity (see below). 

4. Models for Transient Outbursts of Low-Mass X-ray Binaries 

4 . 1 . DISC INSTABILITY MODEL FOR SOFT X-RAY TRANSIENTS 

The dwarf nova-SXT connection was analysed by Van Paradijs & Verbunt 
(1984). Cannizzo, Wheeler & Ghosh (1985) and Lin & Taam (1984) pro-
posed that the disc instability model used to describe dwarf nova outbursts 
may explain the SXT phenomenon. 

Comparing the "normal" dwarf novae with SXTs one realises immedi-
ately that they share only one property: the rise time to outburst is similar 
in the two classes of events. Other characteristics are totally different: decay 
times as well as recurrence times are much longer in SXTs. Light curves of 
SXTs are rather similar to superoutbursts of W Z Sge. Indeed both types of 
objects shared the erroneous name of Nova because of the shape of their 
optical light curves. 

One should, therefore, expect the disc instability model for SXTs to 
encounter difficulties similar to those appearing in the case of SUUMa 
systems and W Z Sge. 

4.1.1. The Mineshige & Wheeler model 

Up to now there have been only two detailed calculations modelling SXTs 
by the disc-instability model: Huang & Wheeler (1989) and Mineshige & 
Wheeler (1989). In a recent paper (Cannizzo 1994) a new study by Can-
nizzo, Chen and Livio was announced as being in preparation. 

I will discuss here only the Mineshige & Wheeler paper (1989; hereafter 
M W ) because the inner disc boundary in Huang & Wheeler (1989) is as-
sumed to be at 10 8 cm which is certainly at least one order of magnitude 
too large for a "realistic" model of an SXT. However, I have to comment on 
a claim by Chen, Livio & Gehrels (1993) and Mineshige et al (1994) that 
the observed rise of hard X rays preceding the rise in soft X-rays (Rick-
etts, Pounds & Turner 1975; Lund 1993) in some SXTs is consistent with 
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the "inside-out" character of outbursts predicted by the disc instability 
model. First, there is no unique model for hard and soft X-ray emission in 
the inner regions of accretion discs around compact objects, so in itself an 
"inside-out" character of an outburst proves nothing. Second, whereas it is 
true that in the case of dwarf novae, models assuming constant values of 
α in quiescence get "inside-out" outbursts for low accretion rates (Smak 
1984), the M W model for SXTs succeeds in igniting the inner disc regions 
only for "outside-in" outbursts. This is clearly explained in M W and will 
be discussed below. This point is nevertheless extremely confusing because 
of a sentence in Mineshige et al. (1994) which suggests that figure 7 in 
M W represents a "thermal instability initiated from the inner part", while, 
in discussing the same figure, M W ask the reader to note that "this is an 
'outside-in' burst...". In this particular model (for which the recurrence time 
is about 7 months, and the peak bolometric luminosity is < 1 0 3 5 e r g s ~ 1 -
parameters not very close to those of SXTs) the inner disc never falls to 
the 'cold ' state because the cooling wave is reflected at r ~ 20 r i n as a 
outward propagating heating wave. As explained in M W , before this re-
flected heating wave manages to propagate to more than r ~ 20 τ^η the 
new "outside-in" heating front created at r ~ 800 r-m propagates inward 
and merges with the hot inner region. The main outburst is therefore of 
the "outside-in" type. 

On the other hand, Huang & Wheeler (1989) get "inside-out" outbursts 
but their "inside" is at 10 8 cm, obviously not relevant to the problem of the 
soft /hard X-ray priority. 

For a constant α the M W Teff — Σ relation at 10 7 cm shows no unstable 
branch below ~3 10 4 K. To get an "S-curve" they have to tune the viscosity 
prescription. M W use the a — ao (H/r)n viscosity prescription and try 
to adapt both ao and η to obtain light curves corresponding to SXTs. 
They never succeed in getting recurrence times longer than ~16 years. The 
sequences of outbursts show only a vague resemblance to observations (see 
their figures 5, 6, 8 and 9). M W use 21 grid points in their calculation. 
It is therefore interesting to compare their results with those of Cannizzo 
(1993b) who shows the difference between calculations using 25 and 100 
grid points. One has the impression that the M W results suffer seriously 
from too coarse a resolution. 

The best results, in the sense of amplitudes and recurrence times closest 
to observations, are obtained for η > 1 and ao > 10. With the prescription 
used by M W , the viscous time rv-ls ~ (H/r)~2(l/aQ) (see, e.g., Frank, King 
& Raine 1992) is proportional to r ( 1 _ n ) / 2 . For η > 1, Ty-ls is decreasing with 
radius so that even for low accretion rates (long accumulation times) M W 
get only "outside-in" outbursts. 

As for W Z S g e , the α required by the disc instability model is very 
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small in quiescence. M W do not give its value at the disc inner edge (3.16 
10 6 cm) , but at 10 7 cm it is 8 1 0 " 5 for a 0 = 3.16 ΙΟ 3 , η = 2, and a = 2 1 0 " 4 

for α 0 = ΙΟ 2 , η — 1.5. 
Prom fig. 10 in M W one sees that the accretion rate at the inner disc 

radius in quiescence is extremely low ( ^ 1 0 6 g s _ 1 ) . One can show that this 
is a necessary consequence of the disc instability model. Indeed, this model 
requires that the surface density remain everywhere below the critical sur-
face density E m a x during the quiescence. For black-hole SXTs the recurrence 
time is longer than 10 years. This implies that the viscosity at the inner 
edge of the disc satisfies the inequality: 

ν <, l O ^ g V ? c m 2 s" 1 . (2) 

If one uses the formula for E m a x from Smak (1992): 

E m a x = 16.22 rl^m-°-37a-^ g c m " 2 , (3) 

one gets an inequality for the value of the accretion rate at the inner bound-

ary of the disc: 

Μ η £ γ ^ m a x ~ 2.76 10 4 t ^ m ^ a - 0 ™ g s" 1 (4) 

in very good agreement with M W . Notice that I used a constant α but this 
does not affect the result. 

Several black-hole SXTs have been observed with GINGA (Mineshige et 

al. 1992) and ROSAT (see the article by Verbunt in these proceedings and 
Verbunt et al. 1994). Two systems, A 0620-00 and V404 Cyg, have been de-
tected at levels corresponding to accretion rates of at least ~1.4 1 0 1 0 g s _ 1 

for A 0620-00 and of 3 1 0 1 2 g s _ 1 for V404Cyg. Those accretion rates are 
several orders of magnitude larger than the values predicted by the disc 
instability model of M W . Detections of X rays from quiescent SXTs con-
tradict the disc instability model, at least in the version proposed by M W 
(Mineshige et al. 1992). 

Other observations with GINGA and ROSAT which provide upper lim-
its on X-ray emission from quiescent SXTs contradict the mass transfer 
instability model proposed by Hameury, King & Lasota (1986), as I discuss 
later. 

One of the main ingredients of the disc instability model is the presence 
of an inward propagating "cooling wave" which brings the hot disc back 
to the (non-equilibrium) cool state through a series of quasi-equilibria. As 
noticed by Cheng et al. (1992) the HST/FOS spectra of the so called X-ray 
Nova Muscae 1991 show no evidence for the propagation of a cooling front 
in the accretion disc of this system. Chen et al. (1993) suggest that this 
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is due to hard X-ray heating of the outer disc regions. Effects of the disc 

illumination by X rays on SXTs outbursts still await a detailed treatment 

(see Mineshige, Kim & Wheeler 1990; Kim, Wheeler & Mineshige 1994; 

Mineshige et al. 1994). 

The physics of the hot inner disc around black holes and neutron stars 

is still poorly known. For recent results on this subject see Abramowicz et 

al. (1994); Chen & Taam (1994); Milsom, Chen & Taam (1994). 

4 . 2 . THE MASS-TRANSFER INSTABILITY MODEL FOR SXTS 

A mass-transfer instability model for SXTs was proposed in a series of pa-

pers by Hameury, King & Lasota (1986, 1987, 1988, 1990; hereafter HKL). 

HKL realised that the mass transfer from an X-ray heated secondary star 

is unstable for a range of accretion rates between two critical values. The 

lower value corresponds to an illuminating X-ray flux comparable to the in-

trinsic stellar flux and is typically ~ 1 0 1 2 - 1 0 1 4 g s - 1 depending on the binary 

parameters. The upper critical accretion rate above which X-ray heating 

dominates is ~ 1 0 1 6 ' 5 g s - 1 for P o r b ~ 3 h and increases more or less linearly 

with the orbital period. The two accretion rate limits, expressed in terms 

of X-ray luminosities, correspond closely to the limits of the "luminosity 

gap" of steady LMXBs (White, Kaluzienski & Swank 1984; Johnston, these 

proceedings) which is a very attractive feature of the model. 

According to HKL, during the quiescence accretion rates are slightly 

smaller than the lower critical value. It is assumed that a substantial 

amount of the accretion luminosity is emitted in hard (E > 7keV) X rays 

which are able to increase the companion's effective temperature. The sec-

ondary expands under the effect of illumination and at some moment enters 

the unstable range of accretion rates. A mass transfer runaway produces 

the SXT outburst. When the accretion disc thickness is large enough to 

shield the region around the Lagrange Zi -poin t , the runaway stops. The 

secondary contracts and the system goes back to quiescence. During the 

decay from outburst the L\ region may become uncovered and produce 

new outbursts. 

This version of the mass transfer instability model suffers from one 

major difficulty: it requires the secondary star to react to the effects of X-ray 

illumination on time scales of the order of months. The secondary's heated 

layer must be able to expand by at least a fraction of the atmospheric scale-

height in less 1 0 6 - 1 0 7 s . For example, GINGA observations of GS 2000+25 

150 days before the outburst have not detected X-rays between 1.2 and 

37keV, implying an upper limit ~6 1 0 3 3 e r g s - 1 (Mineshige et al. 1992). 

This value is not in contradiction with the HKL model, but let us assume 

that the actual X-ray luminosity is much lower. In itself this would not 
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invalidate the model: one could imagine that hard X rays appear only three 

months before the outburst, due for example to an instability in the inner 

disc. The problem is whether the outer layers of the star may expand by a 

scale-height during three months. 

Gontikakis & Hameury (1993) showed (see also Ritter in these proceed-

ings) that for a main-sequence star with a mass less than ~ 1 M © the ex-

pansion time is always longer than ^ 1 0 2 years. For a 0.8 M© main-sequence 

secondary the characteristic time is ~ 1 0 4 years. Low-mass main-sequence 

stars possess deep, massive convective zones which react globally to surface 

heating on their thermal time scale. The local thermal time scale intro-

duced by HKL (1986) makes no sense in a convective envelope. Only mas-

sive main-sequence stars and evolved low-mass stars (subgiants or stripped 

giants) can react to X-ray illumination on times scales as short as 10 6 s. 

The orbital period of ~5.1 hr determined for J0422+32 seems to rule out 

the mass transfer instability as a cause of its outburst since the companion 

star, if at the main sequence, should have a mass of ~ O . 5 6 M 0 . 

One could, of course, try to defend the model by saying that SXTs have 

the particularity of containing evolved stars at short orbital period, or by 

saying that the HKL model applies only to systems with P o r b 9hr, but 

unless there is an independent reason to believe that this is true, the HKL 

mass-transfer instability model cannot describe the SXT phenomenon. 

Chen, Livio & Gehrels (1993) and Augusteijn, Kuulkers & Shaham 

(1993) have proposed models which combine elements of both type of mod-

els. Although the proposed versions were not confirmed by observations 

(Callanan et al. 1994; Chevalier & Hovaisky 1994), this is probably a direc-

tion to follow. 
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Discussion 
P. Gosh: Attempts to extract values of the viscosity parameter α from 

the properties of dwarf novae and SXTs have been one of the basic efforts 
in this field. If the current thinking is that the underlying mechanism is 
a combination of (1) disk instability and (2) effects of irradiation of the 
companion, it becomes more difficult to infer α from observations, unless 
there is a clear way of separating the effects caused by these two phenomena. 

J.P. Lasota: I agree 
P. Gosh: In answer to Jan van Paradijs' question, directed at the the-

oreticians: it is true that the (rare) attempts to extract values of a from 
the Balbus-Hawley instability have yielded numbers ~0.1 to 1. However, 
this kind of mechanism for viscosity has not really been used in the dwarf 
nova - soft X-ray transient game. For example, the Wheeler and co-workers 
line of work described by Jean-Pierre uses a ~ {h/j)ß (with β ~ 1) , which 
is a prescription inspired by the mechanisms proposed by Vishniac, Dia-
mond, and co-workers, in which internal (g-) modes of the disk are thought 
to be the underlying cause of viscosity. So, there has never really been a 
confrontation between the two approaches, to the best of my knowledge. It 
is as if one half of the world does not know what the other half is doing! 
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