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Abstract. | argue that it is very unlikely that X-rays from qui-truncated discs are required to reconcile models with observa-
escent black-hole low-mass X-ray binary transients are emittéshs (e.g. Lasota et al. 1999; Meyer & Meyer-Hofmeister 1994;
by coronae of companion stars. | show that in a simple mod&haviv, Wickramasinghe & Wehrse 1999)
in which these X-rays are emitted by an ADAF filling the inner  According to models of such truncated discs the inner ac-
part of an unsteady, dwarf-nova type disc, the X-ray luminosityetion flow is an optically thin, very hot plasma, in which tem-
is correlated with the orbital period. | predict what values gferature may be close to the virial temperature. It is therefore
X-ray luminosities from black-hole transient systems should lexpected to emit a considerable part of its energy in X-rays. This
observed by Chandra and XMM-Newton. is indeed observed in quiescent DN and LMXBTs where such
inner hot flows should be present (Eracleus etal. 1991; Richards

Key words: stars: binaries: close — accretion, accretion disksl-996; van Teeseling et al. 1996; McClintock et al. 1995; Verbunt
instabilities — X-rays: general et al. 1994; Wagner et al. 1994; Asai et al. 1998; Barret et al.
1996). The properties of this X-ray emission provide an impor-
tant test of accretion flow models (see e.g. Quataert & Narayan
1999; Meyer et al. 1996).

However, since observed X-ray luminosities are often rather

Low-mass X-ray binary transient systems (LMXBTSs; these Sylg)yv, one should be sure that the X-rays are not emitted by other
tems are also called ‘X-ray novae’ or ‘Soft X-ray transients§ources, in principle less powerful than accretion. For DN it was
are low-mass X-ray binaries (LMXBs) which sometimes (rare§hown that quiescent X-rays are emitted by the accretion flow
for the most part) undergo outbursts during which the X-ray I@nd not by the secondaries coronae (Eracleus et al. 1991; van
minosity increases by more than 5 to 6 orders of magnitude. iieseling et al. 1996; Richards 1996). For LMXBTs Verbunt
LMXBs, a black hole or neutron star primary accretes mattek996) concluded that (“except maybe for AO620-00") X-rays
lost by a Roche-lobe filling, low-mass secondary star. All knowffnnot be emitted by coronae of secondary stars. In the case of
low-mass X-ray binaries (LMXBs) containing black holes argeutron-star LMXBTs Brown et al. (1998) attribute the quies-
transient (Tanaka & Shibazaki 1996), whereas many neutron &@pt X-rays to thermal emission from the neutron-star surface.
LMXBs are steady, in the sense that unlike black-hole LMXBEhis emission would be due to repeated deposition during the
they do not show high amplitude outbursts, but only low ampRutbursts of nuclear energy deep in the crust. This could be a
tude X-ray flux variation. Matter transferred from the secondanjable alternative to the accretion model (Rutledge et al. 1999,
forms an accretion disc, which far away from the accreting oBe€ however Menou et al. 1999c).

ject is quasi-Keplerian. Accretion discs in LMXBTs appear to Recently Bildsten & Rutledge (1999) concluded that in the
be truncated in their inner regions (Esin et al. 19ycki etal. case of black-hole LMXTBs the quiescent X-rays may be due
1998, 1999). Since here magnetic fields can play no role (@<coronal emission from stellar companions. They argue thatin
cause the magnetic moments of neutron stars are too low, e systems the ratio of the X-ray flux to the stellar, bolometric
because of the absence of black holes magnetic fields) the inffiéfis < 10~* asin RS CVn's, which are active, close, detached
disc ‘hole’ can be due only to some kind of evaporation (Naray&Haries of late-type stars (a G of K type giant or subgiant in
& Yi 1995; Honma 1996). In such a case the inner accretion flgibit with a late-type main-sequence or subgiant) in which, for
onto the compact object may form an advection-dominated &bital periodss 30 days, the rotation of both components is
cretion flow (ADAF; Abramowicz et al. 1995; Narayan & visynchronous with the orbit. Their coronal X-ray emission may
1995). Truncated discs are also required by the disc instabil§ as large as0*" erg s™' (Dempsey et al. 1993).

model (DIM), which is supposed to describe LMXBT outbursts Unfortunately, only three quiescent black-hole LMXBT sys-
(Lasota 1996; Menou et al. 2000; Dubus et al. 2000). This mod@ms were detected in X-rays. In A0620-00 the quiescert (
was devised to describe dwarf nova (DN) outbursts (see Cad-0 keV) luminosity isLx = 10°' erg s™', in the other two
nizzo 1993 and Lasota 2000b for reviews). Also in these systef¥§tems (GRO J1655-40 and V404 Cygy > 10* erg s

1. Introduction
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(see Garcia et al. 1997 and references therein). This sample/liere M-, and R, are respectively the secondary’s mass and
not only small but also very eclectic as far as companion staeglius,q is the secondary to primary mass-rati, the orbital

are concerned. The secondary in A0620-00 is a late type dwaefiod in hours, one obtains

(K5V, McClintock & Remillard 1986), in GRO J1655-40 the

F3-6 (Orosz & Bailyn 1997) secondary is either near the eddran = 2.7 x 102 M57% B2, (4)

of its main-sequence life (Rég et al. 1998) or is crossing the . i ,
Hertzsprung gap on its way to the giant branch (Kolb et aherefore, coronal X—rqy emission from rapidly rotating stars
1997: Kolb 1998), and finally in V404 Cyg the KO (Casares &2S 10 obey the inequality

al. 1992) secondary is a ‘stripped’ giant (King 1993). In the ca

of the last system Bildsten & Rutledge (1999) admitted that ?ng < Lrom- ®)

Lx = 1.6x10% ergs " cannot be emitted by the companion'sThis observed saturation effect is to be expected on theoretical
corona (they find.x /Lol = 8 x 10~?). However, except for grounds (Vilhu 1984; Vilhu & Walter 1987; Skumanich 1986;
this system and for 4U1543-47 (see below), Bildsten & Rugkumanich & MacGregor 1986). Coronal activity and coronal
ledge (1999) expect quiescent X-ray luminosity of black-holgeating are thought to be of magnetic origin. They depend on

LMXTBs to originate in the coronae of secondaries. the star’s rotation speed and on the depth of the convection layer
| discuss this hypothesis in Sect. 2. and conclude that it cajider the stellar surface.

not be correct. Black-hole LMXBT's secondary stars cannot be As first pointed out by Ruéiski (1984a) the relevant mea-
the source of quiescent X-rays because they are not differggite of coronal activity is the ratio of the X-ray to bolometric
from their dwarf nova counterparts. In the (two known) cas@sminosity L x /Ly,.,. This ratio increases with stellar rotation
where these secondaries are different, their coronal X-ray Bt gets saturated at around—3 (see e.g. Singh at al. 1999).
minosity should be lower than in the corresponding active stgbwever, as shown both by observation and by models (Flem-
binaries, so that also in this case quiescent X-ray luminosji et al. 1989), this saturation is a surface effect: the number
can only result from accretion. In Sect. 3 | discuss what the dist magnetic loops grows until there is no more space for new
instability model of dwarf novae and LMXBTs has to say abownes to appear. As a result the X-ray luminosity saturates at the
quiescent X-ray emission and in Sect. 4 | show that, on simpigit given by Eq.[1). That is why secondary stars in CVs and
assumptions, this model combined with an ADAF model (as finsk1XBs cannot, despite their fast rotation, be powerful X-ray
proposed by Narayan et al. 1996; see also Lasota et al. 1998tters: they are just too small (see also Eracleus et al. 1991).
predicts a correlation between the quiescent X-ray luminosity To illustrate the meaning of the saturation effect let us con-
and the orbital period. This correlation is satisfied by the thregjer two cases of rapidly rotating active stars. The very rapidly
observed systems, which allows one to make predictions abmtbting P = 9.12 hr) K2V star called Speedy Mic (HD
future observations by Chandra and XMM-Newton of system®7890) had x /Lye = 8.5 x 10~ but its X-ray luminosity is
for which up to now only upper limits are known. Sect. 5 end§n|y 8.7 x 1022 erg s™! (Singh et al. 1999), in complete agree-
the article with discussion and conclusions. mentwith Eq.[(1). The 12.5 hr pre-cataclysmic binary V471 Tau
with a K2V secondaryhak x / Ly,,; > 10~3 (Rucinski 1984b).
Wheatley (1998) showed that the hard uneclipsed X-ray lumi-
2. Companion stars nosity may be due to a coronal activity of the secondary since
for this componenL x / Ly,,; =~ 103 (the other component re-
Roche-lobe filling, secondary stars in close binaries are rapidlyits from wind accretion onto the white dwarf), but its X-ray
rotating stars, so their coronae can be rather powerful X'rFWninosity is~ 10%° erg s°! in total agreement with EJ(1).
emitters by ‘normal’ star standards, and one could think thgherefore, iffor a given systeiy /Ly, ~ 103 and the X-ray
they could explain the quiescent X-ray emission in some C'%inosity is larger than the limit given by EJ(1) (or Eg. (4)),
binaries (e.g. Charles 1996). However, for dwarf novae, and C¥ge should rather conclude that this luminosity cannot be due
in general, this does not seem to be possible (fRk¢i1984a; g the coronal activity of the secondary.
Eracleus et al. 1991; Richards 1996). Observations of rapidly The |imit given by Eq.[() (withM, = 1M,,) is plotted in
rotating late type stars suggest a saturation of X-ray luminosgtyq [1, which in addition to X-ray luminosities of DN (Eracleus

at approximately (Fleming et al. 1989) et al. 1991) and LMXBTs (Garcia et al. 1997 and references
therein) shows X-ray luminosities (Dempsey et al. 1993) of RS

Lx ~ 10% (R/105krn)2 ergs . (1) CVn stars. Clearly, X-ray luminosities of all RS CVn stars are
below this limit, whereas X-ray luminosities of dwarf novae

Using the relation (Pachgki 1971) (Eracleus et al. 1991) and LMXBTs (Verbunt 1996) are above

it. One can conclude, therefore, that the X-ray luminosities from
M 1/3 guiescent DN and LMXBTSs are too large to be emitted by coro-
Ry = 0.462 (2) a (2) nae of stellar companions.
My + M The conclusion about DN was confirmed by observations of
eclipsing systems in which X-rays are clearly emitted near the

1/3
_ 10 1 1/3 p2/3 : ’
a =35x10 (M@> (1+4¢)"" Py” em, (3 white dwarf (Wood et al. 1995; van Teeseling 1997).
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Fig. 1. X-ray luminosities of quiescent dwarf-novae and soft X-ray
transients and X-ray luminosities of RS CVn stars. The continuo%ég' 2. Spectral types of secondary stars of dwarf novae, black -hole
line marked ‘FGM' is the limit given by EqL{4) with/, = 1M,. XTay transients and of RS CVn stars
The dashed line corresponds to the relation [Ed. (13). Down-pointing
triangles correspond to upper limits.
since only nine black-hole LMXTBs have known orbital peri-
ods. Fig. 2 shows that except for two systems, 4U 1543-47 (A2)
Recently, however, Bildsten & Rutledge (1999) challengeahd GRO J1655-40 (F3), all the other systems (i.e., the other six)
the validity of this conclusion for black-hole LMXTBs. Theyhave spectral types similar to that of DN and RS CVn'’s at the
estimate the ratio of X-ray to bolometric luminaosity in quiescersame orbital period. Considering that | have chosen the earliest
black-hole LMXTBs to be~ 1073, close to the maximal one possible spectral types for LMXBTs and the latest possible for
observed in RS CVn stars. They argue, however, that the actila other systems, one could conclude that LMXBT secondaries
X-ray luminosity of black-hole LMXBT’s secondaries may bere of later type.
larger than in RS CVn because they would be at a given orbital The two odd systems are less evolved than secondariesin RS
period, of an earlier spectral type. According to the same auth@¥n’s and dwarf novae (not plotted here but known to contain
the Lx /Ly, ratio in both DN and neutron-star LMXTBs is toosubgiants or giants, see e.g. Warner 1995) at the same orbital
high (> 10~3) for the X-rays to be emitted by stellar coronagperiod. These two systems, 4U 1543-47 and GRO J1655-40, are
which confirms previous conclusions. exceptional because their secondaries are much more massive
Even if secondaries in black-hole LMXTBs were of an eathan in other ‘low mass’ binaries. They are the only two systems
lier type than, say CVs, this would not help much because tf@mut of probably 12, see Kalogera 1999 and references therein)
saturation value of x depends mostly upon radius and not owith intermediate mass( 2M,) secondaries. 4U 1543-47 is
the effective temperature (Fleming et al. 1989). In any case, as phaseA of binary evolution, expanding away from the main
show below, if black-hole LMXBT’s secondaries were differerdequence (Kolb 1998) and GRO J1655-40 is either close to the
from CV’s companions at the same orbital period, they woukhd of its main sequence life (R&get al. 1998) or is crossing
rather be of a later type. the Hertzsprung gap (Kolb et al. 1997; Kolb 1998). Late-type
Fig[2 shows the spectral types of stellar companions esmpanions of RS CVn's are probably crossing or have already
a function of the orbital period, for dwarf novae, black-holerossed this gap (Popper & Ulrich 1977). The A2 secondary in
LMXTBs and selected RS CVn stars. Dwarf nova data are takéd 1543-47 is, anyway, not a very good candidate for an active
from Beuermann et al. (1998) where | selected only systesiar (as also acknowledged by Bildsten & Rutledge) since e.g.
with orbital periods longer than 5 hr. black-hole LMXTBs its Rossby number, measuring stellar activity, is rather large (in
spectral types are the same as in Bildsten & Rutledge (19%&hpler terms: there is no convective envelope to speak of). The
and the spectral type of GRS1009+45 (X-ray Nova Velorusituation of GRO J1655-40 is not much better since, as shown by
1993) is taken from Filippenko et al. (1999). From DempseyReming et al. (1989), the saturation X-ray flux 8V < 0.6
et al. (1993) Table 1, | chose systems of the latest type, in steadily decreases with increasing stellar mass. Therefore, the
der to maximize the ‘chances’ of the assertion according fact that for this system x / L1,,1 ~ 10~ would rather suggest
which secondaries in black-hole LMXTBs are of earlier typehat X-rays are not due to stellar activity.
| took the same attitude towards the error bars or spectral type Until recently it has been thought that companion stars in
ranges, choosing the latest possible for DN and RS CVn’'s a@¥'s are, with a few exceptions, indistinguishable from main-
the earliest for black hole systems. The statistics is rather pseguence stars (see e.g. Warner 1995). Recent, detailed com-
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Table 1.Predicted X-ray fluxes

System P,, D logNg Flux Chandra counts XMM counts
1) @ O (4) (5) (6) (M

GRO J0422+32 5.1 261 213 06 25® —15® 70® — 105®
GRS1009-45 69 21.05 03 15® —5® 35 — 50(P)
GS2000+25 83 2.7 21.92 1.3 25@® —5® 85(») — 45(P)
GS1124-683 104 5 21.21 0.6 25 —15M) 75() — 130
H1705-250 16.8 8.6 21.44 1.3 45® —20® 135 — 165®)
4U 1543-47 270 8 21.44B41 12 40® —20® 125@® — 150®)
A 0620-00 78 1.2 21.29 58 230® —135®  620® — 1150
GRO J1655-48 629 3.2 21.8 20.5 410® —130®™  1540® — 970™
V404 Cyd® 155.3 3.5 22.4 108 1240® — 130 4400® — 1032

() Photon power-law index = 1.5

(®) Photon power-law index = 3.5

(1) Only the last three systems were detected by previous instruments

(2) Orbital periods in hours (see Menou et al. 1999c¢ and references therein and Filippenko et al 1999).
(3) Distances to the systems in kpc (see text).

(4) Logarithm of the column density

(5) Unabsorbed X-ray flux in0~** erg cm 2 s~* from formula Eq.[(IB).

(6) For Chandra ACIS-S, integrated over 50 ksec.

(7) For XMM - Newton EPIC PN, integrated over 50 ksec (per one instrument)
(1] Esin et al. (1998)

2] Barret et al. (2000)

[l Orosz et al. (1998)

[l predehl & Schmitt (1995)

Tphoton-index~ 3.5 from ROSAT observations (Narayan et al. 1997)
*photon-index~ 1.5 from ASC A observations (Hameury et al. 1997)
#photon-index~ 2.1 from ASC A observations (Narayan et al. 1997)

parison of the observed properties of CV's secondaries withspectively (McClintock private communication) on a not yet
main sequence (MS) field stars showed that, for orbital pedetermined timescale. Such variations are not unexpected in an
odsz 6 hours, a considerable fraction of CV’s companions afDAF, but as pointed out by Campana et al. (2000) they could
evolved (Baraffe & Kolb 1999, 2000; Beuermann et al. 1998jso be due to giant flares in coronae of secondary stars. Such
Beuermann 1999). At a given orbital period these evolved sdlares are observed in RS CVn's and Algol systems and their
ondaries are therefore cooler than a hypothetical main sequelucginosity can reack 1032 erg s ! (Ottmann & Schmitt 1996;
star (i.e. of an later spectral type at a given orbital period). TheB&idel et al. 1999). However, the hope expressed by Campana
is no known reason why secondaries in black-hole LMXTB=t al. (2000), that even more energetic flares should be expected
should have very different properties (e.g. King 1999), which feom shorter period systems, is substantiated neither by models
confirmed by Fig. 2. Therefore, if coronal emission from seconer by observations (Audard et al. 2000).
daries cannot be the source of X-rays in CVs, the same is true
of black-hole LMXTBs, as suggested in any case by Figs. (1)
and (2). Therefore, X-ray emission from black-hole LMXTBS"
must be produced directly by accretion. The same is not necggere is reasonable evidence that both DN and LMXBT out-
sarily true for neutron-star LMXTBs as proposed by Brown jursts are triggered by the same physical mechanism: a thermal-
al. (1998). I will come back to this problem in Sect. 5. viscous instability due to hydrogen recombination at the disc’s
All of this does not mean that secondary stars in LMXBTgffective temperatur8500 K < Tog < 7500 K. Any disc in
are not active (Ruéiski 1984b). They should be active, at leasthich the effective temperature is at some point in this in-
for short period systems whose evolution is supposed to &@bility strip, will be subject to some kind of outburst. The
driven by magnetic braking. But their X-ray luminosity is whapresence of thermal instability does not by itself guarantee that
is expected from such stars: too weak to explain observatiagngburst properties will agree with observations. Several ingre-
of quiescent LMXBTs. dients must be added to the disc model in order to obtain outburst
The quiescent X-ray luminosity may vary by a factoB in  cycles which have anything to do with reality (e.g. Smak 1984,
few days (in Cen X-4, see Campana et al. 2000 and referenggg9; Liu et al. 1997; Hameury etal. 1998; Hameury et al. 2000;
therein) or by a factor 3 and~ 10in A0620-00 and V404 Cyg Menou et al. 2000; Osaki 1996). In LMXBTs disc X-ray irra-

Quiescent X-rays according to the disc instability model
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diation is particularly important, as pointed out by van ParadiisVIXTBs cannot be reproduced by a standard model (Shakura &
(1996) and elaborated by King & Ritter (1998), Dubus et abunyaev 1973) in which the accretion disc reaches down to the
(2000) (see also Lasota 2000b) and Esin et al. (2000). last stable orbit but are well represented by a model in which the
According to all versions of this disc instability model thenner part of the disc is replaced by an ADAF. The two aspects
outburst cycle is due to the disc oscillating between a cold quied-the problem, the DIM and the spectra, have been taken into
cent state and, in outburst, a hot, fully ionized configuration. Bccount by Lasota et al. (1996), Narayan et al. (1997), Hameury
quiescence the whole disc must be inthe cold state. Such a quétsd. (1997) for black-hole LMXTBs and by Meyer et al. (1996)
centdiscis notin viscous equilibrium (which is the very reasdor DN.
for the outbursts), i.e. the accretion rate is not constant with ra- During outbursts the inner disc radius reaches the last stable
dius and the matter transferred by the secondary accumulatesriit and then recedes to its quiescent position (Esin et al. 1997,
the disc. The presence of a non-steady disc in quiescent DNL&ki et al. 1998, 1999; Menou et al. 2000; Dubus et al. 2000).
confirmed by observation of eclipsing systems, which show flatthe main body of the quiescent disc (not too close to the outer
effective temperature profiles (Wood et al. 1986, 1989, 199&undary) the accretion rate radial profile is roughly parallel to
Rutten et al. 1992) as predicted by the model (Smak 1984). the critical rates, i.e. its radial slope s 2.6. Of course, this
In the DIM the accretion rate in quiescence must satisfy tipeofile changes and the accumulating matter creates somewhere
inequality (e.g. Hameury et al. 1998) a bump which will trigger an outburst by crossing fhie,;; line.
. . However, for systems with very long recurrence times, such as
Mauie(R) < Meriv = black-hole LMXTBs, one can consider that during quiescence
40 x 1015 <M) —0.88 ( R >2'65 s ®) the accretion rate radial profile is parallel to the critical one.
) Mo 1010¢m & This results from the roughly self-similar character of the decay
from outburst produced by the cooling wave. As a result, at a

where | omitted a term very weakly dependent on the V'SCOSEX/en radius (not too close to the outer boundary) the disc state

param_eteu. . . ) always ends up at the same place onSheurve (see Menou et
This means that in quiescence the rate of accretion at the gstlgggb especially Fig. 9)

stable orbit around a black hole or neutron star primary must one can therefore estimate the accretion rate at the trunca-
satisfy tion (transition) radius just by rescaling Eg. (6) to typical pa-
LT7 / p \ 260 rameters and one obtains
1
) () =@

ﬁ . . M 1.77 R . 2.65
< M ~ M, ~ 2.4x10" () ( o ) g5~ 1.(9)
whereRg = 2GM/c? is the Schwarzschild radius. These ac- ™Mo 10%Re

cretion rates are much lower than the mass transfer rates frgetause of the strong dependenceuhis is quite a good

M < Mo ~ 3.6 x 10* (M
©

secondaries. . S ~ estimate of the actual accretion rate, as | will argue in the next
~ Interms of accretion luminosities this implies the followingection. On the other hand, to make the formula operational one
limit: has to decide what (or wher&),. is.
M 1.77 2.65
Lacer < 6.6x10%* (i> —_— R erg s 1(8) . .
0.1 Mg 3Rg 4. X-rays from ADAFs in quiescent black-hole LMXTBs

for LMXBTs (wherer, is the accretion efficiency). Figl 1 showsThe main problem of the accretion-disc+ADAF model is the
observed X-ray luminosities from quiescent dwarf novae amatbsence of a satisfactory description of the transition between
X-ray transients. For all LMXBTSs these luminosities are mudie two flows. Although substantial advances have been made in
higher than the limits given by EqEJ(8). (Itis sometimes claimehtlis domain (Kato & Nakamura 1999; Liu et al. 1999; Manmoto
that the quiescent X-ray luminoisties are much lower than estal. 2000) the value of the transition radius is still rather a free
pected. Such claims assume, that the quiescent disc is statiopanameter than a well determined physical quantity. Spectral
which, obviously, is not the case.) If observed X-rays are emitrodels of quiescent black-hole LMXTBs suggest a value of the
ted by the accretion flow in the vicinity of the central compadtansition radiusz,, 2, 10* R¢ (Narayan etal.1997; Hameury et
body then the cold quiescent accretion disc whose presencalid997; Quataert & Narayan 1999). The same result is obtained
required by the DIM cannot extend down to the central compaghen one models outbursts of LMXBTs (Hameury et al. 1997;
body (Meyer & Meyer-Hofmeister 1994; Mineshige et al. 1992ylenou et al. 2000; Dubus et al. 2000).
Lasota 1996). Menou et al. (1999a) found a simple prescription for the
The DIM can be reconciled with X-ray observations if théransition radius and used it rather successfully to describe the
quiescent disc is truncated at some radilys as proposed by stability properties of LMXBTs. They noticed that the ADAF
Meyer & Meyer-Hofmeister (1994) for DN and by Narayan egpart of the flow should not extend to radii larger than the impact
al. (1996) for LMXTs. For DNR;, > Rwp WhereRwnp is the radius of the stream of matter that is being transferred from the
white dwarf’s radius, for LMXTsR;, >> Rg. In the case of secondary. The cold incoming stream would form an annulus
Narayan et al. (1996) the motivation was different: they readt the impact radiugimpacs. One can expect that this material
ized that X-ray, UV and optical spectra of quiescent black-hotéll spread a little under the influence of viscous evolution be-
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fore it evaporates fully. Thus one expeéts. < Rimpact, I-€. | obtain the same ADAF accretion rates (and X-ray ef-
a transition radius close to the ring formed by the transferréidiency)n for very reasonable values @f For A0620-00 I
matter. get0.1 £ fi < 0.3, for V404 Cyg somewhat lower values:

This is equivalent to assuming that in quiescence, the infied6 < f; < 0.1, and for GRO J1655-4@;, ~ 0.12. As men-
disc will evaporate up to the largest radius allowed by the masigned above, the necessity of a lower valuefpffor V404
transfer stream. | will call this hypothesis ‘Maximum ADAF Hy-Cyg based o/, line widths was already pointed by Menou
pothesis’ (MAH). The term ‘strong ADAF principle’ is some-et al. (1999a) which is rather comforting but not a proof of
times used, but here this is not a principle, but just a hypothetig validity of my very simple model. This model, however, al-
which, as | show below, can be tested by observations. lows one to make predictions about future X-ray observations of

Calculations (Lubow 1989) show that the transferred stredmown black-hole LMXTBs which until now escaped detection.
may overflow the disc and converge to an impact radius whighe prediction is very simple: all quiescent X-ray luminosities
scales afRimpact ~ 0.48R.ir. (this coefficient corresponds toshould be close to the ling, in Fig.[.

q < 0.5). The circularization radius around the accreting body |used W3PIMMS (http//heasarc.gsfc.nasa.gov) to calculate

R can be approximated by (Frank et al. 1992): the number of counts that can be expected to be registered by
R Chandra and XMM-Newton. Results are presented in Table 1,
— = (1+¢)[0.5 — 0.227 x log ¢*. (10) in which | also included a similar estimate for the three sys-
a tems detected by the previous X-ray missions. | consider two
Menou et al. (1999a) put therefore power-law spectral models with photon power-law indices 1.5

and 3.5. Distances and column densities are taken from Garcia
Rex = ft Reire, fr <048 11) et al. (1997), except when a different reference is given. GRO
and showed that observational data (W|dth3[—QI |ines) are J0422+32, GRS1009-45 and GS1124-683 are at the detection
consistent W|thft ~ (.25 for most systems, except for V404||m|t for both satellites. A 21.5 ksec observation of GS2000+25
Cyg where a value of, < 0.1 is required. by Chandra (Garcia et al. 2000) failed to detect a single photon

According to Eqs[{111)[710) anf(3)) the transition radiugom this source which is consistent with estimates in Table 1,
depends on the orbital period of the binary system. On the oti§gpecially if the photon index is 3.5 as in A0620-00 (Narayan
hand, as explained in the preceding section, the accretion ratgtal- 1997).
the transition radius, where the cold quiescent accretion ends,One hopes, of course, that the distance determinations given
is a function of this radius. Therefore, by combining [g. (9) arifi Table 1 are reliable.

Eqg. (IT1) one obtains the following relation:

Mapap ~ 1.6 x 1018f,52'65p(}5;7g g1 (12) 5. Discussion and conclusions

whereMapap is the rate at which matter enters the ADAF fron']l'he quiescent X-ray luminosity model is rather unsophisticated,

the cold quiescentdisc. This rate is independent of the primarb%t itis based on several natural properties of the AD.AF * D.IM'
mass. The transition radius;, is sufficiently distant from the isc model of LMXTs and has the advantage of making definite

outer disc’s edge for the EGJ(9) to be valid predictions that, one might hope, will be tested by observa-

Fig.d shows that the X-ray luminosities of the three detectg% n?a’i?%dﬁ;?gt;ﬁg 22?;?]2' Jg;‘iirizs’ Ho'1n7tg(5:i-c2)5i Eséllsitg:
quiescent systems satisfy a similar relation wou imi » as pol Ut by B

& Rutledge (1999). The detection of all five systems close to
Lx ~ L, ="73x 103 P} Tergs™". (13) the predicted fluxes would count as a success for the ADAF +

da;
Y ] ) _DIM-disc model and in particular for the MAH (first suggested
Of course, EqI{T2) deals with accretion rates, Wherea{F|g:,)1 Narayan & Yi 1995). One should keep in mind, however,

represents X-ray luminosities, so that EQsl (12) &anil (13) sugagsgk; if the MAH were to apply in these systems this would not
that the X-ray efficiency is prove its general validity. In binaries the mass-transfer stream
nx A5 x 1078 7265, (14) provides a a ‘barrier’ which prevent§ th.e spreadjng of evapora-
tion. What would form such a barrier in galactic nuclei is not
For a typical value of; ~ 0.25 (Menou et al. 1999a) the X-ray clear, but in NGC 4258 the ADAF extends only to few hundred
efficiencynx ~ 2 x 107°. R¢ (Gammie et al. 1999, whereas it could in principle extend
One can compare accretion rates (i.e. the X-ray efficienay) to~ 10*R¢).
predicted by Eq[{12) with ADAF models for the three black- The confirmation of correlation between X-ray luminosity
hole LMXTBs in which X-ray in quiescence were detectednd orbital period given by Eq.{IL3) would not necessarily mean
(Narayan et al. 1997; Hameury et al. 1997). This amountsttwat the inner, hot, accretion flow is an ADAF in the sense of
determining the values of,. These models are calibrated byAbramowicz et al. (1995) and Narayan & Yi (1995). This cor-
the X-ray luminosity so this comparison is a good test of the veelation means only that the rate at which accretion enters the
lidity of Eq. (12). | compared Eq_.(12) with models of Narayahot flow is correlated with the size of the inner ‘hole’, hence
etal. (1997) and Hameury et al. (1997). (In Quataert & Narayawith the orbital period. The ‘standard’ ADAF model is a good
(1999) accretion rates are slightly lower.) representation of the inner flow. It is not clear that it is only one.
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More detailed observational diagnostics is required to decidedard M., Gidel M., Drake J.J., Kashyap V.L., 2000, ApJ in press,
what is the real solution. astro-ph/0005062

Quiescent dwarf novae are not expected to satisfy Eqs. (B2yaffe I, Kolb U., 2000, NAR 44, 99 astro-ph/9906449
or (I3). First, most of them have recurrence times much shor?gr'; ‘:fteD'-’ IlfA?:IgI:er.t’() iﬁ%oé'\"gﬁ:‘j;; ?rliessi g‘ggo'&zglggg“gég
han black-hole LMXBs, so that the quiescent accretion raf E., 1996, ’
;ha:)ulz 3§1ry 0?1e61 short tisr’ns-oséaf:st Iﬁ fqaléte;’-(;:ytqiicecsségt et D., Olive J.F, Boirin L., et al., 2000, ApJ 533, 329

o . . ’ euermann K., 2000, NAR 44, 143 astro-ph/9909141
nosity Is hlghly variable in th(_ase Sys_tems (Verb_unt eF al. 199 euermann K., Baraffe ., Kolb U., Weichhold M., 1998, A&A 359,
Second, in many cases the inner disc truncation might be duegjg
to the action of the white dwarf's magnetic field rather than ®ildsten L., Rutledge R.E., 1999, astro-ph/9912304
evaporation (e.g. Lasota et al. 1999). In such a case the traBsbwn E.F., Bildsten L., Rutledge R.E., 1998, ApJ 504, L95
tion radius is just the magnetospheric radius and is independéampana S., Stella L., Mereghetti S., Cremonese D., 2000, astro-
of the orbital period. ph/0004180

In the case of neutron-star LMXTBs there are two possibﬁ;annizzo J.K., 1993, In: Wheel.er.]..;. (eq.)Accretion Disksin Compact
ities. First, as proposed by Brown et al. (1998), the quiescent Stellar Systems. World Scientific, Singapore, p. 6
X-ray luminosity could be due to the neutron star surface bei@isareS J., Charles P.A., Naylor T, 1992, Nat 355, 614

. - arles P.A., 1996, In: van Paradijs J., van den Heuvel E.P.J., Kuulkers

heated by thermonuclear reactions in the matter accreted durin

. . . 9. (eds.) Compact Stars in Binaries. IAU Symposium 165, Kluwer,
outbursts. In this case X-ray observations would allow the qui- o qrecht p.331

esc.ent disc to extend doyvn tq the neutron star (or the last §tabéﬁ>npsey R.C., Linsky J.L., Fleming T.A., Schmitt J.M.H., 1993, ApJS
orbit). Second, as described in Menou et al. (1999c), the inner gg, 599
part of the quiescent accretion flow would form an ADAF as ibubus G., Lasota J.-P., Hameury J.-M., 2000, A&A, in preparation
black-hole LMXTBs. In this case the advected thermal energyacleus M,. Halpern J., Patterson J., 1991, ApJ 382, 290
must be emitted from the stellar surface so, for the same masgn A-A., McClintock J.E., Narayan R., 1997, ApJ 489, 865
transfer rate, quiescent neutron-star LMXTBs should be mdf&n ﬁ-ﬁ-’ Farazlag F:; (|:_|u1 W-'Stla;btggi’ﬁégfzgf“

. L .A., Lasota J.-P., Hynes R.I, , ,
luminous than those containing black holes, as observed. ilé;r)]penko A.V., Leonard D.C., Matheson T., et al., 1999, PASP 111,
problem, however, is that the model predicts quiescent neutron-

star LMXTB luminosities much higher than observed. In ordgrleming TA., Gioia .M., Maccacaro T., 1989, ApJ 340, 1011

to reduce the accretion rate onto the neutron star (by three @iink J., King A.R., Raine D., 1992, Accretion Power in Astrophysics.
ders of magnitude) an ADAF model has, therefore, to involve cup, cambridge

the ‘propeller effect’ and perhaps the presence of winds (MenGeurcia M.R., McClintock J.E., Narayan R., Callanan J., 1997, In: How-
et al. 1999¢), so it is not as simple as the black-hole LMXBT ell S., Kuulkers E., Woodward C. (eds.) Wild Stars in the Old West.
models (see however Quataert & Narayan 1999). In this case, ASP Conf. Ser. 137, San Francisco, p. 506, astro-ph/9708149
however, asin DN, one would not expect a correlation of t@rcia M.R., McClintock J.E., Murray S.S., 2000, in preparation

X-ray luminosity with the orbital period. Observations of varicammie C.F., Narayan R., Blandford R., 1999, ApJ 516, 177

ability of quiescent neutron-star LMXTBs could help in chooﬁgﬂleellﬂ\f)‘/’ JL[r'l/slkyL;.sL(;,taB;o_\gn Q‘égﬁﬂgzi E'élgNgg;Q‘;‘:]%ll’lggi ApJ

ing the correct model. It is worth noting that simulations of 489 234
outburst cycles of LMXBTs show that disc truncation is nece;srameur'yJ__M_ Lasota J.-P.. Warner B.. 2000. A&A 353. 244

sary if one wishes to reproduce observed properties of outbygimeury J.-M., Menou K., Dubus G., Lasota J.-P., &di-M., 1998,
cycles (Menou et al. 2000; Dubus et al. 2000). MNRAS 298, 1048
For black-hole LMXTBs things are simpler: all availableHonma F., 1996, PASJ 48, 77
evidence suggests that quiescent X-rays are emitted by an AD##ogera V., 1999, ApJ 521, 723
filling the inner part of a truncated DIM-type accretion disc. Aato S., Nakamura K.E., 1999, PASJ 50, 559
particular version of the model of such a configuration will bE!“g A.R., 1993, MNRAS 260, L5

] ing A.R., 1999, Phys. Rep. 311, 337
tested by Chandra and XMM-Newton. King A.R.. Ritter H., 1998, MNRAS 293, 42

. . Kolb U., 1998, MNRAS 297, 419
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