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ABSTRACT

We revisit a core prediction of the disc instability model (DIM) applied to X-ray binaries.
The model predicts the existence of a critical mass-transfer rate, which depends on disc size,
separating transient and persistent systems. We therefore selected a sample of 52 persistent
and transient neutron star and black hole X-ray binaries and verified if the observed persis-
tent (transient) systems do lie in the appropriate stable (unstable) region of parameter space
predicted by the model. We find that, despite the significant uncertainties inherent to these
kinds of studies, the data are in very good agreement with the theoretical expectations. We
then discuss some individual cases that do not clearly fit into this main conclusion. Finally,
we introduce the transientness parameter as a measure of the activity of a source and show a
clear trend of the average outburst recurrence time to decrease with transientness in agreement
with the DIM predictions. We therefore conclude that, despite difficulties in reproducing the
complex details of the light curves, the DIM succeeds in explaining the global behaviour of
X-ray binaries averaged over a long enough period of time.

Key words: accretion, accretion discs — black hole physics — instabilities — methods:
observational — X-rays: binaries.

1 INTRODUCTION

Low-mass X-ray binaries (LMXBs) are bright X-ray sources con-
sisting of an accreting black hole (BH)/neutron star (NS) primary
and a Roche lobe filling, low-mass secondary star. Matter is trans-
ferred from the secondary star via the inner-Lagrange (L1) point
and forms an accretion disc around the primary. In some cases, the
accretion disc undergoes sporadic outbursts which are thought to be
triggered by a thermal—viscous instability, resulting in an increased
mass accretion rate on to the primary and a rapid X-ray brightening.
This instability is thought to arise when the disc effective temper-
ature is close to 10* K, enough for hydrogen to become partially
ionized and for opacities to depend strongly on temperature (Meyer
& Meyer-Hofmeister 1981). The model describing the global prop-
erties of this instability applied to accretion discs is referred to as
the disc instability model (DIM; see Lasota 2001 for a review of the
model).

The DIM has been shown to reproduce the broad observational
properties of BH and NS outbursts when it is modified to include
irradiation heating and a transition to a radiatively inefficient ac-
cretion flow below a given mass-transfer rate (King & Ritter 1998;
Dubus, Hameury & Lasota 2001). However, several features of out-
burst light curves remain unexplained (glitches, plateaux, rebright-
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enings, etc.) and the model rests on critical assumptions for angular
momentum transport (alpha viscosity) and unknown physics (effi-
cient/inefficient disc transition). Hence, it is difficult to use outburst
light curves to provide definitive tests of the DIM. In contrast, one
of the core predictions of the DIM, which depends little on the de-
tails of angular momentum transport, is the existence of a critical
mass-transfer rate that depends on disc size, separating stable and
unstable discs. A basic test is therefore to verify if the observed per-
sistent (transient) systems do lie in the appropriate stable (unstable)
region of parameter space predicted by the DIM.

van Paradijs (1996) carried out this test for the first time
and showed that the DIM could indeed reproduce the transient—
persistent dichotomy in X-ray binaries (XRBs) as long as irradi-
ation heating is taken into account. The X-ray emission coming
from the inner regions can indeed heat the outer parts of the accre-
tion disc above the hydrogen ionization temperature and therefore
stabilize the flow. Evidence for the influence of irradiation comes
mainly from the higher optical-to-X-ray luminosity ratio observed
in XRBs as compared to cataclysmic variables (CVs) which should
be less affected by irradiation due to smaller discs and accretion
luminosities (van Paradijs & McClintock 1994).

Despite the limited number of sources available at that time, the
work of van Paradijs (1996) represents one of the most fundamental
tests of the applicability of the DIM to LMXBs. 15 years later,
the number of known XRBs and the amount of data available to
study them have increased significantly. We thus believe that it is

220z Uotel\ 81 uo 3senb Aq £G69.6/1661/E/FZ /oPIME/SEIUL/WOD dNO"DIWSpEde//:SARY WO pepeojumoq



1992 M. Coriat, R. P. Fender and G. Dubus

time to revisit and refine this test, which is the aim of this paper.
We also point out the recent work by Janiuk & Czerny (2011)
which discusses theoretical aspects of the hydrogen ionisation and
radiation pressure instabilities and present observational constraints
using a sample of Galactic black hole binaries.

The paper is organised as follows. In Section 2, we detail the
main assumptions and equations leading to the relation between the
critical mass accretion rate and the orbital period on which the test
relies. Section 3 presents our sample of sources and describes the
data analysis and the method we used to estimate the mass-transfer
rate from the companion star. We present the results in Section 4
and discuss the outcomes in Section 5. The last section summarizes
and concludes this work.

2 A SIMPLE TEST OF THE DISC
INSTABILITY MODEL

An accretion disc is globally stable, and does not experience out-
bursts, whenever all its annuli are stable. The disc can be in a hot,
stable equilibrium if the local accretion rate M(R) is higher than the
critical accretion rate of the hot, ionized state, M (R), for all radii
R in the disc. Since M (R) increases with radius, this condition
can be fulfilled if the mass-transfer rate from the companion star,
My, is higher than the critical accretion rate at the outer radius
of the disc M (Roy). This is the standard scenario for persistent
X-ray binaries.

However, if Me, < Meq(Roy), the disc enters a limit cycle
behaviour, oscillating between the ionized state (outburst) and the
neutral state (quiescence), i.e. the system is transient.

When the effect of irradiation is neglected, the critical mass ac-
cretion rate above which a ring of matter located at a radius R is in
the stable hot state can be expressed as follows (Lasota, Dubus &
Kruk 2008, appendix A):

M = 8.07 x 10 (x({?‘m R,zoM Mfo'gg gs’l, (@))]

where M, is the mass of the compact object in solar units, & =
0.1, is the viscosity parameter and R = R 10'° cm. When ir-
radiation is taken into account, the critical accretion rate becomes
(Lasota et al. 2008, appendix A)

. 14 »—0.36 _0.04+0.011logC_3
Mcrit =9.5x10 673 (o7

2.39-0.10logC_3 » ,—0.644+0.08logC_3 _ —
xR} og C—3 M, 2Csgg 1 2)

)

where C = 1073 C_3 is the irradiation constant defined by the irra-

diation flux:
M2

o Tlfr =C 76 .
47R?

3)
The above expression of M. has been derived by investigating

the local vertical structure of an irradiated disc where X-ray heating

is limited to a thin layer above the disc and appears in the boundary

condition at the surface (see Dubus et al. 1999 for details):

Ty = Ty + T, )

surl

where T is the surface temperature and T is the effective tem-
perature in the absence of irradiation.

As mentioned previously, the overall disc will be stable if the
mass-transfer rate from the donor star M.y, is higher than the critical
accretion rate (equation 1 or 2) at the outer radius R,,. For a given
mass ratio ¢ = M,/M,, one can compute the ratio R,,/a between
the outer radius and the orbital separation following the calculations
given in e.g. Paczynski (1977). The orbital separation can then be

written as a function of the orbital period P (in h) using Kepler’s
law:

a=353%x10"M"(1+4¢) P cm. 5)
Consequently, for a given set of parameters «, C, M, and g, we
can derive a relation between the critical accretion rate at the outer
radius of the disc and the orbital period.

The test therefore consists in estimating the mass-transfer rate
of a sample of persistent and transient XRBs (BHs and NSs) with
known orbital periods and compare their position in a M P diagram
with the transient/persistent separation predicted by the M_io(P)
relation derived from the DIM.

Note that the irradiated case (equation 2) contains a free pa-
rameter, the irradiation constant C. The latter is a measure of the
fraction of the X-ray luminosity intercepted and thermalized in the
upper layers of the outer disc and, as such, contains information on
the irradiation geometry, radiative efficiency, X-ray albedo, X-ray
spectrum, etc. It is thus a poorly constrained quantity. Its constancy
can also be questioned. Esin, Lasota & Hynes (2000b) and Esin
et al. (2000a) present some evidence of changes of C during the
outbursts of GRO J1655—40, A0620—00 and GRS 1124—68. The
recent results on accretion disc winds in BH XRBs from Ponti et al.
(2012) also suggest a significant variation of the influence of irra-
diation during outbursts. Nonetheless, for simplicity, we restricted
ourselves to constant C in this study and started by assuming a value
of 1073 found to be compatible with the observed optical magni-
tudes and stability properties of persistent X-ray binaries (Dubus
et al. 1999). This value is also consistent with the results from e.g.
de Jong, van Paradijs & Augusteijn (1996) or Gierlinski, Done &
Page (2009) who found C ~ 1072 to 10~* by comparing irradiated
disc models to optical/ultraviolet and X-ray data.

3 DATA SELECTION AND ANALYSIS

To test the validity of the stability criteria (equations 1 and 2), we se-
lected a sample of 52 XRBs with known orbital periods, reasonably
well-sampled light curves and for which we think that accretion
proceeds via a disc. 23 of these contain a BH or a BH candidate
(BHC) and the other 29 host an NS. This is more than twice the
number of sources used in the original work by van Paradijs (1996).
We classified the sources as BH or NS according to the estimates of
the mass of the compact object and the detection of nuclear bursts.
If the BH nature of the compact object is only suggested by the
global spectral and temporal properties of the source, we classified
it as a BHC. However, the exact nature of the compact object has a
little influence on the results of the test since the M. (P) relation
derived from the DIM is very weakly dependent on the primary
mass (see Section 4).

All the sources in our sample are considered as low-mass XRBs
except the three BH systems Cyg X-1, LMC X-1 and LMC X-3
and the three NS systems SMC X-1, LMC X-4 and Cen X-3. These
objects likely host a high-mass companion star producing winds
that are later accreted by the compact object. However, the X-ray
spectrotemporal properties of these sources indicate the presence
of an accretion disc fed by these focused winds. In some cases (e.g.
Cen X-3), it is very likely that the companion star fills its Roche
lobe and therefore transfers mass through the L1 point in addition
to the winds. We therefore included them in our sample taking into
account that the size of the disc derived from the orbital period
might be overestimated.

The BH and NS samples contain, respectively, six and 17 sources
that we classified as persistent systems. To do so, we assumed that

© 2012 The Authors, MNRAS 424, 1991-2001
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the X-ray sky is well covered (~80-90 per cent) since 1970 (Chen,
Shrader & Livio 1997). If the source was discovered in the early
1970s or before and is active since then, we classified it as persistent.
By ‘active’, we mean here that it never went below the detection
threshold of the instruments that observed it throughout the years.

Note that two sources do not easily fit into this simplistic bimodal
classification. The BHCs and microquasars 1E 1740.7—2942 and
GRS 1758—258 have been discovered, respectively, by the Einstein
satellite in 1984 (Hertz & Grindlay 1984) and the Granat satellite
in 1990 (Mandrou 1990). Both sources are commonly considered
as persistent in the literature since they remained active since their
discovery. No X-ray source was identified at the location of 1E
1740.7—2942 during previous observations of the Galactic Centre
region by the satellites Uhuru, Ariel V and SAS-3 (see Pavlinsky,
Grebenev & Sunyaev 1992 and references therein). However, given
the variability of the source and the sensitivity and angular resolu-
tion of these instruments, we cannot exclude that 1E 1740.7—-2942
was already active but not detected.

In the case of GRS 1758—258, due to its proximity (~40 arcmin)
to the persistent NS Z-source GX 5-1, it is very likely that both
sources were considered the same before Granat was able to iden-
tify them separately (Levine et al. 1984 already suspected that the
hard X-ray flux assigned previously to GX 5-1 may originate from
another nearby X-ray source). Given that an X-ray source is already
present in the second Uhuru catalogue (Giacconi et al. 1972) at
a location consistent with GRS 1758—258, it is possible that the
source was already active before its identification. Bearing all these
considerations in mind, at first instance, we will treat these sources
as persistent.

We also stress that among the six persistent BH systems, three
of them are the high-mass XRBs mentioned previously and two of
them are the BHC 1E 1740.7—2942 and GRS 1758 —258 for which,
as we just warned, the persistent nature is unclear. The last one, 4U
19574115, agrees well with our persistency criterion. The source
remained persistently in soft states since its discovery (Wijnands,
Miller & van der Klis 2002) and recently provided very deep radio
upper limits supporting the jet-quenching paradigm in soft-state
black hole XRBs (Russell et al. 2011). The X-ray properties of
the source strongly suggest that the system is hosting a BH (see
e.g. Nowak et al. 2008) but there is no firm evidence on the nature
of the compact object. The persistent BH sample should thus be
considered with caution.

Note that the proportion of sources with known orbital periods
corresponds to ~50 per cent of the known sources in the case of BH
and about 30 per cent in the case of NS systems. These proportions
must be kept in mind with respect to the results of this study.
The sample we have selected might also be biased towards high-
inclination sources for which it is easier to determine the orbital
period.

For each source we selected, we list in Tables 1 and 2 the mass,
distance and orbital period we used for this study.

3.1 Estimating the mass-transfer rate

The bulk of the work presented here was to estimate, for each source,
the mass-transfer rate from the donor star. For persistent sources,
this task is fairly straightforward. If we assume that the accretion
rate in the disc, averaged over time, is equal to My, We can estimate
the latter by measuring the average X-ray luminosity

Lx = ﬁMextCZ, (6)

© 2012 The Authors, MNRAS 424, 1991-2001
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where c is the speed of light and 7 is the radiative efficiency of
accretion.

For transient systems, the standard procedure to estimate M.y, is
based on the assumption that the systems mainly store mass during
quiescence and accrete it suddenly during an outburst. The rate at
which the mass accumulates in the disc, M,ccum, can be estimated
from the integrated X-ray luminosity from the system during an
outburst, AE, and from the outburst recurrence time, At:

AE

Atne?’

If the mass accretion rate during quiescence is negligible as com-
pared to the mass-transfer rate from the secondary, we can then use
M ceum as a proxy for M. This assumption ignores the possibility
of a highly inefficient accretion flow which could hide a substantial
accretion of mass in quiescence (Narayan, Barret & McClintock
1997; Menou, Narayan & Lasota 1999). Furthermore, estimating
M peeum from X-ray emission alone does not take into account mass
loss through winds and jets (e.g. Fender, Gallo & Jonker 2003).
Consequently, for both reasons, our estimates of M,y should be
considered as lower limits to the actual mass-transfer rate.

For transient BH systems, the radiative efficiency may vary dur-
ing an outburst. It is generally thought that the accretion flow is
radiatively inefficient during faint hard state with n oc M, while it is
radiatively efficient during soft states with n ~ 0.1. In addition, the
total X-ray luminosity usually remains relatively constant (within
a factor of ~2, e.g. Zhang et al. 1997) during the hard-to-soft state
transition which does not suggest a drastic change in the radiative
efficiency. Therefore, during the bright hard-state phases, n should
not be significantly lower than 0.1. Consequently, we adopted the
following prescription for  when deriving M., for a transient BH
XRB:

M accum — (7)

M
=01—, for Lx < 1 per cent Lgqq,
n <0~01MEdd) X p Edd

n = 0.1, for Ly > 1 per cent Lgqq, ®)

where the Eddington accretion rate is defined by Lgqq = O. I Mggqc?.
Accretion on to NSs is assumed to be radiatively efficient due to
the presence of a solid surface on which the accreted material can
eventually radiate its remaining gravitational energy. We thus used
n = const = 0.1 to derive My, for NS systems. Note that we have
chosen 0.1 as the maximum value for 5, although the radiative
efficiency can reach higher values for matter rotating around highly
spinning BHs. However, 1 departs significantly from 0.1 only for
very high spin values (e.g. n ~ 0.2 for a spin of 0.9; Bardeen, Press
& Teukolsky 1972); therefore, this should not affect our results
significantly for most of our sources.

To obtain reliable measures of AE, we used all observations of the
binaries we selected which were publicly available in the archive of
the Rossi X-ray Timing Explorer (RXTE) satellite. The data reduc-
tion and model-fitting scheme are detailed in the next section. Some
objects we selected have been inactive since the launch of RXTE in
1995 December. We thus used estimates of either AE or M,y found
in the literature that we corrected for updated distance if necessary.
From model fitting to the X-ray spectra, we produced X-ray light
curves in the 0.1-200 keV energy band for each source. Then, we
fit the light curves with combinations of Gaussians or polynomial
functions to integrate the luminosity and derive the energy liberated
during each outburst. In the case where an outburst was covered by
the all sky monitor (ASM) but only partially covered by the Pro-
portional Counter Array (PCA) pointed observations (typically, the
rising phase was missing), we extrapolated the function used to fit
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Table 1. Black hole X-ray binary parameters.

Source Type M Mgp) D (kpc) Por, (h) Note
GRO J0422+32 T 3.97 £0.95 2.75 +£0.25 5.092
A 0620—-00 T 11.0+ 1.9 1.2+04 7.75
GRS 1009—45 T >39 57+£0.7 6.84
XTE J1118+480 T 8.53 1.8 £ 0.6 4.08
GS 1124—684 T 4-11 55+ 1.0 10.38
GS 1354—64 T >5.75 >25 61.07 (1)
4U 1543—-47 T 8.4-10.4 7.5+£0.5 26.8
XTE J1550—564 T 10.5+ 1.0 53423 37.25
XTE J1650—500 T >2.73 2.6 +0.7 7.63 2)
GRO J1655—-40 T 6.31+0.5 32402 62.88 3)
MAXI J1659—352 T, BHC 3.6-8.0 8.6 2.4 4)
GX 339—4 T >5.3 ~8 42.14 (5)
4U 1705-250 T >4.73 8.6 +2.0 12.54
Swift J1753.5—-0127 T, BHC - ~8 32 (6)
GRS 19154105 T 14+4 9.0+£3.0 739.2 (7)
GS 2000425 T 4.8-14.4 2.74+0.7 8.26
V404 Cyg (GS 2023+338) T 12+£2 2.394+0.14 155.4 (8)
1E 1740.7—2942 P?, BHC - ~8.5 305.5 )
GRS 1758—258 P?, BHC - ~8.5 442.8 9)
4U 19574115 P, BHC - >7 9.33 (10)
Cyg X-1 P, HMXB 148+ 1.0 1.86 £ 0.12 1344 (11)
LMC X-1 P, HMXB 1091 £ 1.41 48.10 £2.22 93.6 (12)
LMC X-3 P, HMXB 11.1+14 52.0+£0.6 40.8 (13)

Column 1: the source name. Column 2: “T” and ‘P’ indicate the transient and persistent systems, respectively.
‘HMXB’ indicates a high-mass X-ray binary. Column 3: the mass of the compact object. Column 4: the
distance to the source. Column 5: the orbital period of the system. Unless otherwise stated, parameters are
from Liu, van Paradijs & van den Heuvel (2005, 2006, 2007) and Jonker & Nelemans (2004).

Note. (1) Lower limit on the distance from Casares et al. (2009). (2) Distance from Homan et al. (2006). (3)
Note that Foellmi (2009) argues for an upper limit to the distance of 2kpc. (4) Parameters from Kuulkers
et al. (2012) and Yamaoka et al. (2012). (5) Distance from Zdziarski et al. (2004). (6) Parameters from Zurita
et al. (2008) and Cadolle Bel et al. (2007). (7) Orbital period from Neil, Bailyn & Cobb (2007) and distance
from Fender et al. (1999) and Chapuis & Corbel (2004). (8) Distance from Miller-Jones et al. (2009). (9) No
estimate of the mass of the compact object. We adopted a Galactic Centre distance for the source. Orbital
period from Smith, Heindl & Swank (2002). (10) Distance from Yao et al. (2008) and Nowak et al. (2008) (see
also Nowak et al. 2012), orbital period from Thorstensen (1987) and Bayless et al. (2011). (11) Mass from
Orosz et al. (2011), distance from Reid et al. (2011) and orbital period from Brocksopp et al. (1999). (12)
Parameters from Orosz et al. (2009). (13) Mass from Gierlifiski, Maciotek-NiedZzwiecki & Ebisawa (2001),

distance from di Benedetto (1997) and orbital period from Hutchings et al. (2003).

the PCA light curve in order to match the shape of the ASM light
curve. If the outburst was entirely missed by the PCA, we estimated
the total energy liberated using the ASM light curve and the con-
version of 1 ASM count s~! to 7.7 x 107 ergs~! cm™2 proposed
by in’t Zand et al. (2007).

Some objects underwent several outbursts, which allows for a
precise estimate of the recurrence time. Some other entered only
once into an active phase. In that case, we used a lower limit to At
(leading to an upper limit to M.y) by considering that the X-ray
sky is well covered since 1970 (Chen et al. 1997). Therefore, At >
max(Aty970, Atao12), where Atjg70 and Atygyo are the times elapsed
from 1970 to the outburst start date and from the outburst to 2012,
respectively.

3.2 RXTE data reduction

We reduced RXTE data using the HEASOFT software package ver-
sion 6.11 following the standard procedure described in the RXTE
cookbook.!

! http://heasarc.gsfc.nasa.gov/docs/xte/data_analysis.html

We extracted spectra from the PCA (Jahoda et al. 2006) for which
we only used the Proportional Counter Unit (PCU) 2. This is the
only operational unit across all the mission and is the best calibrated
detector out of the five PCUs. A systematic error of 1 per cent was
added to all channels. We obtained hard X-ray spectra from the
High Energy Timing Experiment (HEXTE) using both clusters A
and B until 2005 December. After this date, due to problems in
the rocking motion of cluster A, we extracted spectra from cluster
B only. On 2009 December 14, cluster B stopped rocking as well.
From this date, we thus used only PCA data in our analysis.

3.3 Model fitting

We performed simultaneous fits to the PCA and HEXTE spectra in
xspeC version 12.7.0 (Arnaud 1996) using a floating normalization
constant to allow for cross-calibration uncertainties. Channels out
of the 3-50keV range for PCA spectra and out of the 20-200 keV
range for HEXTE spectra were ignored from the fit.

The main objective of the X-ray spectral analysis was to obtain
a reasonable estimate of the bolometric luminosity. We have cho-
sen the 0.1-200 keV band as a proxy for the bolometric luminosity.
Note that the RXTE data do not constrain the models outside of

© 2012 The Authors, MNRAS 424, 1991-2001
Monthly Notices of the Royal Astronomical Society © 2012 RAS

2202 Yote|\ 81 uo 1senb Aq £G69.6/1661/E/¥ZY/oIME/SEIuW/WOD dNO"dlWapede//:Ssdny WOy papeojumoq



Table 2. Neutron star X-ray binary parameters.
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Source Type M Mgp) D (kpc) Porw (h) Note
IGR J00291+5934 T - 2.6-3.6 2.46

EXO 0748—676 T - 5.9-7.7 3.82

Cen X-4 T 1.3+0.6 1.24+0.2 15.10

4U 1608—52 T - 2.8-3.8 12.89

XTE J1710-281 T - 12-16 3.28

1A 1744-361 T - <9 1.62

GRS 1747-312 T - 9.5+3.0 12.36

XTE J1751-305 T - ~8.5 0.71

SAX J1808.4—3658 T <227 3.4-3.6 2.01

XTE J1814—338 T - 80+£1.6 4.27

Aql X-1 T - 4.4-59 18.95

XTE J2123-058 T 1.54+0.3 85+£25 5.96

LMC X-2 P - 50+2 8.16

4U 06144091 P - 2-3 0.8 (1)
4U 1323-62 P - ~10 2.9

Sco X-1 P - 2.84+0.3 18.9

4U 1636—536 P - 3.7-4.9 3.8

GX 34942 P - 50£1.5 22.5 2)
Her X-1 P 1.1+04 6.6 0.4 40.8 3)
4U 1735—444 P >0.1 8.0-10.8 4.6

4U 1746—370 P - 11.0 5.16

4U 1820—303 P - 7.6 +£04 0.19 “4)
4U 1850—087 P - 82+0.6 0.34 4)
4U 1916—053 P - 89+13 0.83

4U 2129+12 (AC 211) P - 103+ 04 5.96 4)
Cyg X-2 P 1.78 £ 0.23 72+ 1.1 236.2

SMC X-1 P, HMXB 1.04 + 0.08 60 93.36 3)
LMC X-4 P, HMXB 1.29 + 0.05 50 33.79 3)
Cen X-3 P, HMXB 1.49 +0.08 9+1 50.16 3)

Column 1: the source name. Column 2: ‘T* and ‘P’ indicate the transient and persistent systems,
respectively. ‘HMXB’ indicates a high-mass X-ray binary. Column 3: the mass of the compact object.
Column 4: the distance to the source. Column 5: the orbital period of the system. Unless otherwise
stated, parameters are from Liu et al. (2005, 2006, 2007) and Jonker & Nelemans (2004).

Note. (1) Orbital period from in’t Zand, Jonker & Markwardt (2007). (2) Distance from Christian &
Swank (1997). (3) Mass from Rawls et al. (2011). (4) Distance from Kuulkers et al. (2003).

the 3-200 keV range. The 0.1-200 keV flux is thus obtained by ex-
trapolating the best-fitting models using an energy response matrix
extended down to 0.1 keV (using the extend command in XSPEC).

By choosing the 0.1-200 keV flux as a proxy for the bolometric
flux, we are neglecting a fraction of the accretion luminosity. To
estimate the importance of this missing fraction, we simulated with
XsPEC an irradiated accretion disc with a Comptonization component
using the DISKIR model (Gierlifiski, Done & Page 2008; Gierliriski
et al. 2009). Very briefly, this model is an extension of the DISKBB
model that includes Comptonization of the blackbody disc’s photons
by a corona of hot electrons (based on NTHCOMP; Zdziarski, Johnson
& Magdziarz 1996; Zycki, Done & Smith 1999), as well as disc
irradiation of both the inner and outer regions of the disc. We first
simulated typical soft- and hard-state spectra of BH XRBs using
the parameters given in Gierliriski et al. (2009). We then calculated
the ratio between the 0.1-200keV flux and the 107°500keV flux
(chosen to represent the bolometric flux). We found that, in the less
favourable case, the 0.1-200 keV flux represents 75 per cent of the
bolometric flux.

However, since we fit the data above 3keV only, we also need
to consider the case where the disc was missed because its con-
tribution above 3 keV was not significant enough (typically when
kTgise < 0.4keV). Extrapolating our best-fitting model down to
0.1keV implies that we only considered the contribution of the
Comptonization component in the 0.1-3keV band and therefore

© 2012 The Authors, MNRAS 424, 1991-2001
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probably missed a significant fraction of the bolometric flux. To
estimate the fraction we missed in these particular cases, we simu-
lated a hard-state spectrum using DISKIR with k7 4;sc = 0.4 keV and
measured the bolometric flux. We then compared the latter with the
0.1-200 ke V flux obtained using a simple (power law + high energy
cut-off) model with the same normalization and spectral parame-
ters than the Comptonization component of the DISKIR spectrum.
We found that the 0.1-200 keV in that case represents ~50 per cent
of the bolometric flux. Consequently, during observations where
the disc’s inner temperature is low, we might underestimate the
bolometric flux by a factor of 2. However, these situations occur
essentially during the low-luminosity states. For the purpose of
estimating the mass-transfer rate, we are mainly interested in the
high-luminosity states where most of the mass is accreted. There-
fore, our results should not be affected significantly.

A significant variation of the hydrogen column density may occur
during the outburst of transient XRBs (see e.g. Cabanac et al. 2009,
but also Miller et al. 2009). However, the PCA response falls below
2 keV and does not allow the interstellar absorption to be constrained
properly. We thus fixed the Ny to the commonly accepted values for
the binaries. We used the photoelectric absorption model PHABS
using abundances of Wilms, Allen & McCray (2000) and cross-
sections of Balucinska-Church & McCammon (1992).

Given the high number of spectra to model, we automated the fit-
ting procedure. For BH sources, we followed the method described
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Table 3. Black hole X-ray binaries.

Table 4. Neutron star X-ray binaries.

Source Mcxt Atay Mcxl/Mcril Source Mcxt Atay Mcxt/Mcrit
(gs™h) ) (gs7h) ()
GRO J0422+432 <1.7x 104 >22 <2.6 x 1072 IGR J00291+5934 3.2 x 10 3 2.3 x 1072
A0620—00 3.4 x 1015 ¢@ 58 2.7 x 1072 EXO 0748—676 <2.8 x 100 >28 <1.0
GRS 1009—45 <1.7 x 1010 @ >23 <0.16 Cen X-4 2.4 x 1015 ¢ 10 1.0 x 1072
XTE J1118+480 1.3 x 100 5 0.28 4U 1608—52 6.1 x 100 0.56 0.33
GS 1124—684 <2.1 x 10104 >21 <0.10 XTE J1710—281 <1.0 x 101° >28 <0.86
GS 1354—64 >1.0 x 10"7 10 >2.9 x 1072 1A 1744—361 <1.1 x 100 20 <15
4U 154347 7.1 x 100 10 7.7 x 1072 GRS 1747-312 7.1 x 106 0.37 0.40
XTE J1550—564 1.0 x 10" 20 6.5 x 1072 XTE J1751-305 3.8 x 10 3.8¢ 0.20
XTE J1650—500 <6.9 x 101 >31 <55x%x 1072 SAX J1808.4—3658 1.1 x 101 2 0.11
GRO J1655—40 5.5 x 1010 10 1.6 x 1072 XTE J1814—338 <3.8 x 10 >33 <12 x 1072
MAXI J1659—352 8.9 x 1013 >40 <0.44 Aql X-1 3.8 x 1016 0.55 0.11
GX 339—4 8.0 x 10'7 2 0.43 XTE J2123—058 <43 x 10" >28 <78 x 1073
4U 1705-250 <1.8 x 101T6“ >24 <6.5 x 1072 Vo 24 % 1018 B .
Swift J1753.5—0127 <72 x 10 >35 <23 16
18 > 4U 06144091 2.9 x 10 - 13
GRS 1915+105 <9.8 x 10 >22 <5.5 x 10 Pt 61 % 1016 - 15
GS 2000425 <4.1 x 1015 @ >23 <29 x 1072 Seo X1 18 x 1018 55
16 a b -3 - . - .
V404 Cyg 59 x 10 25 3.9 % 10 AU 1636536 79 % 1016 - 5o
1E 1740.7—2942 3.4 x 1018 - 7.7 x 1072 GX 34942 1.5 x 10'8 - 34
GRS 1758—258 42 % 10'8 - 5.3 x 1072 Her X-1 8.0 x 10" - 0.68
4U 19574115 >9.2 x 100 - >0.54 4U 1735—-444 4.0 x 1077 - 11
Cyg X-1 8.9 x 10" - <7.5 x 1072 4U 1746—370 2.6 x 107 - 6.0
LMC X-1 4.1 x 10'8 - <0.61 4U 1820—303 7.9 x 10'0 - 3.4 x 10%
LMC X-3 42 % 10'8 - <2.34 4U 1850—087 2.4 x 100 - 41
16
“Estimated from outburst fluences given in Chen et al. (1997). bRecurrence 4U 1916053 8.2 x 10,7 B 34
time estimated from Richter (1989) 4U 2129+12 25310 - 46
’ Cyg X-2 1.9 x 10'8 - 0.1
SMC X-1 5.5 x 1018 - 1.3
in Dunn et al. (2010) for which we refer the reader for full details. LMC X-4 6.7 x 108 - 7.7
Cen X-3 9.4 x 107 - 0.58

For NS systems, we followed Lin, Remillard & Homan (2007) and
adopted their hybrid model (blackbody + broken power law for
hard states and disc blackbody + blackbody + constrained broken
power law for soft states) to fit the spectra. A full description of the
model and its performance against several desirability criteria (e.g.
Lx oc T*) are given in Lin et al. (2007).

Tables 3 and 4 present our estimates of the mass-transfer rate and
the average outburst recurrence time (if relevant) for our BH and
NS samples, respectively.

3.4 Dominant sources of uncertainty in the estimate of My

The value of M., we derive using the method described above will
of course depend on the estimate of the distance to the source. If we
assume an error of 25 per cent on the distance, this will introduce
an uncertainty of a factor of 2 on the estimate of M., However,
one can calculate using Tables 1 and 2 that the average error on the
distance for the sources of our sample is ~20 per cent for the BHs
and ~15 per cent for the NSs. Therefore, an uncertainty of a factor
of 2 on the value of M., should be representative.

Owing to the smaller projected area of the disc, edge-on systems
appear less luminous than face-one systems for the same intrinsic
luminosity. The observed apparent X-ray luminosity is reduced by a
factor of ~cos i, where i is the angle between the line of sight and the
rotation axis of the disc. Inclination could also affect the observed
X-ray luminosity if e.g. the disc starts to become geometrically thick
and self-screens part of its inner regions, and/or if an equatorial
wind from the disc becomes optically thick, so that the luminosity
seen at high inclinations is lower than the intrinsic flux seen at low
inclinations. If these effects are significant, the mass-transfer rate
we infer from the total X-ray luminosity would be underestimated.

“Estimated from outburst fluences given in Chen et al. (1997). bRecurrence
time and accretion rate estimated from the activity of the source since 2003.
“From Markwardt et al. (2002).

Errors introduced by the model-fitting procedure are not easy to
estimate given that we extrapolate the models out of the energy
range covered by the data. After running several tests comparing
fluxes obtained using extrapolated models from RXTE data only
and fluxes obtained with models constrained at low energies by
Swift data, we estimated that a typical error of a factor of 2 on
the outburst fluences (flux integrated over time) introduced by the
fitting procedure should be reasonable.

An additional uncertainty is introduced by the efficiency factor n
with which gravitational energy is transformed to radiation and how
representative the flux is for the mass accretion rate. However, the
main contribution to the total energy liberated during an outburst
arises mostly from the brightest phases where we assume n = 0.1.
This value is usually considered as an upper limit on the actual
radiative efficiency for most of the sources, which means a lower
limit on M,,. Therefore, this strengthen our previous caveat on our
estimates of the mass-transfer rate.

Estimating the mass-transfer rate in transient systems partly relies
on how precisely we are able to estimate the recurrence time, which
in turn depends on how we define quiescence and outburst. As
a basic definition, we considered that an outburst started (ended)
when the source went above (below) the detection level of the ASM
or the PCA depending on which one was the first (last) to detect
it. Although very crude and instrument dependent, this is the best
definition we can use since regular monitoring of sources at very low
luminosity is not yet possible. Since this definition of quiescence
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Table 5. Impact of the main sources of uncertainty.

Source of uncertainty Impact on Mey

High quiescent M Underestimated
Mass loss through winds and jets Underestimated
25 per cent uncertainty on distance  Error of a factor of 2
Inclination effects Underestimated
Fitting procedure Error of a factor of 2
Radiative efficiency overestimated ~ Underestimated
Recurrence time overestimated Underestimated

will systematically overestimate the interoutburst time, this will lead
to a lower limit on the actual mass-transfer rate, strengthening again
our previous caveat. For sources with a decades-long quiescent
period, an overestimate of the order of weeks or even month on
the recurrence time will have a negligible impact on the estimate
of M.y For sources with a short recurrence time (At < 2 yr, e.g.
GX 339—4 for the BHs or Agl X-1 and 4U 1608—52 for the NSs),
overestimating At by 50 per cent will underestimate M., by a factor
of 1.5.

The last point should be stressed regarding the recurrence time.
Many examples of transient sources show interoutburst times vary-
ing from one to more than 10 years for the same binary system
which can lead to significant errors if one uses an averaged value
of At. Moreover, for several sources, the duration of an outburst
is comparable or even greater than the time spent in quiescence
(e.g. GX 339—4 since 2002). Since the total mass accreted during
an outburst should correspond to the mass accumulated in the disc

Revisiting a fundamental test of the DIM 1997

during quiescence plus the mass transferred to it during the out-
burst, neglecting the duration of the outburst in estimating Af can
overestimate M., by a factor of 2. To minimize this, we calculated
M., for each individual outburst by dividing the total energy liber-
ated during the outburst by the time elapsed between the end of the
previous outburst and the end of the studied one. We then averaged
the values of M., obtained for each individual outburst.

Table 5 summarizes the impact of the main sources of uncertainty
on the estimates of the mass-transfer rate. It appears from this table
that a symmetric error of a factor of 3 (quadratic sum of two factors
of 2) should be taken into account but that, overall, M, is likely
underestimated.

4 RESULTS AND DISCUSSION

Figs 1 and 2 plot the mass-transfer rate against the orbital period for
the NS and BH sources, respectively, together with the predicted
separation between the transient and the persistent systems in the
irradiated and non-irradiated cases. To plot the stability criteria,
we assumed o = 0.1 and C = 1073. For the BH systems, we
assumed a primary mass M varying between 3 and 15 M, and for
NSs we assumed M| = 1.4 M. Finally, for both types of systems
we considered a mass ratio ¢ varying between 0.1 and 1. Using
the above parameter space, the stability criteria can be written as
My = kP}f’ with, for the non-irradiated case, b = 1.76, and k =
(2.6 £ 0.9) x 10' for both the BH and the NS. In the irradiated
case, b =1.59, k = (3.9 & 1.6) x 10" for the BH and k = (2.9 +
0.9) x 10" for the NS. The stability limits are represented by the
shaded grey areas in Figs 1 and 2.
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Figure 1. Mass-transfer rate as a function of the orbital period for XRBs with NSs. The transient and persistent LMXBs have been indicated with filled and
open symbols, respectively, while the crosses indicate the high-mass, persistent systems. The shaded grey areas indicated by ‘DIM irr’ and ‘DIM non-irr’
represent the separation between the persistent (above) and the transient systems (below) according to the DIM, respectively, when irradiation is taken into
account and when it is neglected. The horizontal dashed line indicates the Eddington accretion rate for a 1.4 M NS. The upper limits on the mass-transfer
rate are due to lower limits on the recurrence time except for 1A 1744—361 for which it arises from an upper limit on the distance to the source. The three left
closed arrows do not indicate actual upper limits on the orbital period of SMC X-1, LMC X-4 and Cen X-3. They emphasize that the radius of any accretion
disc in these three high-mass XRBs is likely to be smaller than the one derived from the orbital period since they likely transfer mass by a (possibly focused)
stellar wind instead of (or in addition to) fully developed Roche lobe overflow. In the legend, the solid horizontal line separates the transient and the persistent
systems. The dashed horizontal line separates the low- and high-mass persistent systems. We can note from this plot that the irradiated DIM seems to reproduce

the transient—persistent division very well.
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Figure 2. Mass-transfer rate as a function of the orbital period for XRBs with BHs. The transient and the persistent sources have been indicated with filled
and open symbols, respectively. The shaded grey areas indicated by ‘DIM irr’ and ‘DIM non-irt’ represent the separation between the persistent (above) and
the transient systems (below) according to the DIM, respectively, when irradiation is taken into account and when it is neglected. The horizontal dashed line
indicates the Eddington accretion rate for a 10 M BH. All the upper limits on the mass-transfer rate are due to lower limits on the recurrence time. The upper
limits on the mass-transfer rate of 4U 19574115 and GS 1354 —64 result from lower limits on the distance to the sources. The three left closed arrows do not
indicate actual upper limits on the orbital period of Cyg X-1, LMC X-1 and LMC X-3. They emphasize that the radius of any accretion disc in these three
high-mass XRBs is likely to be smaller than the one derived from the orbital period since they likely transfer mass by a (possibly focused) stellar wind instead
of fully developed Roche lobe overflow. In the legend, the solid horizontal line separates the transient and the persistent systems. The dashed horizontal line
stresses that the persistent nature of 1E 1740.7—2942 and GRS 1758—258 is unclear (see Section 3).

4.1 Neutron stars

From a global standpoint, the NS data are in very good agreement
with the theoretical predictions of the irradiated DIM. Indeed, we
note that the stability line draws a fairly accurate limit between
the persistent and the transient sources. Assuming that the main
uncertainty in deriving the stability criterion lies in the irradia-
tion constant C, we can use the narrow separation between the two
groups of sources to roughly constrain its value. As we see in Fig. 1,
for the value C = 10~ we initially assumed, the persistent sources
4U 2129+12 and Her X-1 lie already on the stability line. If we
increase the irradiation constant, the line shifts towards lower mass-
transfer rate and for C = 1072 it reaches the transient systems 4U
1608—52, GRS 1747—312 and XTE J1751-305. Consequently,
if the physical parameters assumed to derive the stability crite-
rion are correct as well as our estimates of the mass-transfer rates,
the irradiation constant for NS XRBs should range between 1072
and 1073,

4.1.1 Cyg X-2

The only binary in our NS sample that does not agree with the
DIM prediction is the persistent Z-source Cyg X-2 which should
be transient according to its position in the diagram. However, the
irradiated DIM predicts that the critical mass-transfer rate corre-
sponding to the large orbital period of Cyg X-2 should be an order
of magnitude above the Eddington limit for a 1.4 M NS. Since
we derived M.y, from the (supposedly Eddington-limited) X-ray

luminosity, we might significantly underestimate the actual mass
transfer at the outer edge of the disc. If the latter is truly an order
of magnitude above Mgy, either the X-ray-emitting flow becomes
radiatively inefficient or outflows carry away 90 per cent of the mass
transferred from the donor star or the DIM has to be modified to
properly describe super-Eddington accreting systems (for instance,
to consider an Eddington-limited irradiating flux).

Another explanation would be that Cyg X-2 is in fact a tran-
sient source undergoing a very long outburst in a way similar to
the well-known BH transient GRS 1915+105. Long orbital period
systems imply large accretion discs which can potentially accumu-
late enough mass to fuel a decades-long outburst. To test this idea,
we estimated the disc mass of Cyg X-2 before the onset of a hy-
pothetical outburst using equation (8) of Truss & Done (2006) and
the expression of the critical density of the cold neutral state (X_;,)
given in Lasota et al. (2008, appendix A). We obtained” a disc mass
Mg = 2.5 x 10*%g. Assuming that the matter is accreted on to
the compact object at the Eddington rate, such a disc should be
able to sustain a >80 years long outburst. Given that Cyg X-2 was
discovered 46 years ago, it could indeed be a transient source.

2 Note that, following Truss & Done (2006), we also integrated the surface
density over a portion of the disc comprised between 0.1Rgisc and Rgisc, but
we rather assumed an average surface density of X_;(0.2Rgisc) instead of
2 it (0.1 Rgisc) assumed by Truss & Done (2006). We thought that this value
was slightly more consistent with the results of Dubus et al. (2001).
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4.1.2 Remarks

It is also worth noting that the Z-sources of our sample (Sco X-1,
Cyg X-2, LMC X-2 and GX 349+-2) lie on or very close to the
Eddington limit, in agreement with the known characteristic of this
class of NS XRBs. We note as well that the high-mass systems SMC
X-1 and LMC X-4 are accreting at a super-Eddington rate, which is
also a known possible characteristic of accretion on to X-ray pulsars
(Basko & Sunyaev 1976).

4.2 Black holes

The result of the test for the BH sources is also in good agreement
with the theoretical expectations. However, the low number of per-
sistent sources, the uncertainties associated with their nature and the
numerous upper or lower limits due to an unconstrained recurrence
time or distance weaken the significance of the test. Beyond this
general assessment, we discuss below some individual cases that do
not clearly fit into this global picture.

4.2.1 IE 1740.7—2942 and GRS 1758—258

These two persistent sources should be transient, according to their
position in the diagram. As already discussed in this paper, their
classification as persistent sources is unclear and given their large
orbital period, decades-long outbursts are definitely not excluded.
On the other hand, their orbital periods have been derived from
modulations observed in their long-term RXTE light curves (Smith
et al. 2002) which might be less reliable than an optical determina-
tion. Consequently, we cannot exclude shorter orbital periods which
could shift their position in the ‘persistent zone’ of the diagram. For
the above-mentioned reasons, we will not consider these sources as
contradictory to the DIM predictions.

4.2.2 The size of the disc in Cyg X-1

We note in Fig. 2 that Cyg X-1 lies below the stability line of the
irradiated DIM. However, as we mentioned previously, the size of
its accretion disc might be smaller than the one derived through
its orbital period. If the persistent/transient division is correctly
described by the irradiated DIM, we can estimate an upper limit on
the size of the disc of Cyg X-1, so that it is a persistent source given
its mass-transfer rate. Equating equation (2) with our estimated M.
for Cyg X-1 and using a BH mass of 14.8 My we obtain an outer
disc radius of 3.6 x 10" cm. This implies that the accretion disc of
Cyg X-1 should be at least three times smaller than the size derived
assuming Roche lobe overflow.

4.2.3 Is Swift J1753.5—0127 a new persistent source?

Swift J1753.5—0127 was discovered by the Burst Alert Telescope
(BAT) on board Swift on 2005 May 30 (Palmer et al. 2005) and,
at the time of writing, is still undergoing the same outburst. No
transition to the canonical soft state has been reported so far and the
source always remained in hard states (Soleri et al. in preparation).
Given its particularly long outburst, its short orbital period (3.2 h)
and its position in the diagram of Fig. 2 (i.e. in the persistent zone),
we investigated the possibility that Swift J1753.5—0127 is a ‘new
persistent system’. We estimated an upper limit to the mass of the
disc at the onset of the outburst by assuming that the surface density
at all radii is equal to the critical surface density required to trigger

© 2012 The Authors, MNRAS 424, 1991-2001
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an outburst.’ Given that the disc mass increases with radius, we
assumed a 15 M BH and obtained Mg, = 2.2 x 10g. The
0.1-200 keV light curve integrated over time then gives us the total
mass accreted from the start of the outburst until 2012 January 1:
Myeer = 6.6 % 1025g. To estimate M,..., we used the lower limit
to the distance to the source (7.2kpc; Zurita et al. 2008) and a
radiative efficiency n = 0.1. If the lower limit to the distance is
correct, M, .., should be considered as a lower limit to the total
mass accreted since the fluence in the 0.1-200 keV range leads to
a lower limit on the mass accreted. Consequently, even assuming
that the entire (maximum) disc mass was consumed in the outburst,
the lower limit of the mass accreted so far is three times higher
and the outburst is still ongoing. If we assume that the difference
between the mass accreted and the disc mass has been transferred
by the donor star along the outburst, we derive a mass-transfer rate
of Mgy ~ 2 x 107 gs~! which is an order of magnitude above
the critical mass accretion rate. Although very simple and crude,
this calculation could indicate that Swift J1753.5—0127 is a newly
born persistent source. However, considering the extremely low
probability of observing such an event, it is likely that the mass-
transfer rate is in fact enhanced during the outburst by e.g. irradiation
of the donor star. If our calculation is realistic, the enhanced M.y, is
greater than the critical accretion rate, which means that the outburst
will last until the enhancement of the mass transfer weakens.

4.3 A measure of the source activity — the transientness
parameter

From a theoretical point of view, for a given orbital period, we
would expect transient systems located closer to the stability line to
be more active, i.e. to undergo outbursts more regularly. Indeed, for
a given size of the disc, the time needed to ‘refill’ the disc after an
outburst and reach the critical density necessary to enter in a new
outburst will be lower if the mass-transfer rate from the companion is
higher. To test this idea, we can define the ‘transientness’ parameter
of a source as the ratio between the estimated mass-transfer rate
and the critical accretion rate calculated for the orbital period of the
source. Tables 3 and 4 give the values of the transientness for our
selected sources.

The transientness of different sources can then be compared with
their average recurrence time. From the DIM point of view, we
expect the average recurrence time to decrease with the transient-
ness. However, the DIM, in its standard form, predicts a regular
recurrence time and identical outbursts, which is not observed in
the majority of cases. In particular, some weak outbursts might be
only echoes (i.e. XTE J1550—564, see below) of a ‘real” outburst
as defined by the DIM. To estimate the average recurrence time
of a given system, we therefore averaged the interoutburst times
weighted by the fluence of their subsequent outburst. This should
minimize the bias introduced by a short recurrence time leading to
weak outbursts.

Note that the BH system XTE J1550—564 underwent a ma-
jor outburst in 1998 (the year of its discovery) followed by four
weak outbursts, one every year, until 2003. Since then, the source
remained in quiescence. Estimating the average recurrence time is
thus relatively complex in this case. In order to take into account the

3 This assumption leads to an upper limit on the mass of the disc since the
only requirement to trigger an outburst according to the DIM is that the
surface density is above the critical value at a single radius only.
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Figure 4. Average recurrence time as a function of the transientness param-
eter (Mcx[/Mcm; see Section 4.3) for the BH sample.

interoutburst time preceding the major outburst in 1998, we calcu-
lated the time necessary to accumulate the mass that was accreted
during the 1998 outburst using our estimate of the mass-transfer
rate. We obtained ~28 years, which led to a weighted average re-
currence time of 20 years when including the four other interoutburst
times.

Figs 3 and 4 present the recurrence time as a function of the
transientness for the NSs and the BHs, respectively. We have only
selected sources for which the recurrence time is constrained by
at least two outbursts. The error bars are presented for indicative
purpose and correspond to uncertainties of a factor of 3 on the mass-
transfer rate and of 20 per cent on the recurrence time. Given the
large uncertainties, we cannot draw firm and quantitative conclu-
sions on the relation between the transientness and the recurrence
time, but we note clear trends in these two figures which are con-
sistent with the DIM predictions: systems with higher transientness
tend to undergo outbursts more frequently. This result strengthens
again the DIM as the correct model to describe the global long-term
activity of X-ray binaries.

5 SUMMARY AND CONCLUSION

We have revisited and refined a simple yet fundamental test of the
DIM for X-ray binaries, first carried out by van Paradijs (1996).

Our work included a sample of 52 sources and confirmed that the
DIM is able to explain the dichotomy between the transient and the
persistent sources as long as irradiation is taken into account.

In the case of NSs, the data are in precise agreement with the DIM
predictions which allowed us to constrain the irradiation constant
between 1072 and 1073, Although less constrained by the data due
to the low number of persistent sources and the numerous upper and
lower limits, the BH sources appear also in good agreement with
the stability criterion predicted by the DIM.

We then discussed some individual cases which do not clearly fit
into this general conclusion, and mainly showed that the classifica-
tion of a source as a persistent system is arbitrary if the accretion
disc is large enough to produce an outburst longer than our histor-
ical record of its activity. We also emphasized the peculiar case of
the BH candidate Swift J1753.5—0127 which might have already
accreted more mass than the total maximum mass of its accretion
disc. This points towards a mass-transfer rate higher than the critical
accretion rate.

Finally, we introduce the transientness parameter as a measure
of the activity of a source and show a clear trend of the average
recurrence time to decrease with transientness in agreement with
the DIM expectations.

We therefore conclude that, despite some difficulties in repro-
ducing the complex details of the light curves, the DIM succeeds in
explaining the global behaviour of X-ray binaries averaged over a
long enough period of time.
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