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1. Introduction

Supergiant Fast X-ray transients (SFXTs) are a new class of highXra@ssbinaries (HMXB),
recently discovered wittNTEGRAL These sources are observed to exhibit sporadic outbursts, last-
ing from minutes to hours, with peak X-ray luminosities betwed®*® and 1§” erg s (Sguera et
al., 2005). No firm orbital period measurement has been obtainédAeecent list of confirmed
(~5) and candidate~6) SFXTs is given by Walter & Zurita Heras (2007). Between outbursts,
SFXTs remain in quiescence with luminosities in the rang®®1-10%3 erg s'1. In some cases,
very high peak-to-quiescence X-ray luminosity swings (factoraf*-10°) have been seen on
timescales comparable to the outburst duration (e.g., In't Zand, 2008)e S&XTs showed also
flare-like activity at intermediate luminosity levels (e.g., Walter et al., 2006). @pdentifications
of SFXTs show that these sources are associated to OB supergiarariomstars (see e.g., Walter
& Zurita Heras, 2007, and reference therein). These stars havallymanass of M~30M,,, op-
tical luminosity of log (L/L-)~5-6, mass loss rate &f,=10"7-10"°> M, yr1, wind velocity of
Vw~1000-2000 km st, and are persistent soft X-ray sources with luminosity arouht? erg s 1
(Cassinelli et al., 1981).

Itis widely believed that SFXTs contain neutron stars (NS) sporadicatiyeting matter from
a supergiant companion, and in the prototypical SFXTs XTE J1739-8@2efa et al., 2006) and
IGR J16479-4514 (Walter et al., 2006) some evidence has been @ portepin periods in the
~1000-2000 s range. Proposed models for SFXTs generally involvetamtonto a NS immersed
in the clumpy wind of its supergiant companion (In't Zand, 2005; Walter &itAduHeras, 2007).
However, if accretion onto the collapsed object of SFXTs takes placeitghiescence and out-
burst, then the corresponding X-ray luminosity swing, typically a factes1d*-10°, would require
wind inhomogeneities with a very large density and/or velocity contrast fdicgpto the standard

1only IGRJ11215-5952 showed recurrent flaring activity, with a pégigdof ~165 d. This is interpreted as
outbursts from a systems with an unusually long orbital period (Sidoli €2@0.7). Thus Walter & Zurita Heras (2007)
excluded these sources from their SFXT list.
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Figure 1: Schematic view of a magnetized NS interacting with the inflgaimatter from its supergiant companion. All the regimes
described in the text are shown, together with the relat&ition of the magnetospheric radius (solid line), the atioh radius (dashed
line), and the accretion radius (dotted line). A wavy sailietlis used when the magnetospheric boundary at the magnetasgitius

is Kelvin-Helmholtz unstable. In the supersonic and sulisprmbpeller regime convective motions at the base of the atneospre
represented with small eddies.

wind accretion, the mass capture rate onto the NS scaleMM“ Davidson & Ostriker, 1979).
Models involving accretion of extremely dense clumps are still being activelyued (Negueruela
et al., 2008). The requirement on the density and/or velocity contrasts imitliecan be eased

if there is abarrier that remains closed during quiescence, halting most of the accretion fidw, a
opens up in outbursts, leading to direct accretion. After reviewing btileiyheory of wind accre-
tion in HMXBs (8 2 and 3), we apply barrier scenarios to SFXTs in § 4 andlcdle that if SFXTs
host slowly rotating NSs (spin periods of several hundreds to thosssewbnds), then they must
possess magnetar-like fields10'4-10'° G).

2. Stellar wind accretion

We investigate here the conditions under which a magnetized NS can acct&efroan the
wind of a massive companion. In the theory of wind accretion in HMXBs, tfiewing radii are
defined (e.g., lllarionov & Sunyaev, 1975; Stella et al., 1986):

- The accretion radius, R, is the distance at which the inflowing matter is gravitationally focused
toward the NS. It is usually expressed as

Ra = 2GMys/V, = 3.7 x 10% 2% cm, (2.1)

where \ is the wind velocity in units of 1000 knT$ and it is assumed that the orbital velocity of
the star is negligible (Frank et al., 2002). Throughout the paper we fik$eadius and mass at
Rns=10° cm and Mys=1.4 M., respectively. The fractioMcap/My of the stellar wind mass loss
rate (M) captured by the NS depends ogtRrough (Frank et al., 2002)

Here a=4.%10%%a;04 cm is the orbital separatiom@:P%de é{f, P1oq is the binary orbital period
in units of 10 days, and M is the total mass of the binary in units of 30:Mwe assumed circular
orbits).

- The magnetospheric radius, Ry, at which the pressure of the NS magnetic fquﬁ/(8nRﬁs),
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with 1 the NS magnetic moment) balances the ram pressure of the inflowing ngt&).(In the
case in which g >R,, the magnetospheric radius is given by (Davies & Pringle, 1981)

Ru = 3.3 x 10" /8, V%a3u23 cm. (2.3)

Here we assumed a non-magnetized spherically symmetric wind (Elsner & LI#B), with
density pw(Rw)~Muw/(4182Vvy), a NS dipolar field withuzs=p/10% G cn?, andM_=M,,/108
M. yr~L. In the following sections we discuss the range of applicability of Eq. 2@tfamregimes
in which a different prescription for g should be used.
- The corotation radius, Reo, at which the NS angular velocity equals the Keplerian angular ve-
locity, i.e.

Reo = 1.7 x 10'%P%% cm. (2.4)

S

HerePs3is the NS spin period in units of 3G.

Changes in the relative position of these radii result into transitions adiffsgent regimes
for the NS (lllarionov & Sunyaev, 1975; Stella et al., 1986). In particutes accretion radius and
magnetospheric radius depend on the wind parameters (see Eqgs. 2.8)amhizh can vary on a
wide range of timescales (from hours to months). Therefore, variaticdhe wind parameters can
cause the NS to undergo transitions across different regimes on cdatypstnart timescales, thus
opening the possibility to explain the properties of some classes of highhbl@aXaray sources
through them. Below we summarise the different regimes of a magnetic rotatinguldfect to a
varying stellar wind.

- Outside the accretion radius: the magnetic inhibition of accretion (Ry>Ra). In sys-
tems with Ry >R, the mass flow from the companion star interacts directly with the NS magneto-
sphere without significant gravitational focusing, forming a bow sho&s@a(Harding et al., 1992;
Toropina et al., 2006). At least in the front part of the shock, i.e. inelyen around the stagnation
point, the whole kinetic energy of the inflowing matter is converted into therneabgnThe power
released in this region is of order

T 9. _
Lshock ™ ER,%Avaa, = 4.7 x 10°°RE VEa oM g erg s (2.5)

(Rm10=Rm /10 cm), and is mainly radiated in the X-ray band. We distinguish two different
regimes of magnetic inhibition of accretion:

e The superKeplerian magnetic inhibition regimBy >Ra, Reo. In this case the magneto-
spheric radius is larger than both the accretion and corotation radii. Madteistehocked
and halted close to R cannot proceed further inward, due to the rotational drag of the NS
magnetosphere which is locally superKeplerian. Since magnetosphetiomasaalso su-
personic, the interaction between the NS magnetic field and mattgy eddrits in rotational
energy dissipation and thus, NS spin down. This process releasgy eharrate

Lsa =~ TR pwVin(RuQ)? = 3.7 x 107°Rfy; oM &P3° erg s 2, (2.6)

which adds to the shock luminosity (Eqg. 2.5).

2We approximated a{iR~a , which is satisfied for a very wide range of parameters.
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e The subKeplerian magnetic inhibition regim&,<Ry<Rco. In this case the magneto-
spheric drag is subKeplerian and matter can penetrate the NS magnetdbpheyh Kelvin-
Helmholtz instabilities (KHI, Harding et al., 1992) and Bohm diffusion (Iki®a& Pustil’nik,
1996). The mass inflow rate acrosg Resulting from the KHI depends on the efficiency fac-
tor nky~0.1, the shear velocity atyRvsh, and the densitieg; and pe inside and outside the
magnetospheric boundary afyRrespectively. The luminosity released by accretion of this
matter onto the NS is given by

Lkn = 3.5 x 100k R 108,2M _6(pi/pe) Y2 (1 -+ pi/pe) Lergs?, (2.7)

or

Lir = 8.8 x 10%* NP3 R 081NV "M _s(0i/pe)Y2(14-pi/pe) tergs?t,  (2.8)

if the shear velocity is taken to be the gas velocity in the post-shock regioa wd3, or
the rotational velocity of the NS magnetosphere, respectively (for simpligiyconsider
throughout this papergdy equal to the largest of the above two values). The afio. can
be calculated from the equation of the mass conservation across the Ktdblenlayer, i.e.

Rl%n PeVeonv >~ Ruhpoivis (Rv) (2.9)

where his the height of the unstable layer (Burnard et al., 1983). Throughaup#per we
assume {¥Ry (Bozzo et al., 2008). The contribution of Bohm diffusion to the total mass
inflow rate through the magnetosphere in the subKeplerian magnetic inhibigonaean

be calculated according to Ikhsanov & Pustil'nik (1996), and we fouudl itis orders of
magnitude smaller than that due to the KHI over the whole range of paramelerant to
this work. Similarly, the contribution to the total luminosity resulting from the shackex
magnetospheric boundary can be neglected in this regime.

- Inside the accretion radius. Ry <Ra. Once Ry is inside the accretion radius, matter flowing
from the companion star is shocked adiabatically aftRis produces an almost negligible contri-
bution to the total luminosity) and halted at the NS magnetosphere. In the regfioadn R and

Rwm this matter redistributes itself into an approximately spherical configuratioanftding an
“atmosphere”), whose shape and properties are determined by theclicief@etween matter and
NS magnetic field at R (Davies et al., 1979; Davies & Pringle, 1981). A hydrostatic equilibrium
ensues when radiative losses insideaRe negligiblé; the atmosphere is stationary on dynamical
timescales, and a polytropic law of the formip!t1/" can be assumed for the pressure and den-
sity of the atmosphere. The value of the polytropic indelepends on the conditions at the inner
boundary of the atmosphere, and in particular on the rate at which eisatgposited there. Three
different regimes can be distinguished:

e The supersonic propeller regim&.,<Ru <Ra. In this case the rotational velocity of the NS
magnetosphere at\Ris supersonic; the interaction with matter in the atmosphere leads to
dissipation of some of the star’s rotational energy and thus spin-dowhulEmt motions are

3We checked this is verified for all the case of interest for this paper.
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generated at R which convect this energy up through the atmosphere, until it is lost at its
outer boundary. In this cage=1/2, and the balance between the magnetic and gas pressure
gives

Ru ~ 2.3 x 101%%5M~2/%v&/° 11319 cm. (2.10)
Matter that is shocked atR,, reaches the magnetospheric boundaryyatiere the inter-
action with the NS magnetic field draws energy from NS rotation. Accordingaad3d &

Pringle (1981), this gives the largest contribution to the total luminosity in tigisne

Lsq = 27R5p(Ru)c3(Ru) =
5.4 x 10°1M_ga; 2y "R zo(1+ 16Ra10/ (3Ru0)) 2 erg s & (2.11)
In the above equationdR=101°R, and ¢(Rw )=V (Rwv)=(2GMns/Ru)Y2.

e The subsonic propeller regim&y <Ra, Reo, Mw<Miim. The break down of the supersonic
propeller regime occurs whenR R, i.e., when the magnetosphere rotation is no longer
supersonic with respect to the surrounding material. The structure afittesphere changes
and the transition to the subsonic propeller regime takes place. Since therofatie mag-
netosphere is subsonic, the atmosphere is roughly adiaba8¢2), and the magnetospheric
radius is approximated by (Davies & Pringle, 1981):

Ru = 2 10040287417 o (2.12)

In the subsonic propeller regime, the centrifugal barrier does noatgbecause Jr<Rco,

but the energy input at the base of the atmosphere (due to NS rotati@ngy efissipation)

is still too high for matter to penetrate the magnetosphere at M@&(Davies & Pringle,
1981). Nevertheless a fraction of the matter inflow gidRexpected to accrete onto the NS,
due to the KHI and Bohm diffusidn We found that, in all the cases of interest to this paper,
the KHI provides the largest contribution to the total luminosity in the subsomipgber
regime. By using similar arguments to those above, we estimated in this case

(1+ 16Ra10/ (5Rm10))*%(0i/ pe) /2

Lxn = 1.8 % 1035nKH Rl%/llOM—G erg st (2.13)

PsSa%OdVS(l—F Pi/Pe)
The subsonic propeller regime applies until the critical accretion rate
Mim_, = 2.8 x 107P53a20veRo) 2o(1 4 16Raz0/ (5Rw10)) /2 (2.14)

is reached, at which the gas radiative cooling (bremsstralhung) compdiet®iys convective
motions inside the atmosphere (Davies & Pringle, 1981). If this cooling tdkes pdirect
accretion at a ratb"lcaptonto the NS surface is permitted.

e The direct accretion regimeRy <Ra, Rco, Mw>Miim. If Ru<Rc and matter outside the
magnetosphere cools efficiently, accretion onto the NS takes place amhea:al\hcapt (see
Eqg. 2.2) at which it flows towards the magnetosphere. The correspoluhigosity is

Lace= GMnsMeapt/Rns = 2 x 10°°M _ga lvg* erg st~ 2x 10¥°Ms erg s,  (2.15)

whereM;s=Mcap/10'® g s™1. This is the standard accretion regime; the system achieves the
highest mass to luminosity conversion efficiency.

4To our knowledge this is the first application of the KHI to the subsonic plapegime.
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Figure 2. (A) Upper panel Variation of the luminosity through different regimes, asuadtion of the mass loss rate from the
companion star. In this case the parameters of the model aredixeg=0.8, R3=1, and ¥=1.2. Lower panel Relative position of

the magnetospheric radiusyRsolid line), with respect to the accretion radiug (Rotted line), and the corotation radiugsRdashed
line), as a function of the mass loss rate from the companion sta

(B) Upper panel Variation of the luminosity as a function of the mass loss feim the companion star. In this case the parameters
of the model are fixed gi33=0.001, R3=1, and ¥=1.2. Lower panel Relative position of the magnetospheric radiug, Rolid line),

with respect to the accretion radiug lotted line), and corotation radiugdXdashed line), as a function of the mass loss rate from the
companion star.

3. Transitions and paths across different regimes

We explore here the conditions under which transitions across diffezgithes take place.
As emphasised in § 2, these transitions occur when the relative positiong,dRR and Rq
change in response to variations in the stellar wind parameters. In the falosunte R, depends
only weakly on the orbital period and the total mass of the system, wedix®h and investigate
variations in the other four parametergss, Ps3, vg, andM_g. The equations that define the
conditions for transitions between different regimes are

Ru > Ra= M_g < 0.45u2v3%a%,, magnetic barrier (3.1)
Ry > Reo= Ps3s < 2.6M:é/ 4v§ 1 4aiéfju§éz centrifugal barrier with Ry > Ry; (3.2)
Rv > Reo= Ps3 S 1.8a%3|\'/[é/ 3v§/ 3u§§3 centrifugal barrier with Ry < Ry; (3.3)

P32 4.5M:25/ 21a28/d21vgo/ 21u31§/ 2L subsonic propeller direct accretion (3.4)

As an example, in Fig. 2A we use the above equations to compute the luminosigsdaira sys-
tem with u33=0.8, Rz=1, and y=1.2. The lower panel of this figure shows that, forOM_g<100,
the magnetospheric radius crosses both the centrifugg) Rd magnetic (B barriers. Corre-
spondingly, the system moves from the superKeplerian magnetic inhibitiomegtp the super-
sonic and subsonic propeller regime, and, finally, to the direct accretgime, giving rise to a
six-decade luminosity swing from10°! to ~10°7 erg s'1. We note that a large part of this swing
(about five decades) is attained across the transitions from the sypberieie magnetic inhibition
to the direct accretion regimes, which take a mere factevr®f/ariation ofMW.

Fig. 2B shows that, in the presence of a standard NS magnetic fie¢ftiG)0such abrupt lumi-
nosity jumps are not expected for a very slowly rotating (1000 s) NS (ther stlstem parameters
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Figure 3: (A) Upper panel Variation of the luminosity through different regimes, asiadtion of the mass loss rate. In this case
the parameters of the model are fixequgs=0.01, R3=0.1, and ¥=1.2. Lower panel Relative position of the magnetospheric radius,
Rw (solid line), with respect to the accretion radiug (otted line), and corotation radiugfYdashed line), as a function of the mass
loss rate from the companion star. (B) Same as (A) buu$gr0.01, R3=0.1, and ¥=2.2.

are the same as those of Fig. 2A), since the magnetospheric radius is snaallboth R and R,
for any reasonable value bf,,. Therefore, the direct accretion regime applies, with the luminosity
proportional taM,,.

In Fig. 3 we show the transitions for a system wit{=0.01 and B=0.1. The wind velocity
is vg=1.2 in Fig. 3A, and ¥=2.2 in Fig. 3B. These two figures show that, for sub-magnetar fields,
a 100 s spinning NS can undergo a transition across the magnetic bagsetgb the centrifugal
barrier), for suitable parameters (a high wind velocity in the case at h&uwubh transitions take
place over a more extended interval of mass loss rates. For instanc®Eigo®&s that an increase
by a factor~100 in the mass loss rate is required, in this case, to achieve a fat®®iuminosity
swing; this is comparable with the magnetar case of Fig. 2A.

Taking into account of the examples discussed above, we conclude that:

- Long spin period systems {£ 1) require magnetar-like B-fieldgi$3=>0.1) in order for a large
luminosity swing £10°) to arise from modest variations in the wind parameters (e.g. a factr
in M_g). These luminosity swings might result from transitions across diffeagiimes through
both the centrifugal and magnetic barriers.

- Shorter spin period systemsgx1) must posses lower magnetic fielgg#0.1) for similar
transitions to take place. Somewhat larger variations in the wind paramatensquired in order
to achieve similar luminosity swings to those of the long period case, andttearssbetween dif-
ferent regimes occur in most cases through the centrifugal barrier.

- Few or no transitions are expected for systems with either high magnetic fietdshort spin
periods, or systems with lower magnetic fields and long spin periods. firshease the centrifu-
gal barrier halts the inflowing matter atyrand accretion does not take place; such systems might
thus be observable only at very low (X-ray) luminosity level$@2-10%3 erg s 1). In the second
case R <Rg, for a wide range of wind parameters, accretion can take place, and agegistent
luminosity is released10%°-10%" erg s 1).
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4. Application to SFXT sources

In this section we propose that transitions across different regimesdaéysrelatively mild
variations of the wind parameters are responsible for the outbursts oFSFX

As a case study we consider IGR J17544-2619 (Sunyaev et al.,,20@FHXT observed by
Chandraduring a complex transition to and from~al hour-long outburst, yielding the first de-
tailed characterization of a SFXT light curve over a wide range of lumino$hg spin period of
IGR J17544-2619 is presently unknown. In’t Zand (2005) showatftur different stages, with
very different luminosity levels, could be singled out during @teandraobservation: (a) a quies-
cent state with k~2x10%2 erg s, (b) a rise stage with x~1.5x10%* erg s'1, (c) the outburst
peak with Lx~4x10*" erg s, and (d) a post-outburst stage (or“tail”) withk2x10% erg s1
(see panel (a) of Fig. 4; these luminosities are for a source distane8.6fkpc, Rahoui et al.,
2008). The maximum luminosity swing observed across these stages veasrafa>6.5x 10°.

Motivated by the evidence for 1000 s periodicities in XTE J1739-302 and IGR J16479-4514,
we discuss first the possibility that IGR J17544-2619 contains a venhystginning NS. We use
Usz=1, Ps3=1.3, w=1.4, and show in Fig. 4(b) the different regimes experienced by stth as a
function of the mass loss rate. Pdr_ <20 the above values give\R>R; and Ry >R, such that
superKeplerian magnetic inhibition of accretion applies. The expected luityimoshis regime,
~10%! erg s1, is likely outshined by the X-ray luminosity of the supergiant star (the companio
star’s luminosity is not shown in Fig. 4, but it is typically of ordefl0®? erg s, Cassinelli et
al., 1981). We conclude that the lowest emission state (quiescence) a¥lifER4-2619 can be
explained in this way, with the companion star dominating the high energy luminasityénd,
2005). The rise stage is in good agreement with the subKeplerian magnehitiomhregime,
where the luminosity{10°* erg s'1) is dominated by accretion of matter onto the NS due to the
KHI. The uncertainty in the value d¢ftranslates into an upper limit on the luminosity in this regime
which is a factor of~10 higher than that given above (Bozzo et al., 2008). During the outburs
peak the direct accretion regime must apply at a mass loss riteg$£500. In this interpretation
direct accretion must also be at work in the outburst talllag~3, where a slight decrease i,
would cause the magnetic barrier to close and the source to return to quieséecording to this
interpretation, if IGR J17544-2619 has a spin period-@D00 s, then it must host a magnetar.

Panel (c) of Fig. 4 shows an alternative interpretation of the IGR J12649 light curve,
where we fixedus3=0.08, R3=0.4, and ¥=1. For this somewhat faster spin (and lower magnetic
field), the luminosity variation is mainly driven by a transition across the cegaifbarrier (as
opposed to the magnetic barrier). In this case, the quiescent statepcmaiego the supersonic
propeller regimeNl_g <0.6), the rise stage to the subsonic propeller <06 ¢<2), while both
the peak of the outburst and tail take place in the direct accretion regikhesa200 andVl_g=10,
respectively. Assuming an even faster NS spin period for IGR J125648; a weaker magnetic
field would be required. In panel (d) of Fig. 4, we show the results obtHiry adoptingi33=0.001,
Ps3=0.01, and ¥y=2. The~10%* erg s’ 1 luminosity in the subsonic propeller regime compares well
with the luminosity in the rise stage. However, the luminosity of the supersornpelbeo regime is
now significantly higher than the quiescence luminosity-@0®? erg s 1 (this is a consequence of
the higher value of4,, for which the supersonic propeller regime is attained in this interpretation).
We note that, the whole luminosity swing takes place for a wider range of massates, and the
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outburst peak luminosity requirdé_g~3000, an extremely high value even for an OB supergiant.

Interpreting the properties of IGR J17544-2619 in terms of a NS with a sings<100 s
is more difficult. For instance, for the subsonic propeller regime to set inmidiEs loss rate
corresponding to the transition acrosg#R., must be lower than the limit fixed by Eq. 2.14.
If instead the transition takes place at higher mass loss rate, the systerdigmtly from the
supersonic propeller to the direct accretion regime (or vice versassyqg the subsonic propeller:
therefore, the rise stage would remain unexplained. Since fast rotatimgelg&ire lower magnetic
fields for direct accretion to take place while in outburst, Eq. 2.14 is satiefigdfor very high
wind velocities (¢>2-3). On the other hand, an increase by a factor2fin the wind velocity
(with respect to the longer spin period solutions) would give a substantia\VI@rrlkilcapt, such that
the subsonic and the direct accretion regime luminosities fall shortward® afttberved values
(unless unrealistically high mass loss rate are considerBdsed on the above discussion, we
conclude that IGR J17544-2619 likely hosts a slowly rotating NS, with spiocgoe 100 s. Whether
the magnetic barrier or the centrifugal barrier sets in, causing inhibition ofration away from
the outbursts, will depend on whether the spin period is longer or shoreer+1000 s.

As another example we discuss the case of IGR J16465-4507, a SHiXila spin period of
228 s. The luminosity behaviour of this source is still poorly known. An osttat 5<10%6 erg s°1
was observed withNTEGRAL(assuming a distance of 12.5 kpc, Lutovinov et al., 2005; Smith,
2004), which did not detect the source before the outburst down toeh dé\Bx10°° erg s1.
About a week laterXMM-Newtorrevealed the source ax3.0%* erg s and discovered the 228 s
pulsations (Lutovinov et al., 2005). If the direct accretion regime appligdeway to the lowest
luminosity level observed so far, then an upper limipg$~0.004 would be obtained by imposing
that the NS did not enter the subsonic propeller regime. On the other hati liiminosity
measured bXMM-Newtonsignalled that the source entered the subsonic propeller regime, while
direct accretion occurred only during the outburst detectedNTJFEGRAL then a considerably
higher magnetic field ofi33~0.07 would be required.

The above discussion emphasizes the importance of determining, lirexigmnded high sen-
sitivity observations, the luminosity at which transitions between differemtsatiates occur, in
particular the lowest luminosity level for which direct accretion is still at wolk combination
with the NS spin, this can be used to infer the NS magnetic field. Alternativetiaoamight take
place unimpeded at all luminosity levels of SFXTSs, a possibility which resjaivery clumpy wind
as envisaged in other scenarios (Walter & Zurita Heras, 2007). In thé& ¢he NS magnetic field
can be considerably lower than discussed here.

5. Conclusions

In this paper we reviewed the theory of wind accretion in HMXBs hosting aneidg NS
with a supergiant companion, and considered in some detail the interaatioespes between the
inflowing plasma and the magnetosphere, that are expected to take placedindtt accretion
onto the NS surface is inhibited. We then applied this theory to SFXTs anceshihzat their large
luminosity swings between quiescence and outburst (up to a facted®f) can be attained in
response to relatively modest variations of the wind parameters, prothéeslystem undergoes
transitions across different regimes. We found that such transitiorisecdriven mainly by either:
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Figure 4. Application of the gated model to the IGR J17544-2619 traovsitrom quiescence to outburst. Panel (a): A schematic
representation of th€handralight curve of IGR J17544-2619 obtained by using the segmthatswere not affected by pile-up (see
both panels of figure 2 in In't Zand, 2005). The different luosity stages are clearly visible. According to In't Zand @3} the
count rates on the y-axis correspond te 2032 erg s, 1.5 x 10®* erg s1, 2x 10% erg s°1, and 4x 10°7 erg s°1, in the quiescence
state, the rise state, the tail, and the peak of the outhesgiectively. Panel (b): Interpretation of the quiescanarutburst transition

of IGR J17544-2619 in terms of the magnetic barrier model. Theddorizontal lines mark the luminosity that divide the eliéint
regimes. The parameters of the model are fixelb#&t1.3,vg=1.4, andusz=1. Panel (c): Interpretation of the quiescence to outburst
transition of IGR J17544-2619 based on the centrifugali®amodel. The parameters of the model are fixedsgt0.08,Ps3=0.4, and
vg=1. Panel (d): Same as panel (c) but here the parameters of tret aredixed aj33=0.001,P;3=0.01, and/g=2.

(a) a centrifugal barrier mechanism, which halts direct accretion wheh$heotation becomes
superKeplerian at the magnetospheric radius, or (b) a magnetic bardaamsm, when the mag-
netosphere extends beyond the accretion radius. Which mechanismrahthigraction regime
applies will depend sensitively on the NS spin period and magnetic field,dsetid velocity and
mass loss rate in the supergiant’s wind. In particular, the magnetic barribamem requires long
spin periods ¥ 1000 s) coupled with magnetar-like fielgg10** G). On the other hand, magnetar-
like fields would also be required if the centrifugal barrier sets in at reptiigh luminosities
(> 10°8 erg s'1) in NSs with spin periods of hundreds seconds.

Evidence has been found that the spin periods of a few SFXTs mighitegas 1000-2000 s.
Motivated by this, we presented an interpretation of the activity of IGR44-2519 (whose spin
period is unknown) in terms of the magnetic barrier by a 1300 s spinning Nslaowed that
the luminosity stages singled out inGhandraobservation of this source are well matched by
the different regimes of wind-magnetosphere interaction expected in #8s ¥ée discussed also
an interpretation of this source based on the centrifugal barrier andral\slgorter spin period
(400 s), which can reproduce the luminosity stages comparably well. Weasisplthat in both
solutions the required magnetic field strengdl('® G and>8x 103 G, respectively) are in the
magnetar range.

While the possibility that magnetars are hosted in binary system with supepampan-
ions has been investigated by several authors (e.g., Zhang et al., R0&; Yan, 2006), clear
observational evidence for such extremely high magnetic field NS in béiyatgms is still miss-
ing. According to the present study, long spin period SFXTs might @avitew prospective for
detecting and studying magnetars in binary systems.
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