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Wind accretion in the massive X-ray binary 4U 2206+54.
abnormally slow wind and moderately eccentric orbit

M. Ribo'2, I. Neguerueld, P. Blay*, J. M. Torrejor, and P. Reig®

[N

DSM/DAPNIA/Service d’Astrophysique, CEA Saclay, Bat. 709, L'Orme Resisiers, 91191 Gif-sur-Yvette, Cedex, France
AIM - Unité Mixte de Recherche - CEA - CNRS - Université Ravill - UMR n°7158
e-mail:mribo@discovery.saclay.cea. fr

3 Departamento de Fisica, Ingenieria de Sistemas y Teerla Sefal, Escuela Politécnica Superior, Universitatadant,
Ap. 99, 03080 Alicante, Spain

e-mail: [ignacio; jmt]@dfists.ua.es

Institut de Ciéncia dels Materials, Universitat de Vaien PO Box 22085, 46071 Valencia, Spain
e-mail:pere.blay@uv.es

IESL, Foundation for Research and Technology, 71110 HierakCrete, Greece

University of Crete, Physics Department, PO Box 2208, 71616@aklion, Crete, Greece

e-mail:pau@physics.uoc.gr

N

IN

o »

Received Accepted

Abstract. Massive X-ray binaries are usually classified dependingherptoperties of the donor star in classical, supergiant
and Be X-ray binaries, the mainftirence being the mass transfer mechanism between the twmooents. The massive
X-ray binary 4U 220654 does not fit in any of these groups, and deserves a detéildyg t® understand how the transfer of
matter and the accretion on to the compact object take placthis end we study alJE spectrum of the donor and obtain
a wind terminal velocity\(,) of ~350 km s, which is abnormally slow for its spectral type. We also gsalhere more than

9 years of availabl®&@XTEASM data. We study the long-term X-ray variability of the smeiand find it to be similar to that
observed in the wind-fed supergiant system Vela X-1, regifig the idea that 4U 220664 is also a wind-fed system. We
find a quasi-period decreasing fror270 to~130 d, noticed in previous works but never studied in dededl.discuss possible
scenarios for its origin and conclude that long-term quesiedic variations in the mass-loss rate of the primarypaobably
driving such variability in the measured X-ray flux. We obtain improved orbital period d®o, = 9.5591+ 0.0007 d with
maximum X-ray flux at MID 51856:8).1. Our study of the orbital X-ray variability in the contet wind accretion suggests

a moderate eccentricity around 0.15 for this binary systdoreover, the low value of., solves the long-standing problem of
the relatively high X-ray luminosity for the unevolved negof the donor, BD+53°2790, which is probably an O9.5V star.
We note that changes i, andor the mass-loss rate of the primary alone cannot explaidifferent patterns displayed by the
orbital X-ray variability. We finally emphasize that 4U 22@84, together with LS 5039, could be part of a new population of
wind-fed HMXBs with main sequence donors, the natural pniiges of supergiant X-ray binaries.
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1. Introduction persistent X-ray sources (Lewin el al. 1995). They haveeclos

) o orbits, with short orbital periods, and accretion is bedigvo
High Mass X-ray Binaries (HMXBs) are X-ray sources coMyccyr through localised Roche-lobe overflow leading to dire f

posed of an early-type massive star and an accreting cQistion of an accretion disk. Orbits have circularised artienv
pact object, either a neutron star (NS) or a black hole (BHye compact object is an NS, it has been spun up to short spin

Depending on the nature of the companion, HMXBs are tradjayiogs, as a result of angular momentum transfer from the ac
tionally divided (se¢_Corbiet 1986) into three groups: G&#8s . eted matter on to the compact object.

Massive X-ray binaries, Supergiant X-ray binaries (SXBg] a

Be/X-ray binaries (BeXBs). In SXBs, the X-ray source is believed to be fed by
Classical Massive X-ray binaries are a very small group (direct accretion from the relatively dense wind of an

the Galaxy, only Cen X-3) of very bright ~ 10 erg s') OB supergiant, with little angular momentum transfer (see

Waters & van Kerkwijk 1989), resulting in moderately high X-

Send gprint requests toM. Ribo ray luminositiesLx ~ 10°*¢ erg s*. The orbital periods of these
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systems are typicall?or, < 15 d. Some orbits are almost circuwhile we discuss the long-term wind variability in Sddt. 6e W
lar (Carbet & Mukai 2002), but finite eccentricities have beefinally stress the existence a population of wind-fed HMXBs
measured for several systems, some of them rather high (eagth main sequence donors in Sddt. 7 and summarise our con-
e = 0.17 for 4U 1538-52;|Clarkl2000). The spin periods ofclusions in Secfl8.
systems with NSs are rather lorfé,in > 100 s.

In BeXRBs, an NS orbits an unevolved OB star surrounded ) ] )
by a dense equatorial disc. These systems can be bright2xA measure of the wind terminal velocity

ray transients or persistent low luminoslty ~ 10* erg Sl The observed X-ray luminosity of 4U 22064 is in the range
sources. With the exception of a few peculiar cases like thg ys_q 6 erg s (Blayetal.[2008a). In contrast, the ex-

microquasar LS k61 303 (Massietal. 2004 and referencesecreq Bondi-Hoyle accretion luminosity for a canonical NS
therein) all of them appear to be X-ray pulsars. Their ofbitg, 5 g g d orbit around a low-luminosity 09.5 I11-V star, with

eccentricities range from close to zero to very high, legdn , typically fast wind of~1500 km s, is of the order or be-
the hypothesis that flerent kinds of supernova explosion arg,, 1% erg s1. This value is critically influenced by the wind
possiblel(Pfahl etal. 2002a), and their orbital periodsy@m® o ming| velocity,v... With the aim of obtaining a measure of
era!ly of the order of some tens ofday_s. _Spm penod; alsercoy,m for the wind of BD +53°2790 we have analysed the only
awide range and there is a strong statl_st|cal c_orrelatlmémn publicly available high-resolution UV spectrum of this rsta
Pory and Pspin (Corbet 1986), suggestingtective transfer of gpained withlUE on 1990 June 18-19, with a total expo-
angular momentum from the material accreted. sure time of 20 ks (middle time at JD 2448061.59). This is
_ The peculiar HMXB 4U 220654 is dificult to pIaSCe the high-dispersiodUE spectrum SWP 39112, described in
W'trg'n th|slp|cture. Itis a persistent source, with ~ 10°- Negueruela & Relg (2001), but we have used the new reduc-
10° erg s™ and variability on timescales of hours similar tQjo availaple at the INESdatabase. A heliocentric velocity
those of Wlnd. accreting systems. I—_|owever, it is one qf the feW -action of 16.37 km 2 has already been applied to the
HMXBs not displaying X-ray pulsations, though there iS80 g ,rce spectrum, and we have further applied a correction of
evidence that the compact object is an NS (Torrejonlet 820 _g5 7 km st to account for the radial velocity of BB53°2790
Blay etal. 2005a). The X-ray flux is modulated with a perijapr ¢ Baut2[1968). We note that this value is the average of
odicity of 9568+ 0.004 d [Corbet & Pe€le 2001), which canpee measurements spanning 55.0-72.2 Kyabtained from
only be interpreted as the qrbita_l period. The mass donoré’éptember 1961 to May 1962 and coveringfatent orbital
4U 2206+54, BD +53°2790, is neither a supergiant nor a B&aqes (the precise phase of each data point is uncertato due
star, but a peculiar late O-type star, whose spectrum canfigl eryor in the orbital period and the huge timespan between
receive a standard spectral classification (Negueruelai€ R@,qse observations and the current ephemeris). Moreqwes: a
2001). While most criteria favour an O9.5V star, there afg,inary radial velocity curvel(Blal 2005) shows total réva
some indications of a much heavier mass loss than expecggfiations up to+30 km s?, with a relative mean value of
for that spectral type, such as strong Emission, a P-Cygni _n, 10 km s? around the orbital phase when thE spectrum
profile in Hen 14686 and a very strong P-Cygni profile in the, oq gptained. Therefore, we estimate that the radial vgloci
ultraviolet Civ resonance doublet, suggesting a more lUMiNOYS,rection is accurate tol0 km st
star [Ne_gueruela& Reig 2000 Blay_e1: al. 2005D). If it has e \ve have followed the SEI (Sobolev with Exact Integration
luminosity of la_normal 09.5V star, it IS located at a d'Stanctﬁ the transfer equation) method, as outlined_in_Lamersiet al
of ~2.6 kpc (if it were an O9.5 Il star it would be located a[198") in order to calculate theoretical wind line profil€his
~4.8 kpc). method is a modification of the Sobolev approximation to the
In a recent paper we USGNTEGRAL"’_‘”d \_/LA data to - gio1ar wind problem (sele_Sobalev 1860). The procedure fol-
constrain_the nature of the compact object in 4U 225)6 lowed was to create a grid of theoretical profiles witlfett
(Blay et 4. ZOOE_a). Based on existing rataay correlations ent wind and photospheric parameters and then match them all
for black hqles in the loyhard state, we gxcludeq the blad%lgainst the observed profile. The indications from the estten
hole scenario. On the other haiilTEGRALIS the third X-ray study of the stellar winds of Groenewegen etal. (1989) were

si';ltelhte ;t))rov|d|_ng Irpargl|na(;_eV|denceN()Sl‘ th;}f;ezenlcoizoé'a %ollowed and the parameters listed there for an O8V star were
clotron absorption line, leading to an NS w -0x " chosen as initial values to build our grid of models. Theoadt

However, two problems persisted in _the NS scenario: the Ia|‘H§Jdels could not reproduce the data when using terminal ve-
of X-ray pulsations and an X-ray luminosity one to two OrderIfScities above 500 km~$. Terminal velocities in the range

of magnitude higher than expgcted. ) _300-350 km st and a turbulent motion with a mean veloc-
Here we analyse an ultraviolet spectrum obtained with th? in the range 20-100 km-% yielded line profiles which

International Ultraviolet ExplorefIUE), to better constrain the resulted in the best match against the observed profiles. We
wind properties of the donor, and more than 9 years of dastﬁ '

; - = ow in FiglL an example of two UV lines from BE53°2790
from theRossi X-ray Timing ExplorefRXTH to derive infor- matched against two theoretical profiles, calculated féra3td

mation on the mass loss from the optical star and the bin&f¥y | . s For the Gv 11 1548.19—1550.76 doublet an up-
parameters. This work is organised as follows: in Sdct. 2 8r limit for the turbulent velocity of 80 km=$ was found,

analyse and model tHeJE spectrum, in Secf] 3 we present thgypjie for the Niv 11718.55 line this limit was found to be
RXTEdata, in Seci]4 we study and discuss the long-term X-ray

variability, in Sect[b we focus on the orbital X-ray variktyj ! http://ines.vilspa.esa.es/ines/
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Fig. 1. Profiles of the observed UV doubletrCA4 1548.19-1550.76 (left panel, where= 0 km s corresponds to the blue
line of the doublet) and the line N 11718.55 (right panel) with the theoretical models for 308 880 km s* superimposed to
them. The arrow in the left plot indicategac=350 km s*. The wind terminal velocity is clearly slower than 500 km.s

100 km s'. We note that, due to the presence of many wiritD km s?, and have suggested a possible connection with
features in this spectral region and the relatively poonaig HD 37022 based on their optical characteristics.
to-noise ratio of thdUE spectrum, the position of the photo-
spheric continuum is quite uncertain, and the choice of @brm
isation parameters caffect our results. However, theiCdou- 3. The RXTEASM data
blet is saturated, and Prinja et al. (1090) showed that tir& p .
where saturated wind lines turn upwards towards the Conjlq_orderto study the Iong-term_x-ray behaviour of 4U 2268
uum level, namelypiack is a good estimator of.. As shown in we h_ave an_alysed X-ray data_ln the energy range 1.3-12.1 keV
Fig.[ left, the Gv doublet providespjack = Voo ~ 350 km s2, obtained with the All Sky Monitor (ASM) on boa®®XTE The
in good agreement with the above estimates by using the %O-I—;AISN\I] dlata:( usedMggeSSEggs fr('zﬂn\;é %%%;%te Februar.y 10
method. We have finally used the automatic fitting proced ate July (from to ) ), amount_lng
developed by Georgiev & Hernandelz (2005), based on gen & total of 3441 days or 9.42 years (the previous analysis by
algorithms, which provideg,, ~ 450 km s for the Civ dou- Corbet & Pee_e 2.001 was perfo_rmed with.5 years of data).
blet andv., ~ 350 km s? for the Niv line, also in good agree- sEc?S::g?Itjxpgfm; 'g Othsep(gilr?tlgg g?héw;“,et:)e?;gssgfrggeg\;ﬁh
ment with the values quoted above. a mean 0f~18.3 dwells per day in the case of 4U 22(&!.

We have also analysed the one-day average lightcurve of indi

Although an accurate measurement of the wind termdidual RXTEASM dwells (see Levine et Bl. 1996 for details).
nal velocity in BD +53°2790 is prevented by the relativelyThis lightcurve contains 3315 flux measurements, with data
noisy IUE spectrum, we stress that only models with < lacking only for 126 days (less than 4% of the total). Since
500 km s! could reproduce the wind line positions andU 2206+54 is a weak X-ray source, when there are only a
widths. This value is much lower than the range of 1120ew individual dwells per day the one-day average flux detive
1925 km s? for O9V stars or the 1275-1990 km'srange is not very reliable. To avoid spurious points with largeoerr
for 09.51l stars |(Prinja et al. 1990). Therefore, we codelu bars, we have also constructed a one-day average lightcurve
that the stellar wind of BDr53°2790 is abnormally slow for with at least 5 dwells per day, which contains 3050 data goint
its spectral type. A similarly slow wind of 400 knt’shas (92% of the one-day average data), and another lightcunve wi
been measured in the 09.5V extreme fast rotator HD 935atlleast 10 dwells per day, which contains 2608 data points
(Prinja et al| 1990, excluded from their mean because it h&t% of the one-day average data). We will consider all these
very peculiar profiles; see also Howarth & Reid 1993 arfa@ur lightcurves when performing the timing analysis, angl w
Massh 1995). Another O-type star with an abnormally slowill refer to them as DBD (Data By Dwell), ODA (One-Day
wind, of 510 km s! (Prinja et al. 1990), is HD 37022 (alsoAverages), 5D-ODA (5 Dwell ODA) and 10D-ODA (10 Dwell

known as@* Ori C), a spectral variable in the range O4-ODA).
7V (Walbornl1981| Smith & Fullertoh 2005), whose anoma- The resulting 10D-ODA lightcurve is shown in FI§. 2. The

lous properties are interpreted in terms of a misaligned-mapurce is clearly detected during most of the 9.42 year cov-

netic rotator. Interestingly, Blay etlal. (2005b) have fduhat erage, with a mean count rate o.BGjSéi’ count st (using

BD +53°2790 has a high rotational velocitysini = 315+ weights as A?; the plus and minus standard deviation of the
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Fig. 2. RXTEASM one-day average lightcurve of 4U 22084 after removing all the averages containing less thandiOigual
dwells (10D-ODA). Each panel represents approximatelyy8@&s of data. Long-term X-ray flux variations on timescales
hundreds of days are seen.

mean have been computed separately for the points above emwfirms the flux variations with a factor efL00 on timescales
below it). Assuming a distance of 2.6 kpc to 4U 2288 of years noted by Masetti etlal. (2004) when comparing data
(Blay et al.| 2008b), and taking into account that the averaffem EXOSAT RXTEandBeppoSAXbut now obtained with
Crab count rate in th®&XTEASM is 75.5 count s, we ob- the same satellite and detector (although the value of thé mi
tain a weighted mean and standard deviation of the absorlpedm flux is uncertain in this case).

X-ray luminosity of Lus 121 kev) = (1413) (/2.6 kpcf x This kind of lightcurve does not show any resemblance

10% erg s*. We note that using a hydrogen column densiiy that of any known B&-ray binary, persistent or tran-

of Ni = 1.1 x 10°* atoms cm? (Torrejon et all 2004) and thesjent. It is, however, similar to those of wind-accreting X-

formalism described in_Gallo etlal. (2003), the unabsorbed |ray binaries. As a Comparison, we have p|otted in Bg 3b the

minosity would only be around 5% higher. RXTHASM lightcurve of the wind accretor Vela X-1, averaged
and smoothed in exactly the same way as that of 4U 2306
(after excluding data taken during X-ray eclipses, whidieot

4. Long-term X-ray variability wise translates into a mean reduction in flux-af2 count s%).

Long-term variability of the mean X-ray flux is clearly seen iVela X-1 has rather similar orbital parameters to 4U 2P046:
it contains an NSRspin = 283 s) in a low eccentricity orbit

the RXTEASM data, as pointed out earlier by Corbet & Peel
. ; : o y - (e = 0.0898,Py, = 8.9644 d) around the BO.51b star HD 77581
(2001). To display this variability more clearly, we plot m{s € Ouaintrglrlbetal. 20[)3)and references therein). Adean

\',Zvlgi'gl?]?s ?:;g)rr;i ?I g:tt: ;(;Sir:?s \jﬁvghlﬁ ;)l:ltj gﬁ%i;%ﬁ:ﬂi%:/ng‘ g%sﬁegen the lightcurve obtained for Vela X-1 shows less vditiab
(a factor~4) but, like 4U 2206-54, it also experiences recur-

day length (corresponding te3 times the orbital period). The . L
coznt ra?te \faries bztweengo.oog and 0.9 couhtwgth a rr)1ean rgnt ups and downs, with no clear periodicity (see next stbse

of 0.31 and a standard deviation of 0.17. For comparison, t%oen)'

mean obtained with disjunct 30 d windows is 0.31, with a stan- As noted by_Negueruela & Reig (2001) andlby Blay et al.
dard deviation of 0.16 and an error of the mean of 0.015, impl{2005b), BD+53°2790 is not a Be star, but a peculiar 09.5V
ing that the variability is real at an 1&-significance. Similar star with a relatively strong stellar wind. Therefore thenpar-
results are obtained by using running windows of 20 and i$bn to the SXBs is fully justified, as the mass-loss meclmanis
days, although spurious points reaching even negative #lix vin the mass donors is likely to be identical, i.e., a radastel-
ues appear, due to the presence of intervals with few datdspolar wind (see_Kudritzki & Puls 2000 and references therein).
in the lightcurve. Therefore, we have used the data shownTihe main dfference between the two kinds of systems would
Fig.[da to compute the range in luminosities, which turngoutbe the higher luminosity class of the mass donorsin SXBs Thi
beL(13-121 kev) = (0.035-35) (d/2.6 kpcf x 10%® erg s. This higher luminosity class will result in a higher X-ray lumsity
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Fig.4. Periodograms of the 10D-ODA lightcurve of
201 1 4U 220654 obtained by using the PDM (top) and CLEAN
| ‘ ‘ ‘ ‘ ‘ ‘ ‘ (bottom) algorithms. Apart from the9.6 d orbital period, a
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Fig.3. a) The data shown in Fidl2 smoothed with a running
Wln_dow of 30 days of length, "’_Illowmg a much better V|suaI|(-)f PDM). On the other hand, significant signal is detected si-
sation of the long-term flux variability) The same procedure

. ; multaneously with both methods around trial periods H83,
applied to theRXTEASM data of the wind-fed HMXB Vela X- notably ~267, ~488, and~800 d. PDM also detects a 1-year

1 (after excluding the data taken QUring itg, X-ray eC”psesgignal, with a harmonic and a subharmonic, which is prob-
Recurrent ups and downs are seen in both lightcurves. ably the result of our window function, since it is not de-

tected by CLEAN. Apart from the orbital period, these trial
through two &ects: 1) a higher mass loss rate at the base of theriods are also clearly detected when analysing the sredoth
wind and 2) a rather larger radius for the mass donor, whiglata shown in Figl3a. We note that a peak at a frequency of
will place the NS closer to the surface of the OB star and hereetx1072 d-! (corresponding to a period of 250 d) was already
in the region where the wind is denser and slower (although Wweesent in the power spectrum presented_by Corbet &|Peele
have shown in Sedi] 2 that the wind of BI»3°2790 is abnor- (2001) in their figure 2, and also noticed by Masetti &t al.
mally slow). Apart from this dterence, all available evidence(2004), who questioned if it could be a superorbital pedgedi
supports the idea that 4U 22664 is a wind accretor, not fun- ity (seelClarkson et al. 2003a,b, for recent discussionsen t
damentally diferent from the SXBs. topic).

We have inspected if there is any trend of hardening or soft- In order to investigate further the long-term variabilitye
ening of the spectrum as the flux increases on these long-térave split the 10D-ODA lightcurve in 2 equal data sets span-
timescales. We have done so by computing all possible hanilig 1720 d each, and then applied again PDM and CLEAN
ness ratios that can be constructed with the three energisbaaigorithms. The PDM results show a period in the ranBg5—
of RXTEASM data (1.3-3.0, 3.0-5.0, and 5.0-12.1 keV). We65 d in the first part of the lightcurve, with a harmonic and
have worked with the 10D-ODA lightcurve before and aftewo broad subharmonics. For the second part of the lighcurv
smoothing. All the results obtained are compatible, widin there are minima around 180 and 415 d, and no significant
rors, with a constant hardness as the flux increases, atthosgnal around 260 d. The output of the CLEAN algorithm re-
we emphasize that the poor statistics are a strong limitatfo veals similar diferences: 256 d, its harmonic and less signif-
the analysis o0RXTHASM data of 4U 220654. icant peaks for the first data set, andfelient peaks at 90,
180 d, and many less significant peaks in the second data set.
All this indicates that we are not dealing with a periodic-sig
nal of ~260 d, but with a quasi-periodic one, present in the first
We have searched for periodic signals in all lightcurvesgisipart of the lightcurve but notin the second one, and that the fl
standard techniques like the Phase Dispersion Minimisatiearies on timescales of hundreds of days. In fact, a quagige
(PDM, |Stellingwerf [1978) and the CLEAN algorithmof ~260 d can be easily seen as alternative local maxima and
(Roberts et al. 1987). The periodograms obtained for the- 10minima in Fig.[Ba during the first5 years of data (similar to
ODA lightcurve between 2 and 1000 d are shown in Elg. the data analysed by Corbet & Péeele 2001). We note that very
As can be seen, the orbital period ©9.56 d is clearly de- similar results to the ones discussed above are obtained whe
tected with both methods (with two subharmonics in the caagalysing the DBD, ODA and 5D-ODA lightcurves.

4.1. Timing analysis
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4U 2206+54. A quasi-period decreases fror270 to~130 d versus time for the 10D-ODA lightcurve of 4U 22664. The

during the timespan of the data. decrease of the quasi-period, with superimposed jumps, is
clearly seen.

A better understanding of how this quasi-period changes
with time can be achieved with a two-dimensional time-perio
method. For this purpose, we have used the method prese(1@@9:| Ogilvie & Dubus 2001, and references therein). These
byy@@. Basically, we comp¥®¥f, 7), which we superorbital periods have often been explained as a preces-
will call the wavelet amplitude. This value will be high iféh sion of the accretion disk due to warping induced as a con-
signal contains a cycle frequenéyat the timer, and low oth- sequence of illumination from the central source. In theecas
erwise. We have considered trial periods from 20 to 800 dh wibf 4U 2206+54, if the quasi-periodic signal were a superor-
a resolution of 1 d, and a total of 1720 times of analysis habé&al period, thePs,p/Pory, ratio would decrease from28 to
been taken into account, which corresponds to one poinyevefn4 during the time interval covered by tRXTEASM data.
2 d. We show in Fig[l5 the wavelet amplitude map obtaine@ihe variability of this quasi-period appears much highanth
where white coloured areas mean significant trial periods aim other systems. Interaction of modes could be invoked to ex
black areas non-significant ones, while the two grey tri¢aguplain such variations, and even the jumps to higher values of
areas have not been explored due to the presence of severetherperiod [(Ogilvie & Dubus 2001). However, as discussed in
der dfects (se2 Ribo et AL 2001 for a detailed discussion of thisrrejon et al. [(2004), there is no evidence for the existen
issue). Inspecting this figure one can easily see at first #igh of an accretion disk in 4U 22@&4, and conversely, there are
variation of the long-term-200 d quasi-period along time, asstrong reasons to think that the X-ray emission originates b
well as the signal around 500 d and marginally at around 800cduse of direct accretion on to the surface of an NS from the

In Fig.[@ we plot, for any considered timein Modified stellar wind, as discussed above and in 9dct. 5. Therefae, w
Julian Date, the trial period that displays the maximum wetve are inclined to think that the long-term X-ray variabilitevgee
amplitude. It is clear from this plot that a decreasing quass due, as suggested by Masetti etlal. (2004), to variatiotisi
period is present in the data, and excluding very shortpal wind of the primary.
riods found at the limits of the data set and eventual jumps to Erratic variability on timescales of hours has been detecte
the ~500 d signal, it varies from270 d at the beginning of with RXTE and BeppoSAXand attributed to wind density
the observations te130 d at the end. Very similar results argnhomogeneities. While in the first case_Negueruela & Reig
obtained when doing the same kind of analysis but using tm) reported an increase of the 5/2L& keV hardness ra-
smoothed data shown in F[g. 3a. tio with increasing 2.5-30 keV intensity, in the second one

In contrast, a similar analysis of the Vela X-1 data witiasetti et al.|(2004) report a constant behaviour for theesam
PDM, CLEAN, and the wavelet based method, reveals that Rardness ratio with increasing 2—10 keV intensity. Thisrat
such kind of long-term quasi-periodic variability is pret&  result suggests that variations in the accretion rate dvarie
this supergiant binary system. ations in the wind density do not change the slope of the soft
X-ray spectrum. We have used the same scheme of hardness
ratio versus intensity as in the later case with RTEASM
and found the same behaviour. Despite the large errorsmgrese
Superorbital periods wittPs, in the range 30-240 d andin these data, this would be consistent with the hypothhais t
Psup/ Porb values in the range 5-22000 have been found liong-term X-ray variability is due to a changing wind of the
a group of around 15 X-ray binaries (mglprimary.

4.2. Superorbital quasi-period or wind variability?
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Interestingly, correlated variation between a variablésem They found a quasi-sinusoidal modulation with a period of
sion component in K and X-ray flux have been observe®.570:0.004 d, and suggested it could be due to orbital motion.
on timescales of years in the wind-fed HMXB systerhater on, Caorbet & Peele (2001) performed a detailed analy-
LS 5039RX J1826.2-1450 (Reig et al. 2003; McSwain et al.sis of ~5.5 years oRXTEASM data and refined this value to
2004;Bosch-Ramon etldl. 2005). By analogy, the long-ter®568:0.004 d. The folded lightcurve appeared again quasi-
variations in the X-ray flux from 4U 220664 might be due sinusoidal, and they derived an epoch of maximum X-ray flux
to changes in the wind of the mass donor BB33°2790. at MJD 51006.20.2.

Stochastic variability in the wind may easily explain véinas
in the X-ray flux on timescales of hundreds of days with no o )
periodicity. It is, however, much less obvious which phgsic 2-1- Timing analysis

mechanism could manifest itself in the quasi-periodicafait As already explained in SedC¥.1, we have performed a de-

ity observed in 4U 220654. tailed timing analysis of the currently available 9.42 yeaf
BD +53'2790 is too early to fit within any known Cate_RXTE{ASM data. The orbital period is significantly detected

gory of pulsating stars — n® Cep star is known with a spec-. : i
tral type earlier than BO.(Lesh & Aizenman 1973; Tian et a all data sets and using both the PDM and CLEAN algo

2003). Moreover, the timescales of variability are muchglem fithms. Since the PDM is an epoch folding method and there

: : ] is clearly a great deal of long-term variability, we have-pre
- d (Waelk ot al. | ; :
than in aqy_B type pulsator of any kin Vaelkens.el.a ..ngéirred to trust the results obtained with CLEAN. We note that
The possibility that some sort of non-radial pulsationatstiis

present in the Oef star BB6(°2522 has been suggested to ofince the folded lightcurve is quasi-sinusoidal, CLEAN iliw

plain variability on time-scales of houis (Rauw ef al. ZQ@8it suited for this analysis (see, e.g._Otazu elal. 2002.12004)

the variability in BD+53°2790 has a timescale more typical oF.he ODA and 5D'ODA I|ghtc_urves contain spurious data, and
Mira variables. since the results obtained with CLEAN may be influenced by

Although clearly BD+53°2790 cannot share a physica hem (because weights are not used), we have not considered

mechanism with Mira variables, there must be a physical r fiese cases. For the DBD and 10D-ODA cases, the results ob-
- . Co oo etained are 9.55800.0005 and 9.55930.0005 d, respectively.
son driving the long-term quasi-periodic variability thae

i N o Fitting a cosine function to the DBD lightcurve provides a pe
have detected. Long-term (quasi-)periodicities have leen '%d of 95591+ 00007 d and an epoch of maximum X-ray

served in a few other peculiar O-type stars, such as HD 1 ux at MJD 51856.&0.1. This will be the ephemeris con-

(Nazé et all 2001). The recent discovery of a 538-d recul: o
rence in the spectral changes of the Of?p star HD 1916|‘T ered hereafter. We note, however, that splitting the DBD

s ) Ightcurve in two halves provides cosine fits with periods of
(Walborn et all. 2004) represents another interesting elaaip . :
long-term periodicity of unclear origin. While for HD 19181 9.5694+ 0.0014 d and $520+ 0.0026 d, respectively, with

L : o . a difference of 0.017 d, much higher than the error of the fit
the possibility that a binary companion in a very eccentric 0

bit drives the changes is tenable, the quasi-periodic atgirg guoted above. This is probably due to the superpositionmmf-o

BD +53°2790 cannot be explained by a hypothetical third boé;e/rm variability.

in the system. We show in Figll’ the DBD lightcurve folded by using these
Whatever the physical driver, if the changes in the Xe@phemeris. We have weighted the data according/dd In

ray flux are associated with variability in the mass loss &@&ch one of the 20 bins per period used, whetgthe error of

BD +53°2790, the average X-ray flux of 4U 22664 may be a each individual dwell. As can be seen, the modulation is iquas

good tracer of the recent wind history of the donor. Takirtg inSinusoidal, but showing a slightly slow rise and a fasteagtec

account the observed correlation betweenéthission and X- 1his behaviour is urféected by small changes in tiRg, used

ray flux in LS 5039, it may be worth considering the possibiRf by small shifts irty to average the data in afférent way, in-

ity that, at least in well detached HMXBs with wind accretiordicating that it might be real. Nevertheless we must be oasti

X-ray monitoring might provide information on the long-ter about this issue, since the long-term variability célieet the

evolution of wind characteristics. folded lightcurve in a noticeable way. On the other hand, the
In any case, the existence of chaotic short-term variabcal minimum around maximum (phases 0.95-1.00) is some-

ity on timescales from minutes to days in the X-ray flux frorfOW Washed out when using slightlyfirent values foPor

4U 2206+54 (Negueruela & Reifi 2001: Torrejon et hl._20o04ndor to, which makes it more uncertain.

Masetti et all. 2004) prevents the comparison between élaila  As a further check of the orbital variability, and in an at-

optical spectroscopy and X-ray flux measurements takenaveaempt to avoid the influence of the long-term variability, we

few hours apart. Clearly, a detailed multiwavelength cagmpa have analysed the data in the following way. First of all, we

has to be undertaken to be able to fully interpret the datahiave only considered the DBD data points falling on intesval

each energy domain. of time when the average flux shown in Hifj. 3a was in the range

0.25-0.55 count$, to avoid intervals of poor statistics and in-

tervals of too much activity of the source. This corresponds

approximately to 57% of the original DBD data. After that, we

Corbet et al.[(2000) performed a preliminary analysis-4f5 have subtracted the average flux to the DBD data, to remove

years of RXTEASM data of 4U 220654 (after correction the remaining long-term variability. Finally, we have arsdd

from a wrong position by~0.5 in the survey catalogue).the resulting data set as previously done. CLEAN provides an

5. Orbital X-ray variability
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06 L Since this is a very simple accretion model, first of all
we have used Vela X-1 to check its validity. Folding the
05 - 1 RXTHASM data of the source with its orbital period, we find a

maximum and minimum count rates of 6.4 ag8lL2 count st
(the presence of the X-ray eclipse prevents an accurate esti
mate in this later case), thus providing a luminosity rat&o0.
Assuming a distance to the source of 1.9 kpc (Sadakane et al.
1985), these count rates translate into absorbed X-raylosii
ties of 13 x 10°® and< 0.7 x 10°¢ erg s?, with an average
of < Lis-121 kev) >= 1.0 x 10°° erg s*. On the other hand,
i 1 by using log /Ly, = 5.53 (Sadakane etkl. 1985) and the re-
lationship by Howarth & Prinja (1989), we obtain a mass-loss
rate of M ~ 1x 10°% M, yr-L. For the wind terminal veloc-
ity we use the value,, = 1100 km s?, obtained fromlUE
spectral(Prinja et al. 1990). Hereafter we will yse- 0.8 for
0000 02 04 o6 o8 10 12 12 16 18 20 the exponentof the wind law. The orbital period and the ec-
Orbital phase centricity are those df Quaintrell etlal. (2003), while wevda
Fio.7. DBD lightcurve of 4U 220654 folded usin considered their intermediate caseieB(®, which provides
Pg.=.9.5591 d agnd =MJD 51856.6. Error bars re resentgth Mot = 24.2 Mo, Ropt = 280 Mo, andMx = 1.96 Mo (WIFh
orb -H0 ; =P %he adopted valueg,~ 0.3). The expected accretion luminos-
error of the weighted mean in each of t_he 20 _b'n PEr PETOR, values are quoted in the last row of Table 1. As can be seen,
and no_t the stand_arg devllatlon. Two prbltgl periods are sho e obtain a ratio irLcc of 2.2, compatible with the2.0 ra-
for clarity. A quasi-sinusoidal pattern is evident. tio obtained with theRXTEASM data. On the other hand we
find < Lia-121kev) >=< Lacc > / 4, since not all the ac-
cretion luminosity is released in the soft X-ray band. Iridjee
from BeppoSAXdata of Vela X-1 by Orlandini et all (1998),

orbital period of 9.558%0.0005 d, compatible with the one re<, . ¢ 4"t between/3-V4 of the total X-ray luminosity

ported above. The folded lightcurve obtained by using this fbetween 2 and 100 keV would be emitted in RETEASM

tered data set and the quoted period is very similar to the OéHaergy range. Therefore, the accretion luminosities obti

sh_oyvn in FigDéburt] with %g‘:af gg‘%”t rlate of 0). Thel lr?c‘ﬁhﬁ)ugh our model yield a ratio of maximum to minimum lu-
minimum around phases 0.95-1.00is also present, aitho osity compatible with th&RXTEASM data, and absolute

again with a low significance. Regarding the orbital perio alues a factor of 3 to 4 above them, in agreement with obser-
we prefer the former value, 391+ 0.0007 d, because it hasvations

been obtained with the original dataset, which containedib In the case of 4U 220654 we have uselly = 1.4 M, and

2 times the number of flux measurements used in the latter c%%(e: 10 km for the NS (which provides=~ 0.2). We have run

models with the parameters corresponding to both an 09.5V
star and an O9.5 1l star. In the first case, we considétgd =

16.0 Mg andRyy = 7.3 R, (Martins et all 2005), witiMgp =

The minimum and maximuRXTEASM count rates in Fidl7 3x 1078 M, yr* (by using logL/L,, = 4.65 from Martins et &l.

are 0.26 and 0.46 count’s respectively, implying a ratio be-2005 and the relationship by Howarth & Prinja 1989). In the
tween them of 1.8. Translating the observed count rates iiscond case, and using the same references, weNigye=
absorbed X-ray luminosities, we obtain an orbital variébil 20.8 My andRgpe = 13.3 Ry, with Mopt =2x10"Mg yr.
covering the rangé (13 121 kev) = (1.0-18)(d/2.6 kpcY x  We have tried dferent eccentricities and found that we can ap-
10°° erg s. This degree of variability is expected in a windproximately reproduce the quasi-sinusoidal shape of thietb
accreting system with a low or moderate eccentricity. Ireordlightcurve shown in Fig[dD7 by using = 0.15, as can be

to explore whether the observed variability can provide-coseen in Fig[B for the 09.5V star considered above and us-
straints on system parameters, we have used a beta-law withv,, = 350 km s'. We note that in this last figure phase
spherical symmetry to model the wind of the donor, comput@dcorresponds to periastron, and the maximum accretion lu-
the position and velocity of the compact object in an ecéentminosity takes place at phas®.2 because of the low wind
orbit around it, and obtained the luminosity due to accretip terminal velocity (i.e., if this model were correct, petias
using a Bondi-Hoyle accretion modél (Bondi & Hayle 1844would be at phase-0.8 in Fig.[T). The results of our sim-
Bondil195P). A detailed explanation of the method is givemations using an eccentricity of 0.15, for both the main se-
in Reig et al. [(2003). A comparison between the equation weence and giant cases, anétfetient values for the wind ter-
have used to estimate the X-ray luminosity due to accretianinal velocity are quoted in Tabld 1. As can be seen in the
Lacc = GMyxMac/Rx, and that of the commonly used formalmain sequence case far, = 350 km s?, we are able to re-
ism bylLamers et all (1976), whekg. = {MacC?, reveals that produce the 1.8 maximum to minimum X-ray luminosity ra-
the dficiency factor for the conversion of accreted matter o and obtain an accretion luminosit§3 times the observed
X-ray flux is¢ = GMy /Rx¢? = 1.48(Mx/Mo)/(Rx /km). one (of< Lus121kev) >= 1.4 x 10% erg s?), similar to

o
~
T

ASM count rate (count s ™)
o o
) w
T
1

o
[
T
1

5.2. Wind accretion in an eccentric orbit?
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Table 1. Computed orbital variability of 5¢c for NSs (withMyx=1.4 M, and Rx=10 km) accreting from the wind of flerent
donors in eccentric orbits. The values for 09.5V and 09.8dhors (4U 220654) have been computed forfidirent wind
terminal velocities. As a comparison we also show the redalt Vela X-1 considering an inclination of 8(Quaintrell et al.
2003). The observeldXTEASM luminosities are around3 of < Lacc >.

Spectral type Mopt  Ropt Mopt Veo B Porb S Lace max Lacc min  RatioinLace < Lace>
(Mo) (Ro) (Moyr?) (kms™) (d) (ergs’)  (ergs!) (ergs?)
09.5V 16.0 7.3 3.R10°8 350 0.8 9.5591 0.15 5.530% 2.95¢10% 1.87 4.0610%°
500 0.8 2.1%10% 1.12<10® 1.96 1.5%10%®
1000 0.8 0.2210°* 0.1x10°®*  2.10 0.1%10%
09.5111 20.8 13.3 2.8107 350 0.8 9.5591 0.15 33.410°° 17.9 x10%® 1.86 24.7x10%
500 0.8 15.2x10%° 7.54x10%® 2.02 10.8x10%®°
1000 0.8 1.8510°%° 0.7%10%° 2.34 1.2K10%®

Vela X-1 (80, 1.96M,) 24.2 28.0 1.810° 1100 0.8 8.9644 0.0898 54I0® 25210 2.17 3.7%10%

7.0 T T T T T T T T T

that the wind terminal velocity has been derived with UV data
taken several years before the X-ray flux measurements form
60 1 RXTEHASM.

It is important to note that, for the unevolved nature of

5.0 BD +53°2790 and the orbital parameters of the system, the low
= value of the wind velocity allows 4U 22@8%4 to have an un-
"0 4.0 expectedly high X-ray luminosity even if containing an NS of
g 1.4 M, as the accreting compact object. This solves the main
ga 30 problem for accepting the NS hypothesis, the other one being
7 the lack of X-ray pulses that can be explained by simple geo-
—

metrical d@fects (Blay et dl. 2005a). We finally note that, from

20 the absence of X-ray eclipses, and é# 0.15, we derive an
1ol | upper limit on the orbit inclination of 8225n the 09.5V case,
: 095V, v, =350 kms and 77.5in the O9.51ll case.
00 1 1 1 1 1 1 1 1 1
00 02 04 06 08 10 12 14 16 18 20
Orbital phase 6. On the long-term wind variability

Fig.8. Computed variability of the accretion luminosity fronThere are two easy ways to explain the long-term changes
the compact object in 4U 22064, assuming a neutron stalin the X-ray flux from 4U 220654: changes in the mass-
with Mx = 1.4 M, andRx = 10 km, using a spherically loss rate of the donor aymt changes in the wind terminal
symmetric wind and a Bondi-Hoyle accretion model. The vanelocity. Assuming a constant mass-loss rateVf = 3 X
ability is due to the orbital motion in an eccentric orbit kvit 10-8 M, yr-%, wind terminal velocity changes between 200 and
e = 0.15 around an 09.5V donor witlh, = 350 km s*. 1100 km s should be invoked to provide accretion luminosi-
All parameters are quoted in the first row of Table 1. A quasies in the range 1-10* erg s?, necessary to explain the
sinusoidal pattern, similar to the observed one, showngiFi observed long-term X-ray variability discussed in SELtof4,
is obtained. The observed soft X-ray luminosity-#/3 the ac- L (13 121 kevy = (0.035-35) (d/2.6 kpcf x 10°° erg s. These
cretion luminosity. Phase 0 corresponds to periastron tfad velocity changes would lead toftérent orbital variability pat-
maximum of accretion luminosity is displaced due to the lowerns: for the lower values of, we would have a higher X-ray
wind velocity. flux with a maximum peaking at a phase 0.28 after periastron,
while for the higher values of,, the lower X-ray flux would
have its maximum around phase 0.06 after periastron. Tckchec
the factor of~2 between the 4-150 to 4-12 keV luminosities this is the case, we have split the DBD data in three intisrva
(Blay et all 2005a). However, for higher wind velocities we u according to whether the 30-day averages shown ir{Fig. 3a are
derestimate the average X-ray luminosity, consistent wieh in the following rangess> 0.5 count s! (24% of data)> 0.3
low-speed wind observed bYE (see Secf]2). In the giantand< 0.5 count s* (38% of data)< 0.3 count s* (38% of
case the system would be at 4.8 kpc, and the average X-raydata). We have subsequently folded these data with theabrbit
minosity < L13-121 kev) >= 4.8 X 10% erg s1. Therefore we period, as done in Fig 7. We show the results in Elg. 9. For
should expect average accretion luminosities between @5 digher count rates the maximum X-ray flux takes place earlier
20x 10* erg s%, which can be achieved with, ~ 400 kms!, than for lower count rates, contrary to what would be expkcte
again compatible with thBJE data. We caution, neverthelessif only changes inv,, drove the changes in X-ray luminosity.
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the magnetospheric radius as a function of the orbital phase
and it is minimum just before periastron and shifted in phase
~0.3 before the maximum of accretion luminosity. Therefore,
we suggest that the behaviour shown in Elg. 9 could be the re-
sult of enhanced accretion when the magnetospheric raslius i
minimum, during epochs of high mass-loss rates of the pgimar
Finally, we note that geometric variations in the X-ray ir-
radiation of the wind of the primary can lead to changes in the
ionization states of the wind species that we see, resulting
variations of the measured, (Hatchett & McCray 1947). This
effect has been observed in Vela X1 (Kaper ¢t al. 1993) and in
4U 1700-37 (Iping et all 2004). Moreover, for higher X-ray ir-
radiation one has a higher ionization and a slower wind, thus
a higher accretion rate and X-ray luminosity. The eccentric
ity of 4U 2206+54 could lead to additional significant changes
in the amount of X-ray irradiation of the primary wind along
the orbit, and thus i, providing a diferent orbital variabil-

_ ) L i _ ity pattern from the one obtained with a simple Bondi-Hoyle
Fig.9. The same as Fi@l 7 but splitting the data inBefent 30- e 1t is worth noting that there are certain epochs when t
d_-a\_/erage flux levels: h'gh’ mlddle, qnd low. The m"_’d'e CtSlseRXTHASM maximum to minimum orbital flux ratio appears to
similar to the total shown in Figl 7, with a b,foafj Maximum C€Iye 5 factor of-5. This can be seen in data with relatively good
tered at phase 0. When the average.flux is high, the max'mngnaI-to-noise ratio after averaging them with a 2-daying
X-ray flux happens at phase.85, while for the low flux case \in 4w, An example of this variability is shown in figure 4
the maximum is around pha_se 0.10. This behaviour IS CONUrYY= orhet & Peele (2001). If this behaviour were only due to
to what would be expec_ted if th_e average X-ray f_qu INCréasgSeretion variability in an eccentric orbit, a valueet 0.4
because of a decrease in the wind terminal velocity. would be needed. However, these factor&fflux variations

are not seen in the average folded lightcurve. Even when con-
sidering the split data in Fifl] 9, variations with a factotle

If only changes in the mass-loss rate of the primary are irange 2—3 are seen. Clearly, a radial velocity curve is rieede
voked, then for., = 350 km s™ we would need dramatic long-to constrain the eccentricity of 4U 22664 and allow a better
term variations in the rangdop; = 7x1078-7x107° M, yrt.  modeling of the data.

Moreover, a change in the mass-loss rate does not modify the

phase of the X-ray luminosity maximum. Despite the reldyive
noisy RXTEASM data of 4U 220654, we can say that the
scenario is not so simple. 4U 2206+54 is known from the very first days of X-ray as-

A general explanation of the various regimes of wind accrophysics [(Giacconi et 8l. 1972), although a complete pnde
tion on to a magnetised neutron star can be found in Stelll etstanding of the accreting properties has only been posaible
(1986). In our case, the accretion radiys. = 2G MX/VrZe| ter analysing anUE spectrum. The abnormally slow wind of
(Waters & van Kerkwijk 1989) varies along the eccentric othe donor in this binary system;350 km s?, results in a rel-
bit, and takes values in the range 248 cm for thev,, = atively high X-ray luminosity, 18-10° erg s, for its rela-

350 km s? case {1.5x10' cm forv,, = 500 km s?, and tively wide orbit, ~9.6 d, which has allowed its detection in
~0.5x10* cm forv,, = 1000 km s?). This is one order of mag- all X-ray surveys. In addition, the system is relatively riga
nitude smaller than the separation of both objects at gesias 2.6 kpc (Blay et gl._2005b), and does noffsu an extremely
passage. On the other hand, by using a surface magnetic flétsh absorptionNy = 1.1 x 10?2 atoms cm? (Torrejon et al.

of By = 3.6 x 10'?2 G (Blay et all 200%a) and the dipole mag2004). Similar systems containing main sequence donols wit
netic field formula B(r) = Bo(Rx/r)%; Waters & van Kerkwiijk normal fast winds would have one to two orders of magnitude
1989) we can compute the magnetic radius along the orlbitwer X-ray luminosities, preventing their presence insérig

given byrmag = (B3RS /8mpVv2)"®, which takes values in the X-ray surveys.

range 0.6—1.910'° cm for all wind values considered. Indeed, The only exception is the nearby, 2.5 kpc, X-ray binary sys-
considering the cases quoted in Table 1 and all possible mm LS 5039 (see_Casares €etial. 2005 and references therein).
bital phases, the accretion radius is always between 5 andT4@ donor is an 06.5 V((f)) star_(Clark et al. 2001) displayin
times larger than the magnetospheric radius. Finallyesime a fast wind of 2440 kms (McSwain et al. 2004), but the sys-

do not know the spin period of the NS, we cannot compute ttem is present in th&@OSATAIl Sky Bright Source Catalog
corotation radius. However, if we want to avoid centrifuigal (Moges et all. 1999; Motch etlal. 1997), because of its close or
hibition of accretion, also known as propeller mechanisee (sbit, ~3.9 d [Casares etlal. 2005), and relatively low absorption,
Stella et all 1986), we must havg, = (GMxP2, /47?3 > Ny = 0.7 x 10?2 atoms cm? (Martocchia et £ll_2005). We
rmag Therefore, to have direct wind accretion in 4U 228@, note that the X-ray luminosity of this system, 10** erg s*
the spin period has to be longer than 470 s. We have compu{Bdsch-Ramon et &l. 2005), is only a small fraction, a faofor

7. HMXBs with main sequence donors
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1/80, of the accretion luminosity (Casares et al. 2005), ngakin
its detection even morefticult.
In this context it is interesting to note that sensitive pedh

in vV, caused by variations in the ionization states in the
wind of the primary due to changes in the X-ray irradiation.
These parameters could vary as well on long-term scales
observations of the Galactic centre witlhandrarevealed the for different mass-loss rates of the primary. We suggest that
existence of a population 6f1000 low-luminosity hard X-ray they might play a role in explaining theftirent patterns of
sourcesl(Wang et al. 2002; Muno etlal. 2003). Although a sub- orbital X-ray variability.

stantial fraction of them could be wind-fed accreting NSs i6. If the magnetic field of the NS i8 = 3.6 x 102 G
HMXBs with main sequence donols (Pfahl etial. 2002b), their (Blay et al..2005a), its spin period has to be longer than
nature is still under debate (see Bandyopadhyayi et all 2605a 470 s to allow direct wind accretion.

Laycock et all 2005). 7.
On the other hand, available all-sky (or Galactic-plane) X-

ray surveys are not sensitive gadhard enough to detect these

kind of sources a few kpc away from us, where interstellar al8-

sorption is probably playing a crucial role. Therefore, ées-

Long-term coordinated observations in the optical and X-
rays could confirm the proposed variability of the wind, by
means of correlation between X-ray flux and keixcess.
Observations are underway to obtain the radial velocity
curve of 4U 220654 and constrain the eccentricity of the

tence of a population of wind-fed HMXBs with main sequence system, which is needed to properly model the observed
donors (andPspin > 100 s in the case of NSs to avoid the pro-  orbital X-ray variability of the source.

peller efect), which would be the natural progenitors of SXBs®. The nearby X-ray binaries 4U 22664 and LS 5039 are
could be unveiled if new sensitive all-sky surveys with ener the only two known wind-fed HMXBs with main sequence
gies above-5 keV are performed (like the plann®DSITA donors. We suggest that more sensitive and harder X-ray
andEXIST surveys). Their study could have fundamental con- surveys than the available ones could unveil a new popula-
sequences for the evolution and population synthesis afipin  tion of this kind of objects, which are natural progenitofs o
systems. supergiant X-ray binaries.
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