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Abstract. After more than 15 years of quiescence theXBeay binary V0332-53 underwent a giant outburst in December
2004. We have investigated the timing properties of the@in correlation with its spectral states as defined Ifiedint
positions in the colour-colour diagram. We have used RXT& INTEGRAL light curves to obtain colour-colour diagrams,
power spectra and phase-lag spectra. The power spectrdittenienith a multi-Lorentzian function. The source showstw
distinct branches in the colour-colour diagram that redertitose of th&Z sources. The hard branch (similar to the horizontal
branch ofZ sources) is characterised by a low-amplitude change ofatedolour compared to the change in the soft colour. In
the soft branch (analogue to the normal branch) the amplibfidlariability of the hard colour is about three times lauthpan that

of the soft colour. As the count rate decreases the sourcesngvgradually through the soft to the hard branch. The egtieri
variability (excluding the pulse noise) consists of baimited noise (represented by three broad Lorentzian coemtsh and
two QPOs at 0.05 Hz and 0.22 Hz. The strength of the lower #rquQPO increases as the source approaches the hard branch
(similar to HBOs inZ sources). The higher frequency QPO reaches maximum sigmificwhen the source is in the middle
of the branch (like NBOs). We have performed the first measargs of phase lags in the band limited noise below 8 Hz
in an accreting X-ray pulsar and found that soft lags donairzthigh frequencies. Above the pulse frequency (0.23 He), t
amplitude of the lag increases as the X-ray flux increasesZTbpology appears to be a signature of the neutron star bari
as it is present in all types of neutron-star binariésgtoll and, as we show here, in accreting pulsars as welljueder, the
motion along this track, the time scales through th®edent branches of the diagram and the aperiodic varialaifisociated
with portions of the Z track dier for each subclass of neutron-star binary.

Key words. stars: individual: V033254, BQ Cam — X-rays: binaries — stars: neutron — stars: l@eaiiose —stars: emission
line, Be

1. Introduction again in 1989 with a peak flux of 0.4 Crab (1-20 keV). The
i i i analysis of this new outburst with improved technology al-
V0332+53 is a hard X-ray transient, accr_etln_g X_-ray pu_ls%wed the discovery of a cyclotron resonant scattering fea-
and BgX-ray binary that spends most of its life in a quiesg e ot 28 5 keV/(Makishima etl. 1990) and QPOs at 0.051
cent X-ray state. This quiescent state is occasionallyr-int?_'Z (Takeshima et al. 1994). The last outburst took place in
rupted by sudden increases of the X-ray flux in which théa004 with a peak intensity in the 1.3-12.1 keV range~of
source reaches Eddington luminosities. VO832was discov- 1 1 crap|(Swank et AL 2004; Remillird 2004). INTEGRAL ob-
ered dur_lng one of the§e large outbursts In 1973 by\ta servations provided the first broad-band spectrum (5-10) ke
5B satellite (Terrell & Priedhorsky 1984, Whitlatk 1989). Theyng getected three cyclotron lines_(Kreykenbohm kit al.[P005
outburst éasted Io_r about 100 days and reached 1.4 C_rabtgfng RXTE observations obtained during the 2004 outburst,
15x 10° erg s* in the 3-12 keV energy range, assuming Zhang et al.[(2005) refined the orbital parameters of thegyst

distance of 7 kpcl(Negueruela el al. 1999). V0833 reap- ,n4[qy et A1.[(2005) reported the discovery of a new QPO at
peared in 1983 (Tanaka 1983) in the form of three small o 92 Hz

bursts. EXOSAT observations of this activity period resdlt
in the discovery of X-ray pulsations witRspin = 4.4 s and ) )
the determination of the orbital parametes, = 34.25 d The optical counterpart to V03383 is an O8-9Ve star at

ande = 0.31 (Stella et Il 1985)Ginga detected V033253 a distance ot 7 kpc, showing k in emission and strong and
variable infrared emission_(Bernacca etlal. 1984; Corbali et

Send offprint requests to: P. Reig 1986 Coe et al. 1987; Negueruela et al. 1999).
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100 ‘ | 5 (MJD 53376), i.e., a few days after the peak. Given that the
M 1 1 observations only covered the decay of the outburst and-in or

der to have a clear picture of the outburst profile we show the
RXTE ASM light curve in Fig[l. The total duration of the
outburst was~ 100 days, of which the INTEGRAL observa-
tions covered about 46 days and the RXTE observations the
last 80 days (from maximum flux to quiescence). The peak
flux, as measured by the ASM (1.3-12.1 keV) wak 1 Crab
(Remillard 2004).

The outburst profile is very symmetric, although the rise is
somewhat faster than the decay. Thiatence appeared, how-
‘ ! ‘ ever, at the end of the decay, with the profile displaying géon
wip | 200 tail at the base of the outburst. While a decrease in flux ofiabo
. 30% is achieved in- 5 days at the onset of the decay, such a
Fig. 1. The outburst of V033253 as seen by ASM RXTE (1 4o requires 12 days at the end of the decay. Surprisirigy, t
Crab~ 75 gs). Grey and black lines mark the time of the RXTlehaviour contrasts with that observed in A 05262 during
and INTEGRAL observations, respectively. its June 2005 Type Il outburst, where the longer tail was seen
at the beginning of the outburst (Coe et al. 2005).

In this work we have analysed data from the JEM-X At the beginning of the RXTE observations the 4-30 keV

INTEGRAL and the PCA RXTE instruments during the ladfCU2 count rate was 3000 ¢s, that is,~1.5 Crab. The in-
large 2004 outburst. Our aim is to perform a correlated tiff€nSsity of the last observation reported here was/87which

ing an Spectra' ana'ysis of the x_ray emission as the Outbuggrresponds t6-0.02 Crab. Overall the decrease in flux was a
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o

1.3-12.1 keV ASM intensity c/s

|
53350

decayed. factor ~ 60, from 53 x 1078 erg cnT? s™! to 0.09x 1078 erg
cm?st
) ) In order to study the evolution of the timing and spectral
2. Observations and data analysis properties of V033253 throughout the decay of the outburst

We have used data from the space missiGoss X-ray We dividedthe INTEGRAL and RXTE light curves into several

timing Explorer (RXTE) and thelNTErnational Gamma-ray regions. The start time of these regi0n§ ha\{e bgen markéd wit

Astrophysics Laboratory INTEGRAL). The RXTE data cor- Plack (INTEGRAL) and grey (RXTE) lines in Figl 1. Tadle 1

respond to public Target of Opportunity (TOO) observatiorives the start and exposure time for each region.

performed between December 28, 2004 and March 17, 2005

(MJD 53368.24-53447.06). Given the high count rate and t@_ez Colour-

fact that the PCU number 2 was on all the time we used data

from this detector only. Data reduction was performed witBackground-subtracted light curves corresponding to tie e

FTOOLS v5.3.1. The total RXTE on-source time amounted togy ranges; = 4 — 7.5 keV,c; = 7.5 - 10 keV,c3 = 10— 15

~ 113 ks. keV andc; = 15- 30 keV were used to define the soft colour
The INTEGRAL data were retrieved from the publiqSC) as the rati@,/c,; and the hard colour (HC) as the ratio

archive and correspond to the Target of Opportunity (TO®gtweerc,/cs. The colour-colour diagram (CD) of V03383

observations performed between January 5, 2005 and Fgbrweaais then constructed by plotting the hard colour as funaifon

21,2005 (MJD 53376.27-53422.05). We analysed JEM-X dakee soft colour (Fig12).

for a total observing time of 338 ks, divided in 105 point- At the peak of the outburst the source was in a soft state.

ings (Science Windows) in revolutions 273-274, 278, 284g the count rate decreased the source moved up and right

288. Data reduction was carried out with the standaffeli® in the CD, i.e. it became harder. At the end of the outburst

Scientific Analysis (OSA) software version 5.0, availabie  (INTEGRAL regions H and | and RXTE regions E and F) the

colour diagram

the INTEGRAL Science Data Centre (ISDC) source moved to the left, that is, toward lower values of SC
The timing analysis was done with the XRONOS softwakgith little variation in the HC. Two spectral states or braas
package v5.21 (Stella & Angelini 1992). can be distinguished in the CD: a soft state that corresponds

to higher count rates and a hard state that includes poitits wi
lower count rates. In the soft branch, the main parameter dri
ing the spectral variability is the hard colour: while the HC
3.1. The outburst changes by about 45%, the SC changes by about 15%. In the
The X thurst b in 2004 N ber (MID 53338ard branch, the variability is more pronounced in the SC.
€ 2-ray outburst began in ovember ( ) The pattern traced out in the CD by V0333 resembles
and reached maximum flux about one month laterMJD — .
) . o . tl?at of the low-masZ sources (see e.g van der Klis 1995), with
53368). While RXTE observations coincided with the peak )
the outburst, INTEGRAL observations started in 2005 Janu e soft branch be|_ng the analogue to the “O”T_‘a' branch and
' Ghe hard branch being the counterpart of the horizontaldbran

1 httpy/isdc.unige.chindex.cgi?Softdownload The flaring branch would be missing in VO3823. As in Z

3. Results
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Fig.2. JEM-X and PCA observations of the outburst. Flux evolutimp) and colour-colour diagrams (bottom). 1 Crab corre-
sponds to~ 2000 PCU2 (s and~130 JEM-X ¢s in the energy range 4-30 keV. The X-ray colours are define8iGas.5-10
keV/4-7.5 keV and H&15-30 keVY10-15 keV, where the energy ranges represent the backgsulntchcted count rates in the
corresponding band.

sources, the hardest spectrum corresponds to a lower @igntTable 1. Results of the timing and colour analysis
state. Also, the source moves gradually through tiEeidint
branches without jumps. The source took about 80 days to gBeg. Starttime Exposure Count SC  HC Foix

from the softest point of the soft branch to the hardest pafint MJD time (ks)  raté
the hard branch. INTEGRAL data
A 53376.27 32.842 229 0.76 0.60 4.3
B 53379.06 42.656 216 0.77 0.63 4.2
3.3. Power spectral analysis C 53380.22 10.504 194 0.79 0.64 3.9
D 53393.64 52.193 104 0.80 0.70 2.1
In order to investigate the aperiodic variability of VO33&3 E 53410.14  138.368 53 0.83 0.84 1.1

in relation with its spectral state we divided the CD into six F  53413.07  13.316 46 085 086 09
regions and calculated power spectra for each region. TheG 5341645  15.403 33 08 08 06
power spectra were obtained by dividing the 0.125-s resolu-1 ~ 93419.05 14.725 23 084 096 04
tion PCA light curves into 256-s segments and calculatimg th 53422.05 17'??0>?TE dat1a4 0.74 095 03
Fast Fourier Transform (FFT) of each segment. We obtained

a mean power spectrum for each region by taking the averag ggggi'gg g'ggg égz;é g'gi g'gé i'z
over the segments included in the region. See Tdble 1 to fand th 5338436  14.928 1742 055 024 34
average values of the colours and intensity of eachregib@. T 5 5338686 41984 1464 056 025 29
power was normalised such that the integral gives the square g 53413.06  38.608 406 060 0.31 0.9
rms fractional variability. Given the superior quality, in tes = 53436.30 5.120 37 0.48 040 0.09
of the signal-to-noise ratio, and the longer outburst cagef ~5hackground subtracted 4-30 keV

the RXTE observations we only used RXTE data in the timingp; 108 erg cnt2 st

analysis.

Figure[3 shows the power spectra associated with dif-
ferent positions in the CD. In order to fit the power spe&san Straaten et El. 2002). Note that with the FrequeRoyver
tra we followed the approach commonly employed recenttgpresentation used in Fig. 3, the central frequengyof the
for low-mass neutron-star and black-hole systems of usihgrentzian function and the frequency at which the Loremtzi
Lorentzian functions only.(Nowak 2000; Belloni el al. 2002eaches maximum poweryax, do not coincide but are related
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Fig. 3. Evolution of the RXTE power spectra during the decay of ththorst. The various Lorentzian components have been
indicated:Ly ey (dot), Luen (dash-dot-dot)l ropo (dash) Lyropo (dash-dot) andl sy (dash-dash-dot).

by vmax = (v2 + A?)Y2, whereA is the Lorentzian half-width at time, thoughLy_rn is a zero-centred Lorentzian and describes
half-maximum. the noise below 0.02 Hz. Ly gy andLypy are present both,
in the highsoft state (HSS) and in the Ighard state (LHS),
p\e(g_ile L.rn is exclusive of the LHS. In the LHS the QPOs are
é’wlsent.

The study of the aperiodic variability in V03383 is ham-
pered by the presence of very narrow peaks in the power s
tra. These spikes correspond to the spin period of the syst
V0332+53 is an X-ray pulsar witlPgyn = 4.37 s, which corre- ~ Tablel2 gives the results for the power spectral fitting pro-
sponds to a frequency of 0.228 Hz. This peak and up to fogdure.
harmonics can be seen in the power spectra (see[Jig. 6 or
Qu et al.l 2005). For the sake of clarity we deleted the peaks L .
of the spin period and its harmonics in Hig. 3. Here we are iﬁ=3'l' Noise in the high/soft state (HSS)

terested in the aperiodic variability of V03833 only, that is, g goft pranch comprises the intervals A-B-C-D. Interval E

in the evolution of the broad-band noise and QPOs as the o&ﬁ’n be considered as a transition state between the HSSeaand th

burst decays. The coherence pulsation and its harmonioewt]_q_'S_ It would correspond to the so-called apexzisources.
fitted with narrow Lorentzians. The fundamental and the fir & the flux decreases thens of Lv e increases, (from 5%

two harmonics normally occupy one frequency bin. The thir

d fourth h . b ved | tth in region A to 12% in region E), while thems of Lygy Shows
:Sec,:?:r armonic may not be resolved in Some ot the POWE{ 4y arg)| decreasing trend. QPO noise is present throtghou

the decay of the outburst but reaches its maximum signifeeanc
In addition to the pulse noise, the power spectra atintermediate fluxes. A QPO, i.e., peaked noise with a tyuali
V0332+53 contains band-limited noise (that may turn intéactorQ = v/FWHM > 0.5, centred at- 0.2 Hz is weakly
peaked noise) and QPO noise. The band-limited noise is-regreesent in regions A and B and reaches maximum strength in
sented by three broad components that we shall call very-loggion C and D. A second QPO at0.05 Hz emerges in re-
frequency noisel{y en), low-frequency noisel( ry) and high- gion C (it is only marginally present in regions A and B) and
frequency noisel(yrn). The QPO noise consists of two comincreases its power as the flux decreases, reaching maximum
ponents at 0.05 HZA( roro) and 0.22 Hz (nropo). Only four  strength in region E with a fractionamms of 13%. The central
Lorentzians (excluding the pulse noise) are present atieng frequencies of these QPOs do not change significantly. Note
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Table 2. Power spectral parameters. Errors are 90% confidence legtel@per limits 95%.

Region Lvien Lrrn Lirqro Lhroro Lirn x*/dof
Central frequency (Hz)
A 0 01170%  ~0.05  Q2470% 1.224
B 0 018°0% 1005 02370 1.724
c 0 03602 00489002 (2210003 1.221
D 0 0348 00SLE 022253 . 202
TR B
Quality factor ¢/FWHM)
A 0.1 2.1
B 0.2 4.6
C 0.4 0.8 1.2
D 0.4 1.0 1.8
E 0.5 1.2 0.3
F 0.8 0.7
Fractionalrms
A 57+09 133:07 <16 28731
B 61+06 1062 <15 26717
c 72+07 88+01 53+03 7904
D 90+11 97+0.1 6.0+0.1 79+0.2
E 120+12 62+02 128+03 166 + 0.6
F 50+ 6 24fg 40+ 6
also, that the best-fit spectral parameters of the 0.22 HZ QPOo.21+++‘ L A B r U
givenin Ta_bId]Z _rmght beféected by the coupling of the QPO [ H WHH+++ R °*++++*+¢¢..‘....'"-.'-......-'-"“
and the spin period components. i l AR XS R B :
02 S b e 020 i e
E 0.01 0.1 1 10 0.01 0.1 1 10
o PP L A B L A
3.3.2. Noise in the low/hard state (LHS) g ++ } T ]
o o .g °f++ +++ ++ ++++ 4, % 3,,‘{ oj ++++¢,“- ot “‘“"""""“'i
The study of the aperiodic variability in the hard branch i& 1 T UR LR A ]
hampered by low statistics. The hard branch correspondeto th g5 st ) o s
lower count rates and it is reached when the 3-40 keV flux goeso2" "7 77777 77T o2l T T e
below~ 5x 10° erg cn? st (Lx ~ 3x 10°” erg s'). The S P B Hﬂm ty H++ +++++++*+¢_;
overall 0.01-1 Hz fractionalms amplitude in the LHS is con- Lt A +++++++" { 4 ‘]
siderably larger than in the HS8&mns in region F is~ 50%, S T YR i
compared to, for example, region C whenas ~ 10%. Frequency (Hz)

The 0.22 Hz QPOl(rqro) that characterised the HSS dis-

appears in trl;e LHS. The 0.05 Hz quéQPO) is still prlfsc(jent Fig. 4. Phase-lag spectra for each RXTE spectral region. The
In region E but not in region F. Instead, a new peaked Noiggjca| qashed line marks the spin frequency (0.228 Hzg Th

component shows up, namelygy, which occupies the place, ¢ o rrespond to the delay of 7-20 keV photons with respect
left by the QPO noise. It first appears in interval E, but b"i’(') 2-7 keV photons.

comes very strong in interval Eypy, Which during the HSS
hadQ < 0.5, becomes narrower in the LHS, with> 0.5. The

pulse noise is highly suppressed, which may be a consequeRgdt, of the complex quantit(v). We obtained a mean phase-
of the overall increase in the strength of the continuum. lag spectrum for each region of the CD (Aily. 4). The lags were
calculated between the 7-20 keV photons (hard band) with re-
spect to 2-7 keV photons (soft band).

Although the phase-lag behaviour of V03323 as the out-
Since the power spectra has the disadvantage of ignorirggphiaursts decays is rather complex, showing both, positived(ha
information, we also calculated the cross spectrum betweggmotons lag soft photons) and negative lags (vice vers#), so
two concurrent light curves with flerent energies. I§(t) and lags dominate at high frequencies. Belew.1 Hz, no lags
h(t) are two such light curves ar(v) andH(v) denote their seem to be present. As in low-mass neutron-star and black-
Fourier transform, then the power spectra of these lightesir hole binaries, it is the phase lags, and not the time lags, tha
are respectivel$*(v)S(v) andH* (v)H(v), while the cross spec- are roughly constant with Fourier frequency.
trum is defined a€(v) = S*(v)H(v). Thex indicates the com- Figure[® shows the average time lag as a function of the 4-
plex conjugate. The Fourier phase lag is the phase, i.ergjoe a 30 keV flux for four frequency ranges. Two significant results

3.4. Phase-lag spectra
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can be drawni) since the phase lags are constant, the aveent in the HSS ("normal branch”) but very strong in the LHS
age amplitude of the time lags decreases with frequency gfltbrizontal branch”). Note, however, that although we éav
ii) at frequencies above the spin frequency the amplitude of thesignated these components with the traditional namesk use
lags increases as the X-ray flux increases, i.e., as theesbarc in Z sources, namely, very-low (VLFN), low (LFN) and high-
comes softer (the hard colour decreases). At lower freqasndrequency noise (HFN), the time scales involved in V0832

the lags do not show any particular trend. are much longer than i@ sources. In particular, the central
frequency of the LFQPO is three orders of magnitudes lower
than typical values of HBOs, and the central frequency of the
HFQPO is one order of magnitude lower than NBO values.
The X-ray behaviour of transient Péray binaries is charac- Other diterence between V033353 andZ sources is the vari-
terised by two types of outbursting activify:Type | outbursts ation of therms amplitude of the VLFN. InZ sources it de-
are regular and (quasi)periodic, normally peaking at oselocreases as the source approaches the horizontal brandf, whi
to periastron passage of the neutron star. The X-ray flux in-V0332+53 the opposite is seen.

creases by about one order of magnitude with respect to the |1 has been found (Muno etldl 2002 Gierlinski & Dbne

pre-outburst state, reachig, < 107 erg s*, ii) Type Il [5002) that low-mass neutron-star atoll sources that djspla
are unexpected giant outbursts with increases in lumiposit large amplitude intensity variations fax/Fmin>100) also trace
~ 107 - 10". They tend to last for several orbits and not necegyt three-branch patterns in the colour-colour diagrarri-sim
sarily coincide with periastron passage. lar to those of Z sources. However, the analysis of the rapid
Although aperiodic variability studies of HMXBs haveaperiodic variability in relation to the fierent regions of the
been carried out in the past (Belloni & Hasirger 1990), t8is ¢ojour-colour diagram and the actual time scales of theanoti
the first time that the aperiodic variability of a Beray binary f the source through the diagram have revealed vefgrei
has been systematically studied in correlation with th&Spe ant pehaviour between atoll a@dsources (van Straaten et al.
evolution in the CD during a type Il outburst. For a discussi®n03{Reig et 4. 2004). Here we find a similar result in a high-
on the origin of the QPOs and the variation of their spectrg|55g X-ray binary, namely, the source show& teack in the
parameters with flux during this same outburst the readeris gp pyt the details of the motion in this track and time scales

4. Discussion

ferred ta.Qu et al. (2005). involved difer from those of low-masa sources. It seems that
the Z topology might be a signature of the presence of a neu-
4.1. Comparison with low-mass X-ray binaries tron star (hard surface) and that the details of the behaviou

- ) ~along this track depend on other factors like the type of-opti
Two spectral states can be distinguished in the colouritale  ca| companion, strength of the magnetic field or mass transfe
agram (CD): a hard branch that corresponds to a low-intensiechanism and deposition.
;tate .(LHS) and a soft branch that corrgsponds to a high- Due to the transient nature of V03823, the unpredictabil-
intensity state (HSS). The hard branch is characterised . of type Il outbursts and operational constraints, theesiza-

a Iow—amplitude change of the hard colour compareq to th ns (both RXTE and INTEGRAL) covered the decay of the
Cha?”g_e_ in the soft colour. In '_[he Soft branch_the amplitude Slitburst only. It would be very interesting to study the &ian
variability of the hard colour is ab(_)ut three tlm_es largearth tion from low-intensity to high-intensity states and whatthe
that ofbtlhe fr?fi C?ltilér' The reSLIJ_I.tk'S .zrzlzpattern |nt:]he €D th%urce follow the reverse path in the CD or there is some @egre
resemoles d a"o . thsogges'.tr: etl . sourcas N soutr;]:eof hysteresis (i.e., the fact that the transition between states in
movels gra uaﬂ)f in the hi Vr\]” ou | Jumgsth t()wgv?rt,_ &8ne direction does not occur for the same value of the spectra
are also some tierences which mainlyféect the typical time and timing parameters as in the reverse direction) as hare be

scales and X-ray flux variations. Z sources trace out thecktra_ . i |ow-mass atoll sources (é.0. Reig Et al.2004) and BHC

on time Scales ofhours to a day, while the motion of VO%B.R e.glBelloni et all 2005). Note that hysteresis is not presen
in the CD is of the order of (tens of) days. Also, the amplitu sources

of the X-ray luminosity change over the Z track is typicatig$
than a factor of 2|(di Salvo etll. 2000, 2002) while the X-ray

luminosity changes throughout the CD of V0333 are about 4.2, Coupling of the periodic and aperiodic noise

In addition to the noise due to the X-ray pulsations we

have identified three broad noise components and two QPOk.azzati & Stella [(1997) investigated the relationship bestw

the ¥256—4 Hz power spectra of V03333. The QPO noise the periodic and aperiodic variability in three accretingay

is somewhat reminiscent of the horizontal (HBO) and normpulsars and found that a highly significant coupling is pnése
branch (NBO) oscillations in Z sources: the 0.05 Hz QPO, b&hese authors used a shot noise model to account for the aperi
ing only present near the hard branch or LHS (analogue to theic component and argued that if the shots represent inhomo
"horizontal branch”), would correspond to the HBO. The 0.geneities in the accretion flow (blobs or clumps of matted an
Hz QPO, whose frequency is independent of the position ame produced close to the neutron star surface then theydshou
the soft branch or HSS (analogue to the "normal branch”) abé also modulated by the same mechanism that gives rise to the
it is strongest in the middle of it, would be the counterpart tperiodic signal. This coupling manifests itself by the litea-

the NBO. Also, as irZ sources, the LFN is very weak or abing of the wings of the narrow peaks due to the periodic mod-
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[ L R 0.01F 7 T T =

02l 0.01-0.1 Hz 10 0.3-1 Hz | size then we conclude that at high luminosities the blobs are
o ; 1 o f smaller than at low luminosities. Maybe the radiation puess
o 1 ooi ; $ ¢ ] breaks t_he accretion flow intq smal_l discrete clumps of matte
o1 } \ B L + Alternatively, the Weak_ coupling in intervals A and_ B coule b
O + 1707 + 7 due to the flatter continuum short-ward of the spin frequency
I T e NI S (Lazzati & Stells 1997).
‘@ 005 T T T T o001 ~ T " T T T T ]
e L 0.1-0.3 Hz i j 1.8 Hz ]
T } 4 ] 4.3. Phase lags
} L) {0008 .
0051 -0.0021 $ e a Figure[® shows the time lags as a function of X-ray flux for
»0'1’ ) oo d ‘7’_0.003;‘ L ‘+‘ +‘; four frequency ranges. If we assume the interpretatiorethctt

oH

CR—- T S Fourier component is emitted by a specific spatial scaleén th
4-30 keV Flux (108erg cm2s™) accretion flow then the highest frequencies would corredpon
to the closest distances to the compact object. Thieréint be-
haviour of the lags depending on the frequency range consid-
ered allows us to put some constraints on the size of the-accre
quency ranges. tion column. At high X-ray flux the amplitude of the time lags
in the frequency range 1-8 Hz is3 ms, which measured as
light crossing time corresponds to a length of scale 8fx 10
cm or~ 0.3 magnetospheric radii. We have assumed the radius
of the magnetosphere to bedX 1% cm (see e.¢. Frank etlal.
1992). As the flux decreases, i.e., as the source spectrun har
ens, the magnitude of the lags decreases, which would imply
that the X-ray emitting region (presumably the accretioh co
umn) reduces its size. At the end of the outburst, close tesjui
cence, the lag is consistent with zero, which can be intezgre
r as the disappearance of the accretion column. An increase of
0.0L the magnitude of the lags (associated with QPO noise) as the
E flux increases has been also reported for the black-holersyst
XTE J1550-564|(Cui et al. 2000). Further support in favour of
0.1 1 O .
Frequency (Hz) the reduction in size of the accretion column as the sourtse ge
fainter is provided by the fact that the cyclotron resonagrce
] ] o o o _ergy increases during the burst decline_(Mowlavi ¢t al. 2006
Fig. 6. Coupling of the periodic and aperiodic variability, evirhjs is in agreement with Mihara’s mod&l (Mihara eflal. 2004)
denced by the broadening of the wings of the spin period pegkat predicts this behaviour as due to the reduction of the ac

The power of RXTE regions C and E was shifted for plottingetion column scale height as a function of source intgnsit
purposes.

Fig.5. Time lags as a function of the X-ray flux for four fre-

10¢

L E(x10)

(rms/mear) Hz

0.01

At lower frequencies there is not a clear pattern of vari-
ability of the lags versus the X-ray flux. In fact, below the

ulation and becomes more apparent when the red-noise poff@duency that corresponds to the pulse peak, no significant
increases short-ward of the pulsar frequency. The widthef ttime delays are present in the data for most frequencies. Low
wings are strongly dependent of the ratio of the pulsar peio frequencies sample photons produced further away from the
to the characteristic decay time of the shatéf 27P > r then compact object, perhaps in the region where the accretion flo
the wings are so broad that they become indistinguishatte frinteracts with the magnetosphere. A time lag of 0.05 s corre-
the power spectra continuum. sponds to a length scale ef 1.5 x 10° cm or ~ 5 magneto-

The 0.22 Hz QPO detected in V03823 constitutes the spheric radii. The lack of significant lags at low frequescie
first detection of a QPO riding on the spin frequency of Bay also indicate that most of the X-ray radiation is prodice
neutron star[(Qu et HI. 2005) and points toward a strong cdithe vicinity of the neutron star.
pling between the periodic and red-noise components. Ei§ur The phase-lag spectra of neutron-siar (Fordlet al. 11999;
shows the power spectra of V03823 corresponding to var-/Olive & Barret 12001) and Galactic black-holes binaries
ious spectral states without the removal of the peaks that (Bowak et all 1999; Wijnands etlal. 1999) are very similar but
sult from the spin period and its harmonics. The coupling bxcompatible with the assumption of a lag constant in time as
tween the periodic and aperiodic variability is strong dgri predicted by Comptonisation in a uniform medium. Instead,
intervals C to E and weak in intervals A and B. Since the spobservations show the phase lag to be roughly independent
period does not change substantially, the characteristtayd of Fourier frequency. The same result is now seen in the ac-
time of the shots must be significantly smaller at the begignicreting X-ray pulsar V033253. In V033253, however, soft
of the outburst decay. If the shots arise from blobs in theeacclags dominate the 0.1-10 Hz phase-lag spectra. Soft lags are
tion flow, and if the shot life time is associated with the blohot a rare phenomenon. They have been observed in neutron-
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star (Qu et all 2004) and black-hole systeins (Wijnandsletdi.Salvo, T., Farinelli, R., Burderi, L. et al. 2002, A&A, 386

1999; Cui et al. 2000; Lin et £l. 2000; Reig etlal. 2000). While 535

models based on Comptonisation of low-energy photons irFard, E. C., van der Klis, M., Méndez, M., van Paradijs, J.,

non-uniform corona can reproduce the amplitude and energyaaret, P. 1999, ApJ, 512, L31

dependence of the hard lags the change in sign of the l&gank, J., King, A., Raine, D. 1992, iAccretion power in

are hard to explain by invoking light-travel timefidirences  Astrophysics, Cambridge University Press, p.122

between photons at fiiérent energies (but see_Ohkawa et aGierlinski, M., Done, C. 2002, MNRAS, 331, L47

2005). Recently, Varni€ré (2005) has proposed that patia Kreykenbohm, I., Mowlavi, N., Produit, N. et al. 2005, A&A,

sorption (related to the jet mechanism) of the signal can ac433, L45

count for the phase lag reversal in microquasars. SinceyX-iaazzati, D. & Stella, L. 1997, ApJ, 476, 267

pulsars do not show radio jets, other mechanisms produeengLin, D., Smith, I. A., Liang, E. P., Bttcher, M. 2000, ApJ, 543

absorption of the sgfbw-energy X-rays must be at work if the L141

phase lag behaviour of V03383 is to be explained with this Makishima K., Mihara T., Ishida M., et al. 1990, ApJ, 365, L59

model. Mihara, T., Makishima, K., Nagase, F. 2004, ApJ, 610, 390

Mowlavi, N., Kreykenbohm, I., Shaw, S.E., et al. (2006),sub
mitted to A&A

Muno, M.P., Remillard, R.A., Chakrabarty, D. 2002, ApJ, 568

The study of the evolution of the X-ray colours of the high- | 35

mass X-ray pulsar V03353 through the decay of a type lINowak, M.A., Vaughan, B.A., Wilms, J., Dove, J.B.,

outburst has shown that these type of systems can also tradegelman, M.C. 1999, ApJ, 510, 874

outZ-shaped pattern in the colour-colour diagram, like its lowJowak, M.A. 2000, MNRAS, 318, 361

mass cousins, making this feature a possible signatureeof fegueruela I., Roche P., Fabregat J., Coe M.J. 1999, MNRAS,

presence of a neutron star. While colour-colour diagramg ma 307, 695

represent a useful tool for the detection of spectral stdtey Olive, J.-F. & Barret, D. 2001, AIPC, 599, 814

cannotunveil the true nature of the source. Analysis ofdpédr  Ohkawa, Y., Kitamoto, S., Kohmura, T. 2005, ApJ, 621, 951

aperiodic variability, allowing the study of the noise camap Qu, J. L., Chen, Y., Wu, M., Chen, L., Song, L.M. 2004,

nents in diferent regions of the colour-colour diagram and the Ap&SS, 293, 441

actual time scales of the motion of the source through the d@u, J. L., Zhang, S., Song, L. M. & Falanga, M. 2005, ApJ,

gram, is crucial to identify source type and state. Unlilackt 629, L33

hole binaries and atoll sources but similarly to thesource Reig, P., Belloni, T., van der Klis, M., Mndez, M., Kylafis,

GX 5-1, the phase-lag spectra of the noise below 10 Hz inN.D., Ford, E.C. 2000, ApJ, 541, 883

V0332+53 are dominated by soft lags. We conclude then thRkig, P., van Straaten, S. & van der Klis, M. 2004, ApJ, 602,

although the mechanism responsible for the lags does not deg18

pend on the presence or absence of a hard surface it mayReenillard, R. 2004, ATel, 371

affected by the magnetic field, which in turn may dictate th&tella L., White N.E., Davelaar J., Parmar A.N., van der Klis

geometry of the accretion flow, that is, whether an accretionM., Blissett R.J. 1985, ApJ, 288, L45

column is formed. Stella, L. & Angelini, L. 1992, inAstronomical Data Analysis
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