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Abstract. The decline of the high mass X-ray transient V0883 during the Dec. 2004 to Feh. 2005 outburst is analysed
from the data recorded WWTEGRAL. The flux is shown to decrease exponentially until 2005 Fépwith a decay time scale

of ~30 days above 20 keV and?20 days at lower energies, and to decrease linearly thereaft

The energy spectrum is well modelled throughout the decay pgwer law with a folding energy of7.5 keV, and with two
cyclotron absorption features. The folding energy doesvaot significantly over the decay, but the spectrum becoraeden
with time. Most importantly, we show that the parameterscdbig the fundamental cyclotron line around 27 keV do vary
with time: its energy and depth increase (by about 17% foetlergy in~6 weeks), while its width decreases. These changes
of the cyclotron line parameters are interpreted as reguftom a change in the extent of the cyclotron scatterin@gpreg

Two quasi-periodic oscillations are also observed at variames during the observations, one at 0.05 Hz and anotieenear

the pulsation frequency around 0.23 Hz.

Key words. X-ray: stars - stars: flare - stars: pulsars: individual: 8353 - stars: magnetic fields

1. Introduction 0.23Hz spin frequency of the neutron star has also been re-
ported in theRXTE data (Qu et all_2005), in addition to the
The recurrent X-ray transient V 03833 experienced an X- 9 05 Hz QPO discovered by Takeshima et BI.{1994) in the
ray outburst from December 2004 to February 2005. The Oliinga data of the 1989 outburst.
burst was predicted one year earlier from an optical brigihtg In Paper I, we presented tHN TEGRAL observation of
of the massive 08-9Ve companion star, BQ Cam (Goransiin332+53 around the outburst peak. This paper presents the
& Barsukoval2004) and was first detected by the Rossiolution of V033253 during its decline phase. The obser-
X-ray Timing Explorer RXTE) in November 2005 (Swank yations and data analysis method are described in Bects 2 and
et al.[2008). The INTernational Gamma-Ray Astrophysigp respectively. We then present in SEkt. 4 the evolutiomgdur
Laboratory (NTEGRAL) started to observe the source ofhe decline of the fluxes in several energy bands, of the gnerg
2005 Jan. 6 (Kreykenbohm et AL 2005, hereafter Paper I) afigbctrum, and of the variability spectrum of \ 0333. The
monitored its X-ray activity until the end of February. results are then discussed in SELt. 5.
The observation of this fourth detected outburst of
V 0332+53 in thirty years revealed the presence of three c
clotron lines (Coburn et al._20D5, Paper |, Pottschmidt et a
2005). The fundamental has an energy of 28 keV, and the fifdte INTEGRAL satellite carries three high energy instru-
and second harmonics are at 50 keV and 71keV, respectivaehgnts, the imager IBIS (operating in the range 15 keV to 10
The magnetic field strength is7x 102G (Paper |, Pottschmidt MeV), the spectrometer SPI (20 keV to 8 MeV) and two iden-
et al.[2006). The spectrum is otherwise described by a powieal X-ray instruments JEM-X1 and JEM-X2 (3 to 35 keV) op-
law with a high-energy cut{§ typical of the spectra of X-ray erational in turn (see Winkler et al._2003 for more inforroati
pulsars. A new Quasi Periodic Oscillation (QPO) around tlo theINTEGRAL mission and instruments). IBIS is further

" Observations
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Table 1. Summary of observations. From first to last column: (1) Retioh and pointing numbers; (2) Earth date of the start
of the observation in UTZ 1JD (INTEGRAL Julian Day= MJD —-51544)/ MJD (Modified Julian Day); (3) Earth date of the
end of the observation in MJD; (4) Individual pointing dueat, (5) Total IBIS observation time; (6) Sum of IBIS Good m
Intervals; (7) Total JEM-X1 observation time; (8) Sum of JBM Good Time Intervals.

pointing IBIS JEM-X1
Revolution/ Start date End date duration Exposure GTls Exposure X GTls
pointings (UTC/ 1D/ MJD) (MJD) (sec) (sec) (sec) (sec) (sec)

272/ 75 2005-01-06T08:481832.36724 53376.36724 53376.76044 42184 42184 30308 36896 36446
273/66-81 2005-01-08T22:181834.92997 53378.92997 53379.65749 3500 60953 59586 60953 56693
274/04-09 2005-01-10T03:201836.13991 53380.13991 53380.39113 3500 21119 20901 21119 19801
278/48 - 74 2005-01-23T16:301849.69471 53393.69471 53394.66610 2858 80901 58411 75190 73078
284/04 -45 2005-02-09T01:151866.05280 53410.05280 53410.86456 3572 149086 147739 149086 147469
285/02-08 2005-02-12T01:021869.04402 53413.04402 53413.23174 2200 15517 15349 15517 14394
286/18 - 24 2005-02-15T10:411872.44588 53416.44588 53416.63218 2200 15403 15093 15403 15185
287/02-08 2005-02-18T00:371875.02617 53419.02612 53419.23077 2200 16988 16628 16988 15809
288/02-08 2005-02-21T00:251878.01820 53422.01820 53422.25899 2200 20101 19226 20101 18854

composed of two modules, ISGRI operational down to 15 ketiie 3-5keV, 5-10keV and 10-15keV energy bands for JEM-
and PICsIT above 200 keV. X, and in the 20—-30keV, 30-40keV and 40-60keV bands for
INTEGRAL observed V 033253 from 2005 Jan. 6 to Feb.ISGRI.
21. Three main observation sets were scheduled, inresoliti  Contamination from other sources is not a problem as
272-274 ¢120ksec), 278480 ksec) and 2844150ksec), fol- vV 0332+53 is the only bright X-ray source in the ISGRI field
lowed by four~15ksec observations from revolution 285 t@f view. Systematic errors are however known tteet the
288 to monitor the tail of the outburst decay. The obserwatiodata analysis. In order to estimate the amplitude of those sy
are summarized in Tab[@ 1. Except for the observation in reematic errors, and to calibrate the results, an analysteef
olution 272, which was performed in a staring mode, all olGrab was performed with OSA parameters identical to those
servations were made following a hexagonal dithering patteused for the analysis of V 03333. Crab public data are taken
The hexagonal dithering pattern consists of one pointitey (Sfrom revolution 239, pointings 3 to 27 (Modified Julian Day
ble spacecraft attitude) with V03383 positioned at the centerMJD=53275.5289t0 53276.1326), during which the Crab is lo-
of the field of view of the instruments, and six pointings witltated within 3 degrees from the center of the field of view. The
V 0332+53 df-axis in steps of 2 degrees in a hexagonal patsulting mean Crab fluxes extracted from the images in the 3—
tern. The integration time for each pointing may vary froneorb, 5-10, 10-15keV bands of JEM-X are 43.5 cps (14% error),
observation to the next and is given in Tale 1. 43.2 cps (10%) and 16.4 cps (12%), respectively. The quoted
The V 0332-53 observations werdfacted by solar activ- errors represent the maximum deviations measured from the
ity which impacted on the quality of the data. In particukar, mean fluxes over the 25 pointings. The Crab fluxes in the 20—
strong solar flare lasting from Jan. 20 to 23 lead to a split 80, 30—-40 and 40—60keV energy bands of ISGRI are 78.8 cps
the IBIS data of revolution 278 into 7760 small Good Timé€L3%), 39.4 cps (7%) and 45.9 cps (4%), respectively.
Intervals (GTIs) of only few seconds each. The JEM-X GTlIs
were greater than 97% of the observation time for that revolu
tion, and in general greater than 90% for all revolution® (sd. Results

Table1).
4.1. Fluxes

The fluxes of V033253 in the ISGRI and JEM-X energy
bands are plotted in Fifl 1 as a function of time. They are nor-
We analyse all the public data collected by the ISGRI and thealised to the Crab fluxes in the respective bands.
JEM-X1 instruments on board éNTEGRAL. PICsIT is not The decline phase can be described by an exponential de-
useful for our analysis because the spectrum of Va&®Xfalls cay up to MJDR:53412, followed by a linear decrease. The ex-
off above 100keV, and SPI data are not used either sincegtsmential decay is less rapid at the ISGRI energies thareat th
sensitivity in the 20 to 100 keV range is less favorable thaEM-X energies. From a simple estimation, the exponengial d
ISGRI (Paper I). Pointings close to perigee passage times @y time is about 30 days above 20 keV (solid curves in[Fig. 1a)
further discarded from the analysis as they are contandriste and about 20 days below 15 keV (solid curves in Elg. 1b). The
the Earth radiation belt. exponential decay is also confirmed by the 2—12 keV lighteurv
The ISGRI and JEM-X data are processed with version 5€corded by the All Sky Monitor (ASM) on board of RXTE,
of the Ofline Scientific Analysis (OSA) package delivered bylotted in FigO.b for comparison with the JEM-X lightcurves
the INTEGRAL Science Data Center (httpsdc.unige.ch) us- (see Levine et al. 1996 for more information on B¥TE satel-
ing default settings. Images and lightcurves are producedlite).

3. Data analysis
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the Crab spectrum, are shown in Hijj. 3 at foufatent times
Fig. 1. a. Pointing averaged ISGRI flux evolution of V03823 during the decline of the source. The maximum flux relative to
as a function of time in the fierent energy bands as labelled ithe Crab is recorded between 10 and 20 keV, at an erigrgly

the figure. The fluxes have been normalised to Crab units. Twikich increases with time. Fitting gaussian curves to thd-JE
error bars displayed in the figure represent only the sizdist X spectra in a 10 keV width range around the maximum leads
errors; neither do they take into account the uncertaiititee  t0 Emax = 14.6, 15.4, 16.8 and 18.0keV for revolutions 273,
Crab fluxes in the respective energy bands. The solid curees 278, 284 and 287, respectively. This shiftifax explains the
exponential (from MJ253376 to 53412 withr=30 days) and hardening (softening) at low (high) energies noticed frdve t
linear (from MJD=53412 to 53422) decays superimposed clEM-X (ISGRI) hardness ratios presented in Seci. 4.1.

the datab. Same ag, but for JEM-X fluxes and with an expo-  The spectra of accreting X-ray pulsars include contribu-
nential decay of=20 days for the solid curves. The 2-12 ke\tions from at least an accretion column and from the hotspots
RXTE/ASM lightcurve is also shown, with a normalisation facat the surface of the neutron star. In the absence of a consis-
tor of 77 cps for 1 Crab. tent model, various empirical models are commonly used in
the literature to fit such spectra (see for example Kreykanbo

et al.[1999 for a discussion). In this study, we use the simple
“cutoffpl” model of the form

The evolution of the ISGRI and JEM-X hardness ratios afgg) = A. E' . g /B (1)
shown in Fig[R. Above 20keV the spectrum of V 03&3
softens with time, with the [30-40] ke\J20—30] keV ratio de- to fit the combined ISGRI and JEM-X data, to which we add
creasing by about 36% from an average value®55 in the two cyclotron lines (see below). A multiplicative constasit
first observation te-0.35 in the last observations. On the otheapplied to allow for the dferent normalisations of the two in-
hand, below 15keV, the spectrum becomes harder, with tsteuments. Furthermore a systematic error of 2% is apptied t
[10-15]keV/[5-10] keV ratio increasing by about 28% fromaccount for the uncertainties in the response matrices if JE
an average value 6f1.8 to~2.3 during the decline. As will be X and ISGRI. No photoelectric absorption is required at low
seen in Secf 412, the opposite behaviour of the hardnéss ragnergies, compatible with the fact that we analyse the JEM-X
above 20keV and below 15 keV are understood from the eviata only above 4 keV; the addition of a Fer Kluorescence
lution of the spectral shape of V 03823 during the decline. line does not improve the fits either.

The ISGRIJEM-X hardness ratio ([20-30]ke\5— To fit the cyclotron lines we use Gaussian optical depth pro-
15]keV) also evolves with time, increasing from an averafge files of the form
~0.7 to~1.5 during the decline. This results from the increase L[ EEorai \2
of the spectral power law index presented in the next sectiorG;(E) = 7; - e 7( 7i ) 2
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Table 2. Fitting parameters. From first to last column: (1) revolotimmber (see Tablé 1); (2) normalisation factor; (3) poaerl
index; (4) folding energydutoffpl in XSPEC); (5) energy of the fundamental cyclotron line; \{@jith of the line; (7) optical
depth at the line center; (8) flux in the 2-10keV band; (9) fluihie 20—40 keV band.

Rev. A T Efold Ecycl,l 01 T1 EcycI,Z 02 T2 2-10 keV 20-40 keV
keV keV keV keV keV ergen?/s ergen?/s
273 0458508;0818‘2‘ —0.174%8;08;32 7.04;08;185 27.53;08;181 4.70;08;182 1.80f§;§i 51.5;51’2 9.6j8§3 1.82;08;185 1.89x% 10: 7.31x 102
274 Q357001 026002 g0l p77:01  47:01° 17g001 55il3 11303 2001 166x108 692 10°
278 Q1799 02402 7503 2gg0l 4801 192004 5aErll 97407 2603 8535 10° 437x10°
284  Q067% 04100 74700 293100 4300 1061002 51Qfix 7401  20°%1  394x10° 269x 107
285  Q04:0% 05300 7200 990l 44400 196008 B1ofiy 79102 2101  315x10° 241x10°
286 Q0390 0447005 8002 29503 4501 20000  510fy 7902 2492 219x10° 180x10°
287 0029 04100 8303 29403 41:02  2110% 510fix 88904 2703  151x10° 128x10°
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Fig.3. JEM-X and ISGRI spectra integrated, from upper ta.75g- *
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lower curves, during revolutions 273, 278, 284 and 287 @esp ¢ (MaD)

tively. The spectra have been normalised to the Crab spactr

of revolution 239 (see text for details). Fig.4. Evolution of the specral fit parameters describing the

fundamental cyclotron lina line energyp width andc depth.
whereEq is the line energyg the line width, andr the op- The horizontal bars on the points indicate the duration ohea
tical depth at the line center (see Kreykenbohm ef_al. 20@}Qservation.
Pottschmidt et al. 2005). The indeidentifies the line, i.é=1
for the fundamental at 28 keV and?2 for the first harmonic at from —0.18 in the early revolutions te0.4 in the later ones,
50keV. The second harmonic at 71keV (Paper I) is not mogh 5 eement with the hardening observed from the hardness
elled due to insfiicient statistics for revolution averaged SPeGtios (FigD®).

tra. The overall spectral model is then given by The cyclotron line parameters for the fundamental are dis-

©) played in Fig[# as a function of time, and an example of the
unfolded spectrum with the fit and residuals for revoluti&d 2
whereF (E) is given by Eq.[(L) an;(E) andG,(E) by Eq.[2). is shown in Fig[b. The energy of the fundamental cyclotron
The same modelis used for all observations to keep consisteline increases by 7% from the first to the I&8fTEGRAL ob-
between the parameters from one observation to the next. Beevations, while the depth of the line increases by 16%!laad t
last observation (revolution 288) is disregarded from $fpisc- width decreases by 12%. The changes are significant; attempt
tral analysis due to poor statistics. ing to fit the spectrum in revolution 284 with a line at 27.5keV
The main fit parameters are summarised in Téble 2. Tleads to strong residuals around the line (Elg. 5e). Thegdan
2-10keV and 20-40keV fluxes derived from the fitted modeils the line parameters cannot be attributed to variatiorthef
confirm the two phases set forth in SEC#4.1, i.e. first an esentinuum either; fixind' in revolution 284 to its value of -0.17
ponential decay followed by a linear decrease of the flux. Th@m revolution 273 leads to strong residuals at energiesab
folding energy remains about constant around 7.5 keV, whidb keV (Fig [5f).
is consistent with the results of Paper | (Table 1) for retiolu The determination of the parameters describing the 50 keV
273-274. The power law indéx on the other hand, decreasebne becomes problematic from revolution 284 on, due to poor

f(E) = F(E) - e CiE) . gG(B)
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Fig.5. a Combined spectrum and folded model of data oRentroid frequency 0£0.05 Hz and a relative root mean square
tained with JEM-X (left) and ISGRI (right) for revolution 28  (yms) amplitude 0f~5% in 2.3-37.2keV data from the 1989
b residuals of the model with=-0.41 andEiq=7.4keV, and oytburst of v 033253. This feature has recently also been
without any Gaussian line applied;one Gaussian line is in- reported in the 2—60 ke\RXTE-PCA power spectral density
cluded at 29.3 ket a second Gaussian is added, at 51 keVifnctions (PSDs) obtained during the 2004 outburst decay (Q
same agl, but with the first line fixed at its value of 27.5keVgt g|. 2005). Furthermore Qu et al. found a QPG-@2 Hz,
found in revolution 273f same asl, but withT fixed the value o centered on the fundamental pulsar frequency, in aadit
of -0.17 found in revolution 273. to the narrow peak at that frequency. The rms strength of this
QPO also amounts to a few per cent. In the following we show
statistics. Therefore, for those revolutions, we fix the len- that the JEM-X and ISGRI observations confirm the detection
ergy to the valu€eyq > = 51 keV obtained for Rev. 273 whereof both features during the outburst decay, and we analgse th
the statistics are the best, and fit the width and depth ofilee Ichanges with time. Note that, to our knowledge, these esult
to obtain the best residals. The results are shown in Thilee. represent the first QPOs reported frdMTEGRAL JEM-X
width and depth of line are seen to be rather stable throughaad ISGRI data in the literature.
the whole decay of the outburst, around 9keV and 2, respec- The background subtracted 5-20keV and 20-40keV
tively. The large error bars on the numbers result from the pdightcurves of each revolution were rebinned to a time nesol
statistics. tion of 0.5s and power spectra were produced from 512 s long
lightcurve segments using Fast Fourier Transforms. Awstag
4.3. Power spectra gg\av; spectra for selected revolutions are shown in Fihs. 6
Several X-ray pulsars and cyclotron line sources are known t For coded mask instruments the determination of the white
exhibit low frequency quasi-periodic oscillations (QP@=e, noise level as well as the influence of the background flux on
e.g., Takeshima et al. 1991, Takeshima et al. 1994, Heiradl etthe power spectrum can be complex. The white noise compo-
1999). Takeshima et al. (1994) first discovered a QPO withnantin JEM-X lightcurves, e.g., is known to be non-Poisaoni
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Jan. 15-19 PCA power spectrum of Qu et @l._(2005). In rev-
olution 278 (Jan. 23-24) the fundamental pulsation at 022 H
is not seen anymore but a weak broad QPO feature is present
at this frequency. The first harmonic is still clearly vigibThe
strength of the red noise component more than doubled at low
frequencies and there is an indication of additional power i
the frequency region of the 0.05Hz QPO. Principally the over
all PSD shape is very similar to the Jan. 15-19 PCA power
b | spectrum mentioned above. Finally, in revolution 284 (Feb.
10) the 0.05Hz QPO is clearly visible, especially in the JXM-
power spectrum. The red noise is still strong while the pulsa
tion fundamental is back as a narrow feature, stronger than t
‘ ‘ i first harmonic. Fitting the low frequency QPO in revolutidd¥2
0001 oo o100 o000 Wwith a Lorentzian gives (049 0.001) Hz, with a FWHM of
Frequency (Hz) (0.023+ 0.005)Hz for JEM-X and (@49+ 0.003) Hz with a
FWHM of (0.021+ 0.008)Hz for ISGRI, where the underlying
Fig.7. 20-40keV power spectra, averaged over the indicaté@ntinuum can be modelled with a flat power law component
revolutions. The spectra are arbitrarily shifted in thexjsdor and a very low frequency Lorentzian.
easy comparison. Note that the ISGRI power spectra of revolu
tion 278 are not shown due to solar flaring giving rise to mamy Discussion
gaps in the lightcurve after GTI filtering.

Rev. 273, x2

arbitrary units

1T Rev. 284, x1

V 0332+53is a highly magnetised pulsar which has a magnetic
field of about 27 x 10*?G (Paper |, Pottschmidt et al._2005)

This is also true for the ISGRI which consists of 16000 pi)?—‘nd orbits a massive O8-9Ve companion with a period of about

els, each having f@ferent noise charactersistics. Using the nopd days. The X-ray outbursts from this system are observed

malization described by Leahy et dl. (1983) we find the noigﬂlth a time recurrence of about 10 years. They are believed

level to be about one order of magnitude higher than expecf8P€ triggered by a sudden increase of the mass ejection rate
from Poisson noise. However, source features are well appa?™ the massive star, the signature of which has been abserv
ent above the noise level, e.g., the 0.05Hz QPO is clearly 8 the optical brightening of the system in 2004 (Goranskij &

ible in revolution 284. Therefore, and since the broad-baﬁ&“sumva 2004). The ejected mass feeds an accretion disk

PSD (which is not to be discussed here) is dominated by mr@und the pulsar, from which it is funneled by the magnetic

noise component up to at least 0.1 Hz, we did not attemptflsld towards the polar caps and falls on the surface of the neu
correct the power spectra for white noise. The JEM-X pow&P" Star. _ _

spectra shown in Figl] 6 are normalised according to Miyamoto 1€ @nalysis of the 2005 outburst presented in §ect. 4 pro-
et al. [19911) and a comparison of the strength of featur\é'_ge_s new hlnt_s to_wards a better un_derstandmg of Vas®
above the noise level between the JEM-X PSDs and the qué{\gf-h'n this basic picture. The X-ray lightcurve (SelcL14d13-

simultaneous PCA PSDs of Qu et al._(2D05) finds comparal?llé‘yS a characteristic exponential decay with a time sdd2@ 0
valuest. ) to 30 days, followed by a linear decrease. This feature may pr

Strong changes in the shape of the power spectrum canvb%e some information on the disk pro_perties. The X-ray Spec
seen over the outburst decay, where the varying amplitude Vé'rtn (SectFtJZ) '? well ?EEdZSBI/(a\;OIdmg pO\;vtehr Ie;w r(;md'f'etd |
tios at the pulsar frequency and its harmonics reflect agtroW WO cyciotron lines. 1he N ener%y otthe fundamenta
change of the pulse profile (Zhang et BL_2005). The PS clotron line is shown to increase by 7% during the ogtbur_st
shown in Figs[16 anfll7 represent the main stages of the e Spay_and to become narrower by 12%' At the same time, its
lution. Although, for the reasons discussed earlier, thdIethepth Increases by 16%. This |nfc_)rmat|o_n would provide some
noise level is not accurately estimated in the INTEGRAL (JlatI _5|ght into the resonance scattering region near the jpalas. .
the JEM-X and ISGRI PSDs for revolutions 0273 and 0284 nally, the appearance of the 0.05 '._'Z QPO only from thg mid-
compare well and show similar features as a function of fr le of the dgcay on (Se€L3.3) provides further information

e properties of the matter around the neutron star. Each of

t
guency. ) . . .
In revolution 273 (Jan. 8-9) the power spectrum is don]t{jose observational facts are successively discussee ifolth

nated by signatures of the pulsation frequency, especiakyy owing sections.
strong first harmonic. In addition weak red noise is presEmd.
peak at the fundamental pulsation frequency is slighthatro 5.1. Lightcurve
ened at the bottom, especially in the ISGRI PSD. However . . .
. . . h exponential decay of the flux is observed in dwarf novae
the 0.22Hz QPO is not as obvious as a few days later in the " . .
and in soft X-ray transients on timescales from a few days for
1 This can only be a very rough comparison sinagedéent energy the former tO-SeveraI weeks f-or the |atter (eg Lagota 1996,
bands are involved and since the power spectrum of V833dbvi- Tanaka & ShibazaKi 1996). King & Rittef {1998) show how
ously changes rapidly during the decay. illuminated disks in low-mass X-ray binary stars can praguc
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such an exponential decay on the time scales observed for¥h@332+53. Kreykenbohm et al {2Z0D4), on the other hand, re-
soft X-ray transients. In that picture, the central stamilnates port a variation of the cyclotron energy of GX 301-2 with the
the disk and keeps its temperature high. The disk empties ppalse phase of the pulsar, and attribute the changefiereint
portionally to its mass, leading to an exponential decayef tviewing angles of the accretion column where the line origi-
emitted flux. They further show that the lightcurve would beates.

characterised by a linear decrease at later times. The ehang In the case of the 2005 outburst decay of V 0833 anal-

to a linear regime is triggered by a change in the conditionsysed in this paper, the increase with time of the energy and
the disk. In low-mass X-ray binaries the change corresptmdsiepth of the cyclotron fundamental line, together with tiee d
the decrease of the disk temperature below the temperaturerease of its width can also be understood as resulting from
partial H ionisation, such that the high temperature cahotut the variation of the scattering region characteristics dipale

over the entire disk anymore. This scenario of X-ray irrtstla magnetic field above the polar caps of the pulsar. It is inter-
accretion disks has subsequently been confirmed by nurheresting to note that Pottschmidt et &l._(2D05), analyzing the
calculations (Dubus et dl._ 1999, 2001). RXTE data of V033253 taken two weeks before the first

It is tempting to make the parallel with the results found fdNTEGRAL observation, derive £ = 252keV for 2004
V 0332+53. The source displays an exponentially decreasiﬁ)@cember 24-26, which confirms the trend of increasing line
flux followed by a linear decrease, similar to the disk-ifeaed €nergy with time found in this paper. Let us thus assume that
systems. This is the first time, to our knowledge, that suchR€ region where the cyclotron resonance scattering teaee p
behaviour is observed in a high-mass X-ray binary. Since tgstends over some fraction of the accretion column. Then the
X-ray flux is proportional to the mass accretion rate, thigsypie '€gion would cover some range of magnetic strengths, and a
suggests that the accretion rate is proportional to the mias$road line shape would result from the superposition of a suc
the disk during the exponential decay phase. The trangitioncession of narrow lines, each originating from figtient height

a linear decrease phase would be triggered by an as yet &nd magnetic field strength in the accretion column. As the ac
identified change of conditions in the disk. cretion rate and hence the flux decreases with time, the exten

. . .. sion of the resonance scattering region is expected to aeere
The two diferent exponential decay times observed in thqong with the total width of the line. At the end of the de-

lightcurves of V033253, of 30 days above 20keV and 2! .
cline only the region close to the neutron star surface, eher

days below (Seck—4.1) suggest the presence of at least two e S )
) N ; thé magnetic field is stronger, would contribute to the reso-
gions contributing to the X-ray continuum of that sourceeTh

7 . nance scattering; this would lead to a narrower line shape at
harder component would originate from the accretion column, . : .
near the resonant scattering region, while the softer cowmipio a higher energy. The observed energyiideed increases by
L g region, . 17% from the RXTE observation of December 2004 to the last
would originate from a region located, for example, highrer i L :
: ! INTEGRAL observation in February 2005. If we consider a
the accretion column. The observed increase of the depth 0

the cyclotron line with time is also compatible with this sceOIIpOIe approx!mat_mn for t.he.magnenc f|eld, we h.a?'& '
na non-relativistic description, wherreis the radius to the

7 . |
narlo, the softer_ component decays more r§p|dly and hescecenter of the neutron star. The extent of the resonanceescatt
tail would contribute relatively less to the high energytpzfr

the spectrum from which the photons are scattered by the eld regon at the peak of the outburst W.OUId. then, in this first
: o . : scenario, be about 6% of the stellar radius, i.e. about 500 me
trons in the magnetic field. Basically, one time scale goser . - : )
rs for typical radii of neutron stars. A change in the sraty

the rate of mass flow onto the neutron star through the dlseriergy between two fierent observations of Her X-1, from

leading to the exponential decay followed by a linear desﬂfea34 keV to 41 keV, has been discussed by Gruber efal. {2001);

(see above); another time scale governs the spectral chahg . .
the emission that may come fromfidirent heights within thee_fhey conclude that the range over which the scattering sccur

accretion column is of the order of 1 km in height, if their observed line width o
' 5 keV is largely due to a mix of magnetic field strengths in a
dipole field. In the case of V 03353, we additionally observe
5.2. Spectrum an evolution of the width and depth of the line with time.
Alternatively, we can argue that the fundamental line orig-
Time evolution of cyclotron resonance line parameters hkas mates from a unique narrow region in the column density, but
ready been reported in the literature for some binary systerthat the line shape is quite complex and variable with tirae, r
Mihara et al. [(1998) report a relation between the line epergulting in variations of the line width and depth. An increas
and the X-ray luminosity for 5 pulsars observed@iyga. The in the line energy would then be related to a displacemett wit
resonance energy of 4U 01453, for example, increased bytime of the scattering region. In the case of V 0333, the
40% as the luminosity decreased by a factor of 6 between 198iserved 17% increase of; Evould imply a move of the lo-
and 1991. The 1990 outburst of V 03823 is also reported cation of the scattering region by 500 meters in the acaretio
in that paper, with a 10% decrease of the line energy frocolumn down to the surface of the neutron star. However, in
30.0:0.5keV to 27.20.3 keV as the&singa count rate in the this second scenario, the line profile is expected to renyain a
3-37keV band increased by a factor of 1.6. These authors @teximately constant with time, which is not supported by th
tribute the change of the line energy to that of the height 68 TEGRAL observations. Also, if the scattering region gets
the scattering region in a dipole magnetic field, leading tocdoser to the neutron star, higher order terms in the B-fiedgt m
height change of1.1km for 4U 011553 and~330m for increase the line width, which is opposite to the trend olesbr
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by INTEGRAL. We therefore would rather support the firsMiyamoto S., Kimura K., Kitamoto S., et al. 1991, ApJ 383, 784

scenario. Pottschmidt K., Kreykenbohm I., Wilms J., Coburn W., Rotiikt
R.E., Kretschmar P., McBride V., Suchy S., Staubert R. 2003,
634, L97

5.3. Quasi periodic oscillations QuJ., Zhang S., Song L., Falanga M. 2005 ApJ 629, L33

. . ank J., Remillard R., Smith E. 2004, ATel 349
The 0.22 Hz QPO observed around the spin frequency in b e‘ﬁmka Y., Shibazaki N. 1996, ARAA 34, 607

the INTEGRAL (Sect[4.B) and RXTE (Qu et 4l. 2005) datzé}'akeshima T., Dotani T., Mitsuda K., Nagase F. 1991, PAS143,
must originate from a region around the neutron star cin@a taeshima T., Dotani T., Mitsuda K., Nagase F. 1994, ApJ 83

with the pulsar. This region can either be located at therinngpn, der Klis, M. 2004, in Compact stellar X-ray sources, Lre&ivan
radius of the accretion disk near the Alfven radius, or in the der Klis (eds.), Cambridge University Pre5ss [astrgggfi0551]

corona above the hot spots, or somewhere in between alongwhexler C., Courvoisier T. J.-L., Di Cocco G. et al. 2003, A&H1,
magnetic field through which the matter is tunneled. L1
The origin of the lower frequency QPO at 0.05Hz, on théhang S., QuJ.L., Song L.M., Torres D.F. 2005, ApJ 630, L65
other hand, is more debatable. Low frequency QPO-type vari-
abilities are known in several X-ray pulsars (see van des Kli
2004 for a review). Although there is no general consensus on
the origin of QPOs, most models do invoke the presence of
some sort of inhomogeneities in the accretion disk. Withpa ty
ical neutron star masklys=1.4M, and a spin ofPys ~ 4s
for V 0332+53, the co-rotation radius where the angular veloc-
ity of the magnetosphere and the Keplerian velocity of tis& di
are equal is

Mys) " ( Pns
sec

2/3
Reorot = 1500( M —) km =~ 4230km 4)
o)

On the other hand, the radius at which the Keplerian frequenc
is equal to that of the 0.05 Hz QP0~42350 km. The scenario

of having the 0.05Hz QPO somehow related to the part of the
disk at this distance, i.e. three times further away tharctie
rotation radius, is thus plausible. The temperature of ikk d
cannot be responsible for the observed emission, sinceacé bl
body emission is found in the spectrum. The QPO could result
from an occultation of the beam by intervening matter from th
disk at that distance, as suggested by Heindl ef"al. {1999) to
explain a 2 mHz QPO observed in 4U 0163.
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