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The Be/X-ray binary A0535+26 showed a giant outburst in Dawer 2009 that reached
~5.14 Crab in the 15-50 keV range. Unfortunately, due to Surstraints it could not be ob-
served by most X-ray satellites. The outburst was precegddur weaker outbursts associated
with the periastron passage of the neutron star. The fodrthemn, in August 2009, presented
a peculiar double-peaked light curve, with a first peak festibout 9 days that reached a (15-
50 keV) flux of 440 mCrab. The flux then decreased to less th@m®2rab, and increased again
reaching 440 mCrab around the periastron. The outburst wagoned with INTEGRAL, RXTE,
and Suzaku TOO observations. One orbital periodX1 days) after the 2009 giant outburst, a
new and unexpectedly bright outburst took placel(4Crab in the 15-50 keV range). It was
monitored with TOO observations with INTEGRAL, RXTE, Sumaland Swift. First results of
the spectral and timing analysis of these observationsrasepted, with a specific focus on the
cyclotron lines present in the system and its variation Withmass accretion rate.
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1. Introduction

A 0535+26 is a Be/X-ray binary system, discovereddnie/ V' in 1975 during a giant outburst
[1]. In this system, a pulsating neutron st&pf, ~ 103 's) orbits around the O9.71lle companion
HDE 245770 [2] in an eccentric orbit d®,, ~ 111 days [3]. An extensive review to the sys-
tem can be found in [4]. The system is characterized by geigsstates with X-ray luminosity
Lx < 10%6erg s?, interrupted by normal (type 1) outbursts, witik~10°6-3"erg st and typically
associated with the periastron passage, and giant (typatiursts, for whichLy > 10> ergs?.
Since its discovery, six giant outbursts have been observed

After more than 11 years of quiescence the source showedhbayitburst in 2005 [5], which
unfortunatelly could not be observed with X-ray obsenia®due to Sun contraints. Two subse-
guent normal outbursts took place in August/September awkmDber 2005 [6]. Cyclotron lines
were discovered in the X-ray spectrum of the source4f and~100 keV withHEXE and OSSE
during giant outbrusts in 1989 and 1994 [7, 8], and later codd with INTEGRAL, RXTE,
and Suzaku[9, 10]. From the cyclotron lines, a magnetic field of£B.1 x 102G is inferred. In
some transient X-ray binaries like 4U 0115+64 and V 0332-b8lear anti-correlation between
cyclotron line energy and X-ray luminosity has been obstfitd, 12, 13]. This anti-correlation
has been interpreted as a change of the height of the cytlstattering region in the neutron star
dipole magnetic field with the accretion rate, assuming thugce is in the super-Eddington regime
with a shock front forming above the neutron star surfacé [ltdthe case of Her X-1, the opposite
correlation was discovered [15]. The cyclotron energy feenbmeasured to increase with X-ray
luminosity, suggesting that the source is in the sub-Eddmgegime. In contrast to these sources,
observations of A0535+26 in 2005 wittNTEGRAL, RXTE [16], and Suzaku[10], show no
significant variation of the cyclotron line energy, suggesthat the line forming region remains
stable for different mass accretion rates.

During the August/September 2005 outburst, a series ot daoes ¢~ 1 day) were observed
with Swift-BAT during the rise to the peak. FroRXTE observations of some of these flares, at
similar source luminosity to later stages, the cyclotrae kppears at a significantly higher position.
The pulse profiles also show a different shape and energyndepee than during the rest of the
outburst [17]. The observed features suggest that the dlativity is caused by magnetospheric
instabilities on top of quasi-stationary accretion frona thisk [18].

2. Thesourcein 2009/2010

In 2009, the source showed a series of normal outburstsiassevith the periastron before
and after a new giant outburst in December 2009 [19, 20]. Tdr& gutburst reached f5_so)kev ~
5.14 Crald (X-ray light curve in Fig. 1, left). Unfortunatelly, agaimud to Sun constraints, the giant
outburst could only be observed wiRXTE. The outburst preceding the giant one, that reached
a flux F15_s0kev ~ 440 mCrab and presented a peculiar double-peaked lighe ¢Erg. 1, right),
was observed WithtNTEGRAL, RXTE, and Suzaku One orbital period after the giant outburst a
new outburst took place in April 2010, unexpectedly bright£ 50 kev ~ 1.4 Crab) considering it
took place after a giant outburst [21].

IFlux from theSwift-BAT light curve. The Crab flux is about 0.22&8wift-BAT counts cnt? s (15-50 keV).
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Figure 1: Left: Swift-BAT light curve of A0535+26 during its recent 2009/2010lmuists. The vertical
dashed lines indicate the times of periastr&ight: Swift-BAT light curve of the double-peaked outburst
of A0535+26 in August 2009 (black diamonds, left axis) antspyperiod evolution measured wWiBXTE
data (red diamonds, right axis).

2.1 Peculiar double-peaked outburst in August 2009

The peculiar double-peaked outburst in August 2009 (X-igiytlcurve in Fig. 1, right) was
observed wWithNTEGRAL, RXTE, and SuzakuTOO observations. A similar double-peaked out-
burst was observed with BATSE before the 1994 giant outj@®t These pointed TOO obser-
vations have allowed us to perform a detailed timing and tsgleanalysis of this peculiar out-
burst for the first time. Using all th&XTE-PCA observations, we performed a phase connec-
tion method [23] to determine the pulse period evolution. Wed the orbital ephemeris from
[3]. The resulting pulse period evolution is showed in Figrigght). We measure a spin-up of
P=—-05+0.04x 10 8ss 1 (MJD 54046.9). The energy-dependent pulse profiles dutiadgvto
main peaks of the outburst remain rather stable, and aresumilar to pulse profiles observed in
past normal and giant outbursts (Caballero et al. 2010,ap.jpr

Making use ofINTEGRAL, RXTE, andSuzaky we studied the evolution of the fundamental
cyclotron line. We modeled the cyclotron lines using Gaarséines in absorption [24]. As shown
in Fig. 2 (left), the cyclotron line energy remains const@uning the two main peaks of the outburst,
with a slight increase in the cyclotron line energy during tlecay of the outburst.

2.2 Giant outburst in December 2009

The December 2009 outburst was daily monitored vRIKTE. Unfortunately, at the peak of
the outburst the HEXTE B cluster stopped rocking, implyihgttno background measurements
are available for the observations performed after the .pEakther work is being done to model
the HEXTE background properly in order to study the cyclotine position in detail. First results
of the cyclotron line evolution during the giant outbursiy the observations before the peak, are
shown in Fig. 2 (right). As can be seen, again no significantitian of the cyclotron line energy
with the X-ray luminosity is observed. Work is ongoing to qaete this study with all the available
RXTE observations, that cover the complete outburst.
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Figure 2: Left: Swift-BAT light curve of the August 2009 double-peaked oubtutsp (panel), evolution
of the fundamental cyclotron line energy measured WNMEGRAL, RXTE and Suzaku(bottom panel).
Right RXTE-ASM light curve of the December 2009 giant outburst (topgiarevolution of the funda-
mental cyclotron line energy measured WRIXTE (bottom panel) for the observations wWihEXTE B
background measurements (see text).

2.3 April 2010 outburst

A new outburst took place in April 2010, that reached a flux @ Fso kev ~ 1.4 Crab. Such
a bright outburst in principle is not expected after a giartbarst. However, it was predicted from
optical observations of the companion star before the ostbilnat revealed the presence of a disk
of material around the Be star fromaHines seen in emission [25]. The outburst was observed
with INTEGRAL, Swift, RXTE, and SuzakuTOO observations (see Fig. 3, left). We studied
the evolution of the cyclotron line energy during the ousiburAn example of onéeNTEGRAL
spectrum (MJD 55297.4) is shown in Fig. 3 (right). The presesf the fundamental cyclotron line,
measured aEq,c = 434+ 0.3keV, is cleary seen in the residuals. The evolution of theatson
line energy measured wittNTEGRAL is shown in Fig. 3 (left, bottom panel).

3. Summary and Outlook

First results of the recent outbursts of A0535+26 that tolaicg in 2009/2010 have been
presented. A peculiar double-peaked outburst took pladkumust 2009 before a giant one in
December 2009. No significant differences were observeldriming and spectral analysis of
the source compared to past outbursts that could explainidghble-peaked shape of the light
curve. TheH, equivalent width shows a dramatic increase between AugusDecember 2009
[26], probing that the disk around the donnor star was grgurrnthat period. The double-peaked
light curve of the August 2009 outburst could be due to thefiion of the disk around the Be star.
The cyclotron line energy evolution remains constant duthe two peaks, and a slight increase
is measured during the decay of the outburst. First restltiseocyclotron line evolution during
the December 2009 giant outburst and April 2010 outburst Edgeal no significant variation of
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Figure3: Left: Swift-BAT light curve of the April 2010 outburst (top panel). Thmes of the/NTEGRAL,
Swift, Suzaky andRXTE observations are indicated. Bottom panel: evolution oftimelamental cyclotron
line energy measured witiNTEGRAL . Right: example ofINTEGRAL spectrum of A0535+26 during
the April 2010 outburst (MJD 55297.4). The middle panel shdhe residuals of a fit without including
cyclotron lines in the model. The bottom panel shows thadtess of a fit including one cyclotron line at
~ 45keV.

the cyclotron line energy. Further work is ongoing to stuldy spectral and timing properties of
the source during these outbursts, making use of allRklFEEGRAL, Swift, Suzaky andRXTE
pointed observations. Thewift pointed observations will allow for the first time for thisusoe to
study the variation of thdly during the onset and the peak of the outburst.
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