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The X-ray transient 4U1630-47 shows regular outbursts witecurrence period of 600 days
since its first detection by Vela-5B in 1969. RXTE/ASM moniteveals heightened activity
during 2002 - 2004 and in beginning of 2006. During thesequsy;i theRXTEHPCA observed
the source when it was in different stages of the outburstail®el spectral and timing analysis
had been carried out with the data. Spectral analysis shtlveedresence of high temperature
states as they were reported by Tomsick et al (2005). Ddttilging analysis presented in this
work revealed that the quasi-periodic oscillations (QP&¥s)present only in the high tempera-
ture states. The variation of inner disk radius with inneskdemperature for high temperature
states shows a distinct patternTin — R, plane as compared to the one expected from a standard
Shakura-Sunyaev disk. This may possibly indicate the piesef a slim disk.
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1. Introduction

The X-ray transient (XRT) 41630— 47 shows regular outbursts approximately every 600
days since its discovery[{[2][ TILO][][4]), which is much mdrequent as compared to other soft
X-ray transients which flare once in 260 years[[11]. Therefore41630— 47 plays an important
role in studying the dependence of the observed spectrébatimiing properties upon mass accre-
tion rate and other physical parameters. Since the opticalterpart is not known fold1630— 47
[A] (see [1] for possible identification of IR counterpatt)e binary orbital period is unknown. Its
X-ray spectral and timing properties are typical of low-s&sray binaries with black hole as a
probable compact objedt [11].

During 2002-2004, 4 1630— 47 exhibited the longest and also the brightest outburstrebd
to date and thereafter it was again active in early 2006.Kdrdi previous outburst in 1998, during
this outburst no radio emission was seen. Tomsick et al (208fied out a detailed spectral
analysis of the data during 2002-2004. The main result of therk was that they reported different
spectral states of the source during the outburst. Theyrafswrted some extreme states with very
high inner disk temperatures and small inner disk radiienestingly those states were found to
be very high states with steep power-law component in thetspeHere in this work we studied
the spectral and timing properties and their possible taige behavioural pattern of the source
during the outburst. For spectral modelling, we consideredflection component coming from
cold disk in addition to the standard two-component modetiusy Tomsick et al (2005) in order
to get better (or physically plausible) estimate of inneskdemperatures.

2. Observation and Data Analysis

We analysedRX T EPCA data of 330 pointed observations of the X-ray transiexit@B0— 47
during its various phases of outbursts in 2002-04 and in 26@gure [[L) shows th&XTEHASM
lightcurve covering the complete stretch. The bars in rddwaat the top of the figure indicate
epochs when the PCA and HEXTE onbo@&& T E observed the source, while the bars in blue
show the epochs when quasi-periodic oscillations (QPOsy detected. The mean exposure time
of the data is~ 1.6 ks. FTOOLS version 5.3%was used to extract the lightcurves and energy
spectra from the raw data. The time filtering criteria usedunanalysis were same as those used
by Tomsick et al.(2005)[12]. We extracted the lightcurvesif event mode data for energy bands
2-7 keV, 7-15 keV, 15-30 keV and the complete energy band thi¢ time resolution of 2 sec.
We extracted the energy spectra for all observations framdstrd2 data of thRXTEHPCA.

3. Spectral Analysis

Using the XSPEC (v11.3.1) packa&geve fitted the PCA spectra for all the observations with
a single three-component model which consists of disk lbladic dominating at lower energies, a
power law at higher energies and reflection of the power lawpgament from the disk, along with
interstellar absorption. Here, we used the reflection carapbto account for the broad excess

Ihttp://heasarc.gsfc.nasa.gov/Ihegsoft
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Figurel: ASM 1-day averaged lightcurve starting from October 2002auldlarch 2006. Red bars on the
top show the epoch of the pointed observations by PCA and HEX-boardRX T Eand blue bars show
the observations when QPOs are detected.
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Figure2: Un-folded spectra from three observations where QPOs wesept; Obs.lds.(MJDjypm lefi:
70417-01-09-00(52636.8), 80117-01-06-00(52802.8) &1d 8-01-08-00 (52810.1)

around 10 keV for some observations and hence to have a bstieration of the disk temperature
in the diskbbmodel. For all the observations, the lower limit for the eoludensity parameter
(Nn) was restricted to & 10°? cn2 which is the lowest measured value fat #630— 47 [§] and
the source of reflection was assumed to be isotropic. Fallgie X-ray dips study[[5], we have
used 60 as disk inclination angle.

We obtained statistically good fits for almost all the obations with average? = 1.48
while fitting the model to PCA spectra from-330 keV using thex?-minimization algorithm of
the XSPEC package. For the complete set of observationsdeoed, the fitted value of disk
temperature varies fromDkeV to 32 keV, while the power-law index varies fromblto as steep
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as 48 . For three representative observations spanning themegtspectral variability of the source
when the QPOs were present, the un-folded spectra are shdiguie [2).

As per the classification scheme of spectral states of blaleklifinaries given by McClintock
and Remillard (2006)[6], 92 observations are in steep pdswer(SPL) state, 110 observations
show thermal-dominated (TD) states while no observatidnbitxhard state. Some states did have
power-law index less than 2.0, but they could not be claskHi hard states since for them the
ratio of power-law flux to disk blackbody flux is small unlikeeanonical hard state spectrum. Even
with the reflection component, we got higher disk tempeestdor few observations as reported
by Tomsick et al.(2005)[12]. Interestingly, these high pemature states exhibit strong QPOs as
discussed in the next section.

Figure (B) shows the variation of inner disk radii&) as a function of the disk temperature
(Tin). It shows four distinct branches Ry, — Tin plane. Two parallel branches (represented by
red points) can be fitted with the empirical relatidt, 0 T..*3, which is clearly a signature of
the standard Shakura-Sunyaev thin digk [3]. But the otherpmrallel branches (shown in blue)
which correspond to high temperature QPO states is fittedl avielationR;, O Ti,;"'. This could
possibly be interpreted as an indication of a hot slim digq {hich could be present during state

transitions.
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Figure 3: Plot of inner disk radiu®j, versus disk temperatuiig, for for all the observations. Blue dots
show the QPO states. Two sets of parallel lines show twordiffedependences; magentaRy O Tig4/3
and black —Ri, O T, .



4U 1630-47 : 2002-2006 outburst - Timing analysis Subir Bhattacharyya

4. Timing Analysis

We extracted the power density spectra (PDS) for all thershtiens using the ISIS packatje
and an add-on module called SITAMBut we found one or more statistically significant QPOs for
only 18 observations. During all these observations, tiiecgowas in steep power-law (SPL) state
and also most of them exhibit high inner-disk temperatuRessibly due to lack of sufficient data
length, few other high temperature SPL observations do mow statistically significant QPOs.
All these 18 power density spectra (PDSs) were fitted withhglsimodel comprising of a zero
frequency-centered Lorentziarf(© and four lorentzians, as defined below;

R and Lor=m'— R°Quo
1+v/vo Vg +Q2(v — vp)?

zfc=

where in the Lorentzian componemy, is the resonant frequency of the Lorentzi@n(= Avy/Vvp ,
whereAvg is FWHM of the Lorentzian aty) is the quality factor an® is the normalization of the
Lorentzian, such that rms variabilityns = R[0.5—tan 1(—Q)/m¥? (i.e.rms=R as Q — o).

For the three observations whose energy spectra are shofiguie (2), the PDSs with the
fitted multi-component model are shown in figure (4). All treeameters for all 18 PDSs are given
in Table (1) and Table (2) which are attached separately. rig to find any correlation of QPO
parameters with the spectral parameters of the state bugjnidicant correlation was found from
the set of observations.
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Figure 4: PDSs for the three observations whose un-folded energyrapae shown in figure[k2). The
components of the fitted moddscribed in the textare shown in different colours.

5. Conclusion

We have analysed RXTEBCA data of 4U 1630-47 during 2002-04 and in 2006 when the
source was in outburst and have carried out spectral ancbratgnalysis of the data. We fitted the
energy spectra of all these observations with a single itoegponent model. Here, we have taken
into account the reflection from the cold disk in order to actdor the hardening above 10 keV
[B], which was may cause high values of disk temperaturespsted by Tomsick et al.(2005)]12].
Still, those spectral states had high temperatures and smeait disk radii as compared to the stan-
dard Shakure-Sunyaev disk. Following the state classiircalf black hole binaries of McClintock

3http://space.mit.edu/CXC/ISIS
http://space.mit.edu/CXC/analysis/SI i]'AR
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and Remillard[[p], these high temperature states fall incitegory of SPL states. The calculated
inner radius Rjy) and inner disk temperaturd;{) show two distinct trends - one corresponding to
the standard Shakura-Sunyaev disk with low temperaturdrendther trend, mainly consisting of
high temperature states. Interestingly, these high teatyner states which are very high states with
steep power-law exhibit low frequency QPOs in their PDSsub, no significant correlation is
found between the QPO parameters and the spectral paramétethese states follow a different
trend inTi, — Rin plane as compared to the ones corresponding to Shakura&udisk, they in-
dicate the presence of slim digk][13]. Hence, very high diskgeratures in these states can be the
artifact of using DBB model for slim disk states as discudsgiiVatarai et al.(2000J [13].
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