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Abstract. Accreted matter falling on the surface of the neutron star in
Low Mass X-ray Binary (LMXB) system gives rise to intense &§¢bursts
originating from unstable thermonuclear conflagrationtwede bursts can
be used as a tool to constrain the equation of state. A sefrigsch X-
ray bursts along with millihertz (mHz) quasi-periodic dkstions (QPOS)
at the highest source luminosities were observed durin@®ie outburst
of the transient LMXB pulsar IGR J17480-2446. The quite dieeburst
properties compared to typical type-I bursts suggestat theoe the type-
Il bursts originating from accretion disc instability. Weosv that the bursts
are indeed of thermonuclear origin and thus confirm the gstasile burn-
ing model for mHz QPOs. Various properties of the bursts as;tpeak
flux, fluence, periodicity and duration, were highly depertam the source
spectral states and their variation over a large accreéimrange revealed
the evolution of the burning process affdrent accretion rate regimes.
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1. Introduction

The transient LMXB IGR J17480-2446 in the globular clusterzan 5 was discov-
ered in outburst bNTEGRAL on Oct 10, 2010. This source is an unique one because
of its few interesting properties- it is an unusually slowdating (11 Hz) accreting
X-ray pulsar, shows a series of highly recurrent X-ray hustsbws burst oscillation at
such low frequencies, shows mHz QPOs, accretion disk widétiscted from it and

it is only the second source to show atoll-Z transition. Amaxy-burst was observed
from this source by th&XTE PCA on October 13, 2010 and following that a series
of recurrent bursts were observed at short intervals (ghotill date) (Papitto et al.
2011; Motta et al. 2011; Chakraborty & Bhattacharyya 20lihates, Chakrabarty

& van der Klis 2011). The burst frequency increased with seluintensity and at
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the outburst peak, the bursts disappeared and milliHertzjmuasi-periodic oscil-
lations (QPOs) appeared. The highly frequent bursts anthttkeof cooling during
the decay of weaker bursts led Galloway & in't Zand (2010) topwse these bursts
to be the type-Il bursts occurring due to accretion insiigbirype-I11 bursts are fed by
gravitational potential energy rather than nuclear enargy thus these bursts being
Type-Il renders the existing model of quasi-stable nudbegning for mHz QPOs in-
valid. Thus, here we carry out a detailed study of these umstrder to understand
their unigue nature and origin, to test the mHz QPO model anquidbe the variation
of burst properties with accretion and spectral states.

2. Observation and data analysis

The source was observed BRXTE PCA during its outburst from October 13, 2010
to November 19, 2010. The total time observed by PCA w&97 ks (proposal no.
95437; 46 obslds: 95437-01-01-00to 95437-01-14-00).

2.1 Bursts

We found~ 400 bursts in the PCA data of this source and analysed allevh tto
understand their origin. For this purpose we have used thetenodggood-Xenon
files because of the high time and spectral resolutifared by them. In order to
perform a time -resolved spectroscopy of these bursts, we t&ided the bursts
into time segments with significant statistics and creatddaal-time corrected spec-
trum from each of them. The background for spectral modgiias generated from
the pre-burst emission. Each such spectrum was modellédaniabsorbed black-
body model within 3—15 keV with the neutral hydrogen colunamsity Ny fixed

at 38 x 10?2 cm2 (Galloway & in’t Zand 2010; Kuulkers et al. 2003). The dead-
time corrected pre-burst spectra was created from the atdrimode files (van der
Klis 1989) and the corresponding background fromRX¥&@E PCA data analysis tool
PCABACKEST. From various combinations of thermal and non-thermal nsydhe
phabs=(bbodyrad+powerlaw+Gaussian) gave the best fit for the pre-burst spectra
within 3—15 keV. The fit results were used to calculatethe ratio of the non-burst to
burst fluence.

2.2 Coalor-color (CD) and hardness-intensity diagrams (H1D)

For constructing CD and HID we have used the entire top laygld2 standard-
2 mode data after excluding the bursts and data gaps. Theytmasid-subtracted
detector counts were calculated in the 4 energy bands—.9,8.3-5.7, 5.7-9.2, 9.2-
18.9 keV and the soft color (SC) and the hard color (HC) weleutated taking the
ratio of the first two and last two respectively. The intensd given as the total
background subtracted count rate withié 2 189 keV. In order to track the source
spectral state evolution we have segmented the data interdfaral segments each
marking a distinguishable position in the HID. In th& Segment all the data from
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Figure 1. Burst lightcurves of 1 s resolution of data from 6 days froiffiestent regions of the
outburst of IGR J17480-2446 (Chakraborty & Bhattachary§b12

October 17-21 were combined as in those times the burstd cotibe distinguished
from the non-burst. Except in segment 5 the source most piplieaces out the
'banana’ state of an atoll source. The source showed a ojstetesis in HID between
the rise and the decay of the outburst. To investigate furthe CO HID were created
for each day in segment 5 (5a, 5b, 5c, 5d and 5e) and 'Z’ likeksavith secular
motion were observed in them (Chakraborty et al. 2011).

3. Resultsand discussion

The burst properties evolved with the source intensityrduthe outburst and a few
examples are shown in Fig. 1 and Table 1. The first burst obddry RXTE PCA
on October 13, 2010 is a typical thermonuclear burst becafifis characteristic
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Figure 2. Hardness-Intensity Diagram of 2010 outburst of IGR J1728@6 using the RXTE
PCA data. Dfferent temporal segments are shown usiffigecént plotting symbols and segment
numbers. The dates corresponding to th@edént segments is shown. Here, 'O’ stands for
'October’ and 'N’ stands for '"November'. (For CCD and degdllplots of the 'Z’ tracks see
Chakraborty et al. (2011).)

profile, temperature cooling during decay and presencerst bscillations (Cavecchi
et al. 2011). We conclude that the following bursts were alsaered by nuclear
energy rather than gravitational from their properties loa Ibasis of the following
reasons: 1) For a thermonuclear burst the value f theoretically expected to be
~40. Therefore the calculated values@i{~ 50 — 90) throughout the outburst is
consistent with a thermonuclear origin. 2) Though most efwleaker bursts do not
exhibit a cooling trend during the decay, the stronger utsting the early and late
phases of the outburst do show cooling. The absence of tHmga® probably due
to lower statistics for the weaker bursts. 3) The burst amchtin-burst spectra fitting
require diferent models suggestingfidirent origins for them. 4) Burst peak flux,
fluence and recurrence time are anti-correlated with nastlux 5) Bursts do not
show "ringing" or "flat-top" like the type-II bursts rathdrg burst profiles were similar
to the October 13 burst and varied smoothly during the ostl§)rNo clear evidence
of dips, which is a signature of type-Il bursts, was obtained

After establishing this bursts to thermonuclear, we prdeéeto examine their
evolution during the outburst and for this purpose we sulidiee source persistent
spectra and spectral state evolution. The source took amtorttace out the entire
'‘banana’ state in the HID (Fig. 2). The soft and hard colorrdased with intensity
and at the peak of the outburst at the highest intensitie&tHike tracks appear in
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Table 1. Properties of burst and non-burst emissions

Datée Fb,peakz 3 Trec” Fp5 Eb6 a’ nb8
Oct13 9.89%7% 120 - 25850 26.700% - 1
Oct14 5.360z 105 1034 8.6%0; 15.350% 58.11232 3
Oct15 2.730% 72 512 10.6595: 6.607% 82.62%[5 5
Oct23 27002 56 434 11.810% 6.72537 76.3835 6
Oct26 4.2102 60 722 10550 11.21531 67.9473% 5
Oct31 4.1833% 90 1016 9.542%% 10.3103) 93.963% 3
Nov05 45655 100 1273 89293 125003 90.8333% 3
Nov08 4.920%" 120 1488 8.3%0; 17.62072 7048172 2
Nov15 7.6502; 130 2137 7.2610 26.8502 57.80735) 2
Nov18 9.1758f 135 2391 6.6255 36.4105 434952 2

Notes: (1) Observation date (for detailed time ranges sééeTh of Chakraborty & Bhat-
tacharyya (2011)); (2) Mean burst peak flux (im18rgs cm? s ) within 3— 15 keV; (3) Mean
duration (in s) of a burst (from 5% of peak count rate during rise t05% of peak count rate
during decay); (4) Mean burst recurrence time; (5) Meanigkenst (non-burst) flux (in 10
ergs cm? s1) within 3— 15 keV; (6) Mean burst fluence (in 1ergs cm?) within 3 15 keV;
(7) @ = FypTrec/Ep (8) Number of bursts observed within the chosen time

the CD and HID indicating transition between 'atoll’ and ‘#ate (Chakraborty et al.
(2011)). This is one of the transient sources to have showge lscale hysteresis as
observed in sources like Aquila X-1, EXO 1745-248, 4U 16@8d%ough the peak
outburst luminosities of these sources are similar, theelyidifferent tracks traced
out by them in the HID suggests that the spectral evolutiainduan outburst is not
dependent on its peak luminosity.

The variation of hard color, soft color, blackbody and pdasrparameters with
source intensity as shown in Fig. 5 of Chakraborty et al. 3@hn give indications
as to the emission mechanism and the emission geometrytievawluring the out-
burst. The blackbody temperature and the powerlaw inder s@mewhat correlated
suggesting same origin for these two components- mosylikel magnetic pole. As
the source entered the high-soft state the the contribefithe thermal component
dominated that of the non-thermal one. The blackbgubyverlaw model is well ex-
pected of a neutron star low mass X-ray binary pulsar withbtaekbody originating
from the neutron star surface and the powerlaw indicatingnagatonized component.

4. Conclusions

Burst properties were found to be highly correlated withcsfze states and the mHz
QPOs occurred during the *Z’ regime. The burst propertias their gradual varia-
tions during the outburst as depicted before suggestshtdiursts are of thermonu-
clear origin (Chakraborty & Bhattacharyya 2011; Motta et2011; Linares et al.
2011). Theoretically it is expected that with increase ioration rate (which is re-
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lated to the non-burst emission), the thermonuclear bgroimthe neutron star surface
approaches stability and bursting frequency increasesiaalty at very high accre-
tion rate stable burning starts to set in with appearanceldt QPOs. Therefore
these bursts and hence mHz QPOs, caused by the quasi-staldamburning, can
be used as a tool to measure the various neutron star param@wmpared to other
periodic bursters like EXO 0748-676 this source showedlfighriodic bursts with
shortest recurrence times observed till date which may llageito the fact that it is
a pulsar and thus matter is initially accreted onto smalleaaThe variation of the
burst recurrence was modelled usifig. « F,}ﬁ (Trec is burst recurrence time arit},

is persistent flux) and was obtained to be.23+0.13, 252+ 0.06 and 291+ 0.07 for
the rise, the decay and the whole of the outburst respegtiVbk value of3 deviated
from the expected value 1 indicating the set in afetient burning regimes for filer-
ent accretion rates (Linares et al. 2012). Thus this soumédges a perfect laboratory
for studying the mechanism of thermonuclear bursts at highedion regime and the
physics of highly recurrent bursts.
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