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Type-l X-ray bursts are thermonuclear explosions on théasarof neutron stars. Intense soft
X-ray emissions are observed during type-l X-ray burstsicivlare expected to interact with
the accretion flow around the neutron stars. In the low statebelieved that there are some
hot plasmas (so-called "corona") surrounding the neuttars swhich may be cooled under the
shower of soft X-rays coming from type-I bursts. Therefdhe, type-l X-ray burst is a unique
probe into the accretion disc-corona system. Up to datdyahe X-ray shortage and fast recovery
during the evolution of bursts are discovered in 6 sourcéghwill shed lights on the origin of
the corona.
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1. Introduction

Low mass X-ray binaries (LMXBs) consist of a compact (neutstar or black hole) and a low
mass companion star. The former accretes mass from thedatidorms an accretion disc, during
which the gravitational potential energy is converted toay radiation [3, 4]. The LMXBs are
known to display distinct spectral states according to tgation of their accretion rate during
the evolution of an outburst. At the high accretion ratees{giereafter referred to as the high
state), the spectrum is usually dominated by thermal compisnwhich is believed to result from
the accretion disc or the surface of the neutron star. Antleatdw accretion rate state (the low
state), significant non-thermal hard X-ray can be obsenwbith is thought to originate from the
corona or the jet [5]. A jet would also show up in the radio hari€bnsidering that the black
hole binaries are-30 times louder in radio than neutron stars, it is believed the non-thermal
X-rays in neutron stars are mainly dominated by the coroid [Although the concept of the
"corona" (i.e., a hot gas flow radiating inefficiently) hagbavidely used to model spectral states
and connect between the accretion disc and jets, the iigtnmechanism of these coronae still
remain poorly understood. In theory, they can result frompevation mechanism [16, 5, 6] or
magnetic re-connection mechanism [22, 15].

Previous observations of the evolution of the corona werialgin the outburst transitions, of
which the time-scale is days or months. During the transitiom the low state to the high state, the
hard X-rays diminish gradually, which is explained as theliog of the corona by the increasing
soft photons coming from the accretion disc. And vice vetsaing the transition from the high
state to the low state, the hard X-rays recover, which iebetl as the reheating of the corona. In
this report, we introduce another source of soft photonge-tyX-ray burst that can influence the
corona but with much a smaller time scale. Type | X-ray buasésthermonuclear explosions on
the surface of NSs other than releasing the gravitation@npial-energy. They manifest as a rapid
increase in soft X-ray intensity, followed by powerlaw omperential decay. The time-scale of
type-1 bursts is- tens to hundreds of seconds. This means that type-| X-rastdoan be regarded
as a finer probe to study the corona.

The spectrum of bursts is a diluted blackbody spectrum wahaacteristic temperature 2-
3 keV [19]. And the spectrum of the corona can be modeled asvanan spectrum with a cutoff
of several tens of keV. This means the hard X-rays (i.e. aBover 40 keV) are dominated by the
corona and are influenced little by the bursts. Thus, the Karalys can be regarded as a clean
probe to describe the intensity of the corona. The pionemyareh was reported in Agl X-1 [14].
Maccarone & Coppi (2003) found a hard X-ray shortage duritgpa-| burst at a significance of
about 20. After Rossi X-Ray Timing Explorer(RXTE) 15 years observation, more than 1000
X-ray bursts were found, which allows us to study it stataty. Chen et al. (2012) first stacked
the bursts and found a significant hard X-ray shortage dumimgts in the low state of IGR J17473—
2721 [1]. Subsequently, similar results were reported reofive atoll sources, i.e., 4U 1636-536,
Agl X-1, GS 1826-238, 4U 1705-44, and KS 1731-260[8, 2, 9, Ii}his report, we mainly
summarize these recent findings.
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2. Observations and results

The main breakthrough in probing the possible hard X-raytalges performed by Chen et
al. (2012) is to stack a large amount of bursts from an atalrem The Event mode data of
pointing observations carried out RXTEProportional Counter Array (PCA) were used to search
for the possible hard X-ray shortages because of its uripl@leffective area. In practice, they
first tried to extract the net lightcurves of the bursts in litne state in the 2—10 keV and 30-50
keV bands with a time resolution of 1 s. Note that in the higtiesthe corona is too weak to detect
possible shortages statistically. They used the time whebtrst reached its peak at 2—-10 keV as
a reference to stack the lightcurves. They found signifidéminishment and recovery of hard X-
rays along with the evolution of the bursts, which can bea&rgld as the cooling and reheating of
the corona. Subsequently, the similar results are reporiatther 5 atoll sources, i.e., 4U 1636-536,
Agl X-1, GS 1826-238, 4U 1705-44, and KS 1731-260[8, 2, 9,Ad]an example, figure 1 shows
the result in GS 1826-238, in which the hard X-ray shortageast significant. We also note that
there are several sources that have significant persisieditdirays, but their hard X-ray storages
during bursts are undetected. One possibility could be thasts with high temperature would
contribute un-negligible hard X-ray while bursting to déuthe expected shortage. An additional
possibility is that the corona may be located too far awaynftbe neutron star to be effectively

cooled off by the bursts. Another possibility could be thatgistent hard X-rays do not result from
the corona [9].
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Figurel: The hard X-ray shortage in GS 1826-238[11]. In other soutweshape of light curves is similar.

Figure 1 clearly shows that the shortage of the hard X-rajaiis the variable burst intensity
in a dynamical time scale. The cross-correlation can beulzikd to estimate the time delay
between these two lightcurves. For the sources having haal/ $hortages their time delays are
summed up in a Figure 2. It is interesting that all the timeagelare of seconds regardless of
their different luminosities and properties of outburstgé average over all the 6 sources gives a
mean time delay of about 2.480.63 seconds This result seems to suggest that in diffepentess
the physical process dominating the corona productiomidai, hence shedding a light on the so
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far unknown mechanism by putting a constraint on the themletnodel. In theory, evaporation

models [16, 5, 6] are usually used to explaining the behadfidhe corona evolution in long-term

outbursts in a viscous heating scenario, which has a typiite scale of larger than hours for
corona formation. Thus they should find a non-viscous psotesxplain the reheating of the

corona. Alternative to the evaporation models, the corameatso be formed through magnetic re-
connection process, in which the time scale is dynamica 8oale that is similar to above results
[16, 5, 6].
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Figure 2: The time delay versus the hard x-ray persistent flux. Theameeof the time delay is about 2.43
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3. Outlook

In this report, we concentrate on the variable hard X-ragttigrves during the type-I bursts.
We found that the corona can be cooled by the shower of saiys-emitted by the bursts and
recovered to the initial level in the tails of bursts. Therslione delay of~ seconds between the
soft and hard lightcurves can be used to restrict the foonatiechanism of the corona. However,
we note that the detailed processes between the burst ghat@hthe corona are very complex
and so far still poorly known. Worpel et al. (2013) proposledlt the persistent emission intensity
would be enhanced during photospheric radius expansistdp@]. Subsequently, the enhanced
persistent emission were reported in many papers [7, 18,2,3,0]. The burst duration is usually
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very short, preventing us from studying the coronal spetittectly. Recently Keek et al. (2014)
analyzed the data of a superburst (a rare burst having vary daration), and they found both
the enhanced persistent emission and the decreased eleamtnperature in the corona, which is
consistent with the hard X-ray shortage mentioned abovg [b3order to increase the statistics,
we should find a proper way to stack the spectral informatiodiféerent bursts for studying the
evolution of the persistent spectrum in a broad energy band.also the numerical simulation may
play an important role in studying the interaction betwdss tursts and the corona surrounding
neutron stars. In the future, the X-ray instruments thathauch larger effective areas than the
RXTHPCA at hard X-rays, such as Chinddard X-ray Modulation Telescope (HXMZ]L, 23],
may allow direct probing the fine details of the microscopiocgesses in the accretion and corona
formation by observing the interplays between type-l X{paysts and the rapid spectral evolution
of LMXBs.
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