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Focused study of thermonuclear burstson
neutron stars

Jérdme Chenevez

National Space Institute, Technical University of Denmark

Abstract. X-ray bursters form a class of Low Mass X-Ray Binaries whe@eted material from

a donor star undergoes rapid thermonuclear burning in thfacgilayers of a neutron star. The
flux released can temporarily exceed the Eddington limit @k the photosphere to large radii.
Such photospheric radius expansion bursts likely ejecteiandurning ashes into the interstellar
medium, and may make possible the detection of photoidbizatiges. Indeed, theoretical models
predict that absorption edges froffFe at 9.2 keV.89Zn and®2zn at 12.2 keV should be detectable
by the future missions Simbol-X and NuSTAR. A positive dét@twould thus probe the nuclear
burning as well as the gravitational redshift from the nentstar. Moreover, likely observations of
atomic X-ray spectral components reflected from the inneradion disk have been reported. The
high spectral resolution capabilities of the focusing X-t@lescopes may therefore make possible
to differentiate between the potential interpretationthefX-ray bursts spectral features.
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INTRODUCTION

The Simbol-X mission, as well as the NUSTAR mission to be ¢dexdl in 2011, will
provide an unprecedented focusing view of the Universeiid Karays. In the frame of
the NUSTAR Galactic Program a few of the known low-mass Xhianaries (LMXRBS)
will be observed that may exhibit thermonuclear burst evefte National Space
Institute of Denmark, which is producing the optics for N&RT has proposed to exploit
the improved sensitivity of this instrumentation to studg physics of such events up to
hard X-rays.

X-ray bursters form a class of LMXRBs where accreted mdtegssentially com-
posed of hydrogen and/or helium, from a donor star undergagsl thermonuclear
burning in the surface layers of a neutron star. Such typedydbursts, characterized by
a black-body emission with a temperature, kT, between 1 dwl/3display generally a
fast rise time followed by an exponential decay phase, wHiglation ranges typically
between a few seconds and a few minutes. They have a recatrerecof hours to days,
but the detailed relationship between accretion regimestiypes, and recurrence times
is still an issue for most of X-ray burst systems. It is a fumttof accretion rate and
composition, depending on the nature of the donor star #s size, and composition)
and the geometry of the binary system, and of the sedimentatid nuclear ignition
mechanisms on the surface of the neutron star. An improwesiigation of these vari-
ous processes will further our knowledge about the comipositf the companion stars
and therefore the evolution of LMXRBSs, in addition to a bettederstanding of the
geometry of the accretion flow onto the neutron stars, théeandurning processes,
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FIGURE 1. Simulation of a 1.6 keV black-body spectrum with an absorpédge at 9 keV of a typical
X-ray burst emitted at a distance of 10 kpc. The count ratd Zs@s/s.

as well as their interior thermal structure, magnetic fialdg spin. The Simbol-X in-
strumentation should as well be considered to further perfocused observations of
X-rays bursts allowing advanced research on their thermieauphysic processes.

FOCUSING ON NUCLEAR PHYSICS

The instabilities of nuclear burning in relation with therXy bursts have received
much theoretical attention [see, e.g. 7, for a review], mgkslear that much of the
accumulated hydrogen and helium is burned to heavy elem&ngsflux released can
temporarily exceed the Eddington limit and drive the phphese to large radii. Such
photospheric radius expansion (PRE) bursts likely ejectaan burning ashes into the
interstellar medium, and may make possible the detectiophotoionization edges.
Indeed, Weinberg et al. [9] predict that during PRE burstslefrich accretors at low
accretion rates like 4U 1820-30 [3], absorption edges fP8Re at 9.2 keV,*%Zn and
627n at 12.2 keV should be detectable by NuSTAR and Simbol-X.

Fig. 1 shows a simulation of an X-ray burst spectrum with saicledge at 9 keV. A
positive detection of absorption edges would thus imply beavy hydrogen-like ions
are ejected from the neutron star and would probe the nuble&aing [9]. Moreover,
likely observations of atomic X-ray spectral componenfieoted from the inner ac-
cretion disk have been reported [e.g. 8, 5]. The high speasalution capabilities of
the coming focusing missions may therefore make possildéferentiate between the
potential interpretations of the X-ray bursts spectraiufess.

In addition to the few bursting sources located close to th&a&ic Center which
bursting activity is not foreseeable, different kind of teyss should be included in the
observation program, in order to interpret the diversityhaf X-ray burst observations.
As mentioned above, 4U 1820-30 is likely the best candidatdserve spectral features
from He-rich systems. The so-called 6cked burster” GS 1826-238, because its recur-
rence time is quasi-periodic between 3.5 h and 5.74 h [4f&sriore obvious candidate
to observe X-ray bursts with a focusing telescope.
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FIGURE 2. Simulation of a 1.8 keV black-body spectrum of a 100s long RRfy burstin LMC. The
count rate is 31 cts/s.

Thanks to the high sensitivity of NUSTAR and Simbol-X, ewsinbm so-called burst-
only sources [e.g. 1, 2], or weak bursts from yet unknown tingssystems may be
revealed. Furthermore, Simbol-X as well as NUSTAR, coulavigle the occasion to
explore the Magellanic Clouds for bursting activity outsiour own galaxy [see, e.qg.
6, who report the observation with XMM of bursts from M31]. As example, Fig. 2
shows a simulated spectrum of a burst from LMC.

In summary, our main objective is to confront the X-ray boitstservational properties
with the current theory in order to:

1. resolve the complexity of the relationship between rarcleirning and accretion
process regimes,

2. study the effects caused by the burst on the accretioradind the neutron star,
3. better understand the nuclear processes involved d¥rinag bursts.
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