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Title of research proposal

“Formation of pulse profiles in accreting millisecond X-ray pulsars”

Summary of research proposal

Neutron stars in accreting millisecond X-ray pulsars (AMXPs) can be studied by analysing the coherent millisecond oscillations (i.e., pulsations) formed during accretion. A neutron star strips gas from a donor star and the spiraling material forms an accretion disc. When the ionized gas reaches the in the inner portion of the accretion disc, the magnetic stress overcomes the fluid stress and the material is channeled along the neutron star magnetic field lines. It is currently thought that the accretion flow forms an hot spot and/or an accretion shock once the gas reaches (or is very close to) the neutron star surface, releasing an intense flow of X-rays. This radiation is modulated at the neutron star spin frequency, thus producing coherent X-ray pulsations.  Understanding the exact processes responsible for the production of X-rays is of fundamental importance not only to constrain the accretion process but also to test the neutron star structure via a correct pulse profile modeling. 

In October 2008, I successfully proposed to observe an AMXP (SAX J1808.4-3658) with unprecedented depth with three X-ray telescopes: RXTE, XMM-Newton and Swift.  

The broad band coverage of these three telescopes (from optical wavelengths up to ~200 keV) can allow the best study up to date of radiation processes responsible for pulsations. Together with prof. Poutanen, I plan to model the broad band spectrum and the pulse profiles of SAX J1808.4-3658 to produce the deepest and most complete observational and theoretical study of pulse theory for an accreting millisecond pulsar.  

Purpose of the visit

The purpose of the visit to the University of Oulu was twofold: 

1. bring my expertiese with data analysis and reduction of X-ray data


obtained with space telescopes like XMM-Newton, Swift-XRT and RXTE

2. discuss and work on models that can explain the most recent timing         and spectral results in the field of Accreting Millisecond X-ray pulsars.

Description of the work carried out and main result obtained during the visit

I worked mainly with prof. Juri Poutanen, dr. Askar Ibragimov and mr. Jari Kajava. 

We first reduced the available RXTE and Swift XRT data of the accreting millisecond pulsar SAX J1808.4-3658 for the 2008 outburst. I helped the Ph.D. student Jari Kajava on the data reduction and on the preparation of high energy spectra. 

We then perpared X-ray spectra of XMM-Newton, that observed the source for ~41 ksec during October 2008. 

The XMM spectrum was then fitted with a model to improve a previous work already done on this data and published in Patruno et al. 2009. 

In our new improved fit we could find a self-consistent physical model to explain the observations. The ionized plasma in the accretion disc is channeled onto the magnetic poles of the pulsar, producing an hot spot rotating at the spin frequency of the neutron star. Since the accreting material moves supersonically, a shock is created above the 

hot spot. We interpreted our three component spectral model (see Figure below) 

as a signature of this process: the accretion disc, the blackbody radiation produced by the hot spot, and the comptonized radiation coming from the accretion shock.
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To verify whether our interpretation of the three components model was correct, we investigated the behaviour of the X-ray pulsations. 

In our interpretation, the accretion disc is the softer component in the spectrum, therefore it produces unpulsed radiation. The blackbody and the componization are instead sources of pulsed radiation. 

We therefore performed a phase-coherent analysis for the XMM data, with a software that belong to the University of Amsterdam. I also trained dr. Ibragimov on how to write  a similar software in Oulu. 

The fractional amplitudes of the pulsations are shown in the Figure below, in the left panel. We then corrected these amplitudes with our spectral model to take into account the unpulsed disc contribution. 

The corrected amplitudes are shown in the right panel of the Figure below.

The results are very insteresting since they show that the corrected amplitudes decrease with energy and saturate above ~2 keV, when the disc contribution stops to be dominant.  
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Future collaboration with host institution

The next step in our work is to model the blackbody and the comptonized emission separately, and fit the pulsations at higher energies by using the RXTE timing and spectral data. 

Furthermore, we will follow the spectral evolution at soft energies with our Swift-XRT spectra and see if the accretion disc receeds with decreasing flux producing changes in pulse spectral shape. The spectral analysis of combined Swift and RXTE data is currently under way.

By coincidence, during my visit a new accreting pulsar went in outburst: IGR J17511-3057. Since the RXTE data were immediately publicly available, we also started to work on the spectra of this new pulsar. The lead of the spectral analysis was given to dr. Ibragimov, while my contribution will be the pulse profile analysis and modelling. 

Projected publications/articles resulting 

The work produced during the visit is still not complete, but was fundamental to start a collaboration that will lead one paper on the accretion process and pulse formation and evolution in the accreting millisecond pulsar SAX J1808.4-3658. 

This work will give a fundamental contribution in the understanding of pulse formation in low magnetized neutron stars and will shed new light on the origin of X-ray timing noise and pulse profile changes. This is extremely important for the determination of the spin frequency evolution of neutron stars and for the comprehension of torques in accreting neutron star binaries. 

Probably we will also produce a second paper on the other accreting pulsar IGR J17511-3057, although the results of this second work are still preliminary. 


