TUORLA OBSERVATORY
DEPARTMENT OF PHYSICS AND ASTRONOMY

COST Action MP1304; Short Term Scientific Mission Scientific Report
Title: Effect of rapid rotation on estimations of masses and radii of X-ray bursting neutron stars
ECOST-STSM-MP1304-101114-049727
Applicant : Dr. Valery Suleimanov (Tübingen University, Germany)
Host: Prof. Dr. Juri Poutanen (University of Turku, Finland)
Time: November 10–22, 2014

Turku
27.11.2014

Introduction
The main aim of the visit was to develop methodology to compute spectra from X-ray bursts
happening on neutron star surface. Of our special interest are so called photospheric radius
expansion bursts that exceed the Eddington limit. Recently, we have suggested a novel cooling
tail method that allows us to determine neutron star mass and radius from the observations of
the cooling X-ray burst spectra. These results are extremely important for constraining the
equation of state of cold dense matter. All the spectral models developed so far assume that the
star is not rotating and spherically symmetric. However, observations suggest that neutron stars
in low-mass X.ray binaries actually rotate 200-600 times per second. This obviously affects their
shapes and influences the gravity, which becomes a strong function of latitude. Our goal was to
develop spectral models to account for the effects of rapid rotation. Later we plan to apply the
improved models to the real observations of X-ray bursting neutron stars and to determine
systematic errors on neutron star parameters that appear if rotation is not accounted for. Then
we will try to put better limits on neutron star parameters.

Results
During the visit of Dr. Suleimanov to the Tuorla Observatory (University of Turku, Finland) we
have developed a method to compute spectra from rapidly rotating neutron stars. The method
which takes into consideration main general relativity effects, is based on the parametrizations
of a rotating neutron star metric together with an effective surface gravity distribution over the
star following recent suggestions by AlGendy & Morsink (2014). Our method was tested against
previous calculations of the profiles of intrinsically narrow spectral lines and the light curves of a
point-like bright spot on the neutron star surface. We continue to work on the problem
separately in our home institutes using mostly electronic communications. A paper based on
the obtained results will be published in 2015. I consider the visit of Dr. Suleimanov as very
successful.
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