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Abstract 

Gravity plays a strong role in the propagation of light from the neutron star to observer, as well as on the structure of the neutron star itself. Because of the rapid rotation of millisecond (ms) pulsars, their observed X-ray pulse shapes carry useful information on the mass, radius and surface shape of 
the neutron star. A numerical model has been developed which includes light bending and time-delay effects, as well as Doppler effects for photons. The model also accounts for oblateness of the neutron star, caused by the rapid rotation. Scattered light from the surface of the accretion disk is a 
recent addition to the model.  The millisecond pulsar SAX J1808-3658 has multiple observations taken during different outbursts. The observed pulse shapes vary greatly, and it is a challenging test to fit the different observations.  
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Summary 

Joint fits with 2-epoch of pulse shapes data are considerably more constraining that those for a single epoch.  

Fits using 3 epochs are currently underway and show promise of giving even tighter limits on M and R than obtained already using 2-epoch fits (e.g. see 
figure just above, here).  Results from the 3-epoch fits should be completed in the near future. 

We are looking at ways of speeding up the fitting process. With the model including scattered light from the accretion disk, in addition to the spectral 
model, which fits two energy bands of pulse shape, there are 10, 18  and 26 free parameters for the 1, 2 and 3 epoch fits, respectively.  The computation 
time for the 1 and 2 epoch fits is reasonable, but for the 3-epoch fits (essentially a search in 26 dimensional parameter space), the computation time is 
becoming a limitation. Joint 4-epoch fits are probably not possible without significant improvements in the parameter search computation. 

While current mass-radius constraints from 2-epoch are interesting, they are not yet tight enough to narrow down the allowed EOS as much as needed (see 
figure above). For 3-epoch fits we hope to reduce the allowed region by a factor ~2 in each axis, which will be significantly more constraining. Obtaining and 
analyzing additional observations of pulse shapes with small statistical errors from millisecond X-ray pulsars is probably the most effective way of improving 
the constraints. 


