In my project, | will improve upon a computational model of the light emitted from blackhole
x-ray binaries. An X-ray binary is a set of two stars closely orbiting each other, where one can
be a black hole. The 'donor' star gives off matter to the black hole, thereby releasing lots of light
[1]. We can observe these x-ray binaries with x-ray telescopes such as SWIFT/XRT [2].
Assuming the accretion disk emits light as a black body, we can model the spectrum of emitted
light and infer the properties of the black hole, such as the spin. In doing so, we need to account
for the fact that dust in between us and the binary absorbs some of the light [3] and that some
light can be scattered into the telescope by the dust [4], which is done using models named
TBabs and Xscat, respectively. However, Xscat is incompatible with how SWIFT/XRT makes its
observations. This generally leads to an overestimate of the black hole's spin, which is very
important to know in general relativity.

To correct this, | will develop a program that accounts for off-center sources and rectangular
extraction regions which are intrinsic to SWIFT's observations. NASA maintains a terminal-ran
program called Xspec [5]. Xspec is used by astrophysicists to make estimates on the properties
of x-ray binaries. To do so, you have to specify what your model is and fit the parameters of your
model to some data. So far, | have written a python program which interfaces the new version of
Xscat with Xspec (which is in c++) and a script to automate the process of loading the data,
setting the models and their parameters, saving the outputs, and making plots. | am expecting
that there will be a considerable difference in the best-fit parameters depending on whether the
current or improved version of Xscat is used. Specifically, the estimate of the black hole’s spin
would be lower using my version, while the other parameter estimates would stay about the
same.

References:

[1] Remillard, R. A., & McClintock, J. E. (2006). X-Ray properties of Black-Hole binaries. Annual
Review of Astronomy and Astrophysics, 44(1), 49-92.
https://doi.org/10.1146/annurev.astro.44.051905.092532

[2] Romano, P., Bozzo, E., Islam, N., & Corbet, R. H. D. (2023, December 14). Swift/XRT
observations of superorbital modulations in wind-fed supergiant X-ray binaries. arXiv.org.
https://arxiv.org/abs/2312.09172

[3] Wilms, J., Allen, A., McCray, R., Wilms, J., Allen, A., & McCray, R. (2000). On the Absorption
of X-Rays in the Interstellar Medium. The Astrophysical Journal, 542(2), 914-924.
https://doi.org/10.1086/317016

[4] Corrales, L., Garcia, J., Wilms, J., & Baganoff, F. (2016). The dust-scattering component of
X-ray extinction: effects on continuum fitting and high-resolution absorption edge structure.
Monthly Notices of the Royal Astronomical Society, 458(2), 1345-1351.
https://doi.org/10.1093/mnras/stw376

[5] XSpec home page. (n.d.). https://heasarc.gsfc.nasa.gov/docs/software/xspec/index.html



