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Abstract 
We report on new spectral modeling of an observation of the accreting X-ray pulsar Her X-1 by the Nuclear Spectroscopic Telescope Array 
(NuSTAR). We utilize a radiation-dominated radiative shock model that is an implementation of the analytic work of Becker & Wolff (2007) on 
Comptonized accretion flows onto magnetic neutron stars within the XSPEC analysis environment. We obtain a good fit to the Her X-1 spin-
phase averaged 4 to 78 keV X-ray spectrum observed by NuSTAR during a main-on phase of the Her X-1 35-day accretion disk precession 
period. This model allows us to estimate the accretion rate, the Comptonizing temperature of the radiating plasma, the radius of the magnetic 
polar cap, and the average scattering opacity parameters in the accretion column. This is in contrast to previous spectral models that 
characterized the shape of the X-ray spectrum but could not determine the physical parameters of the accretion flow. We describe the details of 
our spectral fitting model and we discuss the interpretation of the resulting accretion flow physical parameters. 
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The evaluation of the X-ray spectrum centers on the series expressions below. 
These three series represents the contribution to the column-integrated 
spectrum from Compton scattering energization  of seed photons from the 
radiative processes bremsstrahlung, cyclotron emission, and blackbody 
emission from a thermal mound. Being optimized for rapid evaluation, they 
enable rapid exploration of a large parameter space.  For details see Wolff  et 
al.,2016, ApJ, (submitted). 
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Developing A New Modeling Tool 
We ask: Can the energy and shape of the observed cyclotron resonant scattering 
features (CSRFs) be uniquely tied to the production of the X-ray continuum via a 
single, self-consistent physical model?  
We develop spectral analysis tools to answer this question and utilize the HEASoft/
XSPEC analysis environment to analyze data from a number of high signal-to-noise 
accreting X-ray pulsars to test the model. (See schematic below) 
Seed photons that will be Comptonized are 
created in column plasma by Bremsstrahlung 
and cyclotron emission, with blackbody photons 
emitted from the thermal mound surface near 
the base of the column. 
We model the photon distribution function 
Green’s function fG in the radiation-dominated 
plasma utilizing the transport equation 
including bulk and thermal Comptonization 
(see Becker & Wolff 2007): 

We compute radiation spectrum distribution fG(z,ε), by convolving fG with a source  
          photon distribution                              (i.e., Bremsstrahlung + Cyclotron 

  + Blackbody; see also Becker & Wolff (2005)). 

Broader Utilization of New Tool 
Our goal is to utilize the spectral modeling tool with pulsar data in X-ray archives. 
The Table below shows broader program currently in progress. 

Source Name 
X-ray 

Luminosity 
[ergs/s] 

Magnetic Field 
[G] 

Pulse Period 
[s] 

System Type 
 

4U 0115+634 < 2 × 1038 ~ 1.2 × 1012 3.6 Transient 
GX 304+1 < 2 × 1037 ~ 4.7 × 1012 272 Transient 
V 0332+53 < 5 × 1038 ~ 2.7 × 1012 4.4 Transient 
A 0535+26 < 1 × 1037 ~ 4.0 × 1012 105 Transient 

Vela X-1 ~ 6.0 × 1036 ~ 2.7 × 1012 283 Persistent + 
Eclipsing 

Her X-1 ~ 2.5 × 1037 ~ 4.4 × 1012 1.24 Persistent + 
Eclipsing 

Cen X-3 ~ 1.0 × 1038 ~ 3.3 × 1012 4.82 Persistent + 
Eclipsing 

LMC X-4 ~ 4.0 × 1038 > 1013 (?) 13.5 Transient 

SMC X-1 ~ 8.0 x 1038 Not known 0.716 Persistent + 
Eclipsing 

Test Modeling Tool: NuSTAR Her X-1 Observation 

Application to Hercules X-1 data from NuSTAR.  Curves show Comptonized 
components and their sum, compared with data from FPMA, FPMB .  Residuals 
are at bottom.  From Wolff  et al., 2016, ApJ, (submitted). 
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Further spectral fitting with this new implementation of the Becker & Wolff model 
can be found in HEAD Poster 120.09 (Amy Gottlieb et al.) and Diana-Cheatham 
talk in HEAD Special Session 201 on GX 304-1, XTE J1946-274, and LMC X-4. 
 


