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BEPPOSAX

BeppoSAX - Satellite italiano per Astronomia X (1996 - 2002):

NFI (Narrow Field Instruments):

1. LECS (0.1 - 10 keV);

2. MECS (1.3 - 10 keV);

3. HPGSPC (4 - 120 keV);

4. PDS (15 - 300 keV)

WFC (Wide Field Cameras)  - 2 coded mask telescopes            
(2 - 30 keV,  200×200)
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GOAL OF THIS WORK 

Analyze the data received from the satellite to study properties of 
the sample of the accreting pulsars with a CRSF in a uniform way.

Attempt to describe the spectra with various continuum models and 
find out which one works better.

Compare with the work of Coburn et al. (2002) (RXTE data) and 
look for the correlations among the spectral parametrs.

Understand how the choice of the continuum model affects the 
measured CRSF parameters.

Attempt to describe the continuum not only with 
phenomenological, but also with reasonably physical models.

3



CONTINUUM MODELS

between the two instruments to vary freely, although in all
cases it was within errors of what was expected.

We accumulated and analyzed the data using the stan-
dard NASA HEASOFT package of tools released by the
High-Energy Astrophysics Science Archive Research
(HEASARC) Center.6 HEASOFT consists of two pack-
ages, the FTOOLS data accumulation software and the
XANADU spectral, timing, and image analysis software.
The entire process of accumulating data using FTOOLS is
outlined in ‘‘ TheRXTECookbook: Recipes of Data Analy-
sis and Reduction,’’ provided by the HEASARC on the
RXTEGuest ObserversWeb site.

When determining source ‘‘ good-time ’’ intervals, times
from which to allow the extraction of source (or back-
ground) counts, we used the following data selection crite-
ria. To avoid possible contamination from X-rays from the
Earth’s limb, data were accumulated only when the satellite
was pointing more than 10! above the horizon. To avoid
possible contamination from activation in the detectors due
to the high particle rates associated with SAA passages, we
rejected data from a 30 minute interval beginning with the
satellite entering the SAA.We also required that the satellite
be pointing to within 0=01 of the source position. Finally,
for faint sources and with the PCA instrument only, the
electron ratio in each of the accumulated PCUs was
required to be less than 0.10.

All other data accumulation steps, such as the modeling
of the PCA background, modeling HEXTE dead-time cor-
rections, and generating response matrices, were done with
the released HEASOFT FTOOL appropriate for the task.
For spectral analysis we used the XSPEC fitting package,
released as part of XANADU in the HEASOFT tools. We
initially used version 10.00 and later, when it was released,
version 11.0.1 (Arnaud 1996).

3. METHODOLOGY

In analyzing lines in pulsar spectra, a good model of the
underlying continua is very important. Unfortunately, as
mentioned in x 1, there exists no convincing theoretical
model for the shape of the continuum X-ray spectrum in
accreting X-ray pulsars (Harding 1994 and references
therein). Therefore, observers are forced to use phenomeno-
logical models, with the choice of the specific form left to the
observer. In theRXTE band (2–250 keV), these models take
the general form of a power law that changes into a power
law times an exponential above a characteristic cutoff
energy (White et al. 1983), which we refer to as either the
standard X-ray continuum shape or simply the standard
pulsar spectrum.

There are three primary analytic realizations of the stan-
dard pulsar continuum shape that have been used by vari-
ous authors to fit X-ray pulsar spectra. The first, and the
one used in this paper, is a power law with a high-energy cut-
off (PLCUT; White et al. 1983). The analytic form of the
PLCUTmodel is

PLCUT Eð Þ ¼ AE%! 1 E & Ecutð Þ
e% E%Ecutð Þ=Efold E > Ecutð Þ ;

!
ð3Þ

where C is the photon index and Ecut and Efold are the cutoff

and folding energies, respectively. This form was chosen
because it was particularly suited to our parameterization
analysis (see below). The second is a power law with a
Fermi-Dirac form of the cutoff (FDCO; Tanaka 1986).
Analytically, this is given by the equation

FDCO Eð Þ ¼ AE%! 1

1þ e E%Ecutð Þ=Efold
; ð4Þ

where C is the photon index and Ecut and Efold the cutoff and
folding energies, respectively. The third consists of dual
power laws with indices of opposite sign, along with an
exponential cutoff (NPEX;Mihara 1995). This is realized as

NPEX Eð Þ ¼ A E%!1 þ BEþ!2
" #

e%E=Efold ; ð5Þ

where !1 and !2 are photon indices with positive values and
Efold the folding energy. As can be readily seen from equa-
tions (3)–(5), even though the models produce similar
shapes, the details of the various functional forms make a
meaningful comparison of fit parameters across models
impossible. This underscores the need to use a single model
consistently for all of the spectra in order to make general-
izations about the sources as a class.

For the fits discussed in x 4 and presented in Tables 5 and
6, we used amodified PLCUTmodel (MPLCUT). The stan-
dard PLCUT form (eq. [3]) has some definite advantages
over the other models that are discussed below. Unfortu-
nately, however, the slope of the PLCUT model has a dis-
continuity at the cutoff energy Ecut, which can create an
artificial linelike feature in the spectral fit that can adversely
affect fits to a CRSF (Kretschmar et al. 1997; Burderi et al.
2000; La Barbera et al. 2001; Coburn 2001). To account for
this, we applied a ‘‘ smoothing ’’ function in the form of a
relatively narrow (!d0:1Ec), shallow ("d0:1), Gaussian-
shaped absorption feature (GABS; see below) at the cutoff
energy. While this did not remove the discontinuity in the
derivative at the cutoff energy, it did reduce the amplitude of
residuals. The centroid energy of this Gaussian was allowed
to vary in the fits, but fell within 0.3% (usually less) of the
cutoff energy.

Tomodel the CRSF, we used aGaussian-shaped function
for the optical depth of the feature. The functional form was

GABS Eð Þ ¼ "ce
% E%Ecð Þ2= 2!2cð Þ ; ð6Þ

where Ec is the energy of the resonance, "c is the depth of the
line at the resonance, and !c is the width. This profile modi-
fies the underlying continuum in the following way:

I0 Eð Þ ! I0 Eð Þe%GABS Eð Þ : ð7Þ

We note that, because this is an exponential of a Gaussian,
the FWHM of the line is a complex function of not only the
width !c but also the depth "c. The resulting FWHM is
slightly larger than the normal 2!c 2 ln 2ð Þ1=2 for a given !c,
but asymptotically approaches the standard value as "c goes
to zero.

We also note that although the MPLCUT, FDCO, and
NPEX equations all produce similar curves, there are differ-
ences, and a given pulsar spectrum might be fitted well with
one and poorly with the others. In fact, the MPLCUT fits to
4U 1538%52 (x 4.8) and 4U 1907+09 (x 4.7) are somewhat
poor. Therefore, our continua fits are not necessarily the
best that can be achieved and should not be considered the
definitiveRXTEmeasurements of these pulsar spectra.6 See http://heasarc.gsfc.nasa.gov.
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1.Power law with a high energy cutoff 
(«POWERLAW», «HIGHECUT» in 
XSPEC).
2.Power law with a Fermi-Dirac form of 
the cutoff («POWERLAW», «FDCUT» in 
XSPEC).
3.NPEX (Negative-Positive power law 
EXponential) model (Mihara, 1995).
4.Power law with a high energy 
exponential cutoff («CUTOFFPL» in 
XSPEC).
5. CompTT - analytic model describing 
Comptonization of soft photons in a hot 
plasma (Titarchuk, 1994).
6.«BW» - theoretical model for the 
emission from the magnetized accretion 
columns based on the bulk and thermal 
comptonization (Becker & Wolff, 2007).
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 cutoffpl: power law, high energy exponential cutoff 

A power law with high energy exponential rolloff. 

( ) exp EA E KE  

par1 =  power law photon index 

par2 =  e-folding energy of exponential rolloff (in keV) 

norm = K Photons keV-1cm-2s-1 at 1 keV 

 

4 free parameters: input soft photon (Wine) 
temperature; the plasma temperature; the plasma 
optical depth; the geometry switch.
6 free parameters: the column radius r0; the 
accretion rate Mdot; the electorn temperature Te; 
the magnetic field strength B; the photon 
diffusion parameter ξ; the comptonization 
parameter δ.4



BEPPOSAX SOURSES 
WITH CYCLOTRON LINE
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Source Type Porb Pspin

(days) (s)

XTEJ1946 + 274 Transient ∼ 80 15.8228(2)

4U1626− 67 LMXB 0.0289 6.6679(1)

4U1907 + 097 HMXB 8.38 440.59(3)

4U1538− 52 HMXB 3.73 528.218(1)

Her X-1 LMXB 1.7 1.237(1)

Cen X-3 HMXB 2.09 4.814315(2)

4U0115 + 63 Transient 24.3 3.7

Vela X-1 HMXB 8.96 283



MODEL OF ACCRETION COLUMN 
BY BECKER AND WOLFF (2007)

For BW model additional assumptions 
must be made. As an initial 
approximation we assumed:

the magnetic field strenght B from 
cyclotron line energy in «highecut» 
model in XSPEC;

the accretion rate Mdot(using flux 
obtained from «highecut» model and 
assuming conversion factor of 
Lx~0.1*Mdot*c2);

the column radius r0(B, Mdot) as    
r0≲R∗(R∗/rA)1/2;

The model works well for 2 and quite 
well for 3 sources.
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MODEL-ECYC
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MODEL-σCYC
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MODEL-DEPTHCYC
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MODEL-χdof
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Ecyc-σcyc

red - BeppoSAX data
blue - RXTE data (Coburn et al. 2002)



Ecyc-Ecut

red - BeppoSAX data
blue - RXTE data (Coburn et al. 2002)



CONCLUSION

Presented the results of the spectral analysis of 6 pulsars 
observed by BeppoSAX.

Our results show that currently the most universal 
continuum model is the power law with exponential cutoff.

In most cases the spectrum can also be approximated by a 
comptonisation model.

It is not always possible to describe the spectrum with the 
physical model of accretion column (Becker & Wolff, 2007) 
and meaningful model parameters.
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