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Observed and modeled power spectra

RXTE/PCA data from 1996 and 1997 during two major outbursts (see Figure 1) was used due to the high time
resolution and a large effective area. Power density spectra shown in Figure 2 from different outbursts and
luminosities are different in shape: PDS of major outbursts (O1 & O2) do not have the expected broken power-law
shape seen in mini-outbursts. An analytical profile was fit to the power spectra to find the break frequencies.

The power spectra were modeled following the perturbation propagation model for an accretion disk with a
radiation-pressure dominated inner region. The higher disk thickness increases the viscosity and decreases the
viscous timescale, resulting in less damping of the fluctuations. We find that the fluctuations from the radiation-
pressure dominated region dominate the power spectrum over the power-law variation of the outer gas-pressure
dominated disk. Models also confirm that the break frequency is nearly independent of the size of the inner region.
The modeled power spectra (Figure 3) show a qualitative match with the observed ones.

Figure 1: Major outbursts (O1 and O2) and mini-outbursts (S, M1, M2 and M3). Power
spectra were calculated in time and luminosity bins marked with vertical dashed and
horizontal dotted lines. Observations corresponding to the power spectra shown in
Figure 2 are marked with colored circles. Zoomed-in figure shows bursts and post-burst
dips during an observation.
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Introduction

Neutron stars are massive yet compact objects where matter and radiation interact
in extreme conditions. Often located in binary systems, neutron stars may accrete
matter from their companions via Roche-lobe overflow. This leads to the formation
of an accretion disk, which will be truncated by the strong magnetic field of the
neutron star and matter will be guided onto the magnetic poles of the neutron star
where potential energy is released as emission in X-rays. [1]

The local mass accretion rate in the disk is stochastically fluctuating on the entire
radial extent of the disk and these perturbations are propagated along the radial
flow [2]. The superposition and suppression of perturbations results in a power-law
shape of the power spectrum of the light curve and a smooth break at the viscous
frequency of the inner disk [3,4]. The break frequency changes with inner radius [5].

GRO J1744−28, the Bursting Pulsar

GRO J1744−28 is a unique X-ray pulsar which has a spin period of 0.467 s and shows
type II bursts [6,7]. The bursts are though to arise from accretion instabilities in the
radiation-pressure dominated inner disk [8]. The magnetic field strength has been
measured from cyclotron absorption feature in spectra to be B ≈ 5×1011 G [9,10]. In
its outbursts, GRO J1744−28 reaches super-Eddington luminosities and the inner
region of its accretion disk is expected to become radiation-pressure dominated.

Figure 2: Power spectra at different luminosities. 

Figure 3: Modeled power spectra for an accretion disk
with a fixed inner radius Rm and a radiation-pressure
dominated inner region with a varying outer radius rA.

Figure 4 (above): Break frequencies from the power spectra
of the major outbursts (red squares and magenta
diamonds) and mini-outbursts (blue circles and black dots).
Errors in frequency are from the fits to power spectra while
errors in luminosity signify the standard deviation of the
luminosities of individual observations in a luminosity bin.
Fits to the break frequencies in major outbursts are shown
for the luminosity-dependencies mentioned in text.
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The break frequencies show a dependence on luminosity
as shown in Figure 4. The simple standard model predicts
that fb ∝ L3/7 while a model for accretion in super-
Eddington regime predicts no dependency on the
luminosity [11]. We find a best-fit relation fb∝ La with
a = 0.16 ± 0.02 which differs from the standard model.
This is close to the relation calculated for the inner radius
of a radiation-pressure dominated inner disk in [12]. The
assumption that the break frequency would correspond
to the Keplerian frequency of the inner radius leads to
very low estimates for the inner radius and magnetic
field. In future work, we compare how the break behaves
in several other pulsars in order to determine how the
inner radius corresponds to the break frequency.

Figure 5 (on the left): A schematic of the accretion disk at
different luminosities. The inner radii (black dots) in the
major outbursts were estimated by equating the measured
break frequencies with the Keplerian frequencies of the
inner radius. The trend in radii was extrapolated to the
threshold luminosity above which the radiation-pressure
dominated inner region should appear. The corotation
radius is marked with a horizontal dashed line.


