
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Probing accretion flow dynamics in X-ray binaries

Kalamkar, M.N.

Publication date
2013

Link to publication

Citation for published version (APA):
Kalamkar, M. N. (2013). Probing accretion flow dynamics in X-ray binaries. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/probing-accretion-flow-dynamics-in-xray-binaries(7ab64b20-0057-4090-bfd9-5df589f9714e).html


7
Appendix

The XRT is a grazing incidence Wolter 1 telescope which focuses the incoming 0.3–
10 keV X-rays onto a CCD of 600×602 pixels (23.6 ×23.68 sq.arc-min). For a good
time resolution (1.766 ms) and to mitigate pile-up in bright sources, the CCD is op-
erated in the WT mode. In this mode, in wt2 configuration, only the central 200
columns of the CCD are read out. 10 pixels are binned along columns and hence the
spatial information is lost in this dimension (Burrows et al. 2005).

The arrival of photons follows a Poisson distribution. In a Leahy normalized power
spectrum, we expect the Poisson noise level at 2.0 (Leahy et al. 1983). However, in
the case of pile-up the events are no longer independent, so this does not hold true any
more. Pile-up occurs when multiple X-ray photons incident on a 3 × 3 pixel region
are read out as a single event of higher energy (Romano et al. 2006). The effects of
pile-up on the Poisson noise spectrum have not been systematically studied yet for
Swift XRT CCD in the WT mode. We examined the effects on the Poisson noise level
of pile-up, which for the XRT CCD is expected to appreciably affect the data above
150 counts/sec.

Power spectra were obtained using the same method as discussed in Chapter 4, sec-
tion 4.2. We used observations of SWIFT J1753.5-0127 covering count rates up to
210 c/s. Over the frequency range 50–100 Hz, where no variability is observed with
Swift, we fit a constant to measure the Poisson level. Figure. 7.1 shows the Poisson
level as a function of count rate. It can be clearly seen that Poisson level decreases as
the count rate increases. For the observations with count rates above 150 c/s, when
the piled-up data is included in the power spectra, the Poisson level goes down to
1.86. If we remove the piled-up data and then generate the power spectrum in the
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Figure 7.1: The Poisson noise level measured between 50–100 Hz in Leahy-normalized power spectra
in the 0.5-10 keV band as a function of intensity. The intensity on X-axis is corrected for pile-up and
bad column and background subtracted. As pile-up affects the data above 150 c/s, the circles above 150
c/s are observations where the Poisson level is measured in the power spectra generated after removing
the piled up data, while the filled squares are same observations where the Poisson level is measured in
the power spectra generated without the removal of the piled up data. It can be seen that the Poisson
level improves after the removal of the piled up data.

same observations, the Poisson level improves and is above 1.90. However, it is
worth noting that the Poisson level is already less than 2.0 below the nominal pile-up
threshold of 150 c/s. So, even at much lower count rates, fixing the Poisson level at
2.0 is not good practice. This should be taken into account when fitting Swift XRT
power spectra. We also investigated if there was any dependence of the Poisson level
on photon energy, but no obvious dependence was found.

Suppression of the fractional rms amplitude in the data affected by pile up has been
reported earlier in Chandra CCD data (Tomsick et al. 2004). The amplitude drop due
to pile-up observed by them was about 1%. They also report the effects of pile-up
on the Poisson level and that the pile-up does not affect the shape of the power spec-
trum, consistent with what we observe. To inspect the effects on the rms amplitudes,
we calculate the amplitudes in the 0.5-10 keV energy band up to 10 Hz in the ob-
servations with intensity above 150 c/s. We calculate this for two power spectra per
observation: one generated including the data affected by pile-up and one excluding
the pile-up affected data (same method discussed in Chapter 4 Section 4.2). We also
observe a difference in the amplitudes of up to 1.1 % rms.

While inspecting the power spectra we also observed a power drop-off at frequencies
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Figure 7.2: Leahy normalized power spectra of two sources (as indicated) in the 0.5–10 keV band
over the full frequency range and at higher frequency. Horizontal lines at power level 2.0 indicate the
expected Poisson level in the absence of instrumental effects.

above 100 Hz. Figure 7.2 shows the power spectra of observations of the sources
SWIFT J1753.5-0127 and MAXI J1659.5-152 (another BHB) over the full frequency
range and at higher frequency in the 0.5-10 keV band. The constant line at value 2
shows the expected Poisson level in an ideal case. A significant power drop-off is
seen above 100 Hz, more clearly in the case of MAXI J1659.5-152. The drop-off
is energy dependent and becomes stronger as the energy increases. This can be ex-
plained in terms of the size of the event formed by the interaction of the X-ray photon
on the CCD pixels. Soft photons form predominantly single pixel events, while the
hard photons form multiple pixel events and are hence susceptible to splitting at the
10 row boundaries during the read out in WT mode1. As it is not possible to identify
and eliminate these events, in our analysis we put a cut-off at 100 Hz for all power
spectra 2.

1See http : //www.swi f t.ac.uk/analysis/xrt/digest_cal.php#pow for details. It has also been
noted that this readout method causes a slight increase in the noise level below 100 Hz, which can be
seen in the simulated WT power spectra on this webpage.

2This appendix has been published as an appendix to chapter 4

117


