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2 Data Analysis 

2.1 THE RXTE SATELLITE 

This thesis is based on data obtained with the Proportional Counter Array (PCA) on board 
the Rossi X-ray Timing Explorer (RXTE; Bradt et al.. 1993). The RXTE satellite (Fig. 2.1) 
was launched on December 30 1995 and is still flying at the time of writing. The satellite 
circles the Earth at an altitude of 580 km, and in an orbit with an inclination of 23 degrees. It 
has an orbital period of about 96 minutes. Data links are established through NASA TDRSS 
(Tracking and Data Relay Satellite System) satellites, beamed to ground stations, and then 
to Goddard Space Flight Center. Scheduled observations of targets consist of one to several 
orbits. Due to its low orbit most target sources are occulted by the Earth for ~ 30 minutes 
per orbit. Also about six times a day the satellite passes through the South Atlantic Anomaly. 
The South Atlantic Anomaly (SAA, see Figure 2.2) is a dip in the Earth's magnetic field 
which allows cosmic rays, and charged particles to reach lower to the atmosphere. Therefore 
during SAA passage the instruments on board RXTE are switched off to protect them from 
the high particle flux. Usually the SAA passages overlap with the Earth occultations due to 

XTE Spacecraft 

Figure 2.1 A diagram of the Rossi X-ray Timing Explorer spacecraft, with its instruments 
labeled, picture from http://heasarc.gsfc.nasa.gov/docs/xte/xte_images.html 
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CHAPTER 2 

efficient scheduling of the observations. This leads to orbits with a continuous on-source time 
of typically 3 ^ ks. On board RXTE there are three experiment modules; the PCA (Zhang 
et al., 1993: Jahoda et al., 1996), the All-Sky Monitor (ASM; Levine et al., 1996). and the 
High Energy X-ray Timing Experiment (HEXTE; Rothschild et al., 1998). In this thesis only 
data from the PCA are used. 

-150-120 -90 -60 -30 0 30 60 90 120 150 

Longitude (degrees) 

Figure 2.2 Picture of the South Atlantic Anomaly (SAA). Plotted is a contour map 
of the X-ray count rate as measured with the South Atlantic Anomaly Detector 
aboard the ROSAT satellite. The SAA shows up as the dark region above South 
America. Also the Earth's auroral zones show up near the poles. Picture from 
http://heasarc.gsfc.nasa.gov/docs/rosat/gallery/misc_saad.html 

2.1.1 PCA and EDS 

The PCA is the main science instrument on board RXTE. It consists mainly of five identical 
Proportional Counter Units (PCUs) and is sensitive in the 2-60 keV range. The PCA has 
the largest effective collection area (~ 6000 cm2) of any X-ray timing instrument to date. A 
large effective collection area is very important because sensitivity to time variations scales 
linearly with counter area. The proportional counter has been the work horse of X-ray timing 
missions over the years (e.g. UHURU. 1970. EXOSAT. 1983 and now RXTE, 1995). A 
proportional counter is in the simplest case a gas-filled cell with a positively charged wire in 
the centre. An X-ray photon that enters the cell ionises gas atoms releasing electrons. These 
electrons will accelerate rapidly towards the wire creating an avalanche of electrons and ions. 
The multiplication factor between the primary electrons and the total number of electrons 
created in the avalanche is called the gas gain. The movement of the electrons and ions 
towards respectively the wire and the wall of the cell then induces a measurable current. This 
current is proportional to the energy of the original X-ray photon hitting the cell, explaining 
the name. Proportional counters and other types of detectors are well described in the book 
"Techniques for Nuclear and Particle Physics Experiments" by W. R. Leo. 

A cut-away drawing of a PCU is shown in Figure 2.3. The main detection region consists 
of a cell filled with Xenon gas. The Xenon cell consists of four wire grids, each with twenty 
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fL j j|Syp ALPHA 

Figure 2.3 A cut-away drawing of one of the five PCUs in the PCA aboard RXTE from 
(Zhang et al., 1993). The anode chains and bottom part of the collimator are shown. *VX' 
indicates the chain of outer anodes in the Xenon used as a veto. 'VP' is the anode chain in the 
propane layer. On the bottom a small proportional counter is placed that flags events coming 
from the Am241 calibration source. 

equally spaced anode wires. The anodes are separated by cathodes (5 on each side). This is 
done to keep the electric field and thus the detection probability as uniform as possible over 
the whole detector. The top three grids of the Xenon cell form the actual detector part of 
the PCU. On top of the Xenon cell, separated by alumized mylar windows, a Propane layer 
with 20 anodes chained together is placed to function as a veto-channel and anti-coincidence 
shield for charged particles. The anodes in the bottom grid and the anodes nearest to the 
side of the cell are also chained together to be used in the same way as the Propane layer. 
The background is further reduced by a shield of tantalum that covers each PCU. This layer 
reduces the cosmic X-ray background flux and absorbs the hard X-ray and gamma events 
generated in the spacecraft by cosmic ray impacts. Each PCU has a collimator on top of 
the Propane layer. A collimator is a non-focusing device limiting the field of view. This 
collimator is made of beryllium-copper blocking X-rays that are coming from directions other 
than directly ahead of the detector. It defines a 1 degree (FWHM) field of view. 

Each PCU produces six signal outputs that share a single Analog to Digital converter 
which produces a 256 channel pulse height measurement (8 bit). This pulse height together 
with 11 more bits of additional information, including the veto chain pulse height, is passed 
to the Experiment Data System (EDS) via a 4 MHz serial link. There is no data rejection nor 
timing in the PCUs, every event is passed to the EDS where it is timed to l/is and further 
processed. The EDS has 8 Event Analysers (EAs) of which 6 are used for the data coming 
from the PCA. The remaining 2 are reserved for the ASM. The EAs bin the events from the 
full PCA data stream in energy and time creating 6 different PCA data modes. Two of these 
modes are pre-set, the other 4 can be chosen by the guest observer. The two standard modes 
are; Standard 1 which provides data with a 0.125 s time resolution and no energy resolution, 
and Standard 2 which provides data with a 16 s time resolution and 129 energy channels. The 
Standard 2 mode is used for the color analysis described in §2.3.2. the guest observer modes 
used for timing are described in §2.3.3. 
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CHAPTER 2 

2.2 A SHORT HISTORY OF THE PCA 

For the first 70 days after RXTETs launch the PCA worked fine. In mid March 1996 PCUs 
4 and 5 began to suffer break down events, in which their gain (see §2.1.1) was reduced by 
a factor of about two. To prevent this from happening again the gain was reduced by 35% 
on all detectors. This was done by lowering the voltage on the anode chains of the PCUs 
in two steps, one on March 21 and one on April 15 1996 (see Table 2.1). In 1999 PCU 
2 began to suffer similar breakdown events and the voltage was lowered once more. On 
May 12. 2000. a micro-meteorite created a small hole in the front window of PCUO and the 
propane in its front layer, which functions as an anti-coincidence shield for charged particles 
(see §2.1.1). was lost. This led to an increased background rate, and a somewhat different 
gain. Besides these rather abrupt changes in the instrumental response of the PCUs which 
define a number (currently five) of '"gain epochs" (Table 2.1). there are more gradual changes 
due to their aging. Also one or more of the PCUs are regularly switched off for reasons 
of detector preservation. This happened only occasionally in the early years of RXTE but 
has increased as the detectors grew older. As a result of these time dependent changes in 
instrumental response of the PCUs. corrections have to be applied to be able to compare data 
taken more than several days apart. If one wants to be really careful another correction has 
to be applied before adding up data from each of the 5 PCUs because of the differences in 
instrumental response between them. In [J2.3.1 I explain the corrections performed to the data 
in this thesis. 

Epoch 

1 
2 
3 
4 
5 

Starting Date 

Dec 30 1995 
Mar 21 1996 
Apr 15 1996 
Mar 22 1999 
May 13 2000 

PCUO 
2030 
2010 
1990 
1970 
1970 

PCU 1 
2030 
2010 
1990 
1970 
1970 

Voltage 
PCU 2 
2026 
2006 
1986 
1966 
1966 

PCU 3 
2027 
2007 
1987 
1967 
1967 

PCU 4 
2048 
2008 
1988 
1968 
1968 

Table 2.1 PCA voltages in the different gain epochs 

2.3 DATA ANALYSIS 

Here I describe the main analysis techniques used in this thesis. In the course of a four-year 
thesis project some analysis techniques change and improve. The analysis methods described 
below mark the current endpoints of this ongoing journey to perfection. As this thesis mainly 
studies the relation between timing and energy spectral properties of sources in the persistent 
emission (Chapters 3. 5-7) I focus on those analysis techniques. Chapter 4 describes how I 
studied the timing and energy spectral properties during type I X-ray bursts. 
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2.3.1 Data Screening 

Before analysing PCA data several data screening filters have to be applied to get rid of 
invalid or unwanted data. For this data screening, RXTE filter files are created that contain 
the values of various housekeeping data and derived quantities. Several screening criteria 
are applied to the quantities contained in the filter file and on this basis good time intervals 
(GTIs) are defined. These good time intervals are then used when extracting light curves, 
energy spectra, and power spectra are extracted. Below I describe the screening criteria as 
recommended by the RXTE team, the actual expressions are listed in Table 2.2. Some filters 
are applied to the data both in the timing (§2.3.3) and the color analysis (§2.3.2) others only 
before the color analysis (see Table 2.2) as applying them does not appreciably influence the 
timing results. First of all it has to be sure that we are only looking at on-source data. For this 
we exclude; I (see Table 2.2): data for which the angle of the source above the Earth limb is 
less than 10 degrees, and II (see Table 2.2): data for which the pointing offset is greater then 
0.02 degrees (see also the top two panels of Figure 2.4). 

Used for Expression 
I timing, colors ELV < 10 
II timing, colors OFFSET < 0.02 
III colors, only faint data TIME_SINCE.SAA < 0 or TIME_SINCE.SAA > 30 
IV colors, only faint data ELECTRONn < 0.1, for PCU n 
V colors, only epoch 5, PCUO X1LX1RCNTPCUO < (56 + 0.88 x L6CNTPCU0) 

Table 2.2 Screening expressions 

For faint source data (see the lowest two panels of Figure 2.4 and see §2.3.2 for a def
inition) we filter out data taken within thirty minutes since the peak of the South Atlantic 
Anomaly (expression III in Table 2.2, see also §2.1). Data is only filtered out after and not 
before SAA passage as during SAA passage the high energy particles interact with the space
craft and produce radioactive isotopes that need some time to decay. TIME_SINCE_SAA is 
the filter file quantity that represents the time since the peak of the last SAA passage. It is 
parametrized such that it jumps to (small) negative values before SAA, and has a value of 
99.99999 for orbits in which there is no SAA passage. When TIME_SINCE_SAA is between 
zero and 30 minutes, the background is much higher due to the induced radioactivity of the 
spacecraft, resulting in a low signal to noise. We also filter out data with high electron con
tamination (expression IV in Table 2.2). The PCA event rate is subject to contamination from 
electrons trapped in the Earth's magnetosphere or from Solar flare activity. Such electrons, 
measured by the coincidence of events between the PCU propane layer and either of the two 
anodes in the first layer, increase the background at low energies. The relevant filter file 
quantity is ELECTRONn, the anti-coincidence rate for PCU n. Starting May 12, 2000, the 
propane layer on PCUO. which functions as an anti-coincidence shield for charged particles, 
was lost, causing the beginning of gain epoch 5 (see §2.2). Therefore the background is less 
stable in PCUO in epoch 5. Background flares occur that are probably caused by soft electrons 
which used to be stopped in the propane layer but are now stopped in the top Xenon layer and 
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Figure 2.4 The angle of the source above the Earth limb (Elv. top panel), the pointing offset 
(Offset, second panel from the top). TIME_SINCE_SAA (TSAA- third plot from the top. see 
the text for a definition), and the anti-coincidence rate for PCU2 (Electron2. bottom plot) 
versus time for one observation containing three satellite orbits. The grey shaded regions 
mark the good time intervals for the different quantities defined by the expressions of Table 
2.2. The top two panels apply to all data, the bottom two to faint source data. The regions 
marked by the dashed lines mark the three resulting good time intervals for a faint source 
observation. 
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no longer vetoed. The RXTE team developed a method to handle this problem (expression V 
in Table 2.2, see http://lheawww.gsfc.nasa.gov/users/craigm/pca-bkg/bkg-users.html). Note 
however that this method does not work for bright sources. In this thesis we mostly look at 
the behavior of the persistent flux (but see Chapter 4), therefore we also search the data for 
type I X-ray bursts and remove them from the data. 

2.3.2 Color Analysis 

The X-ray energy spectrum of low mass X-ray binaries can be studied by fitting it with a 
combination of one or more simple physically motivated mathematical functions (see for 
example Chapter 4). However, the physical reality of these spectral decompositions is very 
uncertain, and subtle spectral changes are often not reflected clearly in the model parameters 
resulting from the fits. Also often to obtain a good spectrum a lot of data has to be added, 
where instead there is a need for the spectral changes to be studied on short timescales (see 
for example §6.4 of Chapter 6). Another, much simpler method, which is more sensitive to 
subtle changes in the X-ray spectra is to calculate color-color and color-intensity diagrams. 

i — • — ' — ' — ' — i — ' — ' — • — ' — i — ' — ' — ' — ' — i — ' — ' — ' — ' — i — ' — ' — ' — ' — r 

. • * • • t v 

i i i i i , i i i i i . i i i i i i i i i i i i i _ 

2.1 2.2 2.3 2.4 2.5 2.6 
Soft color (=B/A) 

Figure 2.5 The color-color diagram of the atoll source 4U 0614+09. Each point represents 
256 s of data. The inset shows the spectrum of one ~ 2 ks orbit which is marked with the 
black points in the color-color diagram. As the spectrum of the source changes it moves 
through the color-color diagram. 
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CHAPTER 2 

As this method is widely used throughout this thesis I will describe it in detail. To calculate 
the colors the X-ray spectrum is divided in 4 energy bands (see Figure 2.5). A color is then a 
ratio of count rates in two different energy bands. For the soft color two bands in the lower 
energy region and for the hard color two bands in the higher energy region are chosen. 

To calculate the colors the 16-s time-resolution Standard 2 mode is used (see §2.1.1). For 
each of the five PCUs a hard color, defined as the count rate in the energy band 9.7— 16.0 keV 
divided by the rate in the energy band 6.0-9.7 keV, and a soft color, defined as the count rate 
in the energy band 3.5-6.0 keV divided by the rate in the energy band 2.0—3.5 keV, are cal
culated. Per detector also the intensity, the count rate in the energy band 2.0-16.0 keV. is cal
culated. To obtain the count rates in these exact energy ranges a linear interpolation between 
count rates in the PCU channels based on the channel to energy calibration is performed. 
The background contribution in each band is subtracted using the most current background 
models provided by the RXTE team (see http://rxte.gsfc.nasa.gov/docs/xte/pca_news.html for 
updates). At the time of writing the "Mission-long Faint Model File" is used as an input to 
pcabackest version 3.0. if the count rate in the full energy band goes below 40 counts s~' 
during an observation (faint data), otherwise the "Mission-long Bright Model File"' (bright 
data) is used. In this step of the analysis the background subtracted 16-s count rates can be 
rebinned in time as was done in Chapter 7. 

In order to correct for the changes in effective area between the different gain epochs and 
for the gain drifts within those epochs as well as the differences in effective area between 
the PCUs themselves (sec :<2.2) the method introduced by Kuulkers et al. 11994) is used: for 
each PCU the colors of the Crab, which can be supposed to be constant in its colors, are 
calculated in the same manner as for the source. Then the 16 s Crab colors and intensity per 
PCU are averaged for each day. In Figure 2.6 we can see the clear differences in the color 
trends of Crab between the five PCUs caused by the effects mentioned above. For each PCU 
the obtained color and intensity points are divided by the corresponding Crab values that are 
closest in time but within the same gain epoch. Then the colors and intensity are averaged 
over all PCUs. Here the colors can be rebinned in time as was done in Chapter 6. The colors 
in this thesis are generally in units of Crab, to recover the observed, uncorrected values the 
soft color has to be multiplied by 2.36. the hard color by 0.56 and the intensity by 2400 
c/s/PCU (this was done for Figure 2.5). 

2.3.3 Timing Analysis 

To analyse the timing properties of an X-ray source usually Fourier techniques are used to 
transform the data from the time to the frequency domain. This technique is used when 
the counting noise dominates the time series and one is interested in averaged properties of 
the timing phenomena. An extensive overview of how Fourier techniques are used in X-
ray variability studies on which this section is partially based is given in van der Klis (1989). 
Because the X-ray photon data returned from the EDS (§2.1.1) is not continuous nor infinitely 
extended in time, the continuous Fourier transform, as developed by Jean-Baptiste Joseph 
Fourier in the 19th century, cannot be used, and we have to use the discrete Fourier transform. 
However, the number of computations required to calculate a discrete Fourier transform is 
huge, and is therefore impractical to large data sets. The Fast Fourier Transform (FFT), 
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Figure 2.6 Soft (left panel) and hard (right panel) color of the Crab versus time for each PCU. 
Dashed lines indicate the gain changes between gain epochs 1-2, 3, 4 and 5. 

an algorithm developed by Cooley & Tukey (1965), reduces the number of computations. To 
calculate a power spectrum the square of the absolute value of the FFTs is taken. The squared 
modulus of the Fourier amplitude is the variance of the variability. In practice the data is split 
up into many blocks of equal time length. For each block the Fourier power spectrum is 
calculated. These power spectra are then averaged. The frequency resolution is equal to the 
inverse of the time duration of each block. The maximum frequency in the resulting power 
spectrum is called the Nyquist frequency and is half the inverse of the time resolution of the 
data. 

For the Fourier timing analysis the 122—//s time-resolution Event and Single Bit and the 
0.95— us time-resolution Good Xenon guest observer modes (see 2.1.1) are used. In this 
thesis power spectra are constructed using data segments of 64-256 s and 1/8192 s time 
bins such that the lowest available frequency is 1/64-1/256 Hz and the Nyquist frequency 
4096 Hz; the normalization of Leahy et al. (1983) is used. The power spectra can then be 
averaged in different combinations (see §2.3.4). The Leahy et al. (1983) normalization causes 
the background noise, which is Poissonian, to have a value of approximately 2 in the power 
spectrum. To subtract this Poisson noise level two methods are used in this thesis. In Chapters 
3-6 a constant Poisson noise level is subtracted estimated between 2000 and 4000 Hz where 
neither noise nor QPOs are known to be present. In Chapter 7 the method developed by Klein-
Wolt et al. (2004) is used, which is built on the analytical function from Zhang ct al. (1995). 
The differences in subtracted Poisson level between the two methods are only subtle for the 
sources studied in this thesis and the results in Chapters 3-7 are essentially independent of 
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which of the two methods is used. The resulting power spectra are then converted to squared 
fractional rms (van der Klis, 1995b). In this normalization the square root of the integrated 
power is a direct measurement of the variance of the variability in the X-ray lightcurve. 

Name Expression v 

P(v)<* f—• T Vn 
{ ' (v-v0)

2 + (FWHM/2)2 u 

P(v)°c v"0" (v< vb) vb 

P(V) oc V-R ' (v > vb) 
P(v)o= v - a [ l+(v/v b )P]- 1 vb 

P(v) ~ y-ae~v^ vcul 

Table 2.3 Functions used to fit the power spectra 

The power spectra show several features. To obtain information about the characteristic 
frequencies, fractional rms amplitudes, and coherence of the timing features, the power spec
tra are fitted with mathematical functions. The power spectra contain both high coherence 
(narrow in the power spectrum) and low coherence (broad in the power spectrum) features. 
For the narrow features generally a Lorentzian is fitted, although note that sometimes a Gaus
sian is needed (see Chapter 7). For the broad features several different functions are used 
in the literature; a broken power-law (see e.g. Chapter 3). a smooth broken power-law (e.g. 
Kuznetsov. 2002). a cutoff power-law (e.g. Jonker et al., 2000), and a Lorentzian with its 
centroid frequency fixed to zero (e.g. Olive et al.. 1998). In Table 2.3 the expressions of 
these fit functions are listed. All these approaches treat the broad features differently than 
the narrow features. However, generally the frequency of power spectral features changes 
and as the frequency of a feature decreases the width usually increases. So, a feature that 
is for example fitted with a Lorentzian at high frequencies might be fitted with a broken 
power-law at low frequencies. To unify the fitting approach Belloni et al. (2002) proposed 
to fit Lorentzian functions to both the broad and the narrow features. However, for a nar
row Lorentzian its centroid frequency, vn« will determine its characteristic frequency. But 
for a broad Lorentzian its width will dominate over the centroid frequency and will there
fore determine its characteristic frequency. Therefore Belloni et al. (2002) introduced a new 
characteristic frequency: 

/ , FWHM., /~~ I 
V m a x = y v 2 + ( — ^ — ) 2 = v 0 W l + ^ 2 

where Q is the quality factor, defined asvo/FWHM. vmax is the frequency where each com
ponent contributes most of its variance per logarithmic frequency interval, and is a measure 
for the highest frequency covered by the Lorentzian. The underlying physical interpretation 
of Vmax can be the inner frequency of a disk annulus (see Belloni et al.. 2002). For high Q 
values vmax is close to VQ. For low values of Q, the Lorentzian approaches a zero-centered 

Lorentzian 

Gaussian 
Broken power-law 

Smooth broken power-law 
Cutoff power-law 
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Lorentzian and vmax is close to FWHM/2. For intermediate values of Q both the centroid fre
quency and width determine vmax. Traditionally Lorentzians that have Q > 2 are called Quasi 
Periodic Oscillations (QPOs; van der Klis, 1995a), broad components that are not peaked but 
instead show a break are usually called noise or broad-band noise, and broad components that 
are peaked are usually called peaked noise (van der Klis, 1995b). But note that Q — 2 is an 
arbitrary choice and Q can vary over a broad range for one power spectral feature. 

To plot the power spectra two representations can be used. The first and most straightfor
ward representation (Pv) is simply plotting power, in the Leahy or the squared fractional rms 
normalization (see above), versus frequency. In this representation the Vo of the Lorentzians 
is visualized, as it shows up as the Lorentzian's maximum. The second representation is plot-

Frequency (Hz) Frequency (Hz) 

Figure 2.7 The two representations to plot the power spectra. The top plot shows two power 
spectra in the power versus frequency representation, the bottom plots the same two power 
spectra in the power times frequency versus frequency representation. The dashed curves 
show the fitted Lorentzians. The dotted vertical lines indicate the vmax of the Lorentzians that 
show up as the Lorentzian's maximum in the bottom plots. For narrow Lorentzians vmax is 
close to the centroid frequency of the Lorentzian which shows up as Lorentzian's maximum 
in the top plots. 
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ting power multiplied by its Fourier frequency versus frequency (vPv; Belloni et al.. 1997). 
In this representation the vmax shows up as the Lorentzian's maximum. The high frequency 
features, which are usually weak compared to the low frequency features, therefore usually 
show up better in the frequency times power than in the power representation. In Figure 2.7 
we compare the two representations for two power spectra. 

2.3.4 Combining Power Spectra; Links to Colors 

To obtain an average power spectrum with good statistics at both low and high frequencies 
usually a large amount of data has to be added. However as the power spectra change one 
has to be careful. The best method to add up data can be used when the power spectra show a 
strong narrow feature in the single 64-256 s power spectra. The power spectra for which the 
strong narrow feature has the same or similar frequencies can then be averaged. This method 
was for example used in Chapter 6 of this thesis using the frequency of the narrow upper 

• <U 
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"Wf/vp i : jiW?..*'*0*-

1.1 1.2 
Soft color (Crab) 

1.3 1.4 

Figure 2.8 The color-color diagram of the atoll source 4U 1608-52 during its 1998 outburst. 
The black curve drawn through the points along the atoll track is the spline used to determine 
5a- the position along the atoll track. The boxes are manual selections drawn with the same 
purpose. The power spectra in the top left corner correspond respectively to the grey dots and 
the black dots in the color-color diagram. In this case using the position along the atoll track 
to add up individual power spectra would clearly lead to an unwanted mixing. 
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kilohertz QPO. However, in most cases no suitable strong narrow feature is detected on these 
short timescales. A second method is to select the power spectra based on their position in 
the color-color or color-intensity diagram. This can be done by manually selecting regions in 
the color-color diagram or by parametrizing the color-color diagram by projecting the points 
onto a spline and then using as the distance along this spline as a measurement of position 
in the color-color diagram (see Figure 2.8). This distance along the spline is called 5Z for Z 
sources and 5a for atoll sources. This method provides a direct way to compare the spectral 
and timing properties. For the Z sources which move quickly through the color-color diagram 
this method has been quite succesfull. However, for the atoll sources, which generally move 
more slowly through the color-color diagram, I encountered some problems. In Figure 2.8 
we show the color-color diagram of the atoll source 4U 1608-52 during its 1998 outburst (see 
Chapter 6). The power spectra of the grey stars and the black dots are shown in the insert in 
the top left of the picture. Where the position in the color-color diagram is very similar the 
two power spectra are strikingly different, and using the position along the atoll track would 
clearly lead to an unwanted mixing of two different power spectra. 

Therefore I used a different approach. As a first step I create a power spectrum for each 
observation. When possible several observations, adjacent in time, and for which the power 
spectra remained the same, are added up. Then the power spectra are fitted and if it is nec
essary to further increase the statistics I add up data with similar power spectral parameters 
that are not adjacent in time. 
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