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Chapterr 2 

Effectss that influence the 
interpretationn of the data 

2.11 Dead time effects 

Deadd time is an almost inevitable aspect of detecting photons with a proportional 
counter.. Whenever a photon is detected, the instrument will not be able to detect 
anotherr photon within a certain time interval. This time interval is ideally zero, 
butt in practice, though in most cases small, non-zero. In an X-ray detector 
systemm there are many components which can give rise to dead time: e.g., the 
detectorr itself, the Analog to Digital Converter (ADC) or the computer which is 
processingg the data. The effect of dead time will be that the observed count rate 
iss lower than the incident1 count rate. Dead time also leads to a reduction in the 
variancee of the data and Poisson statistics will no longer be valid for dead-time 
influencedd data. 

InIn our discussion (which follows Van der Klis 1989b, where also more technical 
detailss can be found) we distinguish two types of dead-time processes: (i) the 
instrumentt is dead for a fixed amount of time after a photon has been detected, 
andd (ii) the detector is dead for a variable amount of time. The second type 
occurs,, for instance, during the HER7 mode of the EXOSAT. In this mode there 
iss a fixed sampling rate (4096 times per second) and when a photon has been 
detectedd in a time bin the instrument cannot detect more photons in this time 
bin. . 

'Inn practice there is, of" course, no such thin^ as an incident count rate. Counts only exist after 
thee photons have been detected. The incident count rate is here defined as the count rate thai 
wouldd he observed if the dead time were zero. 
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Thee effect of both types of dead time is different with respect to the change 
inn the variance of the signal. We wil l describe these effects below in more detail. 
Wee discuss how the corrections for dead time effects (if they exist) have been 
incorporatedd in the software. 

2.1.11 Constant dead time 

Thiss type of dead time is easier to conceptualize than the variable dead time. 
Thee detector is dead for a time Tjcati after a photon is detected. For simplicity 
wee assume that xdcad does not depend on the energy of the detected photon. 
Forr the X-ray Timing Explorer (to be launched August 31 1995), for which the 
deadd time has been determined quite accurately before launch, this seems not 
too be the case (Swank, 1994). Perhaps dead time is energy dependent also for 
thee detectors on board of Ginga and EXOSAT, and the effective dead time is an 
averagee of energy dependent dead times. However this effect is probably small. 

Iff  we denote the incident count rate as X and the detected count rate as u, 
thenn X = (i + uijeajX. The second term on the right describes the missed photon 
rate.. This can easily be transformed into another form which gives the incident 
countt rate as function of detected count rate and dead time: 

X=X= B ( 2 . i ; 
11 - Tdeadu 

Inn general this type of dead time will decrease the variance of the data and 
introducee a correlation between the observed count rates at a certain moment 
andd data obtained in a later time bin. Consequently the Poisson level of the 
powerr spectrum will decrease and wil l be frequency dependent. This type of 
deadd time has been studied by Weisskopf (1985), and the semi-emprical and 
approximatee result for the average Poisson level for data with a time resolution 
off  irCs as a function of frequency v is: 

^ v ) = 2 ( l - u i d e a d)
2 ( l + 2 ( / I d e add

 ){ )̂sin
2(-^—)) (2.2) 

Thiss equation uses the "Leahy" normalization for the power spectrum (Leahy 
ett al. 1983, see also Van der Klis 1989b), for which the Poisson level is exactly 2 in 
thee absence of dead time. In this normalization the powers are given by: 
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ppjj = 17-\aj\2 (2.3) 

wheree the a /s are the Fourier-coefficients obtained by making a Fast Fourier 
Transformm of the data, where 

k=()k=()  l l 

Thee xk represent the number of detected counts per bin (k = 0 

Equationn (2.2) has been implemented in die EXOSAT software and is used 
too predict the Poisson level based on the observed count rates. However, a 
discrepancyy exists between die dead time given for the £XOSArinstrument and 
thee dead time which most closely predicts the power level in the absence of 
sourcee variations (for a discussion of this topic see Berger & Van der Klis 1994). 
Thee dead time for the instrument is given by Andrews & Stella (1985) as 5.5 us , 
whilee a value of 3 LIS has been obtained by Berger & Van der Klis (1994) 
fromm fits to the observed power level as a function of count rate for sources where 
noo source variations (in the relevant frequency regime) are expected. This type 
off  dead time is important for the high time resolution data (HTR-modes), where 
noo energy resolution is present. 

2.1.22 Variable dead time 

Variablee dead time is present in, for instance, the HER7 mode of EXOSAT (in 
thiss mode moderate energy resolution (2 or 4 channels) combined with high 
timee resolution (4 or 8 ms) is available). In this mode the instrument can accept 
att most one photon during one sample cycle with a duration xsampie (usually 
diee EXOSAT sample frequency was set to 4096 per second). It is clear that the 
maximumm detected count rate is then ——. If the arrival times of the photons 

Samplee * 

aree governed by Poisson statistics (i.e. no other instrumental effect before this 
stagee is present; this is not the case in the HER7 mode of EXOSAT. Of course the 
absencee of other instrumental effects resulting in dead time is also necessary for 
aa valid description of the fixed dead time case), then from Poisson statistics the 
probabilityy that no photon arrives during one sample cycle is exp (-xsamplcX). The 
probabilityy that a photon is detected is 1 -exp(-xsampi eX), so 

11 - e x p ( - t s a m p l c )̂ 

^sample e 

(2.4) ) 

N-l). N-l). 
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Whichh can be rewritten in a more convenient form from an observational point 
off  view as: 

x = l o g ( l - H W )) ( 2 6) 

"^sample e 

Itt can be derived (see e.g., Van der Klis 1989b) that the Poisson level can be 
writtenn as: 

<P)=2( l- | i is a m p I e)) (2.7) 

Heree the Poisson level is the same at all frequencies. This is because there are 
noo correlations between the observed count rates in each time bin. Each sample 
cyclee represents a "fresh" start, with no knowledge about the previous count 
rates. . 

Forr the high energy resolution data (HER modes) of EXOSAT it is not true 
thatt the data is not influenced by instrumental effects before it is affected by 
thee variable dead time. The sampling rate of 4096 is modified to an "effective" 
samplingg rate of 3569 (Andrews & Stella 1985). This "effective" sampling rate is 
usedd in the -EXOSATsoftware to predict the Poisson level and gives an adequate 
descriptionn of the observed Poisson level. 

2.22 Differential dead time and channel cross-talk 

Itt is clear from what is discussed above that the dead time correction factor 
increasess when the count rate increases. In the presence of real source variations 
thiss gives rise to an effect which is named differential dead time: when the source 
iss (temporarily) bright the dead time correction factor is higher than when the 
sourcee is weak. This leads to an decrease of the amplitude of the variations (see 
Figs.. 2.1 and 2.2). Whenever one quotes a variability amplitude one should take 
caree to correct this value for differential dead time. In practice this correction is 
onlyy important for high source count rates. 

Anotherr effect which can be understood from dead time is the so-called 
channell  cross-talk. As a consequence of dead time the different energy channels 
fromm an X-ray detector are not independent anymore, but are coupled together 
duee to dead time. The way this works is follows: suppose that the sources only 
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Figuree 2.1: This figure illustrates the effect of dead time. In this plot the count 
ratess in two different energy channels of the same detector are plotted. These 
lightt curves were obtained by a simulation of the dead time process for one 
GingaGinga detector (the LAC consists of 8 detectors) in the MPC2 observation mode: 
aa time resolution of 0.0625s and a dead time of 206us. The light curves have 
beenn plotted with a bin size of 1 second. The lowest observed light curve (drawn 
line,, which represents the first energy channel) is composed of a constant signal 
withh Poisson noise, the other observed light curve (drawn line, representing the 
secondd energy channel) is modulated with a period of 32 s. The dotted lines 
representt these light curves as reconstructed with the use of equation 2.1. One 
cann see that the dead time effect is larger during the peak of the modulated light 
curve,, than at the valley. 

variess in energy channel A and is steady in energy channel B. When the count 
ratee increases in channel A the dead time increases. This reduces the detected 
countt rate in channel B (which does not have real variations). This variation is 
180°° out of phase with the variations in channel A. This is displayed in Fig. 2.2. 
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Figuree 2.2: This figure illustrates the effect of channel cross talk. The parameters 
aree the same as Fig. 2.1, except that the incident count rate is 10 times larger. 
Drawnn lines represent observed count rates, dotted lines represent reconstructed 
("deadd time corrected") count rates using equation 2.1. When the count rate 
inn the highest light curve becomes higher, the observed count rate in the lower 
lightt curve is depressed. This is seen as a modulation with the same period, but 
inn anti-phase with the modulation of the other band. This modulation in the 
lowerr light curve is only caused by the changes in the count rate of the other 
channel,, since only Poisson noise is present in the lower light curve. This effect 
iss known as "channel cross talk". Another effect which is clear from this figure 
iss the reduction of the amplitude of the modulation by dead time (differential 
deadd time). 

2.33 Spikes and overflow 

Theree are other effects (besides dead time) which complicate the reduction of X-
rayy data. Two important effects are "spikes" and "overflow". I wil l describe both 
effectss in some detail and then I wil l argue that both effects although basically 
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Figuree 2.3: A clear example of a spike is displayed here. In Üiis figure die 
counts/binn are plotted for channel 34 (-19.5-20.5 keV). Bins are 0.0625 s. The 
averagee count rate is only a few counts bin per bin, then raises to 198 counts/bin 
att around t=5.8 s for 1 time bin (and 1 channel) and then drops to die average 
countt rate. Zero time is MJD 47681.10951100. Chances mat this spike is caused 
byy real source variations are vanishingly small. 

veryy different may yet be treated in the same way. X-ray data from current 
non-imagingg astronomical instruments have two dimensions: one is time and 
diee other is photon energy. Of course it is possible that energy information is 
absentt (which is quite common at high time resolution), or time information can 
bee absent (then we mostly speak about an X-ray spectrum). 

Spikess here are data points occuring in Ginga data which are extremely far 
awayy from the average and have a short duration and occur in only one energy 
channell  (for an example see Fig. 2.3). Because they occur in one energy channel 
onlyy (at a certain time) they cannot have an astrophysical origin, because the 
detectorr has an energy resolution that is wider than one energy channel. Spikes 
aree quite common with Ginga data: their occurrence ranges from less than 1 



36 6 DATAA REDUCTION 

:GO O 

E n e r gyy (keV) 

Figuree 2.4: The effect of filtering as described in the text on the rms spectrum. 
Symbolss denoted with '+' represent the rms spectrum as obtained from the 
originall  (unfiltered) data. The 'x' denote the rms spectrum as obtained from the 
filteredd data. Error bars are smaller than the size of the symbols, except above 20 
keVV where they are at most two times that size. The filtering leaves the majority 
off  the points unaffected (the symbols are plotted on top of each other and form 
ann asterisk). The points which are clearly affected by spikes in the data are, after 
filtering,, moved to what seems to be then proper places. 

perr 1000 seconds of data, to several per 100 seconds of data. Another cause of 
spikess could be a brief data drop-out. In general this is not called a spike (but a 
drop-out),, but it is the same as a spike in the sense that it lies far away from the 
average.. Drop-outs are in general not restricted to one energy channel, but affect 
severall  adjacent channels. Spikes and drop-outs have about the same effect on 
thee power spectrum: both have approximately the shape of a delta function in 
timee and thus introduce additional power over a broad range of frequencies. 
Sincee drop-outs and spikes have a similar effect we wil l consider them together. 

Spikess are treated in the Ginga software as follows: spikes are filtered by 
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specifyingg two parameters: the number of bins (/V^) over which an average is 
calculatedd and a small probability (P). The software calculates for each time bin, 
usingg the local running average over N1V bins, what the maximum allowed count 
ratee is given the probability P to exceed this rate from Poisson statistics. If the 
maximumm is exceeded the data in this bin is replaced with the local average. Since 
thee number of time bins is very high one must specify a very small probability (of 
thee order of lO^- lO" 1" ) , to avoid triggering on true Poisson fluctuations. One 
shouldd be careful with specifying the probability when large source variations 
(especiallyy on short time scales) are present, since the "threshold" count rate is 
calculatedd using only Poisson statistics. When filtering is applied too rigorously 
reall  source variations wil l be filtered away too. That this procedure works well is 
displayedd in Fig. 2.4. In this figure an rms spectrum (rms variability as a function 
off  photon energy, in this case over the 0.01-8 Hz range) has been made using 
unfilteredd and filtered data. This rms spectrum is an easy way to see the effects 
off  spikes: one can easily compare adjacent energy channels. 

Anotherr cause of discrepant data points is overflow: in general detectors have 
onlyy a limited dynamical range, for example, if 8 bits are used for counting, not 
moree than 255 photons per time and energy bin can be stored. What happens 
iff  more photons are detected depends on the specifications of the instrument, 
butt in general the counter starts at zero again (the binary representations of the 
88 least significant bits of 256 and 0 are the same). The data modes which are 
sometimess affected by this are the HER7 mode of EXOSATand the MPC-modes 
off  Ginga at a low time resolution. 

Forr high count rates this sometimes gives problems. Normally the observa-
tionall  modes should be scheduled in such a way that the probability of overflows 
iss negligible. There are however two reasons why this sometimes does not 
happen:: (i) the source which is observed suddenly flares to unexpected count 
rates,, or (ii) constraints on the on-board memory of the satellite [Ginga) leave 
thee choice between no data at all, or data which might be corrupted by overflow. 

Thee correction for the overflow can be done in two basic ways. The first 
methodd is to use the (presumed) knowledge about the shape of the spectrum, 
thee second the (presumed) knowledge about the time variability of the count rate. 
Ideally,, of course, one should combine two methods and use all the information 
available. . 

AA method (as implemented by Dr. K. Ebisawa as part of the Ginga analysis 
software)) which has been used for the correction of some parts of the data from 
GXX 340+0 (Chapter 4) uses the shape of the spectrum. One obtains a spectrum 
fromm one time bin and then assumes that the highest energy channels did not 
overfloww (which is a valid assumption, since the count rate at high energies for 
stellarr X-ray sources are almost always small). One then considers successively 
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onee by one the lower energy channels. If the change in count rate from one 
energyy channel to the next lower one is too drastic this signals that this channel 
iss overflown. This is corrected by adding the counter depth (usually 256) to the 
countt rate. The criterium "too drastic" has to be set carefully and is usually 
differentt in each part of the spectrum (tail, top, or before top) and is different 
fromm source to source (because of differences in spectral shapes of the sources) 
andd for different count rates and time resolutions (because of differences in the 
amplitudee of Poisson fluctuations). The way this method is implemented in the 
Gingaa analysis programs at ISAS requires a lot of user input and a lot of fiddling 
beforee it works well. Ideally, one would want to make very minimal assumptions 
aboutt the energy resolution of the detector and Poisson statistics in order to 
minimizee the user input, but then the use of this method is very limited. 

AA second method has been implemented by Hasinger & Mitsuda (ISAS 
internall  note) and uses a reference spectrum. One obtains a spectrum of the 
sourcee of interest when one is sure that this spectrum is not overflown (e.g. in the 
highh bit rate mode) and compares spectra obtained with lower bit rate modes to 
thiss spectrum. When one finds a difference which is not likely (as calculated with 
Poissonn statistics) one assumes that the difference is caused by overflow and 
correctss for it. This method does not take into account changes in the spectrum 
orr in count rate. However, it requires less user input and is more robust. 

Forr the HER7 mode of EXOSAT overflow correction has been implemented 
inn a very simple but effective way: whenever the count rate in one HER7 channel 
dropss by more than 156 counts (the maximum observable count rate is 255) with 
respectt to the previous time bin, this is interpreted as a rise by more than 100 
countss (except if the count rate drops to zero for consecutive bins signalling a 
drop-out).. This simple approach works well, although it has to be remarked that 
overfloww in die HER7 mode of EXOSATis quite rare. 


