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The 2’2Cf-source-driven noise analysis is a versatile measurements tool 
that has been applied to measurements for initial loading of  reactor^,^ quality assurance of 
reactor fuel  element^,^ fuel processing fa~ilities,~ fuel reprocessing facilities: fuel storage 
facilites,’ zero-power testing of reactors,8 verification of calculational methods: process 
monitoring,” characterization of storage vaults,” and nuclear weapons identification.” 
This method’s broad range of application is due to the wide variety of time-and 
fiequency-domain signatures, each with unique properties, obtained from the 
measurement. The following parameters are obtained from this measurement: average 
detector count rates, detector multiplicities, detector autocorrelations, cross-correlation 
between detectors, detector autopower spectral densities, cross-power spectral densities 
between detectors, coherences, and ratios of spectral densities. All of these measured 
parameters can also be calculated using the MCNP-DSP Monte Carlo code.13,14 This paper 
presents a review of the time-domain signatures obtained from this measurement. 

In the measurements a 252Cf ionization chamber, designated as detector 1, emits 
neutrons that induce fission in a fissile material. The subsequent emission of radiation 
from the fissile material is measured using two or more detectors designated as detector 
2, 3, etc. The timing of source events are correlated with the timing of detector events, 
and the detector events are correlated with each other. Both auto-and cross-correlation 
signatures are obtained from the time dependent detector response. In general, the cross 
correlation between signals x(t) and y(t) is defined as 

where the z is the lag variable. The autocorrelation is a special case of the cross- 
correlation where x(t) and y(t) are the same signals. 

The source can be considered as an input to a linear system whose output is 
measured by the detectors as shown in Fig. 1. The transfer functions of the detectors 
themselves have been omitted for simplicity. The system has two sources of background 
noise, nI(t) and n3(t), for the detectors. This block diagram can be used to determine the 
detector autocorrelations and the cross-correlations. Because the individual spontaneous 
fission events are uncorrelated with each other, the spontaneous fission of the 252Cf source 
can be characterized as a Poisson process. The autocorrelation of a Poisson process is a 
delta function at the zero lag. Consequently, the autocorrelation of the source is given by 

where A is a constant proportional to the 252Cf source spontaneous fission rate. The 
detector output, o(t), of a linear system is related to the source input, is@), via the 
convolution 

~ ( t )  = j h(t’)i,(t - t’)dt’ + I@),  (3) 



where h(t) is the impulse response of the system. The autocorrelation of the detector 
output as determined from Eq. 1 is 

RZ2(2) =I~h(t)h(t ')Rss(~-t '+t)drdr'+ R4&), (4) 

where Rss is the autocorrelation of the noise source and accidental correlations have been 
excluded. The noise source Rss includes contributions from the '"Cf source, the fission 
source, and inherent spontaneous fission source. The additional term appears in Eq. 4 due 
to background detector counts. The autocorrelation of the detector response is equivalent 
to a single-detector Rossi-a measurement. 

The cross correlation between the source and detectors can also be determined 
using the single-input multiple-output system. The cross correlation between the source 
(det. 1)  and a detector (det. 2) is given by 

RIZ( Z) = / dth(t)R, 1 ( z - t )  , ( 5 )  

where R11 is the autocorrelation of the source which is a Dirac delta function, and 
accidental correlations between the source and detector have been excluded. Therefore, 
the cross correlation between the source and detectors is simply a constant times the 
impulse response of the system. The cross correlation between the 252Cf source and the 
detectors is a randomly pulsed neutron measurement and can also be used to determine 
the prompt neutron decay constant a. This cross correlation depends only on the induced 
fission rate in the system and is independent of the background radiation and on inherent 
fission sources which makes this parameter useful for fissile mass assay. 

The cross correlation between detectors is given by 

RZ3(z) = //h(t)h(t')R,,(z-t'+t)dtdr', (6) 

where accidental correlations have been excluded. Note that the detector cross correlation 
does not depend on background counts. The detector cross correlation is equivalent to a 
two detector Rossi-a measurement. Measurements performed without a 252Cf source 
provide an indication of the contribution of inherent spontaneous fission sources to the 
cross correlation between detectors. 

In summary, using a single-input multiple-output system to describe the 252Cf- 
source-driven noise analysis measurement, the relationship between the measured 
parameters and the system transfer function were obtained. The relationship between 
some of the noise measured parameters and the Rossi-a measurement and properties of 
the measured parameters were also described. The detector autocorrelation is equivalent 
to a single detector Rossi-a measurement, and the detector cross-correlation is equivalent 
to a two detector Rossi-a measurement. The source-detector cross correlation is 



equivalent to a randomly pulsed neutron measurement. The source-detector cross 
correlation is useful for fissile mass assay because this parameter is independent of 
inherent sources and background radiation. The cross correlation between detectors is 
affected by all fission sources and can be used to differentiate plutonium and uranium, 
without using the 2’2Cf source, because the inherent spontaneous fission sources for 
plutonium and ura.nium are different. This measurement can also be used to determine the 
subcriticality of a fissile system because a certain ratio of measured time signatures is 
proportional to reactivity. This ratio of signatures is independent of detector efficiency 
and does not require a calibration near delayed critical. The measured parameters are 
sensitive to changes in the fissile system because they are directly related to the system 
transfer function. The high sensitivity of the measured parameters to fissile system 
changes makes this method attractive for process monitoring. This sensitivity has been 
demonstrated in measurements and in Monte Carlo  calculation^.'^ 

t 
Figure 1. Single-Input Multiple-Output System. 
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