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Search for 1/f fluctuations in a decay
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An experiment to detect the existence of 1/f fluctuations in a-particle decay rates has been per-
formed. No evidence for such fluctuations has been found.

INTRODUCTION

Approximately a decade after the discovery of radioac-
tivity, evidence!? was cited indicating that the decay pro-
cess, and particle counting associated with its observation,
are well approximated as simple Poisson processes. In the
past two decades it has been discovered that many natural
processes exhibit 1/f noise. A theory of quantum self-
interference has been advanced® as the causative mecha-
nism for this phenomenon in microscopic processes. It
has further been suggested* that a-particle emission rates
are quantities which would exhibit such 1/f fluctuations
due to quantum self-interference. This implies that a
emission is in fact not a simple Poisson process, and the
results of particle counting will not be adequately
described by Poisson statistics. An a-particle counting
experiment in which the observations depart from Poisson
statistics has recently been described.® The results of this
experiment provide evidence for the existence of 1/f fluc-
tuations in a-particle emission rates.

For a result of such fundamental importance, further
experimental investigation is warranted. The direct detec-
tion of the a particles emitted involves the transmission of
short-range particles from the source material. In such an
arrangement both the decay process and the subsequent
interaction between the a particle and its surroundings are
involved. In the experiment reported here, the a decay
rate is measured by observation of y rays deexciting the
states formed following a emission. If 1/f fluctuations
occur in the a decay rate then the statistics of the photon
counting process should be altered.

EXPERIMENTAL PROCEDURE

The nucleus ! Am decays predominantly to the second
excited state of 2’Np. The latter decays to the ground
state via the emission of a 59.5 keV y ray with a branch-
ing ratio of 35.7%.° Since the lifetime of the excited state
in 2’Np is short compared to that of 2*!Am, equilibrium
conditions prevail and the emission rate of the y ray re-
flects that of the a particle. The source used in this ex-
periment consisted of 520 MBq of ?*'!Am oxide, sealed in
a stainless-steel capsule 3 mm in diameter and 10 mm
high. The capsule was mounted in a plastic cylinder 2.5
cm in diameter and 10 mm high. This was attached rigid-
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ly to the face of the detector, upon which had been placed
an absorber consisting of a 500 mg/cm? thick copper disc
2.5 cm in diameter. This was used to control the counting
rate.

The y-ray emission rate was measured with a detector
consisting of a 2.5 cm diameter by 1.3 cm high CsF crys-
tal integrally mounted on a Hamamatsu R1398 ten-stage
photomultiplier. Cesium fluoride is characterized by a 5-
nsec decay time’ and is thus especially suited to high-rate
¥ counting applications. The photomultiplier was operat-
ed with the cathode at negative potential (—1400 V) so
that the anode signal could be directly coupled to a 100
Mhz wide-band amplifier located in the tube base assem-
bly. The amplifier is capable of driving dual 50 Q out-
puts. In the configuration used in performing the experi-
ment, one output was sent to a constant fraction discrimi-
nator (Ortec model 583) while the other was terminated in
50 Q. For setup purposes the second output was coupled
to a fast linear gate and stretcher after an appropriate de-
lay. The pulse spectrum of the output of this unit gated
by the discriminator was observed in a multichannel
analyzer so as to ascertain the precise setting of the
discriminator threshold. This was adjusted to a level cor-
responding to 20 keV events so that the fraction of the to-
tal spectrum counted was approximately 80%. Since pre-
liminary investigation indicated that the detector gain was
temperature sensitive, the assembly was contained in a
plastic jacket through which circulated water from a
temperature-controlled bath. To further minimize residu-
al temperature effects the experiment was performed in a
darkroom which was found to provide the most stable en-
vironment accessible to us. The need to maintain a rela-
tively constant temperature throughout the data acquisi-
tion period was the limitation in this experiment.

The output from the discriminator was connected to an
85-MHz model 1952a Fluke digital counter. The event
rate was 6.4 10° sec™!. The system resolution was deter-
mined to be 20 nsec. The data which resulted from sam-
pling for preset times of 0.1 or 1 sec were transferred
through the serial port to an IBM personal computer.
Longer integration times were achieved by summing the
data in blocks to obtain the final count. A record was
made of each count, the room temperature, and the time
the count was taken. Data acquisition was continued un-
til 200 samples had been accumulated. In a separate ex-
periment the discriminator output width was increased to
50 nsec and an event rate of 3 10° sec™! was used.
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RESULTS AND DISCUSSION

The counting data form a discrete time series sequence
{M;,i=1,...N}, where M; is the count observed for the
ith interval, and N is the number of intervals in the se-
quence. As discussed previously,* a parameter which may
be used to test for the presence of a 1/f component in the
fluctuation power spectrum is the relative Allen variance.
This quantity is defined as

N-1
R=3 (M; ,—M;?/2AIN—1){M)?, (1
where =
N
(M)=3 M;/N . )

i=1

For a simple Poisson process, the relative Allen vari-
ance has as its expectation the inverse of the mean count.
In this case also, the Allen variance is itself a sample from
the X? distribution with N —1 degrees of freedom. For
N =200 the statistics may be described as normal with a
coefficient of variation of 10% to a good approximation.
The additional variation introduced in the relative Allen
variance by substitution of the sample mean, (M ), for the
true mean is thus negligible for mean values greater than
10*. These conditions are applicable in this experiment.

In the case of a compound Poisson process, in which
the intensity or rate parameter is no longer constant but
also fluctuates, an additional contribution to the variance
is made. In the particular case in which the rate-
parameter-fluctuation power spectrum varies inversely
with frequency it can be shown* that

R=F+1/M . (3)

In the above equation, M is the true mean and F is a con-
stant referred to as the flicker floor.

In practice, the observed variance may depart from the
idealized value because of instrumental effects. Instabili-
ties in the counting system will produce additional fluc-
tuations, so that a contribution from an instrumental vari-
ance will alter Eq. (3). It should be noted that there is no
“averaging out” for the variance as there is for the mean
value. Such instabilities are equivalent to variations in the
system efficiency and thus also lead to a compound Pois-
son process. The detailed behavior of the observed vari-
ance will depend upon the power spectrum of the efficien-
cy fluctuations. For long-term drifts, however, it is quite
likely that the contribution would be experimentally indis-
tinguishable from the 1/f component being investigated.

A second source of departure from ideality is the finite
resolving time of the system. The effect of this quantity
is to alter the pulse spacing distribution. The influence of
the response time on the variance has been examined for
the general p-type counter by Takacs.® For the non-
paralyzable counter (p =0), the value expected for the rel-
ative variance of the observed count in a simple Poisson
process is reduced by a constant factor. For a resolving
time 7 and instantaneous rate r, the expected variance is
reduced by the factor (1+r7)~2

The results obtained in this investigation are presented
in Table I and Fig. 1. The data have been corrected for
the finite response time by multiplication by the correc-

TABLE 1. Comparison of experiment with predictions for a
Poisson process. Numbers in square brackets represent powers
of ten by which the values are to be multiplied.

Expected Observed*®
Poisson Allen

value variance
1.54[—04] 1.67[—04]
3.09[—05] 3.55[—05]
1.54[—05] 1.61[—05]
3.09[—06] 2.88[—06]
1.48[—06] 1.48[—06]
1.13[—06] 1.07[—06]
7.47[—07] 6.63[—07]
4.97[—07] 4.97[—07]
2.95[—07] 3.00[—07]
2.49[—07] 2.32[—-07]
1.13[—07] 9.50[—08]
7.47[—08] 8.69[—08]
4.92[—08] 5.20[—08]
3.73[—08] 3.83[—08]
2.95[—08] 2.98[—08]
1.13[—08] 1.06[ —08]
7.47[—09] 7.51[—09]
5.03[—09] 4.77[—09]
2.52[—09] 2.70[—09]
1.13[—-09] 1.09[—09]

2All values have a 10% coefficient of variation.

tion factor for nonparalyzable counters as described
above. The correction factor amounted to only 2% for
the data taken using an instantaneous rate of 6 10°. For
the high-rate experiment with increased response time the
correction factor was 40%. For all except the two small-
est entries the data were obtained from sequential records
consisting of 200 samples. In the latter case the data were
obtained from the weighted average of two sequential
records each such that the total number of samples in the
combined records was 200. The two values averaged for
each entry were weighted according to the number of
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FIG. 1. Comparison of measured Allen variance with predic-
tions of a simple process, and a compound process with a flicker

floor of 10~7. The open circles correspond to data taken at a
rate of 6.4X10° sec™!. For the closed circles, the rate was
3% 10% sec™ .
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samples in the individual record. The results obtained
are seen to be statistically consistent with a simple Poisson
process, and do not appear to require an additional contri-
bution such as is provided by a flicker floor. In order to
make a quantitative estimate a least-squares analysis of
the data to the model represented by Eq. (3) was per-
formed. The value obtained for the flicker floor is
F=(0.9+2)%10~!°, This would indicate that the flicker
floor for the process studied here is less then 0.5 10~ at
the 95% confidence level. The upper limit observed here
is more than 2 orders of magnitude lower than the value
of 107 reported in the previous a-counting experiment.’

It would appear from these results that there are no sig-
nificant 1/f fluctuations in the a decay process of 2*'Am
for frequencies in excess of approximately 2X 10> Hz.
Physically significant 1/f fluctuations observed in direct
a counting leading to a flicker floor, in excess of that ob-
served here, would be attributable to particle propagation
through the surrounding medium. Because of the diffi-
culty of these measurements and the importance of the re-
sults we feel that the a-counting experiments should be re-
peated.
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CONCLUSIONS

The statistical properties of the a decay rate of **!Am
have been studied by observation of the cascade y ray
with high-speed counting equipment using a CsF scintilla-
tor. The results indicate no significant departures from
the behavior predicted for a simple Poisson process for
event totals approaching the 10° level. A measurable con-
tribution from 1/f fluctuations as predicted by quantum
self-interference effects was not observed, although it
would be expected to become important at the 107 level.
Since such a contribution has been reported for a-particle
counting of the same nuclide,’ further work is necessary
to delineate the details of the effect.
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