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ABSTRACT 

A TWO-FOLD REDUCTION IN MEASUREMENT TIME FOR NEUTRON ASSAY: 
INITIAL TESTS OF A PROTOTYPE DUAL-GATED SHIFT REGISTER 

J. E. Stewart, S. C. Bourret, M. S. Krick, 
W. J. Hansen, and W. C. Harker 
Los Alamos National Laboratory 
LosAlamos,NM 87545 USA 

Neutron coincidence counting (NCC) is used 
routinely around the world for nondestructive mass 
assay of uranium and plutonium in many forms, 
including waste. Compared with other methods, 
NCC is generally the most flexible, economic, and 
rapid. Many applications of NCC would benefit 
from a reduction in counting time required for a 
fixed random error. We have developed and tested 
the first prototype of a dual-gated, shift-register- 
based electronics unit that offers the potential of 
decreased measurement time for all passive and 
active NCC applications. 

Counter (HLNC)4 and the Active Well Coincidence 
Counter (AWCC). ' 
Initial results are encouraging, indicating a gain in 
counting time approaching a factor of two, obtained 
simply by using an optimum R+A gate (64 ps) and a 
long (1024 ps) A gate. As expected, the gain is 
dependent on the reals-to-accidentals (WA) ratio. 
As the ratio approaches zero, the gain is maximized. 
Many measurements performed routinely for nuclear 
material verification fall into the WA range where 
the DGSR can produce significant gains in 
measurement time. 

11. PROTOTYPE ELECTRONICS 
I. INTRODUCTION 

A prototype dual-gated shift-register (DGSR) 
electronics package for NCC12 has been designed, 
fabricated, and tested. The unit is identical to 
conventional shift-register (SR)3 electronics with an 
additional SR to provide the capability for separate 
time settings of real-plus-accidental-coincidence 
(R+A) and accidental-coincidence (A) gate lengths. 

The motivation for this project was to explore 
potential improvements in NCC measurement 
variance and, proportionally, counting time 
improvements that result from using a long 
accidentals gate. A long accidentals gate allows 
better sampling of the accidental coincidence 
counts. This, in turn, offers the possibility of 
improving the variance in the real coincidence 
counts R, which is determined from (R+A) - (A). 
Traditionally, the R+A and R gate lengths have 
been equal to simplify design and because potential 
benefits of the two gates were not known. 

Figure 1 is a simplified diagram of the prototype 
DGSR circuitry. It is identical to a conventional SR 
circuit with the exception of a separate SR for the 
accidentals circuit. Separate settings may be used 
for the time width of each gate. For a neutron 
detector with a single, exponential die-away time 2, 
the minimum-variance R+A gate setting is 1.2572. 
Results of measurements of Cf-252 and AmLi 
sources showed that for the A gate setting, the 
longer the gate the better, although a setting of 1024 
ps is sufficient for minimum variance because an 
asymptotic value is reached. 
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Fig. 1. Dual-gated shift register schematic diagram. 
An initial set of measurements using the DGSR has 
been performed using Cf-252 and AmLi neutron 
sources, the High-Level Neutron Coincidence 

* This work is supported by the US Department of Energy, Office of Nonproliferation and National 
Security, Office of Safeguards and Security, and International Safeguards Division. 



c 

III. MEASURED RESULTS 

Various combinations of Cf-252 and AmLi sources 
were measured in two neutron coincidence counters 
with different efficiencies-the HLNC, with an 
efficiency of 17%, and the AWCC, with an 
efficiency of 25%. These measurement combinations 
produced a wide range of R/A ratios. The R/A ratio 
was used as an independent variable for comparing 
results. All results are tabulated in Table I and 
plotted in Fig. 2. The count-time reduction factor 
plotted in Fig. 2 is simply the ratio of R variances 
obtained from two sets of runs: the first set taken 
with equal gate lengths (64 ps) and the second set 
taken with a 1024-ps A gate. Measurement sets 
were large, 200-1600 repeated runs, selected in order 
to achieve an acceptably low relative error in the 
measured reds rate standard deviation. From Ref. 6, 
the relative errors in the measured standard 
deviation and variance are taken to be [2(n-1)]“’ 
and [2/(n-1)]0.5, respectively, where n is the number 
of repeat runs. From simple propagation of 
independent errors, the relative error in the ratio of R 
variances is then 2[(n-1)]~’ if the number of repeat 
runs n is the same for each of the two R 
measurements. 

. 

The behavior of the data shown in Fig. 2 is as 
expected. As the R/A ratio increases, the benefit of 
the long A gate is decreased because the 
accidentals counts play a smaller role in the R mor. 
For small values of WA, the A component of the R 
error dominates, approaching a maximum value. For 
independent Poisson errors in R+A and A, the 
maximum value would be exactly 2. It is well 
known that R+A and A are neither Poisson nor 
independent. However, the gain in counting time 
does actually approach a factor of two as the IUA 
ratio approaches zero. 

IV. CONCLUSIONS 

The results of this study show that there are 
significant gains in measurement time to be realized 
by extending the length of the accidentals gate for 
neutron coincidence counting applications where the 
IUA ratio is small. This includes many applications 
for active measurements of uranium using the 
AW.CC and the Uranium Neutron Coincidence 
Collar (UNCL).’ Additional active measurements 
should be performed to verify these conclusions. 

This study also suggests that there could be other 
modifications to SR circuitry that could produce 
significant gains in measurement time. Extensions 
to multiplicity electronics and analysis should also 
be investigated. Thermal neutron multiplicity count- 
ing is currently limited for items with high acciden- 
tal coincidence rates. 
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Fig. 2. Counting-time reduction with duul-gated shift register. 


