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ABSTRACT 

Today most gamma ray analysis techniques use the least squares method. This method does not take advantage 
of the information in the Compton Edge of the spectra. The gamma spectra data used in the project were collected 
at the Pacific Northwest National Lab (PNNL) in Hanford, Washington. Synthetic spectra, made using SYNTH, a 
program created at PNNL by Dr. W. Hensley, were employed. The development of a program capable of analyzing 
real data using a synthetic basis set was a major goal of the project. Several ways were identified to improve current 
gathering techniques, specifically concerning the characterization of individual detectors. 

INTRODUCTION 

Generally, society's ability to fully analyze data is well 
behind its ability to collect data. As a result, we spend 
millions of dollars, every year, designing hardware to 
collect radiation data that will not be processed 
optimally. This represents an enormous loss of money 
and information. Most current analysis techniques do 
not incorporate, in an information theoretic manner, 
noise or sensor error; as a result, much data are of 
marginal benefit (Boas, 1983). Our current techniques 
also fail when only small quantities of radioactive 
sources are present, a problem that is rapidly becoming 
more important in our society (Bauer, 1979). More 
emphasis must be placed on efficient information 
analysis if we wish to use the ever increasing amount 
of radioactive data being collected. 

This project focused on processing information to 
obtain better results, for gamma ray spectra. The data 
processed consisted of a collection of complex gamma 
ray spectra, recent and archived, obtained with high 
resolution Ge detector arrays (Bauer, 1979). 

The goal was to produce software that can be 
utilized throughout the national laboratory system to 
address nuclear nonproliferation, nuclear waste 
assessment, environmental cleanup, and medical 
applications. This software processes data, real-time, 
giving the user immediate feedback. The algorithm 
used in the program can account for noise and 
"smearing" effects caused by detection error. The 
intent is not to replace current processing methods and 
approaches, but to enhance them and to produce 
gamma spectra with finer resolution and higher signal­
to-noise ratio. 

MATERIALS AND METHODS 

Because of the presence of noise in the model, the 
solution to the inverse problem is not unique and one 
has to take recourse to statistical methods to assign 
probability distributions for the source strengths (A

al. 
The math in this report was derived by Dr. K Noffsinger 
and Dr. R lnguva (lnguva & Noffsinger, 1994). Define 
P (A

a
,···,A

M
I 0,/) to be the probability distributions for 

{A
a
) conditioned on the data D and any prior information 

/ on {A
a
). Once this quantity is obtained as a function 

of the source strengths, one can infer the most probable 

value for Aa 
by locating the maximum or the mean 

value defined by: 

One can also estimate the goodness of <A
a

> by 

computing the mean square deviation 

o2 ss<A 2>-<A >2 

A0 
a a 

where 

Thus the solution to the inverse problem is given by the 
estimate, <A

a
> ±o

A
, a=1, ... ,M. 
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Theorem 
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