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A computerized system is described (data processor) which seems 
capable of resolving the complex problems involved in the application of 
correlation techniques by non specialized personnel (inspectors). The 
basic components of the system are explained as there are calculation 
or measurement of neutron pulse distribution for given sample and 
detector arrangements and analysis by auto or cross correlation methods. 
A layout of the apparatus is given. The system has proved very powerful 
in the domains of planning execution and analysis of measurements with 
fissile materials of various shapes and isotopie compositions. 
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ABSTRACT 

A computerized system is described (data processor) which seems 
capable of resolving the complex problems involved in the application of 
correlation techniques by non specialized personnel (inspectors). The 
basic components of the system are explained as there are calculation 
or measurement of neutron pulse distribution for given sample and 
detector arrangements and analysis by auto or cross correlation methods. 
A layout of the apparatus is given. The system has proved very powerful 
in the domains of planning execution and analysis of measurements with 
fissile materials of various shapes and isotopie compositions. 
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Time co r re l a t i on analys is among the neutron detect ion pulses 
is frequently applied in pass ive and active neutron assay tech
niques of f i ss i le m a t e r i a l s , for dist inguishing f ission neutrons 
f rom o t h e r s . F o r example for Pu-240 spontaneous fission neutrons 
m e a s u r e m e n t s in p resence of (α ,η ) neutrons or d i sc r imina t ion 
of source neutrons by coincidence techn iques . The application 
of this method is quite s imple if r e s t r i c t e d to sma l l s a m p l e s . 
The extension to l a r g e r samples b e c o m e s , however , ve ry complex 
due to neutron mul t ip l ica t ion . In the l a t t e r case it is r a the r dif
ficult to e labora te a measu r ing routine for field applicat ions which 
a s s u r e s that m e a s u r e m e n t s , taken during an inspect ion, will be 
useful and an opt imum of a c c u r a c y . F o r this purpose we set up a 
computer ized s y s t e m . It is based on an inspect ion concept as out
lined be low. 

A . Planning of an inspect ion (Chief Inspector) 

- Find the optimum response of the detect ion sy s t em to be employed 
to a defined sample to be m e a s u r e d . 

- Take ca l ibra t ion m e a s u r e m e n t s and calculat ion with a s tandard 
with isotopie and geomet r i ca l data s i m i l a r to that one of the 
s a m p l e . 

- Evaluate co r rec t ions of ca l ibra t ion factor to be applied for 
m e a s u r e m e n t s with the actual s a m p l e . 

- Set up m e a s u r e m e n t s t ra tegy 
(number of samples to be m e a s u r e d , t ime per m e a s u r e m e n t , e t c . ) 

B . Execution of inspect ion (Inspector) 

- Repeat m e a s u r e m e n t s on the spot with s tandard sample 
- Take m e a s u r e m e n t s with a sample 
- Compare resu l t s with planning da ta , 

if good ag reemen t : go on measu r ing 
if significant d i sc repancy : cal l Chief Inspec to r . 

Genera l Descr ip t ion of the System 

The opera t ion pr inciple of the computer ized sys tem^ is explained 
in the schemat ic d i ag ram F i g . 1 . Detector pulses a r e produced 
physical ly or s imula ted by a computer p r o g r a m . In the computer 
a data pa i r r e p r e s e n t s a signal; a label (λ) corresponding to a 
specific de tec tor (-group) and the rea l appear ing t ime (t) of the 
signal in the detect ion s y s t e m . After collecting near ly thousand 
s igna l s , t ime co r re l a t ion ana lys i s , that i s , data reduct ion will 
be accompl i shed . In o r d e r to get sufficient high s ta t i s t ic this p r o 
cedure mus t be repea ted per iodical ly and the reduced data accu
mula ted . These reduced da ta , as a response of the detect ion sys t em 
to the s amp le , s e rve for the ver i f icat ion of f issionable m a t e r i a l 
content of the s a m p l e . 
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Detector Pu l ses f rom Counter Ar rangemen t 

In case of m e a s u r e m e n t s a label (λ) and t ime (t)(as defined above) 

a r e to be a t t r ibuted to each de tec tor pulse and these data m u s t be 

fed into the compu te r . An explanation of this p rocedure is given 

in the paper of M. Be rnede , L . Stanchi : "Fas t acquisi t ion of 

neutron coincidences into a sma l l compute r " , p re sen ted at the 

"Internat ional Meeting on Non Dest ruct ive Measu remen t s and Iden

tification Techniques in Nuclear Safeguards" , held at I sp ra on 

2022 September 1971. 

Simulated Detector Signals 

Simulation of de tec tor pulses by computer p r o g r a m (F ig . 2) r equ i r e s 

the p repa ra t ion of some p a r a m e t e r s and dis t r ibut ion funct ions. Spon

taneous events follow Poisson d i s t r ibu t ion , η (number of f ission 

pe r second) ν (average number of neutron per fission) and Ρ 

(distr ibut ion function of f ission neutrons) being pure isotopie p r o 

pe r t i e s can be found in any nuclear book. The other p a r a m e t e r s 

ε (detection probabi l i ty) , κ (prob ability to prove a fission) and 1 

(mean lifetime) a r e depending on geometry and nuclear p rope r t i e s 

of sample and/detector a s s e m b l y . Such p a r a m e t e r s , r equ i re complex 

calculat ions checked and adjusted by specific m e a s u r e m e n t s . F o r 

calculat ion we use the Monte Car lo t r a n s p o r t code TIMØC ( l ) , which 

is capable of resolving the neutron t r a n s p o r t p rob lem in a compl i 

cated geomet ry as in case of fuel samples embedded in a de tec tor 

a r r a n g e m e n t . Numerous , techniques a r e known for measur ing ε, κ 

and 1. All these p a r a m e t e r s a r e to be tabulated for typical sample 

geomet r i e s and isotopie composi t ions covering the range of mos t 

diffused f iss i le m a t e r i a l s . In te rmedia te sample p a r a m e t e r s a r e ob

tained by in te rpola t ion . 

Time Cor re la t ion Analysis 

There a r e different well known methods for separa t ing co r r e l a t ed 

signals f rom Po i s sonbackground . Usually spec ia l e lec t ronic i n s t ru 

mentat ion is employed for this p u r p o s e . If a sma l l computer is 

avai lable , it is m o r e convenient to rea l ize such e lec t ron ics by 

sof tware . Indeed, we p r o g r a m e d seve ra l coincidence c i rcu i t s based 

on au tocor re la t ion me thods . 

(1) KSCHWENDET, H . and R I E F , H . : " T I M O C  A genera l purpose 

Monte Car lo code for s ta t ionary and t ime dependent neutron 

t r a n s p o r t " EUR 4519.e (1970) 



Verif icat ion 

Verif icat ion of the f issionable m a t e r i a l s is obtained through the 
in te rpre ta t ion of the r e su l t s f rom cor re la t ion analys is in t e r m s 
of emiss ion ra t e s and mult ip l ic i t ies of f ission neu t rons , con
fronting m e a s u r e d and nominal data (declarat ion of p r o p e r t i e s ) . 
The sensi t ivi ty of these s ignatures have been invest igated for 
samples containing Pu-240 and Cf-252 with different background 
of (cA,n) neu t rons . The r e su l t s a r e sa t i s fac to ry . 
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F i g . 2 : S c h e m a t i c flow d i a g r a m fo r the M o n t e  C a r l o s i m u l a t i o n of n e u t r o n 

h i s t o r y in a d e t e c t o r a r r a n g e m e n t 
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