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The paper describes the principle of the measurement and the 
technical performance of the instrument. 

I t consists of a high efficiency moderating neutron detector and five 
neutron pulse counters with variable dead times of nominal το = 0.03 μβ, 
τ, = 16 pS, r= = 32 μβ, ra = 64 μη, Ti = 128 μβ. 

The neutron counting ra te , CK, of the counter with dead time rK is 
depending on the multiplicity, v , of the fission process. 

From the set of five measurements Κ = 0, 1, 2, 3, 4 it is possible to 
verify the spontaneous fission isotope and to determine its amount. 

EUR 4801 e 
VARIABLE DEAD TIME NEUTRON COUNTER FOR TAMPER 
RESISTANT MEASUREMENTS OF SPONTANEOUS FISSION 
NEUTRONS by G. BIRKHOFF, L. BONDAR and N. COPPO 

Commission of the European Communities 
Joint Nuclear Research Centre —Ispra Establishment (I taly) 
Physics Division and Technology Division 
Luxembourg, February 1972 — 8 Pages — 6 Figures — B.Fr. 25.— 

The paper describes the principle of the measurement and the 
technical performance of the instrument. 

It consists of a high efficiency moderating neutron detector and five 
neutron pulse counters with variable dead times of nominal z» = 0.03 fts, 
z, = 16 μα, ζ, = 32 jus, ro = 64 μβ, z< = 128 ps. 

The neutron counting ra te , CK, of the counter with dead time zK
 1S 

depending on the multiplicity, y, of the fission process. 
From the set of five measurements Κ = 0, 1, 2, 3, 4 it is possible to 

verify the spontaneous fission isotope and to determine its amount. 

EUR 4801 e 
VARIABLE DEAD TIME NEUTRON COUNTER FOR TAMPER 
RESISTANT MEASUREMENTS OF SPONTANEOUS FISSION 
NEUTRONS by G. BIRKHOFF, L. BONDAR and N. COPPO 

Commission of the European Communities 
Joint Nuclear Research Centre —Ispra Establishment (Italy) 
Physics Division and Technology Division 
Luxembourg, February 1972 — 8 Pages — 6 Figures — B.Fr. 25.— 

The paper describes the principle of the measurement and the 
technical performance of the instrument. 

I t consists of a high efficiency moderating neutron detector and five 
neutron pulse counters with variable dead times of nominal r · , = 0.03 μβ, 
r , = 16 ps, ζ-. = 32 ps, T, = 64 ps, r , = 128 pS. 

The neutron counting ra te , CK, of the counter with dead time zK is 
depending on the multiplicity, y, of the fission process. 

From the set of five measurements Κ = 0, 1, 2, 3, 4 it is possible to 
verify the spontaneous fission isotope and to determine its amount. 





EUR 4801 e 

COMMISSION OF THE EUROPEAN COMMUNITIES 

VARIABLE DEAD TIME NEUTRON COUNTER 
FOR TAMPER RESISTANT MEASUREMENTS 

OF SPONTANEOUS FISSION NEUTRONS 
by 

G. BIRKHOFF, L. BONDAR and N. COPPO 

1972 

Joint Nuclear Research Centre 
Ispra Establishment - Italy 

Physics Division and Technology Division 

Paper presented at the 
International Meeting on Non-Destructive Measurement 
and Identification Techniques in Nuclear Safeguards 

Ispra (Italy) September 20-22, 1971 



ABSTRACT 

The paper describes the principle of the measurement and the 
technical performance of the instrument. 

It consists of a high efficiency moderating neutron detector and five 
neutron pulse counters with variable dead times of nominal z« = 0.03 μβ, 
ri = 16 μβ, Τ2 = 32 ,us, τ= = 64 /¿s, τ* = 128 ,us. 

The neutron counting rate, CK, of the counter with dead time zK ^s 

depending on the multiplicity, y, of the fission process. 
From the set of five measurements Κ = 0, 1, 2, 3, 4 it is possible to 

verify the spontaneous fission isotope and to determine its amount. 
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This is a shor t descr ip t ion of an ins t rument which has already

been announced at the Safeguards Symposium in KARLSRUHE 1970 

( l ) . The ins t rument is used for the non des t ruc t ive de terminat ion of 

the Pu content in plutonium bear ing f issi le m a t e r i a l s . 

It cons is t s of a high efficiency moderat ing neutron detector and 

five neutron pulses counters with var ious dead t imes τ of nominal 
k 

τ < 0.03 »us , τ, = 16 ,us , τ_ = 32 ,us , τ = 64 ,us, τ . =128 ,us 
o / 1 / 2 / 3 / 4 / 

A scheme of the ins t rument is shown in F i g . l  The neutrons counting ra te 

C of the counter with dead t ime , τ , is depending on the mul t ip l i 

city of the fission p r o c e s s . F r o m the set of five m e a s u r e m e n t s (K = 

0, 1, 2, 3 , 4) it is possible to verify the spontaneous fission isotope 

and to de te rmine its amount . 

Method 

If single neutrons a r e emi t ted , as in the ( a, n) p r o c e s s , the t ime 

dis t r ibut ion of the detector pulses obeys Po i s sons ' s law and the count

ing r a t e , C , of a counter with dead t ime , τ , is desc r ibed by the 

k k 
equation 

c
°

=
 i-k\

 (1) 

k k 

(counting lo s ses of C neglec ted) . F i s s ion neutrons a r e emit ted in 

g roups , at the average more than 2 per f ission event, and the pulse 

dis t r ibut ion deviates f rom P o i s s o n s ' s law. The redundancy, R , of 

the m e a s u r e d dis t r ibut ion is 

R, = C  . * T 0 (2) 
k o l  C k T k 

R is a function of the average number of neutrons per f ission υ , 

the detection efficiency ε, the mean neutron lifetime 1 of the de 

tec tor a s s e m b l y , the dead t ime τ and the total counting ra te i tself . 

\ ' i  c , k
T , ■ " · ■ ' ■ ' ' V Co» <3» 

k k 

For C < we have in a good approximation 

k 

\ - T T ^  r ■■ F ( "  ) ( '  e " T k / 1 ) p
k < c o · " ' <3a» 

k k 

(1) G.BIRKHOFF et a l . P r o c . S y m p . c n p r o g r e s s in safeguards techniques 

610 July 1970 vol.11 (abs t rac t ) 



(detector dead t ime lo s ses neglected) 

where t F is the average number of assoc ia ted pulses of f ission 
neutrons following the f i r s t pulse of the group and the factor Ρ, < 1, 
takes account of the fact that somet imes not the f i r s t but one of the 
following assoc ia ted pulses may t r i gge r the counter K. This is the 
case for exp( -τ /l) > 0 because during τ only a fraction of the 
neutron group dies away and the remaining may r e t r i g g e r the coun te r . 
Essent ia l ly no assoc ia ted pulse will a r r i v e a f t e r w a r d s . Another pos s i 
bility is that f ission neutrons a r e born during the counter Κ is pa-
ra l ized by the dead t ime and after it is reopened, the surviving f rac t 
ion of neutrons may r e t r i g g e r i t . Both cases r e su l t in a reduced number 
of assoc ia ted coun t s . p, (C , ΰ) can be calculated or de te rmined ex-

Ir O 

pe r imen ta l l y . As an example we consider the m e a s u r e m e n t of sponta
neous f ission neutrons (C¿® ) of Pu¿"*0 in the p re sence of ( α , n ) neut rons 

(C" ) neglecting induced fission n e u t r o n s . 

The bas ic equations a r e the following: 

.40 
+ C (4) 

,40 

.40 

c
k

T
k 

+ R 
40 

1. 2, 3 , 4 (5) 

.40 
substituting C by the eq . (3a) we obtain 

.40 .■?,!♦ 
F 4 ° ( l ^vJ

1 

*?«y 
(6) 

40 
if P, (C ) is known (from calculat ions or ca l ibra t ion m e a s u r e m e n t s ) 

k o 
we may de te rmine f rom the four m e a s u r e m e n t s of R the quanti t ies 

C , ε F and 1 . 

£θ 240 
F s e rves for the identifications of the Pu i so tope . 

240 
The at tainable p rec i s ion allows to dist inguish c lear ly Pu f rom 
the mos t in teres t ing spontaneous f ission isotopes Cf , Β, » 
Cm^44 p Knowing e we may compute the Pu 40 m a s s . 

Of course F and 1 can be m e a s u r e d more p rec i se ly by a Ross i -a 

exper iment , but this r equ i r e s ve ry special in s t rumenta t ion . 

Fo rmu la (6) is only valid for smal l samples of a few g r a m s of Pu, 

where neutron mult ipl icat ion is negl ig ible . In ca ses of la rge samples 

co r rec t ions have to be applied for the mult ipl icat ion of spontaneous 

fission and (a , n) neutrons which can be quite e x c e s s i v e . A check 

on this effect is obtained by measur ing the cadmium ra t io of R , 

κ. 



i . e . m e a s u r e m e n t s with b a r e and Cd covered s a m p l e . An i l lus t ra t ion 
of the Cd ra t io m e a s u r e m e n t s of fuel pins is given in F i g . 2 . In the 
case of RAPSODIE fuel pins (55 g of f issi le m a t e r i a l s ) the contr ibut
ion of t h e r m a l neutron mult ipl icat ion to R amounts to about + 10 % . 
This effect is r a t h e r high and se rves for the assay of the f issi le m a t e r i a l s 
content of the s a m p l e . On the other s ide , high mult ipl icat ion is conpli-
cating considerably the analys is of the m e a s u r e m e n t s . However, we d i s 
pose of a computer code which is capable of resolving the p rob lem in a 
sa t i s fac tory m a n n e r . A descr ip t ion of it is given in the paper of 
G.BIRKHOFF and L.BONDAR "Computer ized sys t em for the appl ica
tion of f ission neutron co r re la t ion techniques in nuclear safeguards" 
p resen ted at this meeting.^ ' 
Evidently all analysis p rob lems a r e essent ia l ly simplified in the case 
of re la t ive m e a s u r e m e n t s util izing cal ibra t ion s t a n d a r d s . 

Pe r fo rmance 
- Detection efficiency (ε) va r i ab l e , maximum 0.35 
- Neutron lifetime (1) var iab le between 25 AIS and 60 ,us 
- Detector dead t ime θ < 0 .7 /US 
- Pu^40 m a s s measu rab le between 0.03 g and 100 g 
- Relative p rec i s ion of + 0 .5 % attainable for smal l samples 

F u r t h e r informations can be obtained on specia l r e q u e s t . 

R e m a r k s 

The method as desc r ibed above has been developed during 1959 - 1962 
in the CEA labora to r i e s of Saclay by J . JACQUESSON and co -worke r s (2) 
They used one fast and one slow counter with τ /l>> 1 . 
Our improvement cons i s t s , apar t f rom e l ec t ron ic s , in the s imultaneous 
m e a s u r e m e n t with five counters of different dead t imes f . This gives 
the possibi l i ty of verifying the spontaneous fission isotope and an i m 
provement of p rec i s ion and rel iabi l i ty of the r e s u l t s . Jacquesson and 
c o - w o r k e r s developed a complete theory (including neutron mul t ip l i 
cation) of the i r method which is based on probabil i ty dis t r ibut ion gener 
ating functions, but they neglect the co r rec t ion factor Ρ (C , ΰ ) . 
This implies the conditions C << ΐ / τ and τ/ΐ >> i . Our in te r 
pre ta t ion model is based on Monte Car lo s imulat ion and has in principle 
no l im i t a t i ons . 
Since 1969 seve ra l types of "neutron coincidence coun te r s" have been 
brought into appl icat ion. These ins t ruments cor respond in principle 
to the CEA in s t rumen t . The Brookhaven Coincidence Counter model 1 
has been tes ted during 1969 in our labora tory and we found that the CEA 
sys t em is superior to the Brookhaven ins t rument as concerns the t r a n s 
parency of the measur ing p r o c e s s and the in te rpre ta t ion of the raw da ta . 

(2) J . JACQUESSON, J . P h y s . 24, 1963, Suppl .6 , 12A 
(3) To be published as an ex terna l r epor t (EUR) 
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