
UCRL-17431 

University of California 

Ernest O. Lawrence 
Radiation Laboratory 

ACTIVATION DETECTORS 
FOR 2.50-MeV PULSED NEUTRON SOURCES 

TWO-WEEK LOAN COpy 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision, Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



Submitted to Nuclear Instruments and Methods 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley. California 

AEC Contract No. W -7405-eng-48 

ACTIVATION DETECTORS FOR 2.50-MeV 
PULSED NEUTRON SOURCES 

\ 

Lawrence Ruby and Joseph B. Rechen 

March 8, 1967 

UCRL-17431 
Preprint 



-iii -

ACTIVATION DETECTORS FOR 2.50-MeV 
PULSED NEUTRON SOURCES 

Lawrence Ruby and Joseph B. Rechen 

Lawrence Radiation Laboratory 
Univer sity of California 

Berkeley, California 

March 8, 1967 

ABSTRACT 

UCRL-17431 

Activation detectors employing the 207 Pb(n, n,)207 pbm and the 

90 90 m . 
Z r (n, n') Zr reactlons have been calibrated for 2.50 -MeV neutrons. 

The calibration was affected by saturating the activities with neutrons 

from an accelerator employing the 2H (d, n)3He reaction at 200 keV. The 

neutron production rate was calculated from the measured proton pro

duct ion rate due to the associated 2H (d, p)~H reaction. The results sh6w 

that the Zr detector is slightly more efficient than the Pb detector, but 

that neither is useful for 2. 50-MeV pulsed neutron sources yielding les~ 
7 

than about 2 X 10 neutrons per pulse. 

" 
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1.. INTRODUCTION 

- . 1. h d 'b d ". 'f" .r. in a prev10us paper we ave escr1. e a Illgh-eI'lc1ency ..:ast-

neutron activation detector for 14-MeV 'pulsed neutron sources. This 

detector produced 207 Pb
m 

principally through the reaction 

2 0 8 1:)' ( 2) 2 0 7 P' m 
~ 0 n, no, which has a threshold at 7.38 MeV. The yield is 

d l ' , b h ,207 Pb I I ) 207 P' m b' h augmente to a s 19nt extent y t e reachon In, n· 0, w .. lC 

has a threshold at 1..64 MeV. We have recently examined, for Z.SO-MeV 

neutrons, the efficiency of this dete'ctor, and of a similar one employing 

• 90 Z ( I) 90
Z m <-' b . h' d ' 2 ? 5 M V tne ~r n, n r reac(.10n, w lose thres 01 1S at . .J 11e . Both 

of these isomers have hali-lives of about 0.8 second, and can be prQ-

duced free of contaminating decays. Although these detectors would be 

expected to have excellent ener gy discrimination, they would also be 
, 

expected to have rather low efficiency, as indicated, for example, by the 

cros s section data in reference i. 

2. DETECTOR DESCRIPTION 

The detector consisted of a fluor encased in the material to be 

activated, .and was constructed essentially as described in reference 1.. 

Four specific configurations were actually used in the experiment: one 

in which both the, front slab and the cylindrical shell were composed of 

1. -inch thick steel (Fe+Fe); one in which the front slab wasi -inch thick 

lead, and the cylindrical shell was steel (Pb+Fe); one in which the front 

slab was 2 1/8 -inches thick reactor -grade zirconium, and the cylindrical 

shell was steel (Zr+Fe); and one in which both the front slab and the cy-

Eno.rical shell were composed of lead (Pb+Pb) as specified in reference 1. 

An exploded view of one of the detectors is shown in fig. t. 
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3. PROCEDURE 

The Livermore' Insulating-Core 'Transfor~er Accelerator was 

used to provide neutrons of known energy and .intensity with which to 

calibrate the detector s. The accelerCl.:tor employed the 2H (d, n) 3He re-

action at an incident deuteron energy of 200 keV. A solid-state detector, 

mounted at 90 0 to the titanium-deuteride tar get, was used to monitor 

protons from the as sociated ~H(d,p) 3H reaction, from which the total 

, . 2 
neutron production rate was easily calculated. Each detector was 

calibrated at several distances from the target, as measured to the face 

of the front slab, and at an angle' of 90° to the inddent-beam direction. 

The latter angle is significant, since the neutron energy varies between 

2.05 and 3.06 MeV as a function of angle. The gain of the scintillation 

system was arbitrarily prescribed, but very reproducibly so, using a 

133, ' •. ' , ' 
Ba source as descrIbed In reference 1. As a convenience, the sante 

, ' 133, 
net count from tne B;;t source was required of all four 'detector s, a~-

though this re suIted in a slightly diHerentga~n setting in each case. 

A simplified block diagram of the electronic s is shown in fig. 2. 

A multichannel pulse-height analyze~witha multiscaler capability, 

served two functions during the experiment., The first involved recording 

the time-decay spectrum of the activity being counted, in order to insure 

that no interfering decays wer'e,present. The second involved monitoring 
, . 

the pulse -height spectrum from the solid-state, detector to insure that 

the peak due to 3H , which was present in the spectrum in addition to 1H , 

was effectively removed by the biased amplifier, and therefore was not 

being counted. 
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The sequence of events was to turn on the accelerator, wait a few 

seconds until the accelerator became stabilized and the activity of interest 

was essentially saturated, turn on a clock-controlled scaler to count the 

proton current for 10.00 seconds, and, finally, turn off the accelerator. 

The latter was accomplished by changing the arc ,bias .onthe:duoplas-

matron. ion· source situated at high potential, following which the beam 

current decayed away within a few rDicroseconds. A pulse was produced 

coincidently with the turning off of the accelerator, and this pulse was 

us ed to turn on another clock-controlled scaler which counted the detector 

activity for a period of 2.40 seconds. The delay between the beam-off 

pulse and the turning on of the scaler was approximately 5 milliseconds. 

Several such cycles were added in order to accumulate good statistics. 

4. RESULTS 

The neutron production rate was determined from the 10 -secon'd 

proton count, N , by means of the formula 
p, " 

r = (4rr/6J2)R, (Y. /Yd·)N /10. 
n 0, p 0, n ,p p 

The constants, excepting for the solid-state detector geometrical efficiency 

factor (4'ii/.6.Q) were taken from reference 2. The equivalent neutron yield 

from a pulsed neutron source was then computed from the formula 

S = r T. 
n 

The mean life T, in each case, was determined by. the be st weighted 

least-squares fit to the observed decay, using the digital computer code 

S UPERFRENrC. The corresponding values for the half-lives are 

0.'835±0.048 second for 9
0
Zrm, and 0.837±O.028 second for 207 Pb

m
. 

No decay was observed' with the (Fe+Fe) detector, nor was any expected. 
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In the case of the (Zr+Fe) detector, the net 2.40-second count 

was only 8.2-26.40/0 of background, depending on the distance from the 

target. A very high background was exp.erienced during the experiment, 

e.g., 1900-3100 counts per 'second for the (Zr+Fe) detector, whose 

principal SOU1"Ce was the activation oJ the accelerator cornponents owing 

to earlier prolonged exposure to, 14-MeV neutrons. By comparison, 

normal laboratory background is only about 60 counts per second. The 

calculated detector calibration factors in neutrons per count are ,plotted 

in fig. 2. Also shown is the approximate calibration that might result 

from a (Zr+Zr) detector, on the basis of the observed ratio between the 

(Pb+Pb) and the (Pb+Fe) detectors. It is evident that the 207 Pbrn ' 

detector is somewhat less efficient than the 90 Zr
ITl 

detector, and that 

most ~ikely neither one is. useful in its present form with 2.50 -MeV 

pulsed neutron sources yielding less than 2X107 neutrons per pulse. 
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FIG URE CAPTIONS 

Exploded view of detector. 

Fig, 2, Simplified block diagram of electronics. 

Fig,' 3, Calibration factors versuS distance to the neutron source. 

" 
.. 
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BBH 673-84 

Fig . 1 
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XBL673-908 

Fig. 2 
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Fig. 3 
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