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ABSTRACT 

The measurements were carried out using the zero-crossing technique of pulse-shape 
discrimination system to distinguish neutron from gamma-ray pulses. The neutron spe-
ctra have been evaluated from measured pulse-height distribution using computer pro-
gram based on unfolding method. Results obtained in measurements are compared to the 
results of fast neutron shielding calculations estimated by PMK computer program.The 
subgroup approximation and Monte Carlo method were applied in calculations. A brief 
survey of results and discusion are presented. 
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INTRODUCTION 

Measurement and calculation of neutron spectra are widely utilized in the reactor 
shielding research, radiation damage study of materials and radi'ation dosimetry. 
For that purpose, it is necessary to employ an appropriate technique for measure-
ment in mixed neutron-gamma radiation fields, that is commonly found in practice, 
and also develop the methods for treating the results of measurements. The aim 
of our work was to establish measuring technique with good neutron-gamma discri-
mination and provide computer programs for unfolding neutron spectrum and shiel-
ding calculations, which can be practicaly applied in radiation protection. 

MEASURING DEVICE 

The last neutron spectrum from americium-beryllium source shielded with iron cylin-
der is measured with scintillation detector NE213. The zero-crossing technique of 
pulse-shape discrimination (PSD) system is applied to distinguish neutron from gam-
ma-ray induced pulses according to difference in pulse risetimes. The main advan-
tage of the PSD method is its stability for use over a large dynamic range of pulse 
amplitudes, with variation greater than 100:1 (Winyard, 1971.). The block diagram 
of the PSD system used in measurement is shown in Fig.l. 
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Fig.l. Block diagram of spectrometer pulse shape discrimination system 

The signal derived from the leading edge of the detector anode signal starts time-
-to-amplitude converter (TAC). The dynode signal is led through preamplifier and 
amplifier, and routed to the zero-crossing pickoff in the timing SCA. It provides 
a stop pulse for TAC, and establishes the proper time relations between the pulses. 
The output of the TAC is a signal whose amplitude is proportional to the time delay 
between leading edge and crossover, and it is used to gate the multichannel pulse 
height analyzer (MCA). ADC input of the MCA receives signal from delay amplifier. 
The low level discrimination on timing SCA is set to accept the amplitudes corres-
ponding to neutrons. A coincident pulse is generated and used to gate MCA such 
that only neutron pulses are analysed. 

CALIBRATION 
22 

The light output of the detector was calibrated with gamma-source Na by means of 
the Compton edge position. For peak energies of 1,274 MeV and 0,511 MeV the cores-
ponding Compton edges are 1,06 and 0,34, respectively. Determination of the Compton 
edge position relative to the position of the maximum and half maximum of the dis-
tribution are determined from table (Dietze, 1982.). Relation between measured pulse 
amplitude and channel number k is h - a + bk (Nikolić, 1986.1)), where a and b are 
constants estimated in calibration. Proton induced pulse heights versus energy are 
determined by interpolating the values obtained in absolute calibration with mono-
energetic neutrons (Verbinski, 1968.). 

UNFOLDING METHOD 

Differential treatment is applied for unfolding neutron spectrum from measured 
pulse height distribution induced by recoil protons in scintillation detector 
(Holman, 1976.). Corrections for effects of second scattering of neutrons by hyd-
rogen and the loss of recoil protons through detector surface are involved by semi-
empirical correction factor (Toms, 1971.). Computer code PULNE (Nikolić, 1986.) 
based on previous algorithm was written. It can be adapted for use on a personal 
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computer. The detector efficiency was calculated in 100 energy points with a sepa-
rate computer program, and involved as a data library. The slope of the recoil pro-
ton spectrum is obtained by averaging over 6 energy intervals (0,6 MeV), omitting 
one interval on each side of neutron energy. Averaging the same data over a larger 
energy tended to smear on the resolution and decrease the statistical fluctuations 

RESULTS 
241 

The neutron spectra from Am-Be source without/with shielding were estimated from 
measured pulse height distributions by program PULNE, and presented in 100 energy 
points from 1,5 MeV to 10 MeV, Fig.2 and Fig.3 respectively. The measured neutron 

Fig.3. Neutron spectrum from shielded Am-Be source 
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spectrum shows good agreement in comparison with the referent spectrum (Holman, 
1976.), Fig.2. The shielding calculations were carried out by a computer program 
based on algorithm which applies subgroup approximation, treated by Monte Carlo 
method (Nikolić, 1 9 8 6 . R e s u l t s are condensed in the 4 energy groups according 
to BNAB-78 group structure and shown in Table 1. The fast neutron spectrum of the 
shielded Am-Be source was made by applying incident neutron spectrum which had 

241 
TABLE 1. The fast neutron spectrum from the shielded Am-Be 

source 

Energy 
group 

Group 
width 
(MeV) 

Neutron spectrum 
from 241Am-Be 

Neutron spectrum from shielded source 
Measurement Calculation 

1 

2 
3 
4 

6,5-10,5 
4,0-6,5 
2,5-4,0 
1,4-2,5 

15,93 + 1,20 
27,55 + 2,10 
37,20 + 2,80 
19,32 + 1,10 

0,021 + 0,0016 
0,046 + 0,0035 
0,049 + 0,0037 
0,058 + 0,0033 

0,019 
0,043 
0,046 
0,053 

been measured previosly (Table 1, column 3 rd), and used as an input in the com-
puting code. 

CONCLUSION 

The employed measuring technique and computer codes developed for unfolding neut-
ron spectrum and shielding calculations enable further investigation in neutron 
spectrometry and dosimetry. 

REFERENCES 

1. Winyard R.A. at all (1971). Nucl.Inst.and Meth.95 141-153 
2. G.Dietre, H.Klein (1982). Nucl.Instr.and Meth., 193, 549-556 
3. D.Nikolić, M.Milošević, M.Pešić (1986). Acta Physica Vol.59, 107-110 
4. Verbinski V.V. at all (1968). Nucl.Inst.and Meth.65, 8-25 
5. M.Holman at all (1976). ZJE Report 191 
6. M.E.Toms (1971). Nucl.Inst.and Meth.92, 61-70 
7. Nikolić D.(1986). The Fast Neutron Spectrum Unfolding from Measured 

Proton Recoil Spectrum Proceedings 30th Yugoslav Conference of ETAN, 
Belgrade, to be published 


