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A b s t r a c t 

The e n e r g y s p e c t r u m o f cC - p a r t i c l e s f r o m 

T b 1 5 9 / n , o c / E i ? 5 6 r e a c t i o n a t 14.2 MeV has been studied 
u s i n g s e m i c o n d u c t o r d e t e c t o r t e c h n i q u e . The c h a r a c -

t e r i s t i c f e a t u r e o f t h e o b s e r v e d e n e r g y s p e c t r u m i s 

t h e e x i s t e n c e o f f o u r s e p a r a t e maxima i n t h e e n e r g y 

r e g i o n 15 - 21 MeV. The p o s i t i o n s o f t h e s e maxima a r e 

e x p l a i n e d assuming t h a t t h e r e e x i s t s a l a r g e c o n t r i -

b u t i o n o f t h e k n o c k - o u t p r o c e s s i n t h e mechanism o f 

t h e I n v e s t i g a t e d r e a c t i o n . 
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Streszczenie 

Stosując technikę detektorów półprzewodni-
kowych zmierzono rozkład energetyczny cząstek 
alfa z reakcji Tb1-^ /n, CC / Eu1^6 przy energii 
neutronów 14,2 MeV. 

Charakterystyczną cechą obserwowanego widma 
cząstek cC jest istnienie czterech oddzielnych 
maksimów w obszarze energii od 15 MeV do 21 MeV. 

Istnienie tych maksimów można wytłumaczyć przez 
przyjęcie dużego wkładu procesu wybijania cząstek 
w mechanizmie badanej reakcji. 

CoAepsaHae 

npa nouoqa TeXHHKH nOiynpOBOSHEKOBUX S6T6KT0P0B 
H3Hep»ioci 3HepreiinecKoe pacnpexexeHiie cc - lactim 
H3 paaraum /n, cc /Bu 1" npH aHeprra Heflipo-
hob I4,2 UaB. 

B Hccne;z(OBaHHOM cneirape HaónnaaaocŁ lerope uaitcH-
uyua, cynecTBOBaHHe KOTopmc oÓŁHCHHeTCH aHaiHiejiŁHHU 
BKJia^ou npcmecca BufaBaHroi oC - raaciepoB b uexaaHs-
H6 H3ŷ aeiioB peaRqira. 
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•1. INTRODUCTION 

During few recent years some progress may be observed 
in the accumulating of data concerning /n, CC / reactions 
in the region of heavy nuclei. 

Apart of the total cross-sections data obtained by 
the activation method [l] there exist some results on the 
energy spectra and angular distributions measurements for 
/n, CC / reactions induced in heavy nuclei by fast neutrons 
[2], [$],M,b],[e],[7],[a],[9j, 

From the analysis of the total cross sections measure-
ments Saetta-Menichella et al [lo] and Facchini et al [llj 
-concluded that the statistical model applied with success 
to the description of the /n, (X / reactions for heavy nu-
clei. 

This statement is in contradition with the results 
obtained by us for La 1^ /n, a / Cs1^6 reaction [?] and by 
Kulisic et al [&] for Pr1^1 /n, OC /La1^8 reaction for neutron 
energies about 14 MeV, These results suggest the existence 
of direct effects in the investigated reactions. Marcazzan 
et al [6] have also found the presence of direct effects 
in Ta181 /n, OC / Lu178 and Au197 /n, CC / Ir19^ reactions. 

To solve the problem of the mechanism governing /n,cC/ 
reactions in heavy nuclei it is necessary to compile more 
experimental data concerning particularly the energy and 
angular distributions of emitted (X - particles. 

The present work gives the results on the alpha-par-
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tiole spectra* measurements for the reaction Tb1^9 /noc/ Eu 1^ 
with 14.2 MoT neutrons. 

II. KKEEBIMEMEAIi METHOD 

The geometry of the experiment was the same as 
described in our earlier paper [7]. Experimental arrange-
ment is shown in Fig. 1. 

The TbgOj deposited on graphite was placed at a 
distance of 8 mm from the silicon detector. The mean 

p 
thickness of the terbium oxide layer was about 5*2 mg/cm . 
Both the detector and the investigated target were housed 
in a vacuum chamber lined with aluminium. This ensured the 
reduction of the background due to /n, oC / reactions pro-
duced in the walls of the chamber. 

The detector used In this experiment was an n-type 
surface barrier silicon detector with the resistivity of 
about 2000 Si. cm. The barrier thickness determined by the 
bias applied to the detector, corresponded to a range of 
26 MeV alpha particles. 

The pulses from the detector were fed to a charge 
sensitive preamplifier followed by a linear amplifier, 
threshold amplifier and 128-channel analyser. The energy 
scale of the spectrometer was determined using alpha par-• * 28 PS tides from ThC and ThO and from reactions Si /n,oc / Mg ̂  
and Si29 /n,°C/ Mg26® produced in detector by fast neu-
trons. During the experiment we continuously checked 
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t h e e n e r g y s c a l e u s i n g a l p h a s f r o m S i 2 9 / n , OC / Mg2 6® 

r e a c t i o n s . N e u t r o n s o f e n e r g y o f a b o u t 1 4 . 2 MeV were 

o b t a i n e d f r o m H^ / d , n / H e * r e a c t i o n w i t h d e u t e r o n s a c -

c e l e r a t e d u p t o 500 keV i n a Van de G r a a f f a c c e l e r a t o r . 

The p o s s i b i l i t y o f d e t e c t i n g OC _ p a r t i c l e s f r o m t e r b i u m 

b y means o f a s i n g l e d e t e c t o r i s due t o t h e n e g a t i v e 

Q - v a l u e s f o r t h e / n , OC / r e a c t i o n s o n s i l i c o n i s o t o p e s 

a n d h i g h p o s i t i v e Q - v a l u e / + 5 . 8 5 MeV/ f o r T b 1 5 9 / n , OC / E u 1 5 6 

r e a c t i o n . 

The Coulomb b a r r i e r e f f e c t s l i m i t t h e e n e r g y o f t h e 

i n v e s t i g a t e d p a r t i c l e s i n t h e l o w e r e n e r g y p a r t o f t h e 

s p e c t r u m . We o b s e r v e d t h e s h a r p d r o p o f t h e number o f * 

a l p h a p a r t i c l e s e m i t t e d w i t h t h e e n e r g i e s l o w e r t h a n 16 MeV. 

However , t h e e n e r g y r e g i o n i n w h i c h a l p h a p a r t i c l e s 

were i n v e s t i g a t e d was n o t f r e e f r o m b a c k g r o u n d p u l s e s , as 

i t f o l l o w s f r o m Q - v a l u e s c o n s i d e r a t i o n . The b a c k g r o u n d 

p u l s e s a r e due m a i n l y t o t h e p i l e u p o f t h e s m a l l e r p u l s e s 

c r e a t e d i n ' S i l i c o n . T h i s b a c k g r o u n d was measured b y Ebm-

b a r d i n g t h e s i l i c o n d e t e c t o r when t h e t e r b i u m o x i d e l a y e r 

was removed . I n o r d e r t o g e t t h i s b a c k g r o u n d n o t t o o h i g h 

i t was n e c e s s a r y t o use l o w n e u t r o n f l u x e s . T h i s f a c t and 

t h e use o f t h e t h i n t e r b i u m t a r g e t c a u s e d t h e measurements 

t o be r e l a t i v e l y l o n g . The t o t a l t i m e o f t h e measurements 

amounted t o 180 h o u r s . 
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III. HESTJMB 

The results of the <X -particles spectrum measure-
ments for Tb 1^ /n,oc / Eu1^6 reaction are shown 
in Fig. 2. This spectrum was obtained for the forward 
angles /0° - 60°/. The corrections accounting the energy 
loss in the target layer were calculated unsing tables 
given by Williamson and Boujot [l2]. 

Êhe characteristic feature of the observed spectrum 
is the existence of four well pronounced peaks. In the 
earlier measurement [<}] these peaks were not resolved 
becouse of the poorer statistics and probably worse energy 
resolution. 

Our results were obtained during three series of 
measurements, Each of the series consisted of many runs 
in which alternate measurements of the effect and of the 
background were performed. It is worth note a good agree-
ment between the data collected in the individual series. 

The levels of Eu136 i.e. of the final nucleus to 
which investigated reaction goes are not known. 

However at the excitations corresponding to the 
energies of the alpha particles observed in the experiment, 
there are probably very many levels. If direct Interaction 
mechanism, with oC - particles emitted mainly 1b knock-out 
process, dominates in T b 7 /n, oC /Eu156 reaction it seems 
resonable to expect the single neutron levels to be strongly 
excited. 
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The results of the calculation of the single neutron 
level density in a deformed potential based on Hilson's 
work fl3j are presented in Pig.3 in a diagramtic form. 
The arrows show the positions of the mnylinn observed in the 
experimental spectrum. The value of the deformation para-
meter S for Bu^6 was taken 0.3. This value is close to 
the deformation parameter values measured for neighbouring 
nuclei. The neutron ground state was according to [iMj as-
sumed to be the /5.2.l7 . Hilsson's level for St = 3/2. 

As can be seen, the positions of the observed maxima 

agree with those appearing in the calculated level density. 

As the Kilsson schema gives the locationof levels only 

semiquantitatively the agreement is rather good. Also, when 

performing this comparison one supposes that all single 

neutron levels are excited with equal probabilities. This 

is an approximation. 

A similar enhancement of single particle excitations 

has been previously observed in /n,p/ and /d,p/ reactions 

[15], [16] , [l?]. The strong excitation of single neutron 

levels suggests that in the investigated reaction the knock-

out alpha substructures from nuclear surface plays an impor-

tant role. The pick-up mechanism of He^ substructures would 

not lead to the strong excitation of single neutron levels. 

To summarise, one may conclude that the results of 

present work show a large contribution of the direct inter-

action mechanism in the T b ^ 9 /n,OC / Eu1"'6 reaction with 

14 HeV neutrons. The same conclusion has been drawn by Zagreb 
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-•Group [3]. As we have "been able to obtain separate maxima 

in the alpha particle spectrum, we may conclude that the 

main contribution to the cross-section of the investigated 

reaction comes from the kneck-out mechanism. This conclusion 

may stand for the validity of the assumption made in the 

interpretation of the results obtained for the La139/n,oc/Gs136 

reaction [l8j where the knock-out mechanism of alpha sub-

structure from the nuclear surface was assumed to be domi-

nant . 
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Pig. 1 Schematic diagram of the experimental 
arrangement 

1. T-Ti target 
2. TbgOj layer 

3. silicon surface 'barrier detector 
stabilized power unit 

5. charge sensitive preamplifier 
6. linear amplifier 

7. threshold amplifier 
8. multichannel analyzer 

9. poliethylene foil 

10. Csl/Tl/ scintilator 
11. EMI 9530 photomultiplier 
12. linear amplifier 

13. discriminator 
14. scaler 
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Fig. 2 Energy spectrum of CC -particles /corrected for 
background/ from the reaction Tb 1^ /n> oC / Eu1^6 
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Fig. 5 Single neutron level density vs. the excitation 
energy of the residual nucleus Eu 1^ 6. The arrows 
show the positions of the mn-rjma observed in the 
,cC _ spectrum. 
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