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A STUDY OF THE ENERGY SPECTRUM OF ALPHA PARTICIES FROM

mHE ™59 /n,«K/ Bul®® REACTION WITH 14.2 MeV NEUTRORS
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PRZY BNERGII NEUTROKOT 14,2 MeV
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" BUSBAHHOM HEATPOHAMH 14,2 MsB

by
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Abstract

The energ{ gpectrum of oC\—particles from
1590, /Bul?® reaction et 14.2 MeV has been studied
using semiconductor detector technique. The charac—

_teristic feature of the observed energy spectrum is
the existence of four separate mexima in the energy
reglon 15 - 21 MeV. The positions of these maxima are
explained assuming that there exists a large contri-
bution of the knock—out process in the mechanism of
the investigated reaction.



Streszczenie

Stosujgae technike detektorédw péiprzewodni-
kowych gmierzono rozklad energetyczny czgstek
alfa z reakcji o2 /n, &/ Eul?® przy energii
neutronéw 14,2 MeV.

Charekterystyczng cecha obserwowanego widma
czgstek of Jest istnienie czterech oddzielnych
meksimbéw w obszarze energii od 15 MeV do 21 MeV,

 Istnienie tych maksiméw mosna wytlumaczyé prrez
przyjecie duzego wkladu procesu wybijania czqstek
w mechanismie badanej reakcji.

Coxepxanue

llpy noMOEHM TeXHHEM NOXYNPOBOZHKKOBHX ASTOXTODOB
R3MEepPAIOCH aneprermecxoe pac 678N6HNE (X —~ TBCTHN
H3 DOSRUMH 172 /n, /Eu! NpE SHepram Hefirpo-
HOB 14,2 Mam.

B nccmeznoBaHHOM CHEKTPe BAGNDRANOCH UYOTHPO MAKCH~
MYM8., CYHECTBOBAHNG KOTODHX OOBACHACTCH SHAUMTENBENM
BKJIAJIOM nponecca BHOWBARWA O = ENACTOPOB B MeXaHH3—
Me W3yuaeMoif pearumu.
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1. INTRODUCTION

During few recent years some progressd may be observed
in the accumulating of data concerning /n, & / reactions
in the region of heavy nuclel. ‘

Apart of the total cross—sections data obtained by
the activation method [1] there exist some results on the
energy spectra and angular distributions measurements for
/n, X / reactions induced in heavy nuclel by fast neutrons
[2], [3],[s],15],[6],[7],[8],[9],

E.‘,rom the analysis of the total cross sections measure-
ments Saetta-Menichella et al. {10] and Facchini et al [11]
-econcluded that the Statistical model applied with success
to the description of the /n, Xk / react:.ons for heavy nu-
clei,

This statement is in contradition with the results
obtained by us for La139 /n, & / ¢s136 reaction [7] and by
Rulisté et ‘al [8] for pri*t /8, /LaY>8 reaction for neutron
energies about 14 Mev; These resuits suggest the existence
of direct effécts in the investigated reactions, Marcazzan
et al [6] have also found the presence of direct effects
11\1 paldl /ny, &K/ 1ul?® ang aut%? /n, & / 10t reactions.

To solve the problem of the mechanism governing /n,d /-
reactions in heavy nuclei it is necessa;ry 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-



ticle spectrum measurements for the reaction 1159 /acc/ w16
with 14,2 MeV neutrons. '

II. EXPERIMENTAL METHOD i

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

‘ The my203 'deposited on g.r;qphite was placed at a
distance o;f‘ 8 mmn from the silicon detector. The mean
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, X / reactions pro—
duced in the walls of the chamber.

The detector used in this experiment was an n-tyj:e
surface bari':l.ez- silicon detector with the resistivity of
about 2000!2 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 amplifief,
threshold Amplifier and 128-channel analyser. The energy
scale of the spectrometer was determined 'using alpha par-
ticles from ThC and ThC and from reactions 5128 /nyoc 7 ug?s
and 8129 /n, X/ Mgass produced in. detecto::; by fast neu-
trons. During the experiment we contimiously checked
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the energy scale using alphas from 51°9 /n, & / Mg ®€
reactions, Neutrons of energy of about 14,2 MeV were
obtained from 33 /4, n/ ![34 reaction with deuterons ac-
.celerated up o0 500 keV in a Van de Graaff accelerator,

The possibility of detecting X - particles from terbium

by means of a single detector is due to the negative
Q-values for the /n, &k / reactions on silicon isotopes

and high positive Q-value /+5.85 S&ev/ for T'b159 /n, X /Eu156
‘reaction. '

The Coulomb barrier effects limlt the energy of the
investigated part;;lcles in the lower energy part of the
spectrum. We observed the sharp drop of the number of
alpha particies emitted with the encrgies lower then 16 MeV.

HOWever., the enérgy region in which élpha particles
were investigated was not free from background pulses, as
it follows from Q-values consideration. The- backgrjound
pulses are due mainly to the*p.‘-i.le up of the smaller pulses
created in:'silicon. This background was measured by‘l‘:bx’n-
barding the silicon detecto.r when the terbium oxide layer
was removed, In order to get this background not too high

- 1t was necessary to use: low. neutron fluxes. This fact’; and
the use of the thin terbium target caused the measurements
to be relatively long. The total time of the measurements

smounted to 180 hours,



ITI, RESULTS

The results of the oC -particl_es spectrum measure-
ments for 6159 /n,x / Eul%6 reaction are shown
in Pig. 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
glven by Williamson and Boujot [12].

‘The characteristic feature of the observed spectrum
1s the existence of four well Vproﬁouncet_i pesks. In the
eaq:lier measurement [ 9] these peaks were not resolved
becouse of the poorer statistics and probably worse energy
resolution. . .

Our results were obtained during three series of
measurenents., Each of the series consisted of many runs
in which alteméte measurements of the effect and of the
baci:ground were performed. It 1s worth note & good agree~
ment between the data collected in the individual series.

The levels of Eul”® 1.e. of the final hucleua to
which investigated reaction goes are mot known.

However at the excitations corresponding to the
~ energles of the alpha particles observed in the experiment,
there are probably very many levels. If direct interasction
mechanism, with O - particles emitted mainly in knock-out
process, dominates in 52 /o, & /Eu156 reaction it seems
resonsble to expect the single neutron levels to be strongly

- excited.



The results of the calculation of the single neutron
level density in a deformed potentisl based on Nilson;s
work [13] are presented in Fig.3 in a disgramtic form.

The arrows show the positions of the maxima observed in the
experim_ental spectrum, The value of the deformation para-
neter 5 for Eul% was taken 0.,3. This value is close to
the deformation parameter values measured for neighbouring
mclei, The neutron ground state was according to /14 as-
sumed to be the [5.2.1] . Filsson’s level foi: R = 3/2.

As can be seen, the positions of the obsehed maxime
agree with those appearing in the éalculated level density.
As the Ni;.sson schema gives the location/of levels only
semlquantitatively the agreement 1s rather good. Also, when
performing this comparison one suppeses that all single
neutron levels are excited with equal pmbébilities. This
is an appro:;:lmation.

A similar echancement of single particle excitations
has been p;reviouély observed in /n,p/ and /d,p/ reactions
[15], [16] ,[17] . The strong excitation of single neutron
levels suggests thet in the investigated reaction the knock=
" out alpha substructures from nuclear surfece plays an impor-
tant role. The pick~up mechamnism of He3 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—
sction mechanism in the To1%9 /n,o¢ / Bul®® reaction with

14 MeV neutrons. The same conclusion has been drawn by Zagred
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~Group [9/. As we have been able tvobtain separate maxima

in the alpha particle spéctrum, we may coneclude that the

main contribution to the cross-section of the inveatigated
reaction comes from the kmeck-out mechanism. This conclusion
may stand for the velidity of the assumption made inAthe
interpretation of the results obtained for the '.[.&139/1;,0<:/<;s-"-36
reaction [18] where the knock-out mechanism of alpha sub=-
structure from the miclear surface was assumed to be domi-

nant.
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1 Schematic diagram of the experimental

arrangement
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Fig. 2 Energy spectrum of < -particles /coi'rected for
background/ from the reaction Tbhi’? /n, X / Eul?6
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Fig. 3 Single neutron level density vs., the excitation
energy of the residual nucleus Eulss. The arrows

show the positions of the maxima observed in the
,% - spectrum, K
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