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7 |Study of Alpha-Partmles Em1tted by CsI(T 1) Bombarded with Fast

) Neutrons. F. Gabbard, T. Young and J. L. Beacht,

* < University of Kentucky !

ABSTRACT

Alpha particles and protons emitted from CsI(Tl) bombarded by
fast neutrons in the energy range 12,4 = 18,2 Mev have been observed,

A 1" x 1/4" crystal and a 1'" x 1/8" crystal, both right=circular cyline

ders, werc used as target and detector while mounted on a Dumont 6467

phototube. Alpha particles were separated from protons using a circuit

due to Biggerstaff et al. . The excitation function for the sum of the

C 133(n a) and 1127(n, a) reactions was meagured for the above energy

range. The sum of the cross sections is 2,8 *= 0,3 mb at 12,4 Mev

and increases monotonically to 11 =1 mb at 18,2 Mev, Spectra of the

emitted alpha particles will be presented. As previously observed by

Bormann and Langkauz, the alpha~particle spectra are not well repre=~

sented by the statistical model and some sort of direct reaction mechan=

sim or mechanisms appear(s) to be important, The observed spectra

will be compared with calculations based on the statistical model

15, A. Biggerstaff, R. L. Becker and M. T. McEllistrem, Nuclear

Instr. and Methods, 10, 327 (1961)

2'M. Bormann and R. Langkau, Z. fur Naturforschg. 16A 444 (1961)
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One means of studying reaction mechanisms in medium and
~ heavy nucle; is by observation of the spectra of nuclear pa.’rticles
emitted as a result of the nuclear reaction being studied.

This paper describes measurements of alpha-particle specfra ,
. ¥ =

for alpha-particles emitfed from Csl bombarded with fast neutrons.
Even though there ar;: th elerﬂents contributing to the spectrum,
‘ éfafi;tically they ‘i'nay bé treated as two nuclei of mass 130 and Z of
5:04A since they differ in A by only 6 units and in Z by oniyl two units.
| ‘The Q-values for (n, a) rea;‘ctions in Cs angi Iare 4.20 and 4. 29 Mev
reslzaectivel_y." |
| : The technique us ed to measure the alpha-particle spectra was
to observe the pulses produced in CsI(le) crystals by fast neutron

bombardment.

SLIDE 1

Slide .1 shows a block diagram of the electronic hookup. The crystal
attached to'a 1" phototube was placed in the neutron flux. A dynode

pulse was‘taken from the phototube and fed to a pglse shaper circuit
: \;hose' output tells us whether the pulse was produc'ed-by § proton, alpha
p;elrticle or electron. This circuit was developed Iby Biggerstaff, Becker,

and McElli‘streml). An anode pulse is used for pulse height determination

1.) J. A. Biggerstaff, R. L. Becker, and M. T. McEllistrem,
'~ Nuclear Instr. Methods 10, 327 (1961).




SLIDE Vz '

Slidev 2 shows a 'typical' shape spectrum. The lower peak is produced
by glpha particles, the upper peak by protons. The alpha particle ‘
énergy range was from 8.to 20 Mev while the protons ranged from 5 to

17 Mev in this'spe;::trum. The»shaée circuit measures the shﬁ.pe of the
.ihpgt pulse and as you see ié not very sensitive to pulse size, For
measuring tiae alpha~-particle spectra a single channel analyzer wa;s set
with its window éve;- the a-peak and the oﬁtput of the single~-channel was

used to gate the 512 channel analyzer.

SLIDE 3

Slide .3 shows alpha spectra for six (6) di.fferent neutfon energies:

1 13. 1, 14.1, 15.5, 16. 5; 17.'4<a.ndA18. 2 Mev. The neutr‘on source was
‘a Zr -T target bombarded with neutronsbfrom the 2 Mev Van de Graaff
.accélerator at Kentucky. . One éées 'immediately'r that. thééé spectra &o
ﬁot have the}shape to be. g#pected_ if the alp‘hat-‘pal.zl'tiq'les:were evé.porated
from a compsund AnucAleﬁs' in a ma;nner pr'e:sc‘ribed by the statisﬁcél

"model. The next slide shows a more quantitative picture of this fact.

"SLIDE 4.

) . . 2 . . .
" This slide shows a plot of ln%g-_y_ vs '\/E'x where Ex = Ep +Q = E4

represents the excitatioﬂ 'ex;ergy-ix.xvthe‘: residual m;c}eus, N in the
number of alpha~-particles oBserved, E; is the energy of the emittgd
alpba-pafticles ‘and ° o is the reaction cross section for alpha=-particles

as given by lgo“.:
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" George Igo, Phys. Rev. 115, 1665 (1959),

'3

This plot is the usual plot for checking the yield of particles:

N(-Ea) dE, = const. Eg . (Eq) W (E,) dE |
for a.greemen_t-wjth the statistical model. In this case, the level
densiiy W (Ey) was ASSumed to have the form:

w (Ex) = const. E;z exp [2 ﬁ—ET i
One ix;terpfefation which can be made of this gfaph, although it is
certéinly not the only cne, ig that the straight portions near the rig.‘ht.
of the SIid;e are evidence of v(n,n a) reactions; just to the left of this
are straight p'ortions due to.compc‘)und-nuéleus.,- statistical model
a-particle emission and further to the left still and dorreépondin,g to
higher a~particle energies is the curved portion contaiﬁing e=particles
emitted from direct-;vinté‘:;actions of some.va.riety.‘ If one buys this .
"nvltér‘preta’.cion, which is admiﬁ;ély 1.-isky, then the value of a for the_
vf'statistica.'l'fnodel part" extracted from the middle stl;éight portign‘qf
Ithe' curves is (16,0 :L—.3.I)"MeV"l. This is a l"rea..son.=1.l)1e""\‘ra1\1e iby‘

3

comparison with other investigators~,

3.) D. W. Lang, Nuclear Phys. 26, 434 (1961)
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SLIDE 5

The final slide shows the excitation curve for the Csl{n, a)
reactions between 12.and 18 MeV. The cross section is seen to
increase monotonica.liy Afrom 2.1 mb at a neutron enefgy of 12.4
i\{eV to 7.0 mb at 18,2 MeV. Also shown are the results of

Bormann4. Bormann's measurements of the cross section are

4.) M. Bormann, Z. Naturforschg 17a, 479 (1962)

 lower than ours by a factor of 2-1/2 at 12.4 Me;r and about a
factor of 0.8 at 18 MeV. The reason for the descrepancy is not ‘
known, It should be noted that thg cross séction measured is the
sum of the cross sections for Cs and L, |

Bormann has done a more complete study of the Csl{n,a)

reactions and these results are published in reference -4,).'

. -5“‘





