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Study of Alpha ... Particles Emitted b y: Csl(T 1) Bombarded with Fast 
Neutrons. F. Gabbard, T. Young and .J. L~ Beach+, 

J University of Kentucky 

ABSTRACT 

Alpha particles and protons emitted from Csi(T1) bombarded by 

fast neutrons in the energy range 12.4 ... 18. 2 Mev have been observed. 

A 111 x 1/411 crystal and a 111 x lf811 crystal, both right-circular cylin-

derR, were useJ. a.j:l target and detector while mounted on a Dtunont 6467 

phototube. Alpha .particles were separated from protons using a circuit 

due to Biggerstaff et al. 
1 

The excitation function for the stun of the 

Csl33(n, a) and r127 (n, a) reactions was meaJ'Iured for the above energy 

range. The stun of the cross sections is 2. 8 ± 0. 3 mb at 12.4 Mev 

and increases monotonically to 11 ±1mb at 18.2 Mev. Spectra of the 

emitted alpha particles will be presented. As previously observed by 

Bormann and Langkau2, the alpha-particle spectra are not well repre ... 

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

sim or mechanisms appear(a) to be important. ::Che observed spectra 

will be compared with calculations . based on the statistical model. 

1 J. A. B iggerstaff, R. L. Becker and M. T ~ McEllistrem, Nuclear 
Instr. and Methods, 10, 327 (1961) 

2M. Bormann and R. Langkau, z. fur Naturforschg. 16A, 444 (1961) 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or 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 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. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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One m·eans of studying reaction mechanisms. in medium ~nd. 

heavy nuclei is by· observation of the spectra of nuclear particles 

emitted as a result of the nu~lear reaction being studied. 

This paper describes measurements o.f alpha·..:particle spectra 
. : ~ -... \ ., 

· for alpha-particles emitted from Csl bombarded with fast neutrons. 

Even though there are tWo elements contributing to the spectrum, 

statistically they ~ay b~ treated. as. two nuclei o£ mass 130 and Z of 
. . 

54 since they differ inA by only 6 units and in Z by only two units. 

The Q.;.values for (n, a) reactions in Cs and I are 4. ZO and 4. Z9 Mev 

respectively~ 

The technique used to measure the alpha-particle spectra was 

to observe the pulses produc~d in Csl(Tl) crystals by fast neutron 

bombardment. 

SLIDE 1 

Slide .1 shows a ·block diagram of the electronic hookup. The crystal 

.attached to a 111 phototube V(as placed in the neutron flux. A dynode 

pulse was taken from the phototube and. fed to a pulse shaper circuit 

· whose· output tells us whether the pulse was produced by a proton, alpha 

particle or electron. This circuit was developed by Biggerstaff, Becker, 
,/ . 

and McEllistreml). An anode pulse is used for pulseheight determination. 

1~) J. A. ·Biggerstaff, R. L. Becker, and M. T. McEllistrem, 
Nuclear Instr. M~thods !Q_~ 327 .( 1961). 
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SLIDE 2 

Slide 2 shows a "typical" shape spectrum. _The lower peak is produced 

by alpha part:lcles, the upper peak by protons. The alpha particle 

energy range was from 8-to 20 Mev while the protons ranged from 5 to 

17 Mev in this spectrum. The- shape circuit measures the shape of the 

input pulse and as you see is not very sensitive to pulse size. For 

measuri~g the alpha-particle spectra a single channel analyzer was set 

with its window over the a-peak and the output of the single-channel was 

used to gate the 512 channel analyzer. 

SLIDE 3 

Slide . 3 shows alpha spectra for six (6) different neutron energies: 

· 13~ 1, 14·. 1, 15. 5, 16. 5, 17.4 and 18. 2 Mev. The neutron source was 

·a Zr -T target bombarded with neutrons from the 2 Mev Van de Graaff 

accelerator at Kentucky •. One sees immediately that these spectra do 

not have the shape to be. expected if the alpha•particles·were evaporated 

from a compound .nucleus in a manner prescribed by the statistical 

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

··sLIDE 4.· 

In E· .2N ·This slide shows a plot of ~x ... -~'-
Ea c 

vs ~ where Ex = En + Q - Ea 

represents the excitation 'energy-in the residual nucleus, N in the 

number of alpha-particles observed, Ea is the energy of the emitted 

alpha-particles and 

as given by lgo2 •. 

c· is the reaction cross section for alpha-particles 

,; ., 
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. George Igo, Phys. Rev. 115, 1665 (1959). 

This plot is t~e usual plot for checking the y1eld. of particles: 

N (·Ea) dE~ = const. Ea c (Ea) W (Ex) dE 

for agreement·with the statistical model. In this case, the lE:wel 

density W .(Ex) was assumed to have the form: 

W (Ex} = const. E_;2 exp [ Z .J a ~x ] 

One interpretation which can· be made of .this graph, although it is 

certainly not the only one, is that the straight portions near the right 

of the slide are evidence of (n, n a) reactions; j~st to the left of this 

are straight portions due to.compound-nucleus, s.tatistical model 

a-parti~le emission and further to the left stilll and corresponding to 

higher a-particle energies is the curved portion containing a-particles 

emitted from d.irect-interactio:hs of some variety. If one buys this . 

interpretation, which is admittE:dy risky, then the value. of a .for the 

i•statistical model part" extracted from the middle straight portion of 

. the curves is · ( 16. 0 ±.3.1} Mev·1• This is a "reasonable" value by· 

comparison with other investigators3. 

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 monotonically from 2.1 mb at a neutron energy of 12.4 

MeV 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. Natur!orschg 17a, 479 {1962) 

.lower than ours by a factor of 2-1/2 at 12.4 Mev and about a 

factor of 0. 8 at is MeV. The reason for the descrepancy is not 

known. It should be noted that the cross section measured is the 

sum of the eros s sections for Cs and I. 

Bormann.has done a more complete study of the Csi(n,a) 

rea~tions and these. results. are publish~d in refer~nce . 4 •. ) • 
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