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INTRODUCTION. -

In this report energy spectra and angular dis1;jd~utions 8~ a pa£ 
ticles emitted in the bqmbardement of 181Ta, 197Au , ,207,2 Pb, 
209 Bi with protons of energy varying from "'20 to "'45 MeV, are pre
sented. 

EXPERIMENTAL APPARATUS AND RESULTS. -

The experiment has been done with the external variable energy 
proton beam of the AVF cyclotron of the University of Milano. 

The proton beam is collimated and focused on the target at the 
center of a 60 cm diameter scattering chamber in a spot les~ than 5 x 5 
mm2. The proton current on the tal'get, varying from about 80 to 300 nA, 
depending on the beam energy, is collected in a Faraday cup and fed to a 
cur rent integra tor. 

General characteristics of the targets used are reported in Tab. I. 

The detector system is a telescope of two solid state surface - ba£ 
rier Si detectors: a .dE detector (30{50 p,m thick) and a E detector \700" 
;-1000 fJ-m thick). The coincident pulses from the E + .dE and LIE chains 
are fed respectively to the X and Y axes of a 4096 channel Laben Corre
latron that acts as bidimensional 128 x 32 analyzer. The s ignals due to di£ 
ferent particles \P, d, t, a) are distributed in different regions of the X-Y 
~lane and a particles are easily recognized. We do not separate a from 

He, but, due to the widely different Q values for (p, a ) and(p, 3He ) reac 
tions in the case of nuclei here investigated. the 3He yield should only -
weakly contribute to the total measured yield. 

For each spectrum the content of the analyzer memory is recor 
ded into a magnetic tape. The tape is analyzed with the Univac 11 06 com
puter of the University of Milano. 
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TABLE I 

Target 
Chemical Isotopi c 

purity composition 

181
Ta 99. 9 % 

181 99;988 % 
180 0.012 0/, 

19 7 Au 99. 9 % 

206 pb* 204 0.04 0/, 
206 94.92 % 
207 3;02 0/, 
208 2.02 0/, 

207 Pbx 
204 0;01 % 
206 0 . 94 % 
207 95;12 % 
208 3 . 94 0/, 

208pb* 
204 0.01 % 
206 0.59 % 
207 0;19 0/, 
208 99.22 0/, 

209
Bi 99. 990/, 

All the targets are .5elf-suppo::iting 

* Supplied by AERE - Harwell 

Thickness 

7.6 mg/em 
2 

14.0 mg/em2 

15.0 mg/ em 
2 

15 . 0 mg/em 
2 

15.0 mg/em2 

21. 8 mg/cm2 

Mas;:; 
Uniformity 

accurar.y 

5% 5-100/, 

5 % 5-10% 

2% 5 -10 0/, 

2 0/, 5-10% 

2% 5-10% 

5% 5-10% 

The tri-dimensional 128 x 32 x (channel content) matrix, is trans 
formed in a bi-dimensional matrix in which each element is Ie presented 
by an alphanumeri c symbol related to the channe l content. 

The region of interest in the X- Y plane is selected and only the 
channels contain ed in this region, i. e. only those which con tribute to the 
a particles yield, are considered and summed up along the LI E axis for 
each value of the a energy. 

In this way the alpha spectrum is obtained and printed out after 
some normalization and kinematical transformation. 

The energy scale is obtained analyzing the yield of particles e
mitted in the reaction 27Al \P, a )24Mg ,measured at each proton energy 
at a forward angle, which shows many well resolved peaks of known 
energy, and measuring the a' particles emitted by a thin 241Am calibra 
tion source. 

The solid angle subtended by the detector is of the order of 10- 4 

steradiahs. The a particle spectra are detected from'" 300 to '" 1700 at 
intervals of roughly 300

. The limit at forward angles is imposed by the 
background which does not permit a good separation of the region coveced 
by a particles in the two-dimensional spectrum. At large angles the limit 

"'i '", , V 

• 
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is imposed by the geometry, that is dimensions of the detector system 
and beam collimating system. 
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The incident proton 'energy ranges from"'" 20 to rv 45 M eV; the 
beam energy is deduced from the radius of the stripping orbit inside the 
cyclotron. This method, usually employed for simplicity, has been che
cked with the cros s -over technique. 

The absolute value of the proto,l beam energy, E p ' is determi
ned within:: 200 keV the energy spread LlEp is of the order of 150 keV; 
the overall resolution of the experimental apparatus is about 300 - 400 
keV, mainly due to the limited number of channels in the X axis of the 
analyzer and to the target thicknes,;. 

The accuracy in the cross - section absolute value is estimated 
to be of the order of 12 % mainly due to the beam monitoring system and 
to the target thickness uncertainty. 

In the tables are reported the a particle spectra for the follow
ing reactions and energies: 

181 
at Ep 19. 6, 24.8, 29.7 MeV; TalP, a = 

197 
20.0, 23.7, 26.7, 30.2, 33. 8, 36. 8, 39. 8, Au(p, a ) at Ep = 

41. 2 MeV; 

206 
24. 8, 38.4, Pb(p, a ) at Ep = 19. 9, 29. 8, 34. 3, 43.7 MeV 

207 
29.8, 38. 4, ' Pb(p, a ) at Ep = 34. 3, 43.7 MeV 

208 
Pb(p, a ) at Ep = 30.0, 35.0, 40.0, 44.5 MeV 

209B ( ) 
- 1 p, a at Ep = 19. 8, 30. 0, 35. 0, 40.0, 44.5 MeV. 

The angles reported in the tables are those measured in the La
boratory System (their values differ only by tenths of degr ee from the 
corresponding values in the C. M. system); the energy is the channel e
nergy which one would expect if the measured, a would be the only or the 
first particle emitted in the reaction. The cross -section values are, in 
the same approximation given in the C. M. system, the quoted errors are 
the statistical ones . 

In Figs.l to 10 are reported the angle integrated spectra: energy 
and cross-section are given in the L. S. and error bars are purely stati
stical. 

In Figs. 11 to 16 are reported the angular distributions of the 
energy integrated a spectra at different energies for the various elements. 
The error bars are the absolute errors and the lines connecting the expe
rimental points are drawn only to guide the eye. 
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In Fig. 17 are reported the cross-sections of the angle and ene£ 
gy integrated spectra for various elements at different incident proton 
energies. 

DISCUSSION. -

The data here reported have been .only partially analyzed. 

The analysis of backward angle spectra, in the case of 197Au, Pb 
isotopes, 209 Bi, permitted to deduce the statistical contribution to the 
reactions(1-3). Such contribution is only a small part of the total a par
ticle yield. 

The analysis of the angle integrated spectra, which is in progress, 
seems to indicate that most of the a emission could be accounted for in 
terms of the pre-equilibrium exciton model. 

However, is some cases, at forward angles in the measured 
spectra appears a contribution of high energy a particles feeding a group 
of levels of the residual nucleus which does not seem one could attribute 
to the above mentioned process . . 
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