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The elastic scattering of low-energy alpl1a-particles by helium has 
- 8 

shom1 after.analysis in terms of phase shifts that the nucleus Be has a 
-· 

. + + + 
series of states, of spins 0 1 2 and 4 , at center-of-mass energies of 

0.094 MeV, 2.9 MeV and 11.7 MeV respec-t?ively. These states all have widths 

comparable with the Wigner limit. There have been many attempts to explain_ 

the existence of these states and the energy dependence of the phase shifts 

by means oi' a two-body ex-a poten,tial. The phenomenological potentials '\>'hich 

have been constructed to fit the scattering data contain a repulsive core 

1 2 surrounded by an attractive well. However, detailed investigations 1 have 

show that the parameters must be !-dependent. Effective potentials which 
~ 4 

were derived'' by approximate methods from nucleon-nucleon forces exhibit 

the same features. 

Using the Berkeley 88 inch cyclotron ve have extended the elastic. 

scattering measurements up. to a bombarding energy of 120 MeV ( 6o MeV in the 
8 -

Be center-of-mass system). 6+ a·+ - -
v1e find evidence for and states which 

like the lower states occur at excitation energies roughly proportional to 

J(J + 1). In addition, the new data enables us to define the effective 

ex-a interaction potential move precisely than has hitherto been possible. 
' 

We have measw:ed the d1:f':ferential cross-section as a function of ·the _ 

0 0 ' center-of-mass angle between 10 and 90 at seven energies between 5' Mev 
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and 120 MeV. The ~elative values of the' cross-sections at each enerQr are 
. ~;· " 

.W1certain.to·l'or';$:and th~ ~certainty.in the absolute cross-section is also 
. . . ' . ·' . ,. ... ' 

i or r)c!_ · ' ..: ' .·.. . ,_.,.,. .. . ... .,.· 

~ • .. • • • ' ' •! ' 

'\ole have fitted these differential cross-sections with an expansion 

. using c~mplex phase. shifts . 8 l ~' Re (8 l) + i Im (8 £·) where. the imaginary 

part takes into acc:om1t the effect of nuclear reactions. The real parts o:f' 
. . 

the phase shifts obtained in this analysis are shown inFig. 11 together 

with those obtained at lower energies. 5' 6 All of the phase shifts show a 
. . . . . . - ~ . . 

smooth and simple behavior except for the rapid flucturations near 4o HeV. 
' ... , .. 

These fluctuations are not fully understood and are currently the subject of· 

.a care:f~l experimental investigation. 7 · Since th~y are confined. to a narrow 
.,, 

energy range in the region of t~e threshold for nuclear reactions we have 

assumed that they are not important in the general consideration o1' the o:-a 

· interaction and have limited our discussion to the smooth energy variations. 

We have obtained fits to the pha~e shifts w1 th ·a potential of the form 

where the first three terms,· each with a Saxon-Woods form, represent a re­

pulsive core, an attractive outer region and an absorptive potential to allow 

for reactions. The last term is the Coulomb potential due to a uniformly-

charged sphere of radiu~ rc· 

vle foW1cl that the real parts of the phase shifts are very insensitive 

.. .. . ...... ~ ~".. .. ' 

.... · 
.'t''. 

. to the parameters rc, w, r,, a3 and u1• Hence, these were 1'1.xed in the following 
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way: rc = :?F; W = ;5 MeV for E > 40 MeV and zero .:for E < lK) Mevi r
3 

= r 2; 

a
3 

= a2; v1 = 150 1-feV + .u2.i The value !or vi vas chosen to reproduce ap­

proximately the imaginary parts of the phase shifts. We were then left with 

five free parameters: r 1 , a1, u2, r 2 and a 2• It should be noted that 'With 

appropriate values for these parameters it is possible to make the potential 

8 9 approach the shapes used by v~rgenau or Haefner or these predicted from 

nucleon-nucleon forces. 

An attempt to fit the phase shii'ts as a .:function o:f energy usine, 

an !-independent potential failed. We found that the higher angular momenta 

required a more attractive outer region. For instance, no potential could 

be found which ~rould# generate a g-w.ve phase shift just above resonance 

which was higher than that for the d-"rave 1 as is observed m..-per1mentally. 

'~e have therefore used. inclependent potentials for the individual partial· 
~'· 

waves. The best fits to the phase shifts are shown in Fig. 1 and the 

correzpondi.ng potentials in Fig. 2. The potentials become progressively 

less well-defined at small radii with increasing t. At 120 MeV the 

repulsive core has very little ef:f'ect on the g-'1-mve and does not a:ffect 

the higher angular momenta at all. 

vie have attempted to analyse the 1· and k-wavea in terms o:f' single-

level dispersion theory. It is not possible to fit the energJ• dependence 

of these or the lower phase ahifts over any extensive energy range with a 

single value o:f' the hard-sphere radius. The !its obtained 'With three d1:f'- .· 

:f'erent hard-sphere radii are listed in Table l and illustrated in Fig. 3· 
8 . 

In order to compare all the excited states of Be observed in a-a scattering 

ve have chosen the aa:ne hard-sphere radius { 4. 5 F) for all the states and have 

plotted the excitation energy and reduced wid~h as a fUnction of J(J+l) in 

Fig. 4. These quantities appear to be nearly linearly dependent on the 

argument. 

A more detailed account of this'work will be given elsewhere. 
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Table I. Some of the sets of parameters obtained by f1 tting 
the i- and k-resonances 'With the single level dispersion relation. 

The notation used is that of referenc~ 10. '.:Che ·fits arc illustrated in Figure 3. 
0 

L a (F) ')'~ {MeV) E (I-1eV) E (MeV) f AL (Iv1eV) 
2!-la'- 2 
-')' tJ, res. 3h2 .. hl, 

6 (a) 3·5 2.3 33·5 36.8 u.4 0.83 

6 (b) 4.5 2.4 25.3 21·1 16.7 1.52 

6(c) 4.5 ;.; 26.5 29·5 25.2 2.09 

6 5.0 2.0 23.2 24.8 16.6 1.52 

8 (u) 4.5 6.5 51.2 57 73 ~.ll 

, . .r 

.,., 
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·FIGURE CAPUONS 
..... , ... · ...•. :' 

. ' 
. · Figure 1, . The real parts of the phase shifts plotte9, as ~ function of the · 

i.' 
. ·~ 

, bombarding energy~. The phase shifts below 53.4 MeV., are obtained.· 

,. . .... ~ 
.. . from .references 5 and 6 • .. ·· The solid curves are fits using the 

. potentials show in Figure 2 •. 
. ' ' 

· ··'· . Figure 2 •. The real· parts of the potentials used to fit the phase shifts, · 

·' .. 

· · · . shown with and without the centrifugal barrier added. 

· Figure 3• ··.Single-level dispersion theory fits to the I. = 6 and L = 8 partial· 

Figure 4. 

· waves using the parameters listed in Table 1. 
2' . . + 

The excitation. energies Eres and reduced widths -y~ for the 0 1 

+ + .. + + 8 .. 
2 1 4. 1 o and 8 states in Be , obtained using a hard-sphere 

radius of 4. 5. fermis. '... The two values sho't>m for the 6+ state are 

for solutions (b) and (~) ot' Figure 3 and Table 1. The parameters 

for the first three states are taken from references 101 11 and 12. 

·'·;l 
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. ·• 
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mission, or employee of such contractor, to the extent that 
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of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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