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ELASTIC ALPHA-HELIUM SCATTERING UP TO 120 MeV
P. Darriwlat,’ G. Igo and.H. G. Pugh
" Lawrence Radiation Laboratofy; Berkeley o
and '
| ’ %
H. D. Holmgren

University of Maryland, College Park, Md.

Thé elastic>écéttering of low-energy alﬁga-particles_by helium has
shown after(anaiysis in terms of phasé shifts that the nucleus Be8 has a
seriés or.éfates; of spins 0+, 2+ and h+, at center-of-mass energies of
0.09% Mev, é.9 MeV and 11.7 MeV respectively. _Tﬁese states all have widths
comparable with the Wigner limiif There have been many attempts to explain
- the existencélof these states and.the energy dependence of the phase salfts
by means of a two-body ¢t~ potentlial. The phenomenological potentials which
have beeh constructed to_fit the scattering data contain a repulsive core
surrounded by an attractive well. However, detalled investiggtionsl’gbhave '
shown that the parameters must be f-dependent. Effective potentials whicb
were derived5’h by epproximate methods from nucleon-nucleon forces exhibit
the same features. '

Using the Berkeley 88 inch cyclotron we have extended the elastic.
scattering measurements up.to a bombarding energy of 120 MeV (60 MeV in the
BeB center-of-mass system). Ve find evidence for 6% ana 8+_states which
like the lower states occur.at excitation energies roughly prbportional to
J(J +1). In addition, the new Aata enables us to define the effective

a- interaction potentiél move preclsely than has hitperﬁo been possible.
| We have measured the differential c#oss-section‘aé a.function of the '

center~of5mass angle between 10° and 9o° at seven energies?between 53 Mev



' fﬁ and'iEO:NeV;u The relative values of the cross-sections at eacn energy are

’%f'uncertain to l or 2% and the uncertainty 4n the absolute cross-section is also e}'

"é

We have fitted these differential crosa-sections with an expansion

'ue!;fusing complex phase shifte 8 « Re’ (8 ) + 1 In (8 ) where the 1mag1nary
'Wei?part takes into account the effect of ‘nuclear reactions. The real parts of
l”xt the phase shifts obtained in this analyais are shown in Fig 1, together

2 All of the pnase shifts show a f

L smooth and simple behavior except fbr the rapid flucturations near 40 Mev.

?'fJJ with those obtained at lower energies.
' These fluctuations are not fully unaerstood and are currently the subject of-
‘i':a careiul eyperimental investigation.7 Since they are confined to & narxow -
: - energy range in the region’ef tne‘threshold for_nuclearvreactions wevhave
‘__essumed that they'are not 1mpoftant in the general consideration qf'the a;ai"

interaction and have limited our discussion to the smooth energy vafiations.»'

We have ebtained‘fits to the phase shifts with a potentlal of the form
rey e | -1
V(vlf)f U (L +exp [(r-r,)/2,]}7" - Uy (1 + exp [(r-_re)/agll

| -1 W .'{_l_'* exp [(r-r3)/§3])'1 + v (r)

L ﬁhere the first threeite:ms,‘each'with a Saxon-Voods ferm, represent a re-
‘;"“'_'pulsivetcere,-an attractive outef region and an absorptive potential to allow
for reactiens; The last term is the Coulomb potential due toa uniformly-

'vcherged sphere of radius rc.
Ve founu that the real parts of the phase shifts are very insensitive

to the parameters T w, 3, 8y and Ul. Hence, these were fixed in the following
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way: r, = QF;'W = 5 MeV for ﬁ > 40 MeV and zero for E < O Mev; r, = r

57 Fol
ay = ae;.vl = 150 MeV +;UQJ” ?he.vglue for ﬁ vas chosen to reproduée ap- _
- proximately the'iﬁaginafy parts of the phase shifts. ﬁe were ﬁhen left with
five free parameters: rl, al,vﬂz, r, and 32' Ii should be hoted that.wiﬁh
-vappropriate values for these parameters it is possible to make‘the Potentialv

approach the shapes used by Margenau8 or Haefnefg or thcse predicted from'_
nucleon-nucleon forces. |

An ettenpt to fit the phase shifts as a function of energy using--
an z-independeht potential fa;led._ Ve found that the higher angular momenta-
required a more attractive outer région. For instance, no potentilial could
be found which wﬁul@_generate a g-wvave phase shift Just above resonance
.which was higher thanAthat for #he d-vave, as 1s observed experimentally.
We have therefore used in&epéndenﬁ potentials for the individual pgrtial-
waves. The best {its to the phase shifts are shown in Fig. 1 and’the
corresponding potentials in Fig. 2. The potentials become progressively
less wélledefined at small radii with increasing f. At 120 MeV the
repulsive core has‘very 1ittle effect on the g-wave and does not affect
the higher angular momenta at all. |

VWe have attempted to analyse the 1- and k-waves in terms of single-
level dispersion theofy. It is not possible to fit the energ; dependence
o these br the lower phase shifts over any extensive energy range with a
single value of the hard-sphere radius. The fits obtained with three dif-’
ferent hard-sphere radii are listed in Table 1 and illustrated in Fig. 3.
In order to compare all»the excited states of Be8 observed 1n‘a-a scatteringu
 we ;aveAchosen the samé hard-sphere radius (b.ﬁ‘F) for all the states and have
plotted the excitation energy and reduced'width as a funct1§n of J(J+i) in
'Fig. % These quantitles appear to be nearly linearly dependent on the
.arsument. | |

A more detalled account of this work will beigiveh elsevhere.
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Table I. Some of the sets of parameters obtained by £itting
- the i- and k-resonances with the single level dispersion relation.

The notation used is that of referencg 10. The fits are illustrated in Tigufe 3. S

L a (F) .yki (MeV) B, (MeV)  E__ (MeV) FAL»(Mgv) 3;8 Yo
-6 (a) 3.5 2.% ) 35.5 56.8 114 . o 88
6(v) 5 2.4 25,3 27.7 6.7 L2
&(c) k5 3.3 - 26.5 29.5 - | 25.2 2,09
6 50 2.0 5.2 k.8 16,6 1.52

8(a) b5 65  swe2 st 0T Cokm




"'*f7wrigﬁfe é;§jThe real parts of the potentials used to fit the phase shifts,

N - © UCRL-11455

N - FIGURE CAPT:ors ”'M' 3 N
i;The real parts of the phase shifts plotted as a function of the

:f*bombarding energy. The phase shifts below 53 4 MeV are obtained

gi;from references 5 and. u.” The eolia curves are fits using the-

if;:vlpotentials shown 1n Figure ?.

5ffﬁshown with and without the centrifugal barrier added. .;]__

'::Figﬁfel3;5:Single-level dispersion theory £its to the z = 6 and z = 8 partial 'avfu'V

o ‘ uu-waves using *he parameters listed in Table 1. ‘ o v o
f’f;Figuréfg; .The gxcitgtionuenergies nreé and reduced widths'yAL for the 0 :A 'vv
R ot uh &t and 8" states in Bes, obtained using a hard-sphere ,
' "radius of h 5 fermis,. The ‘two values shown for the 6" state are
";for solutions (v) and (c) of Figure 3 and Table 1. The parameters-

) ‘for the first three states are taken from re’erences 10, 1l and 12,

[
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