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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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 its 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, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT
. 3 L Lo ' .
The scattering of “"He and He from Ca has been compared at equal

incident momenta. The results indicate that 5He has a more diffuse interaction

/s

L .
than He.

The scattering of medium-energy He ions has been extensively used in
the last several years for investigating nuclear properties. The character-
istic feature of the scattering is the oscillatory angular distribution, -

1)

in which

the alpha-partiéle waves were assumed not to penetrate inside a well-defined

interaction radius. As the éxperiments have become more refined it has become
necessary to introduce a newbparameter intd the:analysis to allow for a lack
of définition{ or "diffuseness" of the interactionbradius. 5He particles are
also strbngly absorbed, but differ .from uHe in other respects, ﬁotably mass,
binding energy and spin. We have attempted to bring dlrect evidence to bear
. 5He and uﬁe'from
the same nucleus under carefully chosen conditions.

Accurate éngular distributiéns showing a characteristic diffraction

' 2 L L
pattern were already available ) for the scattering of 50.9 MeV He by OCa.



scattering. The relatively high diffraction peak in the

~is that the

where 1 is the scattering amplitude, o is the Coulomb phase shift, P
i . : :

—2- L | UCRL-16620

- For the pufpose of direct comparisons, the 5He beam energy was chosen as 65.5

MeV to have the same relative momentum in the center-of-mass system as 50.9 MeV:
He. Thus in the absence of the Coulomb interaction the "diffraction"” model
would give the same angular distribution in both cases.

5He

. o A _

We bombarded a 1.02 mg/ecm natural calcium target with 65.3 MeV
ions from the Berkeley 88-inch cyclotron and used a solid-state counter tele-
scope and particle identification to measure the elastic scattering angular dis-

tribution between 90 and 640 in the center-of-mass system, with an effective

angular resolution of 0.60. The absolute normalization of each set of meas-

urements is independently known to *10%.

Both elastic angular distributions have similaf diffraction-like pat-
terns with peaks occurring at the same vélues of the momentum transfér (see fig.
1).  The difference in magnitude in the two aistributions at sméll angles is
explained by the expected difference in the Coulomblcontfibutions»to the.‘v

5

He cross-section

o o , _ ‘ : . :
~at about 60 is evidence that more complex processes than considered here may

‘become important for 5He scattering at larger angles. The aspect of the com-

parison between the two angular distributions that we want to emphaéize here

3

He differential cross-section falls more rapidly as a function
L o ' ' , '

of angle than the He cross-=section at small angles. To explain this we

analyze in terms of. the usual partial-wave expansion.

ao . 2io

1. : R NE
@ " 1@?‘% (2401)(2emy e 1) 2 y(eos 0)[7

z L

(cos 0) is a Legendre polynomial and Xk is the wave number of the incident
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particle in the center-of—mass.system. To perform the analysis we have param- i

eterized the scattefing amplitudes in the'following way-:

. de de . Pe
N, = e - ase— + i (-2 + E)
b4 _ dﬂo 620 Y, 2
o
: -l o1
where ’ e = [1 + exp( = )]

and lo’ A, a, b, and ¢ afe the’fitting parameters.

Therreal and imaginary parts 0f the scattering amplitudes n, as deter-

-mined by a least squares fit to the data are shown in fig. 2. The important

5

difference between the two projectiles is that for “He the change in nl takes

ﬁlace over a lafger'range of £ than for LLHe. The possibility that this.effect
may be due to a épin-orbit interactioh has been ruled out by tests using the
optical model program Scat-4. By making the usual clgssicai'connection,between
angular momentum and impacﬁ pafametér i.e., lo‘~ kRé, we conclﬁde thét the dif-
fuseness of the interaction radius,‘RO, for 5Hevis.,‘abo.ut 1;5 times greater than

L
that for He. However, the interaction radius itself is unchanged in the two

ok '
reactions. This seems to be in contradiction with previous statements ) com-

3

b ' -
He and He scattering. However, similar results have been seen by

5)

Venter and Frahn”? using an equivélent analysis with a 3 parameter fit to the

paring

ni's. . Also, wé have recently been informed bvar. R. H. Bassel that he has
independently observed the same ?henomenén in'compéring optical-model-derived
phase éhifts from 3He and hHe scattering at a number of lower energies, for a
variety of nuclei. |

We wish to thank Claude’ Ellsworth for making the target.
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| FIGURE CAPTIONS
Fig. 1. The differential Cross secfions fof 50.9 MeV FHe and‘6535 MeV 5He
' elastic.scatterihg by‘uOCa. The curveé ére generated by the.parametefized
s, v phase shift analysis described in the text.
Fig..2. The real and‘imaginary parts of the scattering amplitudes determined

Ly o :
for the OCa elastic scattering plotted as a function of the variable [.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
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.






