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ABSTRACT

An attempt has been made to explain proton inelastic scattering
from Nezo using projected Hartree-Fock wave functions. A coupled
channel calculstion has been carried out with the explieit inclusion
of at least the 0*3 2"“'9 and h*_members of the ground state rotational
band. A comparison is made with experiment and with DWBA predictions
for the same reaction. Also studied is the effect on the cross
sections of truncating the bagis space used for the Hartree-Fock
states.

INTRODUCTION

Considerable effort hag been expended recently in attempts to
provide microscopic descriptions of nuclear states which exhibit collec-
tive properties. The most detailed investigations, of a microscopic
nature, have been made for the light deformed nuclei in the 2s-1d
shell. Physical states of interest for these nuclei have been obtained
by use of the Hartree-Fock (HF) method of deformed orbitals followed by
projection of states of good angular momentum. The use of such wave
functions in the prediction of nuclear structure properties, has pro-
vided congiderable insight into their inadequscies. The prediction of
cross sections for inelastic scattering of nucleons also provides a
test of the wave functions. Unfortunstely the only completely mifr?-
scopic studies of inelastic scattering have been made using DWBA. 1
Although it is true that the DWBA may be adequate for the lowest,
strongly excited states, other studies indicate that the method of
coupled channels (CC) is required if one hopes to obtain meaningful
results for excited states in the higher energy region. Thus, while
the use of CC provides a good test of the relisbility of DWBA for
scattering to the lowest lying collective states, it also enables one
to examine various saspects of the structure problem with greater con-
fidence. Another important sspect of this approach ig that it becomes
Possible to draw more reasonable conclusions with:regard to the re-
lation between the macroscopic and microscopic models.
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In this article we compare the results of CC and DWBA studies
of inelasgtic proton scattering from 2ONe3 using projected HF wave
functions. The nuclear structure problem is examined by varying the
size of the basis space in the HF problem,

DISCUSSION

The intrinsic HF states were obtained using a six-state H.O.
basis (1s1/2, 2s1/2, 1d3/o, 1lds/p, 1p1/os 1p3/2) and a fifteen-state
H.0. basis, i.e., shell model states up through lgz/g. The oscillator
parameter is chosen so thsat the projecged RMS radius agrees with ex~
periment. The radius and E2 rate for 20pe m&y be found in table I.
The CC treatment of inelastic scabttering has been made by Glendenning.
Essentially, the problem consists of the solution of the set of
coupled differential equations
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subject to the boundary conditions that there aﬁe incoming spherical
waves in the elastic channel and outgoing waves in all other channels.
If the interaction, V, can be expanded in irreducible tensors, then
can be shown that
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where ((lel) and (o, J refer to the initial and final nuclear
states, respectively. The reduced matrix elements of :TL (i.e.,
nuclear form factors) have been discussed in detall by Brgiey

for the case in which the nuclear states are represented by projected
HF wave functions.(l)

(2)

(2)
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and Ford

The potential Uopt(r) is an optical model para-
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meterization of the disgonsl elements of an effective interaction.
In this study, The proton-nucleus interaction, V, 1is teken to be
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This interaction has been used previocusly in microscopic DWBA studies.
The CC caleulstions were made using 12 partial waves. Table IT lists
the opbical model parsmeters used for this cvalculation,

. _ . R . s "
The predicted cross secticns (0, 2 , 4 4, 67 ) uging DWBA and CC
appear in Figs., I-IV. The f£fits to the {0*) elagbic scattering are
sgbisfactory but some iwprovemsnt might be obtalned by additional
searching on the opbiesl pasraneters, although thiz is very time consum-
ing for coupled chsmnels. It ig also observed thst the elastic results
are not affected gignificantly by enlsrging the basis spaces. The pre-
dicted crosg section for the {2%) is geen to improve in magnitude as
the number of basis stabtes is incressged; however, the shape is un-
affected. As expected for the (2%) sgtate, the DWBA predictions are

in gquite good sgresment with GC for such & strongly excited state.

The excitation of the (4F) and (6%) states is much wesker than (2%),
and we see that the difference in megnitude bebween throey and ex-
periment increases as the excitation energy becomes grester. For the
(4*) state the effect of increasing the mumber of basis states is to
increase the msgnitude of the predicted results. There are no (6%)
results for the 6 orbital basis since no twe of the states have large
erough angulér moments to couple to J = 6. The IWBA results for both
of these states differ considerably from CC.
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5.

Let us now compare the 15 state coupled chaanel results with
thoge obtained using the mecroscopic model, and which are presented

in Fig. 50(3) We see that the shapesg corrvespond very closely when

the macrosacpic study is made with B; = C. However, the macroscopic
calculsbion for which B, = 0.28 (B, is the hexadecspole deformation)

improves congidersbly - cspecisily for the 4% and 6% states. Thus, it
would seam that we must find some means by which this effect may be
gimuleted 1n the microscopic caiculation. One very encoursging
pos%%bility is suggested by some recent work by Castel and Parikh

on “¥8i. By & refinenent of the ugual HF minimizsbion procedure, they
were sble to find & wave Tuncbion which had both & Llower ground state
energy and an incressge in hexadecepole deformstion. A program to apply
this technigque to the more complicated wave fuastions which we employ
is not being hotly pursued.
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TABLE I
Basis | (8DY2 |n(me; o - 2*)
i, 2. am.
6 state 2.94 109.9
15 state 2.73 190.9
Experiment 2.79 286
rape 11!V
vo US VLS ro rs rLS ao a‘s 8‘LS ¢
MeV | MeV | MeV f f f f
m ¢ m m m ‘ m m m
55.4) 7,3| 3.58 | 1.05 | 1.265] 0.95 |0.73 |o.61 |0.33 | 1.2

/rDetails regarding Uopt(r) may be found in Ref. (1).
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