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The helion elastic scattering cross section and polarization data for a target mass range
16 & 3 &48 are fitted using the optical model, where the spin-orbit potential is deduced microscopi-
cally. The quenching effects on the spin-orbit potential of the nucleons occupying the spin-
unsaturated shells in the target have been included through the nucleon-nucleus interaction in two
different ways, one being an ad hoc approach, while the other is based on more rigorous calculations
recently presented in the literature. Both methods produce very similar results and the predictions
are comparable to the completely phenomenological approach, despite the contrasting shapes of the
microscopic and phenomenological spin-orbit potentials. The valence quenching effects on elastic
polarization are found to be small. The deduced N-nucleus spin-orbit potential strengths are con-
sistent with the values obtained using realistic nucleon-nucleon calculations for the targets near
closed-shell nuclei. The effects of using different nuclear densities and the sensitivity to the helion
wave function are described.

INTRODUCTION

The origin of the nucleon-nucleus (N-A spin-orbit
(SO) interaction has been the subject of intensive study for
over thirty years. Unlike the case of an electron moving
in a Coulomb field, where the force arises from elec-
tromagnetic considerations, the difficulties in the nuclear
case arise from the complex meson exchange nature of the
nucleon-nucleon (N-N) interaction. In spite of the diffi-
culties, some notable contributions to its understanding
have been made, ' and, recently, some new aspects of the
underlying dynamics have come to light.

It has become particularly relevant to inquire about the
nature of this force with the availability of polarization
measurements involving complex projectiles such as
deuterons, tritons, helions, and ' Li. The folding model
provides a link between the polarization measurements
and the N-N interaction. It is necessary in such an ap-
proach to consider the internal structure of both the pro-
jectile and 'the target nuclei. In either particle a cluster
approach can be used to separate the spin-saturated (core)
nucleons (SS) from the spin-unsaturated (valence) nu-
cleons (SUS).

Spin-1 projectiles can be assumed to consist of a deute-
ron cluster moving around the ( 3 —2) core, ' with the SO
interaction arising from the deuteron averaged over the
relative motion wave function between the clusters. Simi-
larly, Li can be considered as a n- Li or a-t cluster.
However, for the lithium particles, these prescriptions are
not successful in explaining the vector analyzing powers
and it is necessary to include the effects of projectile exci-
tation. ' For incident particles such as ' C, Moffa' con-
siders the SO force to arise solely from the valence nu-
cleon (in the p~&2 shell model orbital) and the resultant
potential is obtained by convoluting the nucleon-nucleus
(N-~ interaction with the nucleon wave function and the
target density. This approach produces a shell-dependent
potential; it being attractive (repulsive) for the valence nu-

cleon occupying a j= l + —,
' (l ——,

'
) state.

The effect of valence nucleons outside the spin-
saturated core should be included for the target as well as
the projectile. This is particularly important for the fol-
lowing analysis of 33 MeV helions scattering from light
nuclei in which the nucleons in the spin unsaturated shells
are an appreciable fraction of the total (e.g., sCa). The
microscopic SO potential was deduced by an extension of
the method of Watanabe' by Keaton et aI. ' The N-~
interaction incorporates the valence quenching effects
described by Scheerbaum. Apart from consistency with
Scheerbaum's work, the cancellation of the spin-saturated
core contribution by the inclusion of the valence effects
provides a possible mechanism for the anomalously small
diffuseness (a, =0.2 fm) characteristic observed in the
phenomenological helion SO potential. ' Also, the mi-
croscopic description is expected to lead to a unique
helion SO potential, in contrast to the ambiguities ob-
served in phenomenological analyses.

The paper is organized so that in Sec. II a brief descrip-
tion of the spin-orbit folding model is given, followed in
Sec. III by the form of the helion wave function used.
Sec. IV describes how the spin-saturated core and spin-
unsaturated valence parts of the N-~ SO potentials were
constructed. In Sec. V the He-~ SO potentials are ex-
pressed in terms of these N-~ SO potentials. Section VI
illustrates the methods used to calculate the target densi-
ties on which the folding potentials depend. This is fol-
lowed in Sec. VII by the data predictions, and in Sec. VIII
the deduced strengths of the N-~ SO potentials are com-
pared with those arrived at from the N-N effective in-
teractions. Finally, in Sec. IX the conclusions are present-
ed.

II. THE FOLDING MODEL

The simple approach of Keaton et al. ' was adopted in
calculating the He-~ SO potential. The method is simi-
lar to those give by Abul-Magd and El-Nadi and
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the He-~ SO potential becomes'

U, (R)= V, — o"1. ,
h 1 dG(R)

(2 1)

(2.2)

where

h 1 N
V, = —, V, (2.3)

Samaddar et al.
Provided the distortion and dissociation term in the to-

tal wave function for the helion-nucleus system is ignored
and the internal helion wave function X(p, r) is assumed to
be spacially symmetric, then for a N-~ SO interaction

IV. THE N-~ SO POTENTIAL

A systematic and thorough investigation of the N-~
SO potential in terms of the N-N interaction by Scheer-
baum, ' ' within the Bruecker-Hartree-Fock approxima-
tion, has led to some interesting results. According to
these calculations, a nucleon interacting with the spin-
saturated core of a nucleus produces a SO splitting so that
(as usual) the j=l+ —,

'
energy level is placed below the

j=h ——,
' level. ' '" But, surprisingly, its interaction with

nucleons in the spin-unsaturated shells tends to invert the
positioning of these doublet levels. ' This produces a
quenching of the SO potential. The total potential may
therefore be split into two components:

G(R)= fdpdr ~X(p, r)
~

g(s) . (2.4)

vs(r)=vss(r)+vsUs(r) .

A. SS core contribution

(4.1)

The coordinate system is shown in Fig. 1. V, and g(s)
are the strength (or depth) parameter and form factor of
the N-~ SO potential, respectively. o. (o) and 1 (1.)
correspond, respectively, to the spin of the nucleon
(helion) and its orbital angular momentum about the tar-
get. It will be noted that the strength of the potential for
the helion, V,", is expected to be one-third of that for the
nucleon. '

In calculations including the exchange effects, the con-
tribution to the SS core component arises in two parts: in
the first order due to the effective N-N SO interaction, '

and in the second order due to the tensor component" of
this interaction. For nuclei with an N =Z SS core (which
is so for the targets considered here), the potential is ex-
pressed" as

III. THE HELION %"AVE FUNCTION
vss(r) = ——S +KTp, (r) — cr I, .3O ~ 1 dPc

r dr
(4.2)

X(p, r) =N exp[ —y(2p + —', r )], (3.1)

with

(3.2)

The value of y was fixed to 0.0686 fm, which is satis-
factory in reproducing the electromagnetic form factor
for the helion.

For a Gaussian projectile wave function it can be
shown that the six-dimensional integral (2.4) reduces to
a one-dimensional integral. Because of the simplicity this
introduces in the numerical evaluation of. the potential,
for the helion it was taken to be

where

S = $ J( gSg 5d$
q 0

(4.3)

is the strength of the first order contribution and KT is
the parametrized two-body tensor interaction strength (see
Ref. 11). p, is the core density of the nucleus,
q ( =0.7 fm ') is the average "wavelength" of the density
distribution at the nuclear surface, j] is the first order
spherical Bessel function, and g is the triplet-odd (30)
effective N-N SO interaction.

Although the second order tensor contribution was re-
quired in the bound state calculations to correctly predict
the splittings for the normally occupied levels, "a parallel
derivation to Scheerbaum's by Brieva and Rook (BR)
(Ref. 7) for the N-~ scattering was shown to be sufficient
to first order. This is consistent with Scheerbaum's earlier
findings' that Eq. (4.2) to first order correctly predicts
the splittings of the valence (normally unoccupied) levels.
The N-~ SO potential of Brieva and Rook was

1 dpc
vss(r) =KgR cT'I,

r dr

with

(4.4)

KgR —— [B (p,F)—R (k;—p,E)], (4.5)

FIG. 1. The coordinate system used in the derivation of the
helion potential. R joins the center of mass (c.m. ) of the projec-
tile with the e.m. of the target, and p joins the c.m. of nucleons
1 and 2 to nucleon 3.

where B and R represent the strengths of the direct
and exchange contributions, and k corresponds to the lo-
cal momentum. For low energy (k~0) projectiles, the
strength EBR reduces to
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7T 30+BR
2

where

(4.6) was obtained for spherical targets. Here, J(k ) is the
strength of the valence contribution arising from the cen-
tral (tc) and tensor (tr. ) N-~ interaction components, and
is given by

g30 f t30( ) 4d (4.7)

and t is the triplet-odd effective N-N SO interaction,
which for the scattering case could be complex in con-
trast to g

Invoking Eq. (4.7) it will be seen that Eqs. (4.2) and
(4.4) are equivalent to first order (for qs «1), and the
values of 5 and 8 are found to be in agreement for
realistic N-N interactions. This formulation for the SS
core component of the N-~& SO interaction has been used
in the following.

B. SUS valence shell contribution

p dpU
usus(r) = —&aR

dy
(4.8)

where /3 is the relative strength of the valence and core
parts, p, is the density of the valence nucleons in the SUS
shells, and XnR is given by Eq. (4.5). This has been in-
cluded in the prediction ' of the 50 MeV Mg( p, p) Mg
data of Lewis et al. and comparison with the conven-
tional Blin-Stoyle prescription indicated detectable differ-
ences due to the SUS effects. Furthermore (and this was
not explicitly mentioned by Cohler et al. ), comparison of
the SO potentials for the two cases revealed that the in-
clusion of SUS quenching reduced the "radius parameter"
of the potential (see Fig. 1 of Ref. 31). Therefore, SUS ef-
fects provide an alternative mechanism to those discussed
in the literature ' for this reduction when compared to
the real central potential. Also, Dudek et a/. have re-
cently used this approach to correctly predict the charac-
teristic oscillatory behavior of the SO radius and strength
parameters for the deformed nuclei as a function of the
nuclear mass.

The work of Scheerbaum has recently been extended by
Love' to include the effects of the SUS valence nucleons
in the N-~ scattering. Within certain approximations, a
local SO contribution of the form

u„&(r)
usUs(r)= gflN& —(l —1)N&] o"1

24m 1 y
(4.9)

The quenching of the SO splitting by the SUS valence
nucleons has been derived explicitly by Scheerbaum' to
first order in the Brueckner-Hartree-Fock expansion. Its
source is the exchange term in the interaction energy
equation and its repulsive characteristic comes from the
negative sign of this term. The predominant N-N interac-
tions participating are found to be the central and the ten-
sor components. The method' has been successfully ap-
plied by Goodman and Boryscowicz to explain the mass
dependence of the / =5 proton SO splitting.

Because of the nonlocal characteristic of the SUS ef-
fect, ' an ad hoc local potential —of the derivative valence
density form with its sign reversed —was constructed as
done by Cohler et a/. ' The contribution may be ex-
pressed as

3J,(ks)
J(k )=4~f dss [tc(s)—tr(s)]

0 ks
(4.10)

n/j correspond to the valence level quantum numbers; X&
and X& are the respective occupation probabilities of the
j=/+ —,

' and j=/ ——,
'

levels; and u„~ is the complete radi-
al part of the single particle orbital.

Comparing Eqs. (4.8) and (4.9), it is interesting to note
the differences in the analytical forms between the two
approaches. Therefore if the predictions are sensitive to
the SUS quenching effects, this should be clearly reflected
in the fits to the data

C. Relative strengths of the SS and SUS contributions

Combining the results of Secs. IVA and IV B, the N-~
SO potential for the ad hoc approach becomes

1 dye
u, (r) =Kaa

y dy
P dPu

r dy
(4.11)

and using the standard expressions for the density distri-
butions for the more rigorous approach of Love, ' it may
be expressed as

1 dPc Pnl
u, (r) =%BR — +vga„~ o"1,

nI

(4.12)

J(k )

@30 (4.14)

and, assuming B =36 MeV fm (Ref. 7), coupled with
the results of Love, ' its values for some targets are listed
in Table I. v lies in the range 1.2—1.5. Of course, there
are uncertainties in its value as a result of errors in J(k )

and 8 . For example, 8 =47 MeV fm is derived from
the Yale or Gammel-Thaler effective N-N interactions, in

TABLE I. The strength of the N-~ SO potential due to SUS
shells (Ref. 13) and its comparison to the contribution from the
SS core. The projectile energy E is measured in MeV and J(k )
is in MeV fm .

Target

12C

28si

Ca
48C

Energy (E)

45.5
30

135
15
30

396
486
130
509
459

2.8
3.0
1.5

14
14

1.2
1.4
0.4
1.5
1.4

where v is the relative strength of the valence to core con-
tribution, p„Iis the density of the valence level n/, and

lX, —(I +1)%
nl =

X) +X( (4.13)

Utilizing Eq. (4.6), the factor v may be approximated
by
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which case v becomes confined to the range 0.9—1.1. The
value of v decreases even more if B is derived from the
free N-N interactions. In view of the uncertainties in v
around a value of unity and (as will be illustrated in Sec.
VII) the relative insensitivity of the angular distributions
to its exact value in this vicinity, v was fixed at 1.0.

As for v, the weight (P) for the SUS contribution in Eq.
(4.11) will in some way be dependent on B, J(k ), and
the valence orbitals. However, it is not clear what the
exact relation should be. Cohler et a$. ' were able to get
reasonable reproduction of some extensive

Mg(p, p) Mg data taken at 50 MeV using P=1.0.
On the other hand, Dudek et a/. required its value to be
=0.25 for protons and =0.4 for neutrons to correctly
predict the radius and strength of the SO potential for de-
formed nuclei. However, they restricted their analysis to
the mass range 3 ) 100 and an extrapolation to the
presently considered mass range may not necessarily be
valid. This is especially so in light of the comment by
Dudek et al. that for the deformed nuclei considered by
them, the single-particle orbital momentum is not a well-
defined quantity and, consequently, the notion of spin
saturation loses its meaning in the sense defined by
Scheerbaum. ' Bearing in mind the completely ad hoc
nature of including the SUS effect, and to maintain con-
sistency with the work of Cohler et al. , ' P was fixed to
1.0. With this assumption the dependence of SUS com-
ponent in going from one nucleus to another comes entire-
ly from the valence density. The effect of reducing /3 will
be discussed in Sec. VIII.

V. He-NUCLEUS SO POTENTIAL

1 dg„i(s) p„i
5

(5.2)

In the following, the helion SO potential calculated us-
ing Eqs. (4.11) and (4.12) for the N-~ SO interaction will
be referred to as the ad hoc model and present model,
respectively. For the former, due to the derivative density
form of Eq. (4.11), the form factor G (R) simply becomes

«R)= f dpdr
l
x(p r) I'[p, (s) —Pp, (s)] . (5.1)

In other words, the difference between the SS core and
SUS valence densities is averaged over the helion wave
function.

For the present model, however, the valence contribu-
tion is not of the derivative form. Therefore to evaluate
the helion form factor, a function g„I(s)for the valence
part, defined by

~ f'nl
hmst =0
s —+0 s (5.3)

limit —=0,. PnI

&~co 5

g„lwas computed using.p„,(x)
g„((s)=f dx .

(5.4)

(5.5)

The form factor may now be expressed as

G(R)= f dpdr ~g(p, r)
~
~[pc(s)+vga„ig„l(s)].

nl

(S.6)

V =—Bh ~ 3p
S (5.7)

So utilizing a realistic N-N effective interaction to calcu-
late B, in principle, fixes V,", and since the geometry of
the potential is determined by the helion wave function
and the core and valence densities, there are no free pa-
rameters. However it has been pointed out' that the
value of B (or S ) depends on the type of N-N interac-
tion used. Consequently, V,

" was allowed to be a free pa-
rameter to obtain the best fit to the data and the deduced
values of B were compared with the values derived from
some popular N-N interactions.

VI. TARGET DENSITY

The simple independent particle shell model approach
of Batty and Greenlees (BG) (Ref. 35) was utilized for cal-
culating the target densities. The nucleons moved in
Saxon-Woods potentials of "standard geometry, " listed
in Table II, and the depths of the central ( Vo) and spin-
orbit ( Vso) potentials were adjusted to produce the bind-
ing energies of the last proton and neutron. The densities
of the SS core and SUS valence shells were then computed
in accordance with

core (2 + 1)
p, ( )=g (6.1)

For both models, the strength of the helion SQ poten-
tial, from Eq. (2.3), is

h
V, =TEgR,

or, if Eq. (4.6) is assumed,

was numerically calculated. Since p„~ satisfies the boun-
dary conditions

valence + (~/g)p(r)= g '
~~ I (r) ~',

4m
(6.2)

TAHE, E II. The "standard geometry" parameters used for the shell model potential to evaluate
matter densities. All lengths are measured in fm.

Nucleon

Proton
Neutron

1.28
1.19

ao

0.76
0.75

1.09
1.19

0.60
0.75

1.2

Reference

35
36
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where X,. is the occupation number of the valence shell
nlj and u„~z is the complete radial wave function.

For targets with 16&3 (26 the SS core was ' O, and
for A &40 it was Ca. For S the core density was taken
to be the sum of ' 0 and the nucleons in the 2s&&2 level,
and the valence density was due to nucleons in the 1d5&z
level.

To test the sensitivity of the helion polarization distri-
butions to the target densities, the semi-self-consistent
densities of Brown, Massen, and Hodgson (BMH) (Ref.
37) were also used in evaluating the SO potentials for ' 0
and Ca. The densities were provided by Brown. Aside
from these two targets, only the BG (Ref. 35) densities
were used.

VII. DATA PREDICTION

iO'

IO

10'-

05-

.~ 0.0
0
0
c -0S-

Ca( He, He) Ca

The folding model SO potentials were calculated in
steps of 0.1 fm within the range 0.1(r (14.6fm from
the target center, and the computer program RAROMP
(Ref. 39) was used to simultaneously fit the cross section
and polarization distributions. The closed or near-closed
shell target data considered were ' 0 (Ref. 24), '"' 0
(Ref. 40), and ' ' Ca (Ref. 25), and those in the mid-
mass range were Mg (Ref. 41), Mg (Ref. 21), and S
(Ref. 23). The central potentials were phenomenological
and their parameters were kept fixed to the values derived
in the relevant references ' ' ' ' which are listed in
Table III. Where possible, the central potentials were
chosen to be "physically meaningful" in the sense
described by Trost et al.

A. The Ca target

Since the present model is, strictly, only applicable for
spherical nuclei with SUS shells, the effect of the valence
nucleons satisfying this criterion is expected to be largest
for the Ca target. Hence this target will be considered
first.

The contributions to the data from the SS core and SUS
valence parts of the SO potential are depicted in Fig. 2.
This was done by achieving the best fit with the total SO
potential and then switching off the valence part to get
the fit due to the core contribution and vice versa. The fit
to the polarizations with the full potential is shown in Fig.
4, where it is compared to the predictions of the ad hoc
and phenornenological models. The polarization predic-
tions due to the core and valence parts (Fig. 2) are in anti-
phase over the whole angular range, as expected from the
opposite sign of the potentials. The important feature is
that the core contribution alone, when normalized, is suf-
ficient to account for the data. This aspect is again re-
flected for the ad hoc model (Fig. 4), since the predictions
due to the two folding models are almost indistinguish-
able. So the valence effects are difficult to extract even
for this extreme case.

The underlying reason for this insensitivity is illustrated
in Fig. 3, which depicts the core and valence contributions
to the SO potential for both folding models. The valence
effects are suppressed due to the much shorter range of
the valence potential compared to the core contribution
and over the most important surface region the differ-

I I I

6G I20
0ec.rn.

l80

FIG. 2. Comparison of the predictions due to the core and
valence components of the SO potential for the present model.

0.2
~c.(3H.—;H.~4'.

~ 00
-02

U
04

o -Oe
—--- ad-hoc

I

l

odel

I (fm)

FIG. 3. The core and valence parts of the SO potentials for
the present and ad hoc models. The nuclear surface as defined
by r&A' is at r=6.4fm.

ences are essentially those of scale rather than shape.
Also as a consequence of the shorter range of the valence
component, it is clear that the angular distribution is in-
serisitive to the exact value of the relative strength v
within the allowable range. A similar argument applies
for P.

Also, for Ca, the sensitivity of the data to the helion
wave function was investigated. The fits due to the
ad hoc and present models with a Gaussian He wave
function [Eq. (3.1)] were compared with those where it
was replaced with a delta function:

~
X(p, r)

l
'=&(p)&(r) . (7.1)

Although this produced a narrowing effect on the poten-
tials, as far as the polarization was concerned, no differ-
ence was found. The X contributions to the cross section
and polarization distributions are compared in Table III.
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B. All targets

O5- ~ Mg

~~a f' 7

-05-

05-
0

.e QQ0
O
0~ -O5-

l7O
4ti

t

"Mg
i

I
I
I

44C

I
I

j

05-
I

oo

32S

I 2 I

Momentum Transfer (fm~)
3 4

FIG. 4. PPolanzatlon predictions usin the mi
phenomenological SQ

s using t e microscopic and

o e o ding potential generated usin th
ensltles and the dotted curves usin 8

'

g e

all other targ t th le s e so id and dotted curves re
the present and ad h

rves represent fits due to
an a oe models, respectivel . Th

are due to complete h
y. e dashed curves

p e e p enomenology in all ca
curves are not visible t

gy
'

cases. Where dotted
no visl e, they are coincident with solid curves

The fe folding model calculations for all the t
d d d

fits to the cr
compared with phenomenology in Fi 4 Th

oss sections are not shown due h
'

ig. . e

tivel reduc
ue to t eir rela-

y e uced sensitivity to the SO potential. There are
significant differences between th

heno
en e two approaches

p enomenology and microsco ) f h
but these become smaller for the other tar

py or t e oxygen isoto es

croscopic fits are
or e ot er targets. The mi-

i s are generally slightly inferior to the
phenomenological fits but of h

'
p-o course t e microscopic ap-

proach is physically more meanin ful and h
s. e a oc and present model predictions ar

most identjcal. An djff jny i erence in Mg is not confidentl
considered meaningful due to the lar

i en y
o e arge error bars assigned

o e po arization data, in which case it c
e minimization routine in RAROMP reache

meaningful minimum.
P reac ed a

Fo 16O 40

carried ou
and Ca, the microsco icp'c calculations were

rie out for the BG (Ref. 35) and BMH (Ref. 37 tar et

over the full an
re ic ions m Fig. 4 are coincident

e u angular range. Therefore it is ff
use the sim le in

i is su icient to
p e independent particle shell model densities

for generating the folding model SO o
scattering.

e potentials in helion

Figure 5 compares the microscopic and phenomenolo i-
cal SO potentials for all the tar et Tharge s. e contrast between

~ ' w ~

I
* ',' Mg

-2-
U 3

0
CL

0 -2-
V) 3.

ISO
I 2 3 4 5

32/

2 3 4 5
r (en)

44'

48'
I 2 3 4 5

FIG. 5. Com parison of the microscopic and heno
cal SO potentials for all thes or a t e targets considered. For ' 0 and

a, the solid lines are due to the foldina e o lng potential ge crated
enslties and the dashed curves usin BG de

ties. For all other targ t th l'e s, e so id and dashed curv

'ng ensi-

spond to res t and ad hon an a oc models, respectivel . The
curves are due to compl t hp e e p enomenology.

y. ec aln

the two approaches is quite striking, with heno

t e its are corn ar
in e nuc eus and generally have longer tail Y'

s. et

ore the polarization data are
e o s. ere-

ata are not very sensitive to the SO
potential shape, which is consistent with revi

ysis o t e calcium data wh
this potential was found to be ambi uoug o

e a oc and present model potentials near
nuclear sur face are sma
cussed earlier.

a , except or M fa g or reasons dis-

VIII. THE DEEDUCED N-N SO STRENGTH B

It wwas pointed out in Sec. V that the stren th

e - e ective SO interaction. The de deduced values of
e q. . are listed in Table II

10
ri

Th 11 d 1'ra e as ines parallel to the 3 axis, with
magnitu es depending on the type of N-N ff
teraction used.

0 - e ective in-

It will be noted that there is ualitative g
p . The preferred value ofan ca cium isoto es.

re erre to as S by Scheerbaum) is, on th
that derived from the Yale or

is, on t e average,
Gammel-Thaler (see R f.

e ective interactions, which isc is somewhat higher than
e m evaluated from ot

tions.
other modern interac-

For the intermediate targets, B is consisten
than the theory and th d

'
ap gn e isagreement is a

model assumes the tar ets t
n rno e. It must be remembeered that this

e argets to be spherical. Adopting the



31 NUCLEAR SHELL EFFECTS IN HELION POLARIZATION PHENOMENA 114S

E (00-
SO-

4
/

/
/

/

0
40-

o ad-hoc model

20
~ Present model

Target Mass, A
FIG. 6. The N-~ SO strength 8 derived from the helion-

nucleus elastic scattering polarization. 8&-53 MeV fm' is de-
rived from the free Hamada-Johnston or Gammel-Thaler N-N
SO interactions. 82—47 MeV fm is derived from the Yale or
Gammel-Thaler effective N-N interactions. 83-36 MeVfm
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"incorrect" form for the quenching of the core contribu-
tion may require a larger depth of the SO potential to
reproduce the data and hence lead to an overestimation of
B30

Despite the insensitivity of the polarization distribution
to the precise values of v, it is evident that a change in its
value will affect the 8 value deduced. If v is increased,
the SS core contribution must be increased to restore the
original magnitude of the SO potential in the surface.
Consequently the overall strength of the SO potential, and
hence 8, must increase. For Ca, a change in v from
1.0 to 1.5 results in an increase in B of about 10—13%
(within the constraints imposed on the surface shape).
This gives an estimate of the uncertainties in B, and
within these errors there is clearly an agreement between
the ad hoc and present model approaches for nuclei near
the closed-shell region. It should also be noted that an in-
crease in v will result in a further deviation from the
theoretical B values indicated in Fig. 6. On the other
hand a decrease in the value of P from unity, as suggested
by Dudek et al. will improve the agreement with the
theoretical B values. Assuming that the SO interaction
for the helion results essentially from the neutron, due to
the protons coupling to zero spin, @=0.4 (Ref. 33) would
be appropriate. As a consequence, B for Ca would de-
crease by =20%. A decrease by this amount is certainly
in order for the Mg and S targets to get better agree-
ment with the theoretical SO strengths.

Another interesting possibility for the observed overes-
timation in Fig. 6 may be linked to the choice of the so-
called "physically meaningful" real central potential fami-
ly. According to Trost et al. this family has a target
mass dependent real volume integral per particle pair, Jz,
such that its value for the oxygen isotopes should be
-440 MeV fm and for the other targets considered here:
-330 MeV fm . Clearly, from Table III this condition is
not satisfied by the intermediate targets. Also it is
known that the depth of the SO potential is approxi-
mately proportional to the real central potential. There-
fore the physical family for these targets would reduce the

SO depth, and consequently 8, by roughly 25%, thus
improving agreement. This is especially so for Mg and

S for the ad hoc model. However the existence of this
family for these two targets was not reported by Entezami
et ah. ' and Barnwell et a/. The case of Mg will not
be discussed here, as mentioned before, due to the lack of
extensive and accurate data.

Qn the basis of the values B, the ad hoc model is pre-
ferred over the present model, despite the fact that both
models produce very similar fits to the data. The qualita-
tive agreement of these strengths is encouraging, because
it indicates that the simple folding model approach is
quite adequate in helion scattering. This also suggests
that its prediction, that the helion SO potential depth is —,

of that for the nucleon, is reasonable. This is in contrast
to the conclusions of Thompson. "

IX. CONCI USIONS

A semimicroscopic optical model was used to predict
the 33 MeV helion elastic scattering polarization and
cross-section distributions from targets in the mass range
A =16—48. The SO potential was generated using a sim-
ple folding model approach and was expressed in terms of
the N-~ SO interaction (itself deduced from the N-N in-
teraction) and the helion wave function. The central po-
tentials were phenomenological.

The main theme of the investigation was to find if and
to what extent the helion polarizations are sensitive to the
quenching effects of the valence nucleons in the SUS shell
nuclei on the N-~ SO force. The valence effects were ex-
pressed in two different ways, leading to what were
termed the ad hoc and (the more rigorous) present
models. The SS core parts of the potentials were identical
in both cases.

Both methods led to a number of interesting con-
clusions. Firstly, for all the targets, and particularly for
those near the closed shell region, the polarization distri-
butions were insensitive to the shape of the valence ef-
fects. This behavior was traced to be due to the much
shorter range of the valence potential in comparison to the
core contribution, and this consequently also explained
why both approaches produced similar predictions despite
differences in their analytic forms. The predictions were
also insensitive to the helion wave function shape and to
the methods involving a degree of sophistication in the
evaluation of the target densities. The geometry of the
folded SO potential was very diffuse compared to the
phenomenological potential. The valence effects were un-

able to reproduce the sharply localized characteristic of
phenomenology which is probably due to the Woods-
Saxon model dependence. Even more important than the
insensitivity to valence effects was the result that the po-
larizations were insensitive to the change in helion SO po-
tential.

The quality of the fits using the microscopic prescrip-
tions was comparable to phenomenology. For ' Mg tar-
gets both the microscopic and phenomenological ap-
proaches were unable to fit the important forward angle
regions (q(1.S fm '), but were both satisfactorily fitted
for the larger angles.
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From the depth parameters of the microscopic SO po-
tentials the deduced N-~ SO potential strengths were
found to be consistent with the values deduced from the
N-N effective SO interactions of the Yale of the
Cxammel-Thaler type, for targets in the closed shell re-
gion. The deduced strengths for the intermediate targets
were overestimated and it was suggested that this may be
related to the choice of the central potentials in addition
to the uncertainties in the strength of the SUS valence
component of the SO potential. The N-K strengths cal-
culated from the ad hoc model agree somewhat better
with those obtained from calculating the shell model split-

ting energies' than with the more rigorous present model.
In summary, the insensitivity of the helion polarization

data to the SO potential is surprising, but perhaps the re-
action asymmetries will be useful in isolating this force
more definitively.
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