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Thomas Form of the Spin-Dependent Optlcal
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ABSTRACT

Recently meaeured asymmetries produeedain
'theuinelastic scattering of 20.3 MeV polarized
}protons are analyzed in the DWBA collective model
approx1mat10n. Substantial 1mprovements are |
observed when the deformed spln—dependent optical

potentlal is of the full Thomas form.
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Previous analyses of inelastic seattering with
polarized protons at 18.6 MeVl)have shown that the
influence of the deformed spin-orbiﬁ interabtion o ™~
was not obvious although helping; in a limited sense, _ ‘ k/v
to reérqduce the obeerved aeymmetries. A simple .
deformed spin-orbit terﬁ was used, namely a symmetrized

form which gives the following spin-orbit form factor

F e = m) (Vi v (WY B =
“'T-le‘ .ZIP'F(X“) L [Y(r)O‘L+E"; \‘E;)](l) |

 in>this ekpreSsion the.deformatiqnzis maiﬁly:introducea |
in the radial term-;F(X&).-_The.inclueion of the
~above form factof,improﬁed-the.agreement with obée:ved
asymmetries although a larger ihcrease in the Spin;
orbit strength was necessary. Similar conclusions .
have been'observed from similar werk at higher
epergiesz’32 It was'noted that despiﬁe'tﬁe geﬁeral ;
iﬁprovement in the predicted asymmetries, a descrepancy
between theory and experiment at forward scaiﬁerihg |
angles remained unresolved. | )

4)

Sherif and Blair have recently p01nted out that

the deformed spln-dependent interaction of eq. (1)
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“‘ lower energies. Recent data
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is an oversimplification, and that a more appropriate

|form is the full Thomas form

Fery =( B )z< Vo4 £ W DPL

m,C

K 3-.';[57,‘(4‘(x,°)Y,_cP>)x-_E] . @

The above expression has substantlally 1mproved the

- agreement for forward angle asymmetry of medlum

energy protons4'52 Evidence of the correctness of

- the full Thomas form has been shown by spin-flip"

6,7)

measurements Moreover, it has been very success-

ful in explaining the measureds)inelastic polarization
of high energy protonsgz

Improved data on inelastic scattering of pelarized
protons should provide a sensitive test 6£'the Thomaal

formjofathe deformed spin-dependent interaction. In

particular, measurements with lower energy protons

“are desirable since, as mentioned above, the full

Thomas form has lead to substantial improvements in

the collective model description of high and medium
energy proton scattering; and it should be interesting
to see whether the same improvement is achieved at

10) .t 20.3 Mev with the

‘Saclay improved polarized beam should be particuiarly
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is an oversimplification, and that a more appropriate

form is the full Thomas form.

(L)

,v.‘Fso :(j—-) <5°+‘— )PL |
g :-__[y, (Fun Y Yy xpl. @

‘Thevabove expression has substantially improved the
“'agreementffor forward angle asymmetry of medium
energy'protons4'52 Evidence of the correcthess_of
the full Thomas form has been shown by spin-flip'
meaSurementss'7z Moreover, 1t has been very success-
ful in explaining the measured )1nelast1c polarlzatlon
of high energy protonsg)
Improved data on inelastic scatteringiof pOlarized
proﬁons should éfovide a sensitive test‘ef‘the“Thomae_
form of: the deformed spln-dependent 1nteractlon. In
partlcular, measurements with lower energy protons
fare desirable since, as mentioned above, the full
" Thomas form has lead to substantial improvementsvin
.the collective model description of ﬁigh and medium
energy proton scattering;. and it should be interesting
to see whether tﬁe same improvement is achieved at

10)

- lower energies. Recent data'O’at 20.3 Mev with the

Saclay -improved polarized beam should be particularly
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suitable for this purpose. We shall dnly analyse
asymmetry data since cross sections are'slightly
affected by the deformed spin-orbit term.

| The gxperimental asymmetrieS'will be compared
to DWBA collective model predictions using either the
simplified form (eq.(l)) or the full Thomas form

(eq. (2)) for the deformed spin-dependent interaction.
Calculations are cafried'out using a computer code
written for this purposesz We also compare one case
with.coupléd channel calculations carried out &ith
the Oxford codellz The nuclei considered here are

24 90 92

Mg, “"Zr, and ““zr. The optical model parameters

used in the p:esent analysis were obtained by searching

on elastic cross section and polarizationlol

In the figures shown; the curves denoted by
L4 (2) = 0, are essentially those obtained with
s,def . _

the symmetrized form of eq. (1) (see ref.4). Fig.l
shows the asyﬁmetry for the first 2t state of 24Mg
together Qith theoretical predictions when the spin-
'dependen; interaction is of the full Thomas form and
when it is of the symmetrizéd form. Also shown is

a coupled channel prediétion using the symmetrized
form (only with slightly smaller ﬁf°). The 24Mg
nucleus is strongly aeformed and the 2t state at

1.37 MeV is generally well described as a symmetric
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rotator. Recent measurementslz)at 49.5 MeV give an
aSymmetry_with two bumps one around 60° and the other

at back angle near 110°. The latter is well fitted

}with the symmetrized form; but the forward one is not

at all reproduced_by such calculationsl3l It is only

when the full Thomas form is used that the forward
5)

asymmetry is well reproduced‘q- The situation we have

here at 20 MeV is similar in that the second bump

.(at about 120°) is reproduced by both forms but the

forward asymmetry is reproduced only when the full
Thomas form is used. The coupled channel prediction
méy”provide a better fit if the Thomas form is adopted
‘in tﬁesé calculations. The asymmetry for the 4%
statevdt 4.12 MeV is poorly reproduced either with
or withoui the fuli Thomas form and may perhaps |
require more elaborate calculations.

Figs. 2 and 3 show the asymmetries for the first

922r, respectively. 'The curves

2% and 3" states in
are collective model-predictions using the symmet:ized
form and the full.Thbmas form. A larger spin-orbit' _
deformation is used‘in these calCulations, For the
Zf-state the introduction 6f the full Thomas form
édbstantially improves the asymmétry at forward angles.
The fit is fai;ly good up to 85°,'thle at back angles

a-disagreément'with the data remains, although the_



-6 - : ' UCRL-18569

ﬁhase is constantly correct. Similar Behavior is
Observed for the first 27 state in 90Zr.
The fit to the asymmetry for the 3~ state is

good with the symmetrized form around 85° and 140°
and the full Thomas form hardly affects the fit at
those angles. Nevertheless, the full Thomas form
leads to a definife\improvement in the asymmetry for
sgattering angles less than 50°. The overall fit
to the measured asymmetry is then rather géod at
all angles when the full Thomas form is used. This
is particularly true for the 3~ state in Ozr.

~ Our conclusion is that the asymmetry measurements
with 20 MeV protons provide'strong evidence that the
deformed spin—dependentAinteraction appropriate for
céllective model description of proton inelastic
scattering is of the full Thomas form. This strengthens
the evidehce already provided by measurements at high
and intermediate,energiesg'sl

The authors wish to thank Professor John S. Blair

for many helpful discussions and comments.
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FIGURE CAPTIONS

Asymmetry for the excitation of the first

+ 24

‘state in “"Mg by 20 MeV protohs; together

wifh DWBA fits using either the simplified . “

‘spin-dependent interaction:. 'Also shown is
a coupled channel fit.

,Asymmetty for the excitation of the first

92

+

state in ““Zr together with DWBA fits

using either the simplified form or the full

- Thomas form of the deformed spin—depehdent

-interaction.

Asymmetry for the excitation of the first

92

3= state in Zr together with DWBA fits

using either the simplified form or the

vfull Thomas form of the deformed spin-

- dependent interaction.
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