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%e present results of calculations which suggest that several of the spin observables for elastic
scattering of 500-Mev polarized protons from a polarized "C target are sensitive to relativistic as-
pects of nuclear structure.

PACS numbers: 24.70.+s, 24.10.Ht, 2S.40.Cm, 25.40.Ve

Over the last few years our theoretical understand-
ing of the intermediate-energy proton+nucleus (pA)
elastic-scattering process has improved considerably as
a result of Dirac phenomenology' and the develop-
ment of the relativistic impulse approximation (RIA)2;
the recently obtained quantitative agreement between
experimental and theoretical analyzing power (A») and
spin-rotation (Q) observables stands in marked con-
trast to the previous failure of nonrelativistic (NR)
multiple-scattering approaches. '

A characteristic feature of the relativistic models is
the large scalar and timelike vector potentials of the pA
interaction. One consequence of such potentials is
that virtual, negative-energy projectile states contribute
sigmficantly to the pA scattering process"; it is their
inclusion in the relativistic models that leads, in large
part, to the good agreement with A» and Q data at 500
MeV.

Relativistic nuclear-structure models~ also contain
strong scalar (Us) and vector (Uv) binding potentials.
In relativistic Hartree modelss these potentials en-
hance the strength of the lower component of the nu-
clear wave function compared to that in the weak-
binding or NR limit (i.e., Us = Ut =0). Proof of the
existence or nonexistence of relativistic corrections to
nuclear wave functions is not easy. Theoretically, the
lower-component enhancement, predicted in relativis-

tic Hartree models, may be quenched when exchange,
correlation, three-vector currents (for nonspherical tar-
gets), 9 and meson-loop corrections are included. 'o Ex-
perimentally, magnetic elastic electron scattering from
odd targets, " '2C(e, e') (12.7 MeV 1+ T =0) magnetic
transition form factors, '2 and the P Aspin differ-—
ence for '2C(p, p') (12.7 MeV 1+ T=0)'~may provide
some insight concerning relativistic effects in the tar-
get wave function. The results of these investigations
are, so far, indecisive.

In this Letter we propose an alternative method.
We show that several of the calculated spin observ-
ables in intermediate-energy pA elastic scattering from
polarized odd nuclear targets are sensitive (in both shape
and magnitude) to realistic enhancements of the lower
component of the target wave function. It is important
to address this sensitivity since polarized nuclear tar-
gets are currently being developed for such experi-
ments. '~'6 The choice of a '3Cv, t target in this study
was motivated by previous developments in polarized-
target technology. '

The 500-MeV p~t+' C~t elastic-scattering observ-
ables were calculated with the RIA optical potential2 5

given by
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where r( is the nucleon-nucleon (NN) interaction operator, 2

(i Fs + ~p Yoy 1 + FvYtt Y(p+ FA Yo)'tt Yl Ylp+ FT~t| ~1@,v (2)

Projectile and target nucleon are denoted by (0,1), respectively. In Eq. (1) the quantum numbers p, and (u,
' refer to

the initial and final total angular momentum projection for the target (equal to + —,
' for ' C), and ~0„) is the an-

tisymmetrized target wave function given by

~0„) = (I/QA!)Det' 'ut l(r;),

where u I I
is expressed as

f

g„(,(r )
—(o ra„(J(r)

I'(('(r).u„(,„(r)=

With this independent-particle form for the target wave function, the optical potential can be separated into a core
part (Is&~2 and Ip3/2 orbitals) plus a contribution from the Ip(~2 neutron. More sophisticated relativistic target
wave functions are currently unavailable but can be readily included in Eq. (1) in the future.

At this time, a full numerical solution of the relativistic proton+odd nucleus elastic-scattering problem is not
available. '7 Therefore, the p + '3C elastic-scattering amplitude,

f, , (k, k') =f","' (k, k')8, +f'~, , (k, k'),
m'p, '', m p,

' m;m mg p, ~m~p,
(4a)

was approximated by the assumption of the RIA p + '2C scattering amplitude for f'"' (as obtained in Ref. 5) and
use of the relativistic plane-wave Born approximation for f",where

f'r,', (k, k') = —[m/27r((((c ) ]u, (k') d r e '" ' U'(', (r)e'"''u, (k) (4b)
mg p, ,mg p, S

U' is the odd-nucleon portion of the RIA optical po-
tential, and u, (k) denotes a projectile spinor. Distor-
tion effects and virtual projectile pair-production pro-
cesses were therefore included for the core nucleons
but not for the Ip(~2 neutron. The results of such cal-
culations should indicate which spin observables are
most sensitive to the lower component of the target
wave function; this sensitivity is expected to remain,
for the most part, when all distortion effects are in-
cluded. "

The relativistic target wave functions used are those
of Horowitz and Serot. 8 The NN interaction was
derived from the SP82 phase-shift solution of Amdt et
al. '9 For comparison, other calculations were made in
which the lower component of the Ip(~2 neutron wave
function was set to the weak-binding, NR limit, using
the Dirac-equation result,

1'

(5)

.o

CS

C3

p+ C 500 MeV
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where P(~„,(r ) was again taken from Ref. 8.
The solid curves in Figs. 1-3 correspond to results

of calculations with X»„,(r) from Ref. 8, and the

dashed curves represent results obtained with Eq. (5).
As seen in Fig. 1 the sensitivity of unpolarized-target
observables do/dII (0), P(8) [or A~(H)], and DLMo
[essentially —Q(8) at small momentum transfer] to

is slight. Cross-section and analyzing-power

data at 547 MeV are in reasonable agreement with
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FIG. 1. Results of RIA calculations for 500-MeV
p„(+'3C (unpolarized target) elastic-scattering observables
using relativistic h.» (solid curves) of Ref. 8 and NR P.»~ I/2

(dashed curves) using Eq. (5) as discussed in the text.
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FIG. 2. Same as Fig. 1 except 6-type polarized-target ob-
servables. Note the expanded vertical scale.

FIG. 3. Same as Fig. 1 except s-type polarized-target ob-
servables. Note the expanded vertical scale.

by the core and @i~ (r) contributions.

The spin observables in Figs. 2 and 3 are small in
overall magnitude since the interaction of the projec-
tile with only one of the thirteen target nucleons con-
tributes. It is important to note, however, that the
changes in these observables are roughly proportional
to the assumed changes in Xi~ „and that the errors in

the data are expected to be ~ 0.0I for the Boo, . %e
also point out that the n- and s-type observables, un-
like the polarized-target observables, are not overly
dependent on the theoretical description of the scatter-
ing amplitude from the core.

In summary, on the basis of the RIA calculations
discussed here, we find that the following p„,+ '3C„,
elastic-scattering observables are proportionally sensi-
tive to the magnitude of the lower component of the
odd-nucleon relativistic wave function:

~oocs = &coos ™woes= Mcows

~ooss = &soos. ~soL~ = —~L os'.

The approximate equalities indicate qualitative similar-
ities between observables. An experiment to measure

these predictions. The notation for spin observables is
that of Bystricky, Lehar, and Winternitz ', n, I, and i
lie along the directions (kx k'), (k+ k'), and (k' —k),
respectively.

The sensitivity of unpolarized-target observables to

X», in those angular regions corresponding to diffrac-

tive minima in the cross section cannot be used to in-

vestigate relativistic nuclear structure effects since this
requires an accurate theoretical description of the core
portion of the p + '3C scattering amplitude. Uncertain-
ties in the %% interaction, core wave function, correla-
tion effects, target deformation, and multistep
processes, etc. , make conclusions drawn from such
comparisons ambiguous.

The observables Aooww and Msocw (n-type
polarized-target) as well as observables Aoocs and

Aooss (i-type polarized target) display (Figs. 2 and 3)
sensitivity to li. i~„, throughout the angular region

between the first diffractive minimum and maximum
in the cross section. The 1-type polarized-target ob-
servables show little sensitivity to A. i~, , The n and-
s-type spin observables are dominated by the spacelike
vector and pseudoscalar interactions, respectively. 22

These interactions couple the upper and lower com-
ponents and cause these observables to be roughly
proportional to X», , without significant suppression
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p„~+ C„~ elastic-scattering spin observables at inter-
mediate energies is being planned at the Clinton P.
Anderson Meson Physics Facility. '4 The experimental
advantages of forward-single proton-nucleus elastic
scattering are obvious. More realistic predictions of
the polarized-target spin observables mill require con-
siderable effort. An effort is currently under way to
carry out a full distorted-wave calculation including
more realistic target wave functions and improved NW

interactions and will be reported ~hen completed.
Also required as part of this investigation is the
development of a nonrelativistic calculation of
p„~+ C~,~

elastic scattering.
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