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Polarization —analyzing-power differences in B(p, rs) Q are predicted to be observable
at selected energies below E& -10 Mev at the level of

~
P —A~ & 0.1. This result is derived

from recoil-corrected continuum shell-model calculations in the one-particle, one-hole
approximation, using a realistic-g-matrix interaction.

Following the pioneering work by Haight et al. '
on 'H(p, n)'He, polarization-analyzing-power
comparisons have been made for several (p, n)
reactions involving mirror nuclei. In particu-
lar, experimental results have been obtained for
'H(p, n)'He, "'I i(p, n)'Be, 5'6 'Be(p, n)'Be,"and
"N(p, n)"0."With the notable exception of
"N(p, n)"0, the polarization (P) and the analyzing
power (A) are found to be essentially indistinguish-
able4 in each of these reactions at all energies
and angles for which data are available. This Let-
ter describes the results of a calculation which
predicts observable differences between I' and A
for "B(p,n)"C.

On the theoretical side, it is known that a non-
vanishing P -A difference in these reactions re-
quires the presence of both an isospin-symmetry-
breaking component in the interactions responsi-
ble for the reaction' and a transverse spin-flip
mechanism which yields a spin-flip asymmetry. "
As a consequence of these requirements, Arnold"
has suggested that an observed nonvanishing I' -A
difference indicates the simultaneous presence of
isospin mixing and configuration mixing in the
states through which the reaction proceeds. It
has also been suggested" that I' -A differences
can, under suitable circumstances, provide infor-
mation pertinent to the analysis of resonant
states. Thus it is of interest to find and investi-
gate examples of these reactions for which signi-
ficant P -A differences exist.

Conducting an experimental survey for differen-
ces betweenI' and A in even one of these reac-
tions is an extremely arduous procedure. The
importance of theoretical guidance, if available,
is therefore evident. However, the phenomena
of interest occur in an energy region dominated
by partially overlapping resonances where predic-
tions which are both detailed and accurate are
difficult to achieve. Some recent calculations"
with the recoil-corrected continuum shell mod-el""(RCCSM) have proven quite promising in
this regard. Calculations for 'H(p, n)'He in the

one-particle, one-hole (1p-1h) approximation
have yielded polarizations and analyzing powers
which are inexcellent agreement with the data.
Similar calculations for "N(P,n)"0 have also re-
sulted in good qualitative agreement with the
large P -A differences which are observed, al-
though the detailed resonance structure of the re-
action is not well reproduced. ' Thus, one is en-
couraged to believe that the 1p-1h model already
contains the major source of I' -A differences in
these cases.

It is worth noting that the RCCSM is one of the
simplest models which is capable of describing
the various essential features of the problem.
The model is microscopic so that the results di-
rectly relate to the nucleon-nucleon interaction
itself. The multi. channel t;apability allows target
reorientations associated with the transverse
spin-Qip requirement to be properly taken into
account. In addition, the mode) is able to handle
noncentral interactions and isospin mixing, both
of which are needed in order for significant I' -A
differences to arise. " In these calculations, the
isospin symmetry is broken only by a standard
two-body Coulomb interaction. The transverse
spin-flip requirement is met in large part by the
noncentral components of the two-body interac-
tion.

We have performed a dynamical calculation for
the reaction "B(p,n)"C based on the RCCSM in
the 1p-Ih approximation. The "C nucleus is ta-
ken to consist of closed shells of 1s,i, and 1p,i,
orbits with oscillator parameter v =m&v+= 0.36
fm '. The target and residual nuclei each have
one hole in the p,~, shell. All interaction matrix
elements are generated from a two-body interac-
tion which, with small modifications, is taken to
be the g-matrix interaction of Bertsch et al."
The modifications' consist of an increase by 15/&

of the strength of the central even and spin-orbit
odd components of the interaction in order to im-
prove agreement between calculated and observed
thresholds in "8 and "C. The qualitative conclu-
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~s '= '(Ts '+-T s'), &s '=-'(T's '-7' s')
are linear combinations of T-matrix elements
for the (P,n) reaction. The A s vanish identi-
cally unless the channel labels a and P are differ-
ent and isospin symmetry is broken. Thus, they
conveniently reflect the symmetry requirements
enunciated by Arnold" and Conzett. ' The non-
vanishing A ~„are often relatively few in num-
ber and can be regarded as individual sources of
"strength" for the generation of I'-A differences
or "splittings. " We will refer to the Aq„as
"splitting strengths. " In the case of "B(P,n)"C,
where the spin of the target or residual nucleus
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FIG. 1. Calculated results for the Legendre expan-
sion coefficients, B&, moduli of the largest splitting
strengths, ~A~~~, and contributions to the integrated
Q, n) reaction cross section, os, for ~~B(p, n)~~C as
functions of c.m. bombarding energy.

sions suggested by the calculations are insensi-
tive to these modifications.

The calculated results are summarized in Fig.
1. The upper part of the figure shows the coeffi-
cients B~ of the expansion of the observable
k'(do/dQ)(P -2) in associated Legendre polyno-
mials, i.e.,

k'(dv/dA)(P -A) =Q~B~PI, '(cos&).

The coefficients in this expansion have the gene-
al form"

B~= Q C(nP J;n'P V', L)lm(Ss ~As, „,~ *),
n 5sn'5'g'

where nZ and P J, etc. , are proton or neutron
channel labels, C(nP J;n'PV', L) is a geometri-
cal coefficient, and

is &, there are more channels and corresponding-
ly more strengths for each J' in the compound
nucleus than there are in 'H(P, n)'He or "N(P,
n)"O. The moduli of the more important of these
strengths are shown in the center panel of Fig. I,
labeled with 4" and other appropriate channel
quantum numbers. The lower part of the figure
shows calculated contributions to the integrated
(P,n) reaction cross section.

The 1 (s,ga, dsg2) and 3 (day»dsga) splitting
strengths are seen to exhibit broad resonances
in rough correspondence with resonances appear-
ing in o„. The 2 (s,g»day, ) and 2 (s,~»d, ~,) split-
ting strengths have completely different shapes
from each other, but correspondences with reso-
nances in o~ can again be seen. Since the target
and residual nuclei in "N(p, n)"0 have spin &,
none of the important splitting strengths illus-
trated here are possible in that reaction.

It is clear that the model predicts a number of
resonances in the energy region shown and that
there is a small but significant P -A splitting
over the entire region. Peaks in the modulus of
the calculated P -A splitting occur near 3.15
MeV and 140 (0.13) and near 6 MeV and 60 (0.1),
where the numbers in parentheses are the maxi-
ma of )P -A~. It is perhaps surprising at first
sight that one of these peaks occurs at an energy
where the B~ coefficients are relatively small;
but the value of k'(dv/dQ) increases by a factor
of 4 as one passes from the lower to the higher
energy peak.

With the simple model it is not possible to re-
produce the resonance structure observed" in the
(P,n) reaction in detail. However, the coeffi-
cients A~ in the expansion of the differential
cross section in Legendre polynomials have been
compared" with experiment and generally follow
the average behavior of the data. Indeed, the pre-
dictions for "B(P,n)"C are better than those for
"N(P,n)"0 in this regard. It is expected that the
predicted differences between P and A which are
obtained here may also represent smooth aver-
ages of the empirical quantities. Thus, the ob-
served P -A differences can be expected to fluc-
tuate more rapidly with energy than those ob-
tained here and may at certain energies consid-
erably exceed the estimates given above. Even
so, the splittings are unlikely to be as large as
those observed in "N(P,n)"0, ~P -A~, „=0.6,
and so it will be necessary to do careful experi-
ments in order to discern the effect.

Earlier theoretical studies suggest that the
large qualitative difference between P -A split-
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tings observed in 'H(p, n)'He and "N(p, n)"0 can
be understood in terms of the greater influence
of the Coulomb interaction in the heavier system
and differences in the extent to which the resonan-
ces which carry mixed isospin overlap. The reac-
tion "B(p,n)"C is similar to the reaction "N(p,
n)"0 in that the splitting strengths are dominated
by s- and d-wave resonances. However, the
strengths are expected to be somewhat weaker
in "B(p,n)"C because the influence of the Cou-
lomb interaction is less and the resonances are
not as narrow. Perhaps the most surprising fea-
ture of the present results is that the 1 (s,l„d,I,)
and 2 (d,l»d, l, ) splitting strengths which domi-
nate the reaction "N(p, n)"0 are found to be so
much weaker in the reaction "B(p,n)"C. Indeed,
the predicted P -A differences in "B(p,n)"C
would be negligible if the spins of the target and
residual nuclei were not &, thus permitting other
strengths to contribute.
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High-energy charged pions produced at 180' in 0.8-4.89-oeV proton-nucleus collis-
ions have been studied. Both the slopes of the energy spectra and the & 17i+ ratios in-
crease rapidly with primary energy up to - 3-4 GeV, where limiting values appear to
be reached. The dependence on target mass also changes over this energy range. Un-
like forward pion-production results, backward pions at these energies do not obey
the scaling law suggested by Schmidt and Blankenbecler.

We report on a systematic study of -the energy
dependence of charged pions produced at 180 in
the collisions of 0.8-4.89-GeV protons with nu-
clei. A principal reason for studying production
of energetic pions from nuclei in the backward
direction is that in free nucleon-nucleon (V N)-

collisions such production is kinematically re-
stricted. Observation of pions beyond this kine-
matic limit may then be evidence for exotic pro-
duction mechanisms such as production from
clusters. ' ' Early experiments by Baldin eE al.'
using 5.14- and 7.52-GeV protons observed
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