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C elastic and inelastic scattering was measured for both n. and n at 180 MeV.
The ~ /~+ ratio of inelastic cross sections approaches 1 in scattering to collective
states, whereas this ratio differs significantly from 1 for other excited states. In par-
ticular, a value close to the one for pion scattering from free nucleons at the (3, 3) reso-
nance was determined for the 9.5-MeV state.

The comparison of p' and p inelastic scatter-
ing near the mN (3, 3) resonance is a promising
tool for the study of nuclear structure. Informa-

tion on the contribution of proton and neutron dis-
tributions to the excitation of the nucleus may be
gathered by exploiting the isospin property of the
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FIG. 1. (a) & —'3C scattering spectrum measured at an incident pion energy of 180 MeV and a scattering angle
of 81 . The elastic peak and excited states at 8.68, 7.55, 9.5, and 11.7 MeV are clearly visible. (b} &+-"C scat-
tering spectrum measured at an incident pion energy of 180 MeV and a scattering angle of 81 . Note that in this
spectrum the 9.5-MeV state is only excited very weakly, whereas there are sizable excitations of groups of states
around 15.0 and 17.5 MeV.
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wN interaction whereby the 7i' (m ) interacts 3
times more strongly with a proton (neutron) than
with a neutron (proton). Such a study was carried
out, for example, on' "0where a ratio

do(m )/d&
dc (m')/d&

was found for the inelastic scattering to the first
excited "shell-model state" at 1.98 MeV (2').
For equal proton and neutron distributions this
ratio should be 1.25, due simply to the two addi-
tional neutrons, provided that the impulse ap-
proximation is valid.

In this paper we present a 7t' and z elastic-
and inelastic-scattering comparison on "C near
the mN (3, 3) resonance. The experiment was car-
ried out at the Swiss Institute of Nuclear Re-
search (SIN) with use of the mM1 beam and pion
spectrometer with the same apparatus and meth-

od used earlier. ' A detailed description of the
system is given in Albanese et al. ' Typical scat-
tering spectra are shown in Figs. 1(a) and l(b).
The "C target used was a 322-mg cm ' 99/0-en-
riched carbon target covered on both sides by a
thin (0.7 mg cm ') Mylar foil. Overall energy
resolution was 500 keV full width at half maxi-
mum.

Data were taken for p' and g scattering on "C
at a laboratory energy of 180 MeV. The angular
distributions obtained are shown in Figs. 2 and
3. Relative normalization between ~' and p data
was calculated, taking beam composition into ac-
count. For absolute normalization purposes,
measurements were also carried out with a 230-
mg cm ' polyethylene [(CH,)„]target and scaled
against the known hydrogen cross section. 4 The
overall absolute normalization error is less than
10%.
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FIG. 2. Comparison of &+- and 7t -' C elastic and in-
elastic (3.68- and 7.55-MeV excitation energy) scatter-
ing differential cross sections at 180 MeV vs the pion
scattering angle in the laboratory system.
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FIG. 3. Comparison of &+- and & -"C inelastic scat-
tering to the 9.5-MeV state and to groups of states at
11.7, 15.0, and 17.5 MeV.
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TABLE I. Inelastic differential-cross-section ratio
R = (do{n )/dQ)/(do(n+)/dQ1 for several excited states or
groups of excited states in C. This ratio was calcu-
lated for each pair of points corresponding to the same
scattering angle and averaged. This procedure is
justified at 180 MeV, where da. (n+ —p)/dQ = 9doin —p)/
dO for each scattering angle (Ref. 4) . The asymmetry
in the error of B for the 9.5-MeV transition is due to
the small signal-to-background ratio in the n+ spectra
[Fig. 1(b)l.

C excitation energy
(MeV)

do(n )/dQ
do(n +) /dQ

3.68
7.55
9.5

11.7
15.0
17.5

0.95 + 0.05
0.86 + 0.09
4 0 ~2o0

OoV

0.87+ 0.04
0.74+ 0.15
0.73 + 0.12

The elastic angular distributions show the now-
familiar behavior seen in other X&Z nuclei such
as "Ca (Ref. 2) or "0 (Ref. 5), where there is a
shift in the position of the first minimum to small-
er angles for p scattering. This is because the
~ n (n P) elastic-scattering amplitude is approx-
imately 3 times stronger than the corresponding
n p (n 'n) amplitude .Consequently, the much
stronger ii n (ii'p) coupling should emphasize the
effect of the neutron (proton) distribution of the
nucleus.

The inelastic angular distributions show very
interesting ratios R = [do(ii )/d&]/[d&(n')/de)
These ratios are given in Table I. The lowest
excited level in "C at 3.09 MeV (—,")is known
from the reaction' "C(d,P) to be a single-neutron
state. However, it is only very weakly excited
and we were therefore not able to extract any
meaningful cross-section ratio. The states at
3.68 MeV (n ) and 7.55 MeV (-', ) are of collective
nature and often interpreted as a doublet obtained
by coupling a 1p„, neutron to the first excited
state of "C at 4.43 MeV (2'). We find that both
levels are strongly and almost equally excited
for p and p'. However, the 3.68-MeV transition
could not be separated from the 3.85-MeV (—', ')
single-particle state but we believe that this level
also is only weakly excited. The 7.55-MeV level
is part of a triplet we were not able to resolve.
This might explain the somewhat stronger p'ex-
citation at forward angles for this state.

The most striking result of our experiment is
the ratio R =4.0'0 7 obtained for the 9.5-MeV
state which is nearly compatible with the free-

pion-nucleon value of 9 at the (3, 3) resonance
and significantly higher than the result R =—1.7
obtained' for inelastic pion scattering from the
first excited "shell-model type" state at 1.98
MeV (2') in "O. Very little is known about this
9.5-MeV transition in "C. A tentative spin and
parity assignment of 2 was proposed by Hinter-
berger et al. which is in contradiction to a high-
spin state suggested by Holbrow et al. ' with the
reaction "B('Li, 'He)"C and by Anyas-Weiss et
al. ' with the reaction "B("B,'Li)"N. In addition
little M 1 strength could be detected in low-ener-
gy electron scattering. Dehnhard et al."did an
experiment similar to ours at a pion kinetic en-
ergy of 162 MeV and propose a ~' assignment.
However, this implies that the other members of
this multiplet (-, ', &", —,', and ~') have to be lo-
cated.

Furthermore, a group of levels is strongly ex-
cited at 11.7 MeV with a ratio R close to 1, and
two groups of transitions were found around 15.0
and 17.6 MeV which are more strongly excited
with ~'.

In conclusion, the most important result re-
ported here is the ratio R = 4.0',",obtained for
the 9.5-MeV state, thus indicating an almost pure
neutron transition. This confirms that pions can
now be considered as a powerful tool to yield nu-
clear-structure information. However, the ex-
perimental and qualitative aspects presented
here should be completed by detailed distorted-
wave impulse-approximation calculations with
microscopic descriptions of neutron and proton
excitations.
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