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The ratio of near-resonance inclusive n. scattering cross sections from the isotopic pair ""0is shown to be
consistent with an isospin dependence of the 3-spreading potential determined by intermediate coupling to the

pion absorption channel.

NUCLEAR REACTIONS 6' 0(~~, 7(' ) inclusive scattering; test isospin depen-
dence of 6-nucleus interaction.

'The scattering and absorption of intermediate
energy pions by nuclei are dominated by formation
and propagation of the ~ isobar. . Analyses of pion
scattering from light "closed-shell", isoscalar nu-
clei (i.e. , 'He, "C, "0) have shown that & propa-
gation in the nuclear medium is modified signi-
ficantly from that in free space by strong ~-nucleus
interactions. ' For example, the rough equality of
the inclusive pion inelastic scattering and total an-
nihilation cross sections implies that the ~ has a
nuclear damping or spreading width arising from
the ~+N-N+N process roughly equal' to the free
space width arising from decay &-7t. +N:

I'Ab. = I'=100 MeV.

Here, I" is the free space decay width and I'», is
the nuclear matter value of the spreading width
due to pion absorption out of the ~ "doorway. "
Since the absorption process requires the presence
of another nucleon, I"», is roughly proportional
to the local nuclear density. It is important to
stress the direct connection between the partial
&-decay widths and the partial inclusive pion reac-
tion cross sections.

Ashery' reported, at the Vancouver conference,
data for inclusive scattering of 165 MeV m' from
the isotopic pair ""O. These data display a qual-
itatively surprising feature. Namely, while the
cross section ratio It for "O(tt, )t ')/"O(tt, tt ') is
larger than one (It -1.22) as expected, the ratio
A, for "O(tt', tt")/"O(tt', tt") is less than one
(R.- 0.84). The most naive expectation would be
that, since the 7t'n elastic cross section is much
smaller than that for g'p, A should be slightly
larger than one. However, this expectation is
based implicitly upon the assumption that free &

decay in the nucleus (equivalently, quasifree std
scattering) controls the dynamics. We have seen
above [Eq. (1)] that this is not correct. The pur-
pose of this short note is to demonstrate that the iso-
topic dependence of I'A» leads naturally to the ob-

served behavior. This was indicated qualitatively
by Lenz and Moniz. '

The nuclear absorption of 7t' mesons takes place
predominantly through the process

w'Pn -~"n -PP . (2)

where L(r) is the optical path length in units of the
mean free path

r (r)=r(b, z) fdz /x( z='(). (4)

The free-space wN scattering amplitude has the
resonant form

h& r/2
4 E —E +T/2''

Consequently, m' scattering occurs mostly from the
nuclear protons, but the intermediate ~" spreading
potential is proportional to the neutron density.
The proton densities in "0 Bnd in "0 are essential-
ly the same, but the neutron density in "0 is sub-
stantially larger. Therefore, the in-medium ~'P
scattering amplitude will be more spread in "0
than in "0, leading to an effectiv-ely weaker ampli-
tude at the resonance energy and thus to a smaller
inclusive cross section. This decrease in the cross
section is somewhat offset by the associated in-
crease in the pion mean free path and by the com-
paratively weak scattering from the "extra" neu-
trons.

A very crude calculation suffices to demonstrate
the effect. %'e calculate the ratios R, for back-
waxd inclusive scattering, where the large moment-
um transfer guarantees that "quasielastic" nucleon
knockout dominates. Ignoring refinements due to

, recoil and nonlocal effects, the inclusive cross
section has the semiclassical form
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1.(r)= « /~(&, ~ ), (8)

The parameters characterizing the in-medium ~
width are taken from the detailed &-hole calcula-
tions". 1'„„,=90 MeV, I'~ =4o MeV. Hufner and

where os is the cross section at resonance (oz~~

= os "=3as+" = 3o„'~ = 200 mb). Several modifications
of Eqs. (3)-(5) are needed for our calculation of
the isospin effects. First, we must explicitly de-
compose the scattering into contributions arising
from protons and from neutrons. Second, the
Breit-signer resonant denominator must be mod-
ified to reflect the strong medium corrections to
the ~ propagator described above. In scattering
from protons (which occurs mostly for m'.) we take
the density-dependent width

~p( ) I~ q nil~) "',
q o (~).

- po - - po

(6)

Here, p, is the central proton density in "0. The
important point is that, as discussed earlier, the
spreading width due to w' absorption is proportional
to the neutron density. In addition, the ~ decay
width is quenched because of the Pauli-principle
blocking of final nucleon states. %e have taken
this as proportional to the local Fermi momentum
and will comment below on other choices for the
density dependence. The form given by Eq. (6)
for the total in-medium width has been shown in
semiclassical approximation ' to reproduce rather
well the results of far more detailed calculations. '
For scattering from neutrons, the proton and neu-
tron labels in Eq. (6) should be exchanged. The
pion mean free path is calculated in the usual way,
giving

(r/2) [r', (~)/2]
"(E-E )' [r',(~)/2]'

In principle, the resonance position E~ should
also be density dependent, but this would not af-
fect the qualitative results. Finally, an additional
optical absorption factor is included to take ac-
count of annihilation and charge exchange of the
scattered pions. The charge exchange is negligible.
The absorption mean free path is given by ~„'~
—= (r», /rr)X ' and is included in L(r) by the re-
placement X '- (X '+X.„'~). Putting this together,
we have the expression

dr e-L()(')
an,„. (E E,)2+[r~,(r)/2]'

p„(r)o",'
(& —E ) +(~" (~V&)*I'

Thies' found surprisingly good agreement for both
the magnitude and shape of a variety of pion in-
elastic spectra using similar parameters. The
proton density was taken as a harmonic oscillator
distribution with root-mean-square radius Z~
=2.71 fm. The same distribution was taken for
the neutrons in "0, while the "0 neutron density
was given by the harmonic oscillator distribution
with R„=2.81 fm. ' The resulting values for the
backward inclusive ratios are

R =1.32, a, =0.87.

The results are not sensitive to reasonable modi-
fications of the nuclear densities or of the density
dependence of the Pauli width reduction (H6fner
and Thies' used a density-independent reduction,
while the &-hole calculations support a reduction
directly proportional to the density). The essen-
tial point made by this very crude calculation is
that the qualitative behavior seen in the ratio of
the n'-"0 and m'-"0 inclusive cross sections can
be ascribed to the isospin dependence of the ~
spreading potential. This in turn supports the
basic picture of the very important role played
by intermediate coupling to the pion annihilation
channel.

Clearly, several related experiments could be
performed to test the model. Other isotopes, such

Ca, could be studied. The inclusive pion
absorption cross sections on '""0should be mea-
sured. The model invoked here clearly makes
sense only if the m'-"0 absorption cross section
is substantially larger than that for m'-"0. 'The

energy dependence of R, should be measured, since
the model predicts that 8, should approach unity
as one leaves the resonance region. More detailed
calculations are needed for producing reliable
quantitative predictions of the energy dependence.

Note added in proof. In a recent report (TAUP
831-80), Navon et al. report in more detail their
experimental results' for m' scattering and absorp-
tion on "'"0. They find m+ total absorption cross
sections of 216+34 mb for "0 and 267+41 mb for
"O. Further, they measured 8, at 315 MeV (i.e.,
beyond the resonance), with the result B,=1.03.
As discussed in the last paragraph, both of these
results support the model discussed above. Navon
eI; al. also attribute the small value of R, at reson-
ance to a coupling between absorption and scat-
tering channels. Note, however, that the large
suppression of A, from unity in our model does
not arise from increased optical absorption of the
w' elastic channel wave function in "O. Indeed,
pion annihilation leads to less optical absorption
near resonance in our model, in contrast to
standard second-order optical-potential approaches.
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