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Inelastic scattering of pions on ' C at 800 Mev/c

APRIL 1985

Y. Funatake and Y. Sakamoto
Department ofPhysics, Kyoto Sangyo University, Kyoto 603, Japan

F. M. Toyama
Institute of Computer Sciences, Kyoto Sangyo University,

Kyoto 603, Japan
(Received 7 November 1984)

The cross sections for the ' C(m, m. ')' C (2+, 4.44 MeV; 3, 9.64 MeV) reactions at 800 MeV/c are
calculated in the distorted-wave impulse approximation. Distortion effects are taken through the eikonal
form. Data are reproduced with realistic transition densities and the mN scattering amplitudes fitted to mN

data, except for the region of low momentum transfers.

o

F~qj~,~(q) = ' „d rexp[iq r]D(JfMf1 V(r)1JM), (1)

where q is the momentum transfer kf —k&, kI and kf being
the momenta of projectiles and scattered particles. The ma-
trix element for the transition from the ground state
J"=0+ to the excited state J=L, Mis

(J~l V100) = gp, „(r)Yq~(rlr) (2)

Recently, a precise measurement of the cross sections has
been performed' for the inelastic scattering of vr's from ' C
at an incident momentum of 800 MeV/c. At an energy
such as 675 MeV, corresponding to 800 MeV/ c, the
5(1232) resonance is no longer dominant, although around
800 MeV/c there are several other N' and b resonances
which are weak compared to the 6(1232) resonance. The
scattering at the energy gives rise to large momentum
transfers even at small scattering angles; therefore, it is
worthwhile to investigate m-nucleus scattering from the
point of view of nuclear structure studies. An eikonal ap-
proximation for the pion waves and the impulse approxima-
tion are expected to be valid for m.-nucleus scattering. In
the present note, the differential cross sections are calculat-
ed for the ' C(n n') "C'(2+ 4.44 MeV; 3, 9.64 MeV)
reactions at 800 MeV/c.

The amplitude for the inelastic scattering is

where p„(r) is the transition density and the overall
strength ( of the transition is

'[zf, +(w —z)f„] . (3)

Here, ~ is the projectile-nucleon c.m. momentum; f, „are
the scattering amplitudes averaged over nuclear Fermi
motion for the projectile proton and neutron and Z and A
the atomic and mass numbers of the target nucleus. The
factor D which takes account of distortion effects is ex-
pressed, in the eikonal form, as

D =exp[ —X(b) ]

~here
r +oo

X(b) =( p(r)dz

(4)

Here, b is the impact parameter and p(r) the nuclear
ground-state density normalized to unity.

The transition densities obtained by analyzing electron
inelastic scattering data are of the form in configuration
space'

p„(r) =r (u+Pr') exp( —yr')

With the densities, the amplitudes F~qj~ M(q) are explicitiy
given by, in the impact parameter representation,
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for the transition from the J =0+ to the 2+ state, and
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2

+ —u b pb exp[ —X(b) —yb ]-ik 21 2n 3p 3p 2 4 2

8 q o q y 2y

~ I/2 r

F3, ~3(q) = + —4
ik 35 ~ 4db b J3(qb) n+ +pb exp[ —X(b) —yb ]/3 2

8 2y

F, ,(q) = F3 q2(q) =0

(8a)

(8c)

1579 Qc1985 The American Physical Society



1580 BRIEF REPORTS

for the transition from the 0+ to the 3 state.
The parameters of p„„(r ) are n =0.003 18 fm

p=0.00155 fm ', y=0.437 fm 2 for the ground state
J"=0+ to the J=2+ (4.44 MeV) excitation, and
u=0.00157 fm ', P=0.0 fm ', y=0.325 fm ' for the
J"=0+ to the 3 (9.64 MeV) excitation of "C. These
parameters a, P, and y are consistent with those obtained
by taking the Fourier transform of the transition form fac-
tor, 4

p,„(q) = q~(A +Bq') exp( —Cq') (9)

It is noted that the parameters a and P used here differ
from those given in Ref. 3 by a factor of I/Z(Z =6). The
ground-state density of ' C is taken to be

the isospin invariance, except for effects due to Coulomb
interactions. The contributions of Coulomb interactions to
the cross sections are small.

The isospin averaged cross sections o-t„ for mN scattering
are very close to those for K N scattering around 800
MeV/c. Hence, the mean-free path of m is nearly the
same' as that of K . The cross section cr„t fixes the real
part of (. It is also related to the real part of x(b) Th. e
cross sections for m scattering are similar to those for K
scattering ' in their momentum transfer dependences and
even in their absolute magnitudes at 800 MeV/c.

To see how the cross sections predicted depend on the
transition density, the cross sections are also calculated with
the Tassie model. " The model gives the transition density

r

p2 f2

p(r) = po 1 +w exp
Q Q

(10)
p„(r) =

gL, r ——p(r)g1 d
r dr

where po is the normalization constant. The parameters are
taken to be a =1.51 fm and w =2.33.s The amplitudes f~ „
are evaluated by using the CERN theoretical phase shifts
for mN scattering data.

The differential cross sections predicted are compared
with the data' for the inelastic scattering of m from ' C in
Figs. 1 and 2. The cross sections for the m+ and m

scattering on self-conjugate nuclei are identical because of

for the J =0+ to the J=L state, where )L, is the nuclear
structure strength of the transition which can be expressed
in terms of the reduced transition matrix element B(EL).
The explicit form of the amplitudes in the impact parameter
representation is given in Ref. 9 for the transition density of
the derivative form. The density p„( r ) has an oscillatory
structure in the region of small r, for the modified Gaussian
density of the ground state given by Eq. (10) when w ) 1.
The oscillatory structure acts to cancel the contribution of
the transition from the nuclear interior region to the inelas-
tic scattering amplitudes as if the cutoff approximation were
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FIG. 1. The cross sections for the ' C(m, m')' C (2+, 4.44
MeV) reaction at 800 MeV/c. The solid and dashed curves are,
respectively, calculated with the transition densities fitted to electron
inelastic scattering and proportional to derivative form of the
ground-state density. Data are taken from Ref. 1. Q and
represent the data for the n. + and m scattering, respectively.
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FIG. 2. The cross sections for the ' C(m, m')' C (3, 9.64
MeV) reaction at 800 MeV/c. The curves correspond to those in
Fig. 1. Data are taken from Ref. 1. pand g represent the data for
the m+ and m scattering, respectively.
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made irrespective to the mean-free path of projectiles. The
maxima and minima in the differential cross sections
predicted with the Tassie model shift to small angles, com-
pared with the prediction of the phenomenological transition
density.

In the energy region below and at the 6(1232) resonance
the basic ~N interaction is dominated by a few partial
waves, the dominant one being the P33 which has the
5(1232) resonance. The role of b. (1232) in m-nucleus
scattering is extensively investigated. However, at the ener-
gy considered here the 5(1232) resonance is no longer
dominant. The conventional static distorted-wave impulse
approximation calculation works to explain substantially the
m-nucleus interactions, when the transition densities ob-

tained by analyzing electron inelastic scattering data and mN
scattering amplitudes fitted to mN data are used. The em-
pirical nuclear density and mN scattering amplitudes fitted to
mN data also describes' the elastic scattering of m on light
nuclei at energies above b (1232) resonance. However, as
seen in Figs. 1 and 2, there is a discrepancy between the
cross sections measured and predicted in the region of low
momentum transfers. The discrepancy might be an in-
teresting problem. Such a discrepancy does not occur in the
case for the K -nucleus scattering at 800 MeV/c. ' Be-
fore tackling the problem, one should note that, as stated in
Ref. 1, the large elastic scattering peak in the excitation
spectra makes the measurement of the cross sections for the
inelastic scattering at forward angles difficult.
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