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ABSTRACT

In the fixed-centers approximation the amplitude of the pion interac-
tion with the light nuclei 3H and 3He, including pion multiple scattering,
is obtained. The NN interaction is neglected and for the xN interaction
only the contribution of the P33 state is included. The nuclear coordinate
wave function was taken as a sum of Gaussians. The differential cross sec-
tions and asymmetries for elastic *~3H {*+iHe) process at the lab energy
T<r=180 MeV are calculated. The results are compared with experimental
data.

1 Introduction

The investigation of the structure of light nuclei requires its reliable
theoretical description. From this point of view reactions with pions
in the vicinity of delta resonance possess two big advantages.

First, in the vicinity of delta resonance, the TTN interaction is well
approximated by P33 wave, i.e., essentially is reduced to a separable
form.

Second, the pion mass is considerably smaller than the nucleon's
one. Therefore one can hope that a reasonable approximation might be
to take the limit mT/i7ijv -+ 0, that is the fixed nucleons approximation.
In this limit the amplitude of NN interaction vanishes.

It is well-known, that it gives the accuracy about 10 - 20 percents
for ?rd interaction [1]. Of course, the accuracy is decreasing with the
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increase of momentum transfer. But, for that, in the fixed nucle-
ons approximation the amplitude is well defined at small internucleon
distances, so that no cutoff is needed. With the recoil taken into ac-
count, the diagrams diverge at high momenta. Thus a better accuracy
is achieved for the price of introducing a cutoff parameter.

In the first paper of this series [2], a model based on the fixed
-centers approximation for calculations of elastic x3H and n3He re-
actions with account of multiple pion rescattering, was introduced.
This model and its application to polarized target is briefly described
in Sec.2. In Sec.3 the numerical results and comparision with ex-
perimental data is presented. Some discussion is contained in the
Conclusion.

2 General Formalism

In the fixed-centers approximation the determination of the amplitude
of the interaction with a nucleus is reduced to a summation of the
diagrams shown in Fig. 1.

+ ' W i + ••• +

Fig.l. Graphic representation of successive resc&tterings of the r meson
with production of the A33 resonance. The dotted lines correspond to
the 1 meson, thick lines correspond to the A33 resonance, and thin lines
correspond to nucleons.

The exact treatment of these graphs requires the introduction of
216 amplitudes. In fulfilled calculations the spin-tensor interaction in
the elementary block of Fig.2 was replaced by an averaged one.
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Fig.2. Graphic representation of the potential Wit,. The notation is the
same as in Fig.l.

As a result,' the number of independent amplitudes is reduced to
twenty seven. The basic Paddeev-like amplitudes are M,* where i and
k refer to the number of the initial and final nucleons (i,k=l,2,3). Each
Mik is 3x3 matrix in both spin and isospin. The final linear system of
equations for amplitudes M(k is the following

Mik = R,P^8ik + RrY: PUWuMlk. (1)

Here Ri(E) = (mA - mN + ej - fco - tO)"1 and k0 is pion energy. PW
are projectors onto states I=J=3/2 for the system of pion plus the ith
nucleon.

The "potentials" Wik describe intermediate pion propagation, they
are complex:

3(2TT)2 J a V + m% - (feo - €by - tO'

«!-•«,. (3)

The solution of equation (1) provides us with scattering amplitudes
with given total spin and isospin and spin-isospin variables of pairs of
nucleons. For 7r A amplitudes with a given value of the total isospin T
we obtain the equation

5=1/2,3/2 , . x

x(exp(t(E - V
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Here (M,*) are the amplitudes averaged over spin and isospin of the
3H(3He) nuclei. To make the integrations over Xi and x2 possible we
take the coordinate wave function $ of the ground state of 3H or 3He
as a sum of Gaussians

aj^xl). (5)
;=1,2 i<k

The number of Gaussians chosen was 1 and 2. In the first case a\
was fitted to the observed radius (r2). With |\?|2 given as a sum of
two Gaussians the parameters a3- were chosen to give the best fit for
the elastic cross - section at large angles.

The formulas for the cross-section and the asymmetry may be rep-
resented in the form similar to the case of xN interaction.

(6)

Here

2, cos <5, cos 62).

The function D is a result of the integration over angles in the
equation (4) and it can be expressed as a series in the spherical Bessel
functions:
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(10)

where t = k cos 6(x - 2x2 cos 02), a = kx sin 6, b = 2fcx2 cos 6 sin 6%,

K = t-H. (11)

In this expression 0, is the cm. angle of the pion.
The differential cross - section on the unpolarized target is given

by the following expression

a(T)|2 cos2 6t + |6<T)|2 sin2 *„)• (I2)

The asymmetry for the polarized target is

_ erf -o-1 . 2sin0,cos0,Im(q(r)5*(r)) . .

3 Numerical results and discussion

The calculations are rather complicated and require much computer
time. Since we neglected the Coulomb interaction, all results listed
below also refer to the elastic reaction %+3He with a different value of
binding energy ej. The results depend on it weakly.

In Fig.3 the calculated cross-sections are shown for the reaction
n~3H for pion lab. energy Tx — 180 MeV with different numbers
of the pion rescatterings taken into account and the wave function
given as a single Gaussian (j==l, (r2)1/2 =2.2, ax =0.0688705 and N =
0.147807-02 in eq.(5)). The calculated cross - sections are considerably
less than the experimental ones at large angles.
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Fig.3. Differential cross section foi the *~3H
elastic scattering (or TV =180 Mev in the
lab system with |* | 2 taken as a single Gaus-
sian. The dash dotted carve corresponds to
one rescattering of the x meson, the dashed
curve corresponds to two rescatterings of the
* meson, the solid curve corresponds to all
rescatterings of the T meson taken into ac-
count, respectively. The experimental data
taken from Ref.[3] are shown by crosses.

The same cross-sections with the wave function given as a sum of
two Gaussians are shown in Fig.4 (j=2, (r2)1/2 =1.87, at =0.07, a2

=0.97 and Nt = 0.111-02, N2 = 0.118+01 in eq.(5)). Now the agree-
ment of our calculations with experimental data is considerably better
than with a single Gaussian. Nevertheless, it is not possible to adjust
the parameters to reproduce the position and depth of the dip in the
cross section.

Fig.4. Differential cross section for the x~3H
elastic scattering for Tw =180 Mev in the lab
system with [9\3 taken as a sum of two Gaos-
sians. The dashed curve corresponds to two
rescatterings of the x meson, the long dashed
cnrve corresponds to three rescatterings of
the x meson, the solid curve corresponds to
all rescatterings of the * meson taken into
account, respectively. The experimental data
taken from Ref.[3] are shown by crosses.

In Figs .5 and 6 the calculated asymmetries are shown for the re-
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action ir~3H for pion lab. energy T» = 180 MeV with the coordinate
wave function chosen as a single Gaussian and a sum of two Gaus-
sians, respectively. For the coordinate wave function given as a sum
of two Gaussians the results are considerably better than in the pre-
vious calculations in [5]. However, one notices a shift in the angular
behaviour of the asymmetry, which vanishes at 0, = 90°, whereas the
experimental one crosses the axis at the angle 0x ~ 70°. This shift
is evidently explained by our pure P-wave approximation for the 7riV
- interaction, in which the non flip amplitude vanishes at 0r = 90°.
Taking into account the S - wave part of the nN - interaction will un-
doubtedly correct the angular behaviour, but it requires a considerable
complification of the calculation.

Fig.5. Asymmetry for the reaction *~3H for Fig.6. Asymmetry for the reaction x 3H
pion lab. energy Tr= 180 MeV with | ¥ | 2 pion lab. energy T,= 180 MeV with |
taken as a single Gaussian and with all reseat- taken as a sum of two Gaussians. The
terings of the pion taken into account (the tation is the same as in Fig.5.
solid curve). The experimental data on the
•K*3He elastic reaction are taken from Ref.
[4]. The dash dotted curve shows the results
of the previous calculations in Ref. [5].

To see the effect of pion rescatterings in Figs.7 and 8 the calculated
asymmetries are shown for the elastic reaction ir~3H for pion lab. en-
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ergy TT = 180 MeV with two and three pion rescatterings taken into
account and the coordinate wave function given as a single Gaussian
and a sum of two Gaussians, respectively. It is worth to note that in
our formalism the asymmetry entirely depends on multiple scatterings
and vanishes if we consider only one rescattering (impulse approxima-
tion). One observes that the relative role of rescatterings strongly
depends on the form of the wave function. In particular, with the
wave function taken as a single Gaussian, the asymmetry calculated
with two or three Tescatterings has a different sign from the one with
all rescatterings taken into account. For a wave function as a sum of
two Gaussians the effect of high order rescatterings is not so dramatic,
but it is still very essential.

-i.0

Fig.7. Asymmetry for the reaction jr 3 i f for Fig.8. Asymmetry for the reaction r 3H for.
pion lab. energy 7V= 180 MeV with |* | 2 pion lab. energy Tw= 180 MeV with | * | 2

taken as a single Gaussian. The the solid taken as a sum of two Gaussians. The no-
carve corresponds to all rescatterings of the x tation is the same as in Fig.7.
meson taken into account. The dashed carve
corresponds to two rescatterings, the long
dashed curve corresponds to three rescatter-
ings rescatterings of the * meson taken into
account, respectively.

The deviation from the experimental data at large angles is obvi-
ously connected with the approximation of fixed nucleons which be-
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comes invalid for large momentum transfers. A rigorous consideration
of the nucleon recoil requires a relativistic treatment and leads to enor-
mous complication of the calculation. As is well known, it is difficult
to get a good agreement for the large angle scattering even for nd
elastic scattering [6].

Conclusions

1. The behaviour of the elastic cross - sections at angles larger than
~ 70° depends strongly on the form of the wave function $ .
2. The angular behaviour of the asymmetry is very sensitive both the
high order rescattering and the form of wave function.
3. To obtain the correct angular behaviour of the asymmetry it seems
to be necessary to take into account the S-wave for the tN - interac-
tion.
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