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Abstract. We study the meson exchange currents (MEC) mechanism for the pion double-charge exchange
(DCX) reaction in a composite-meson model. The model assumes that the mesons are two-quark systems
and can interact with each other only through quark loops. The contributions of the p, o, and fo mesons,
the four-quark box diagram as well as a contact diagram has been taken into account. It is shown that
the contribution of the p, o, and fo mesons increases the forward scattering cross-section in an average by

25% and decreases with energy.

PACS. 25.80.Gn Pion charge-exchange reactions — 25.80.Hp Pion-induced reactions

The most important problem of the DCX of 7-mesons
on nuclei is the mechanism of the reaction. Normally,
the reaction is dominated by the sequential mechanism
(SQM), in which the incoming pion undergoes two sequen-
tial single-charge exchange scatterings on nucleons within
a nucleus. In ref. [1] the MEC mechanism, was proposed
and it consists of the assumption that the incident pion
is scattered on the off-shell virtual pion exchanged by the
nucleons within the nucleus and the DCX takes place at
the 77 vertex as shown in fig. 1a. Later, ref. [2] introduced
an additional diagram shown in fig. 1b and concluded that
the MEC effects would be small for an analog DCX be-
cause this diagram partially cancels the contribution of
the pole term. The MEC issue has been revived in refs. 3]
and [4] using the Lovelace-Veneziano model and in refs. [5—
9] based on an effective Lagrangian method. All calcula-
tions of the MEC in the effective Lagrangian formalism
are performed in the lowest order which includes the con-
tribution of the “trees” diagram and no pionic or baryonic
closed loop diagrams are included. The tree diagrams cor-
respond to the Born approximation for 77 scattering, and
their contribution is defined by the first term of the ex-
pansion of the 77 amplitude in terms of 1/F2. In ref. [9],
the authors showed that because of the small DCX cross-
section produced by the SQM at high energies, the MEC
mechanism could show up, even in the Born approxima-
tion. Below we study the MEC mechanism for the DCX
reaction based on the composite-meson model. The model
assumes that the mesons are two-quark systems and can
interact with each other only through quark loops. We are
considering the diagrams shown in fig. 2 which successfully
describe m7 scattering, as well as the contact diagram in
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Fig. 1. The pole (a) and contact (b) diagrams.

fig. 1b. This approach allows to find the contribution of
the o, fo and p mesons to the MEC mechanism.

The chiral symmetry requires consideration of both di-
agrams in fig. 1, which describe the pion DCX on two
nucleons through the MEC mechanism. We replaced the
diagram la by the diagram on the left side in fig. 2,
where the shaded vertex block corresponds to the w7 in-
teraction and constructed the amplitude for the process
7tnn — 7 pp using the amplitudes for 77 scattering and
for the m N-wm N process. The amplitude corresponding to
the graph on the left side in fig. 2 in the nonrelativistic
limit is

gy q1)(0'2 ) q2) M7r+7r_ (qlﬂ; qQ#) (1)
4m? (af +m2)(a3+m32)’

T, = (i\/ig)Q (

where ¢ is the 7N coupling constant, m is the mass of
the nucleon, q; = p}| — p1 and q2 = p5 — p2, m, is the
pion mass, and ¢, and g», are the 4-momenta of virtual
mesons. In eq. (1) M +,- is the transition matrix element
for the #¥7~ — 7T 7~ process. Similarly, we can find the
amplitude for fig. 1b using the transition matrix for the
nN-twN process.
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Fig. 2. The quark structure of the MEC diagram.

In the composite-meson model the shaded vertex box
in fig. 2 can be considered at the quark level and in-
cludes the sum of the quark diagrams which successfully
describe 77 scattering. Indeed, 77 = ud and 7~ = du
are two-quark systems, and can interact with each other
only through quark loops. Therefore, in the single-loop
approximation, the diagram on the left side in fig. 2 can
be expanded as shown. The first quark box diagram ac-
tually corresponds to the pole diagram in fig. la for 7x
scattering and a part of its contribution which is propor-
tional to 1/F2 represents the Born approximation in the
effective Lagrangian method. The choice of the other di-
agrams representing p, o and fy mesons is based on the
probability of the two-pion decay of mesons: p(770) — 7,
0(600) — w7 and f¢(980) — 7w. The inner quark blocks
of the diagrams in fig. 2 can be easily obtained from the
Lagrangian [10] and the set of the Lagrangians relevant to
the processes of figs. 1b and 2 are

L=Q i@—mq+% (osina+ fo cosa+i757'7r)+‘(12—p7'p Q,

! @)

Lyns = 5=ty 357 - (9,m), 3)
1 _
LNN7T7T7T = —%@@ZJ’Y”’)@T’QZJ : (8u7f)772, (4)

where @ is the quark field, m, is the mass of the quark, g,
is the decay constant of the p-meson, and « is the mixing
angle. To find the contributions of the diagrams in fig. 2 we
need to know all effective coupling constants and express
them in terms of two decay constants g, and F; of the
p — 2m and ®# — pv decays. We shall impose a natural
requirement that on the mass shell the form factors of the
processes should coincide exactly with the corresponding
physical coupling constants. The form factors for the p —
27, 0 — 2w and fy — 27 decays can be obtained from the
Lagrangian (2) and finally the results for the inner blocks
of the diagrams in fig. 2 (for 7t7~ — 7F7~ amplitude)
and the diagram in fig. 1b are

2 2
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In eq. (5) s,t, and u are the standard Mandelstam vari-
ables, the mixing angle a is determined from Iy, 2, =
26MeV and it is a = 17° if m; = 280MeV [11], and
the decay constant of the p-meson g, is gﬁ /47 &~ 3. The
contribution of the quark box diagram depends on the un-
determined parameter, whose value was fixed so that the
experimental value of the pion-pion scattering length a2
is obtained.

Let us compare the MEC amplitude in the composite-
meson model given by (5) with one in the Born ap-
proximation for the Weinberg Lagrangian [12]: M +,- =
—m2/F? + (s +t)/F2. It is easy to see that the constant
term in eq. (5) is the same. The term in the square brack-
ets is caused by the quark box diagram and inclusion of
the so-called ¢> terms (the ¢ terms leads to convergent
integrals [13]) in the quark box diagrams, and it is par-
tially proportional to (1/F2)2. The factor in front of the
square brackets m2/(rF;)* = 1 for F, = 89.2MeV and
my = 280 MeV and a variation of this factor is nonsignifi-
cant when the pion decay constant varies from 87 MeV to
93 MeV. Therefore, the constant term and the first term in
the square brackets in eq. (5) give the Weinberg transition
amplitude for the 777~ — 77~ process. The two terms
in (5) related to the mixing angle a are representing the
contribution of the ¢ and fy mesons. The term that fol-
lows the factor g, is the contribution of the g-meson and
it has the parts which are also proportional to (1/F2)2.
After the substitution of eq. (5) into (1) one can separate
the part which corresponds to the amplitude of the pole
diagram in fig. 1a for the Weinberg Lagrangian. The sum
of this part and (6) gives the contribution of the quark box
diagram, including only terms proportional to 1/F? and
the contact diagram and is the same as the sum of contri-
butions of the pole (fig. 1a) and contact (fig. 1b) diagrams
in the Born approximation. The rest of the contribution
of the quark box diagram is proportional to (1/F2)? and
represents the deviation from the Born approximation.

We calculated the forward scattering cross-section for
the 8O(7 ™, 77 )8 Ne reaction for the incident pion energy
from 600 MeV to 1400 MeV and compare the contribution
of the MEC evaluated in the composite-meson model with
the calculations in the Born approximation. We use the
shell model wave functions to describe 180 and '®Ne nu-
clei, and assuming that the DCX process takes place on
the valence neutrons and leads to the double isobaric ana-
log state. The wave function of the two odd neutrons in
180 has been used as in [3,6] with the harmonic-oscillator
parameter o = 0.32fm™2. Since our main points are to
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Fig. 3. Forward scattering cross-section for the reaction
BO(xt, 77)®Ne as a function of the incident pion energy.
The contributions of the MEC in the composite-meson model
with the contact diagram are shown by the solid curve, and
the pole and contact diagrams in the Born approximation by
the dashed line.

understand the contribution of three w7 resonances p, o
and fp to the MEC mechanism, establish the order of
magnitude of this contribution and compare it to the con-
ventional MEC mechanism, follow [7], for simplicity, we
neglect the distortion of the pion waves, using the plane
waves instead. In the plane-wave approximation integra-
tion of the sum of the contributions of the quark box dia-
gram, including only terms proportional to 1/F? and the
contact diagram in fig. 1b over momentum ¢ in the target,
can be performed analytically and the result is

2 1 90

T = = —
F2 m, Om,

V(r), (7)

where V (r) is a one-pion exchange potential.

The results of the calculations for the forward scatter-
ing cross-section as a function of the incoming pion kinetic
energy are presented in fig. 3. The results of calculations
for the composite-meson model with the contact diagram
in fig. 3 are presented by a solid line. The cross-section for
the MEC mechanism in the Born approximation, when
both the pole term as well as the contact term are consid-
ered, is presented by the dashed line. The comparison of
these results shows that the inclusion of the p, o and f
mesons increases the cross-section and their contribution
decreases with energy. The cross-section for the MEC in
the composite-meson model with the contact diagram in
fig. 1b is systematically larger in an average by 25% than
that in the Born approximation. We checked the sensibil-
ity of the calculations to the changes of the masses of the
o and fo mesons. The cross-section is sensitive to the small
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changes of the g-meson mass and almost did not change
with small changes of the fy-meson mass. For example, the
change of the o-meson mass from 780 MeV to 700 MeV will
increase the cross-section by about 14%. Let us also men-
tion that the third term in eq. (5) related to the g-meson
contribution, appreciably changes the cross-section, and
it shows the importance of the g-meson at energies above
600 MeV. At energies above 1000 MeV the cross-section
for the MEC mechanism with inclusion of the p, ¢ and
fo mesons becomes larger than one for the SQM and that
mechanism dominates in the reaction.

Thus, we can conclude that at the considered en-
ergy region the MEC mechanism in the composite-meson
model with the contact diagram can reveal in the pion
DCX, because it has a substantial contribution and the
inclusion of the p, o and fp mesons increases the contri-
bution of the meson exchange currents in the MEC mech-
anism for the DCX reaction. It is important to mention
that the distortion of the pion waves will generally reduce
the cross-section in the composite-meson model as well as
for the MEC in the Born approximation and for the SQM,
but it will not change the conclusion of the importance of
including the pion resonances into the MEC mechanism.
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