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Abstract

The Pion-nucleus double charge exchange(DCX) transition matrix element
is under consideration in the framework of QCD. The interactions including
the perturbative effect and non-perturbative contributions of gluon condensate
and quark condensate in the DCX process are discussed. The interaction

operators are given.

It caine as a big surprise that the first Pion-nucleus double charge exchange re-
action (DCX) measurement below the A-resonance was conducted in 1984. Navon
et all'l and later Leitch et all?! measured the DIAS transition on C at an incident
pion energy of T, = 50MeV and found that the forward angle cross section is
as large as at T, = 300MeV and even is close to the forward angle cross section
for SCX on C at T, = 50MeV. This observation was in clear contradiction to
expectations. Since the destructive interference of s- and p- waves in the #.V- sys-
tem causes the SCX cross section to undergo a deep minimum near T, == 50MeV,
one could speculate that something similar would also happen for DCX processes.
In order to account for this unexpectedly large DIAS cross section on MC at
Ty = 50MeV |, non-nucleonic processes, such as the double charge exchange on six
quark clustersm were proposed at first. However. conventional explanations!! have
also been found soon, based on a careful treatment of nucleon- nuclepn correlations.
Nevertheless, a common feature of both exotic and conventional explanations is
that both these treatments stress the relevance of short distances (£ 1fm) between
the nucleons participating in the DCX processt®). This is a region in which nucle-
ons overlap strongly so that the conventional multiple scattering treatment may
be an oversimplification. A more correct consideration of the physics occurring at
such short distance from quark degrees of freedom is then necded.

The main purpose of this paper is to develop a more sophisticated QCD treat-
ment for the two nucleon DCX transition matrix elements, especially to take into
account some non-perturbative effects.

The S-matrix of DCX reaction in the Heisenberg Representation can be ex-
pressed as
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where the matrix elements can be expressed in figure 1, in which the dashed
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external lines represent the Green function for the ¢,-(z) field. Considering the
Goldstone effect, we have
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where A., = #y*ysd, From the dynamical spontaneous breaking of chiral symme-
try we have the effective Lagrangian term(®
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Using the equation
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where Arp is the Feynman propagator for pions, we can get
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Making a translation transformation we have
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where k' is the outgoing momentum of 77, k s the incident momentum, p’ is the

momentuin of the nucleons (pp), p' is the momentum of the nucleons (nn).



We emphasize that the above discussion is based on the theory of chiral sym-
metry breaking. In order to carry out the calculation we shall use the QCD sum
rule. According to the operator product expansion, we have
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The first term in the right hand side is the perturbative effect, which has the

contribution
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Because of the energy momentum conservation the low order contributions of
eq.(7) can be represented in figure 2.

It is obvious that the contributions of Fig.2(al-a4) are 5;, and those from
Fig.2(bl-b4) and Fig.2.(cl-c4) are %. As only the lowest order contributions of
the perturbative effect are taken into account, figures 2(b1-b4) and (cl-c4) can be
ignored. However, the loops in figures 2(b1-b4) and (cl-c4) can be broken, and the
broken lines can be condensed. The non-perturbative effects of gluon condensate
and quark condensate then come naturally. The corresponding interactions are
shown in figure 3 and figure 4 respectively.

For Fig.2(al), the contribution is
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For Fig.2.(a4), the contribution is
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For calculating the second term of the time-ordered product expansion, namely
the contribution of gluon condensate, we adopt the fixed-point gauge techniquel™.
In this method we introduce an external gauge field A%(z) with the gauge condition
z#A%(x) = 0. The external gauge field A%(z) can then be expressed directly in
terms of gauge covariant quantities
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To calculate the contribution of glﬁon condensate we shall employ the diagrams
shown in figure 3 and figure 5. From the ﬁgures we know that the contributions

a,G, G
of figure 3 are of the order of (G}, G}, )g ,(———T-——). The contributions
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! . of figure 5 are of the order of (G}, G}, )— ~ . Then in the first

order approximation figure 5 can be neglected The contrxbuuon of figure 3 can
be expressed as
‘ For Fig.3.(1),

» |
(2) e ?_’\__ —tg“ 9 _lg ab a a ¢
SEy = e e : [64 L 00060 S

! — u(Pz)g 'n}‘ +p —7s d(p2)

9 g' A .
= QF?E(G“”G““)
i oy h—F: bhrtk+m
' {u(Pl)’Yu(’I;l—:k—){—Trsd(Px (pa)v “‘——_—-‘p R 275d(P2) ( |
13
For Fig.3.(2)
9: gt A% A
(2 _ g AA jma e
5(3,2) 64 (I‘I 2 9 ( G )
, Y+ +m +E+m
{ﬁ(?x)%(—éﬂ%}—zmw (P\) u(Pz) “G.ima—-——ns (Pz)]
\
(14)



For Fig.3.(3),
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The third term of eq.(6) is the contribution of quark condensate. [t can be
shown that it is sufficient to consider the diagrams in figure ¢ for calculating the
lowest order of this contribution.

The contribution from Fig.4(1) can be written in the following formula,
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For Fig.4.(2), (3) and (4), we have
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The expressions (8-11) and (13-20) show that, if the order of magnitude of
the contribution of the perturbative effect is taken as 1, the contribution of the

GG
gluon condensate and the quark condensate are respectively MO, ~ ———-—-( )
q*
G,GS, . . .
~ a'(_a_;‘:_“_z, MO, ~ g4(m;,/:¢) ~ af (mx/;'lﬁ). Considering the reaction with
4
incident energy 50MeV, MO, ~ o (%) ~ 107! x 10° ~ 10, MO, ~ o} (25(;))

~10~? x 10? ~ 1. This result indicates that the non-perturbative contribution of
the gluon condensate is very important in the Pion-nucleus DCX reaction, and that
of quark condensate holds the same importance as the perturbative one. With the
six quark wave functions of the two nucleons (nn) and (pp) in the nucleus being
taken into account, the S-matrix element can be calculated explicitly. This work
is in process. The numerical result will be given in the near future.
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Figure Captions:

Fig. 1. The sketch of the interactions in DCX process.
Fig. 2. The perturbative interactions with one-gluon exchange.

Fig. 3. The non-perturbative interactions of gluon condensate with one-gluon

exchange.

Fig. 4. The non-perturbative interactions of quark condensate with one-gluon

exchange.

Fig. 5. The loop correction of gluon condensate with one-gluon exchange.
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