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Abstract In the work we make a detailed discussion on the reaction via nucleon-antinucleon propagator within the SU 2 -in-
variant coupling model between charged mesons and nucleons N  of perturbation theory of quantum field theory. The renormali-
zed loop-chain propagator of nucleon-antinucleon N-N  was strictly calculated and given an analytical expression with the large mo-

mentum integral limitation method. Furthermore we obtain a simple and analytic expression of the differential cross-section of pp—

"~ with nucleon-antinucleon = N-N
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g~ . We also calculate and obtain numerical results of the differential cross-section of

pp—m m  at tree one-loop and chain diagram in different center-of-mass energy respectively and make a detailed comparison

and discussion and show some important information about radiative correction. In large energy within 2.5 GeV <p, <100 GeV

or R

these corrections are in the reasonable range i.e. R

chain

<2.0. The results provide a significant reference to understand

in-depth of the SU 2 -invariant coupling model of strong interactions theory and to explore the reaction cross-section between mes-

ons and nucleons N .

In addition it will provide effective reference to the applicability of the perturbation theory of quantum

field theory in nucleon interactions the renormalized calculation in different ways and approaches.

Key words SU 2 -invariant coupling model loop-chain propagator renormalization differential cross-section radiative correc-

tion

0572.24

1 Introduction

The pion-nucleon wN interaction is an important
ingredient in many other hadronic reactions and in particu-
lar for the meson production in nucleon-nucleon NN

collisions ' . It is one of the most basic and fundamental
processes in strong interaction physics. The study has a
long history in hadron physics ' . It is very important that
the scattering reactions of different particles for the under-
standing interaction of elementary particles > . In a variety

of phenomenological models which describe the strong in-
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teraction of meson and nucleon the SU 2 -invariant cou-
pling model which is based on the strong interaction sym-
metry in the isospin space has been a remarkable suc-
cess . This model can describe effectively the interaction
between nucleons and mesons. However these studies are
mainly concentrated in the low-order tree-level calcula-
tion using perturbative Quantum Field Theory but it is
chain-

very few at high-order correction such as loop

level and so on. Therefore taking into account the im-
provement of the experimental technologies and the colli-

sion energy it is no doubt that in the future numerous da-
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ta require more accurate theoretical predictions especially
the interactions of elementary particles.
Usually

corrections in the perturbative Quantum Field Theory es-

it is really difficult to deal with high-order

pecially to obtain the analytical differential cross section
excepting tree-level. The divergence will emerge when
the high-order corrections are taken into consideration.
However the divergent term can be eliminated by a renor-
malization scheme. The contribution of the renormalized

finite quantity radiative corrections is always very
small whereas it is very important for further research.
The renormalization theory has become a well-estab-
lished theory and is widely used in the perturbative high-
order corrections > which is based on the spirit of renor-
malization from Dyson who is one of the main founders of
the renormalization theory of Quantum Field Theory * .
The calculation on renormalization loop propagator will be
worth for development of the whole quantum theory and it
will be also a significant work for revealing and discove-
ring the intrinsic quality of particle reaction.
For the radiative correction problem Feyn-
man and Brown have done some valuable re-
searches > where they considered the contri-
butions limited to finite order renormalized
calculation. In this paper we present strictly
calculation for n-n renormalized chain propa-
gator and obtain the precise results of differ-
ential cross section of pp—m ' w  with n-n

renormalized chain one-loop and tree propa-

gator and discuss the relevant radiative cor-
rection.
2 The calculation to differential  si:()
cross section with pp—=’ 7w~
Fig 1 a

In the SU 2 -invariant coupling models
of strong interaction between meson and nu-
cleon the strong interaction Lagrangian ’
which is also known as Yukawa coupling is
the following

Ly x =i2G ¥, « Y, x ¢ x +
U, x 'yslpp x ¢ x4+

IG Jp x 75¢p L2
g2 VY, v @ a 1
Where ¢4y x and ¢y x N stand for neutron n

or proton p  are the spinor field operator and its conju-
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"~ k' with n-n renormalized chain propagator b
propagator with momentum q c

three forms with n-7°

respectively. ¢* x
and G is the

coupling constant of the wIN strong interaction. From this

gate operator for nucleon n or p
and ¢” x are scalar operator for mesons
expression we can see that it satisfies the charge conser-
vation.

The interaction Lagrangian functionequation 1  de-
scribed the internal complex process of N strong interac-
tion which has been confirmed by a large number of theo-
retical calculations and experimental observations '°7 .
In this paper it will apply to take relevant the calcula-
tion.

2.1 Accuratecalculation of the n-n renormalized chain
cropagator

According to Lagrangian functionequatuion 1  we
can get Feynman diagram of the process pp—m* ™ with

which

satisfies strictly the charge conservation. By using Feyn-

n-n renormalized chain propagator as the Fig. 1

man rules the n-n chain propagator can be expressed

as a series that is a 4 x4 matrix function
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Feynman diagram for the process p p ¢ +p p' o —w" k +

n-n renormalized loop-chain
n-n renormalized one-loop propagator contain
p-m and p-mw”.
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Here II."™™ ¢ represents a function of the renor-
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malized finite quantity of n-m° loop. Using the scheme of
momenta normalization and renormalization in Ref. 6

we can obtain 7 C”O g that has physical meanings from

2
2
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To simplify the equation 2  the n-n chain propaga-

tor can be expressed as the form of renormalized chain

propagator as follows

_ Sy q

1-Ic5 q - S g

In order to ensure the correctness of the formula in a-

S chain
FC

3

bove the term I1,_; ¢ must meet condition

Sy q

lim II. ; g - S; ¢ =0. From the reference 6

we know that it satisfies the convergent condition in a wide
energy range. For shortening the text we do not put proof

and R,

¢ which represent radiative correction factor to the

here. Employing two corrective factors R, ¢’
part of non-unit matrix - ¢ and unit matrix in tree

propagator S, ¢  respectively the n-n renormalization
chain propagator in equation 3 becomes following ana-

lytical form

chain )
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withp ¢ =1, ¢ +1L, ¢ -¢/ ¢ +m’ I,
¢ g=Grléxw .

2.2 Differential cross section of pp— =" w~ with n-n
renormalized chain propagator

In particle physics the study of the reaction cross
section has a very important significance for experiment.
According to scattering theory in the Quantum Field Theo-
ry the differential cross section of pp—a 7~ in the cen-

ter of mass frame can be formulated by *
d£: G m «/P(z) _M2 1 22: i M, | 4
dQ 21T 216])3 /p(z)—m24 o=10"=1 ’

Here m and w stand for the masses of proton or anti-

respectively. p, is the in-

and Mis the

proton and charged meson 7*

cident energy in the center of mass frame
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2 2
matrix element of transition. — represents initial
EDIDIRLY

olo=l
particles spin average and final particles quantum number
summation.
the main procedure for the cal-
*. For the

From equation 4

culation of dg/df2 is the calculation of | M,
scattering process pp—m m  we only need to calculate
one the transition probability | M, |*. There is not an ex-
change diagram. According to Feynman diagram in Fig. 1
and Feynman rules the transition amplitude is written
easily. To apply a standard trace technology * and to cal-
culate complex | M, |*can be written in the following sim-
ple and direct form
5 1 2 2
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44m2(]2+m2 9
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with
T ¢ =8m"' R,-R, R -R; -
8w’ poR R’ -m’p; R, -R, R -R, +
8poR\ R +4 m* —p] cos  m* 2R,R; -
R'R, -RR; -2p;R R/
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Here we have used the condition of center of mass
as follows
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Finally

2 2
Po—m X

through the phase-space integral we can
deduce the expression of differential cross-section of the

pp—m " with the n-n renormalization chain propagator
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2.3 Differential cross section of pp—" 7w~ with one-

qu

loop and tree propagator
Similarly the propagator of the n-n renormalized one-

loop is written from the Fig. 1 as follows
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According to results of S;°™ ¢ above we can de-

. . 1
duce simple expression of S; " ¢ . Here we only make

some replacement to the two functions &, ¢° and &, ¢
2
on ¢ as follows
R ¢ —& ¢ R ¢ —& ¢ 5

After to replace and to deal with the same calcula-
tion and simplification as chain we could get the accurate
theoretical computed results of the differential cross-sec-
tion of pp— " @~ with the n-n renormalized one-loop

propagator contribution
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To make a similar replacement asequation 5 forR,
¢ —1 R, ¢ —1 we can easily obtain the differenti-

al cross section in the tree diagram as follows
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3 Numericresults

2

q

with

In order to show the chain and loop effective correc-
tion we have not only present the numerical results of dif-
ferential cross section in Tab. 1 but also give the correc-
tion of one-loop and chain diagram to tree in the different
collision energy in the Fig. 2 where the mass of proton or

anti-proton and charged mesons 7 * are taken as m =0. 938



