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At present the theoretical and expetimental research leads to the 
conclusion about the essential role of the spin of particles in the 
high energy scattering/1/. Thus, the available experimental data point 
to the absence of the energy dependence of polarization at small tran
sfer momenta in a number of processes in a wide energy interval of 
scattering. This makes a basis for the hypothesis about the existence 
of a non-zero polarization in the limit s ~ w. Thus, the polarization 
research on the future accelerators will provide information about the 
structure of the hadron interaction at large distances. 

At present QCD can't consistently regard the hadron interaction 
at large distances, especially the spin phenomena. We have only a hint 
of the possibility to obtain the non-zero spin effects at superhigh 
energy, see e.g./2/. Using different hypotheses about the property of 
the hadron interaction at large distances a number of model approaches 
lead to the nondisappearing polarization in high energy processes at 
small transfer mornenta./ 3/ Our model allows us to calculate the con
tribution o-f the quark-antiquark pair, surrounding a hadron, in the 
spin-flip amplitude. The appearing effects change slowly with growing 
energy. 

In this paper we regard the model results for the polarization 
effects of meson-nucleon scattering. Early, it was shown/S/ that the 
calculated in the model real and imaginary parts of the leading asymp
totic term of the spin-flip amplitude of the charge-exchange reaction 
rr p ~ rr0 n agree sufficiently well with the amplitude reconstructed by 
the model-independent approach from the experimental data. This result 
allows us to suppose that the contribution of the nucleon and A

33
-iso

bar in diagram in fig.l contribute to the main terms in the spin-flip 
amplitude. This hypothesis will be proved in this work. 

In the spin-flip amplitude of meson-nucleon scattering, determi
ned by the diagram, fig.l, with the fixed amplitude Trrrr- of pion-pion 

Fig.I. The contribution of two-meson exchange to 
hadron- hadron processes at long distances. 

interaction the only free parameters will be the coupling constants 
and the parameters fJ in form factors determined in a dipole form 
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rpN(6) (12 ,q2"' M~(ll)) --2~!!.(~1-2_2 (1) 
I~N(;)- 1 I 

It is important to emphasize that in the case of the nucleon
nucleon scattering the leading asymptotic terms of the spiral amplitu
des are also determined by the contribution of the diagram fig.l with 
the evident replacement of Tnrr by the pion-nucleon scattering amplitu
de. Then, the basic parameters of the model stay without change. This 
permits us to determine them from any suitable reaction and latter to 
use in the calculation for another reaction. Here we shell use the va
lues of the coupling constants 

14.6 

and parameters ~ 
(2) 

/32 4 ( v2) 2 L 5 (GeV2) , N = 3. Ge , /3ll 
determined from the best description of the differential cross sec
tions in the proton-proton elastic scattering/?( In the calculation of 
the spin-flip amplitude of the charge-exchange reaction - 0 rrp-?rrn we 
used the same values of coupling constants and parameters ~ as shown 
in (2). 

Use of the spin-non-flip amplitude of the charge-exchange reac
tion rr-p-? n°n, obtained from the results/B/ of the description of the 
elastic rr+p -scattering accurate to 1/Vrs terms, permits us to calcu
late the correct picture of polarization at pL= 40 GeV, however with
out the structure at ltl ~ 0.25 Ge\f 1 91. Note that in work/B/ it was 
supposed for simplicity that the form of the cross-even amplitudes of 
pion-nucleon scattering is equal to the cross-odd part. we cannot de
termine the form of the cross-odd part of the scattering amplitude on-

• ly from the experimental data on the elastic rr-p-scattering. 
Using the experimental data of the differential cross-section and 

- 0 polarization of the charge-exchange reaction rr p -? rr n at p
1

= 40 GeV 
permits us to obtain that form independently. However, at this energy 
one should take into account also the 1/s terms of the scattering amp
litude which can be essential in the range of small energies. 

The corresponding Born cross-odd amplitude was chosen in the 
following form: 

T!Bnf = rs(l+i) T (s,t) + i T,(s,t) orn 1 

Tl (s,t) h1 e a:: (ln s - irr/2)t a:: 
_, 

0.85 GeV .; 

h,(l + b t +be) e(bo +a:: (ln s- irr/2))t; 
' ' 

(3) 

T2 (s,t) 

In the language 

to the p-rneson 

of the Regge-rnodel, the first term in (3) corresponds 
exchange with a::(O) = 0.5; and the second, to the p'-
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exchange with cr(O) = 0. Note that the simplest choice of the form of the amplitude of p -exchange is dictated by that the Trrrr - amplitude of pion-pion interaction was chosen in the Gauss form in the calculation of the spin-flip amplitude of the charge- exchange reaction. In the eikonal representation of the spiral amplitude of chargeexchange reaction rr-p ~ rr0 n 
T:+(s,t) =JpJ(pf...)e-Xo(s,p)(::t' (s,p)) +x ,(s,p)) , 0 p f 

*(1- ljVFS x (s,p)) dp 

T:.~(s,t) ='J p2 
J

1
(p6) e-Xo(s,p) x~(s,p) 

*(1 - l/Vrs x+(s,p)) dp ; 

(4) 

for the spin-flip and spin-non-flip amplitudes all the rescatterings up to 1/s terms were taken into account. Here: x
0

(s,p) - the asymptotic term of the eikonal spin-non-flip phase; x+(s,p) -the cross-even l/Yrs term of the eikonal phase; xp(p')(s,p) - the term of the eikonal phase corresponding to the Born amplitude with the p{p')-meson exchange in the t-channel; x~(s,p) -the asymptotic term of the spin-flip eikonal phase including the exchange of the N and !!
33 

-isobar in the s-channel; The leading and ljV/5 terms of the cross-even amplitude were used from work/ 9
/. With the following values of the parameters: 

h
1

=: 0.1176 GeV- 1
; h

2
= -0.1327 ; b

0
'= 4.9 GeV- 2

; b
1
= 4.36 GeV- 2

; b
2
= 13 GeV- 4 
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a sufficient description was obtained both for the data of differential cross-sections and the data of polarization, fig.2 and 3. 

Fig.2. The differential cross sec- Fig.3. The polarization of the tions of the charge-exchange reaction 
rr p ~ rr

0n at pL= 40 GeV. 
I - the experimental data from 
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charge-exchange reaction 
rr-p ~ rr0n at pL= 40 GeV. 
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It should be noted that the account of 1/s corrections in the spin
flip amplitude allows us to significantly improve the coincidence of 
the theoretical calculation with experiment, fig.4. 

P, ·1003eV 
150GeV 
;>JJGeV 
SOOG~V 

Fig.4. 
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Fig.S. 

The predictions of the model for (Fig.4) the differential cross 
sections and (Fig.S) the polarization of the charge-exchange reaction 
~ p-+ · 0 n at high energies. f - the experimental data frorr. works 1·1· 1 4..1 

The analysis shows that when the preasymptotic corrections are 
absent, we naturally have the zero polarization. If eikonal correc
tions to the p-meson exchange are taken into account, a large negati
ve polarization follows at It I "' 0. 5 Gev2, and the inclusion of 1/s 
corrections creates a complicated structure with a double zero at jt[ 
~ 0.25 Ge~. It means that the corresponding structure has to disap
pear at higher energies. 

Really, our calculations show that this already occurs at energy 
pL= 100 GeV (fig.5). At a still higher energy, the picture of pola
rization changes very weakly {fig.5), which signifies that at this 
energy the 1/S corrections are nonessential. The model predicts a lar
ge negative polarization near 60% at jtj ;;: 0.5 Ge~. which can be ve
rified in the future polarization experiment. This result is close to 
predictions of the mode1 101. The correctness of the energy dependence 
found in the model for the scattering amplitude of the charge-exchan
ge reaction n-p ~ rr0n is confirmed by a good coincidence of the model 
predictions with the available expe-rimental data on the differential 
cross-sections ·Jp to pL =200 GeV (fig. 4). 

A great interest is the use of the obtained here cross-odd contri
butions to the spin-flip and spin-non-flip amplitudes of rrp- scatte-
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ring. The amplitudes of elastic processes we have obtained are accura
te to 1;VFS- terms. The analysis performed shows that in this case the 
reliable results of the predicted spin effects should be expected at 
an energy above pL= 100 GeV. At a lower energy, the 1/s" terms are essential and the agreement of the theory with experiment can be only 
qualitative. 

The model predictions for the polarization of rr p-scattering, 
corresponding to the experimental data at pL = 100 GeV are shown in 
fig.6. The predictions at higher energies are shown in fig 7. 
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Fig.6. The polarization of elastic 
rr~p -scattering at pL= 100 GeV. 
I, I - the experimental data of 
rr+p- and rr-p-scattering from work/ 141. 
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Fig.7. The prediction for the 
polarization of rr~p -scattering 
at pL= 200 GeV and pL= 500 GeV. 

Note that the model predicts a large polarization at high energies in 
the range of the diffraction peale Thus, at energy pL= 200 GeV and 
transfer momenta JtJ ;.:: 3.5 Getf!, the _calculations give the following 
values of the polarization parameters: 

~-
1 

-06L_ 

-08L 

_,,•~ 

Fig.a. The prediction of the model Fig.9·The prediction of the model 
for the parameter R(rr-p) at PL"' 40 GeV, for the parameter R~h(n°p) I -the experimental data from workflS/ of charge-exchange reaction 

- 0 n p ~ rr n at pL= 40 GeV. 
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Let us show that the model leads to good results at 

low energies pL< 100 GeV. Thus, the results of the model 

comparatively 

for the para-

meter R(rr-p) are shown in fig.S at energy pL= 40 GeV, and these re

sults qualit~tively agree with the experimental data. For R(rr+p) in 
+ this energy range we have only one experimental point: Rex= - 0.220 

±0.160 (rr+p-scattering at pL=45 GeV and It! = 0.315). For this point 

our calculations give R:h= - 0.22. The predictions of our model for 

the parameter R0 of the charge-exchange reaction rr-p ~ rr0 n are shown 
b 

in fig.9 at pL= 40 GeV. 

Thus, the model with taking account of the N and h contribution 

provides a self-consistent picture of the spin-flip scattering of dif

ferent hadron processes at high energies. Really, the parameters in 

the spin-flip amplitude determined from one reaction, for example, 

elastic pp-scattering, allow us to obtain a wide circle of results for 

the polarization effects of elastic meson-nucleon scattering and char

ge-exchange reaction rr p ~ rr0 n at high energies. The results obtained 

here can be used in planning future polarization experiments. 

The authors express their gratitude to prof. V.G.Kadyshevsky for 

his support and prof. V.A.Matveev for discussion of the trend of this 

work. 
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