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The .N'J(+J,(}(5r. reactions r~present a traditional source of 
an information on strong interactions. Since a theory of strong 
interactions is not constructed as yet, any results of investi­
gations of the .N'Jf.:.NJ(ar reactions are greatly important in se­
lecting some preferable approaches between various proposed 
theoretical assumptions for these interactions. It is obvious, 
by the way, that a possible amowit of information which has to 
.be related to the 2 ➔ J reactions (five independent kinema­
tical variables) may be much more diverse and fwidamental in 
comparison with that related to the 2 ➔ 2 reactions {two in­
dependent variables) which previously attracted a lot of atten­
tion. The very important recent achievement consists in realisa-

+ . 
tion namely for reaction p p-+npsc of detection at the initial 
energy T=800 MeV in coincidence of (any) two final particles, 
which permits then to extract an information of differential 
cross section densities of the highest admissible order of dif­
ferentiality 17 =5 120•211 , directly connected with the squared 
matrix element of this reac.tion. In what follows we analyse 
these new and very important data. 

In tentative approaches to explain the pp-interactions at 
intermediate energies in the region from o.6 to 1 GeV there ex­
ists an important problem of applicability of the one-pion ex­
change model (OPEM) propositions 111. 

AB it is known, the main idea on which the OPEM is based 
consists of a proposition that for the collision reactions 
J{J( + J(Jv,c there correspond any set of Feynman pole diagrams 
containing a pion as an intermediate virtual particle. Namely, 
it means that for the reaction 

+ p+ p - n+ p +91: (1) 

there correspond four Feynman pole diagrams of Pig. 1, in which 
full lines represent nucleons, the dashed ones represent pions 



and p1, p2 , 9 2, q1, 9 are 4-momenta corresponded to particles 
in (1), and df.: is vr.W-scattering amplitude ( i. = 1,2,J,4). 
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Fig. 1. Four Feynman pole diagrams cor­
responded to reaction (1) according to 
the OPEM version in /19/. 

In the energy re- , 
gion under consider­
ation, the applicabi­
lity of the OPEM ver­
sion in which every 
contribution from four 
Feynman pole diagrams 
of Fig. 1 and th~ 
most valuable interfe­
rences between them 
are taken into account, 
was demonstrated in refs 
12- 6! es~ecially, as 
an example, for reac­
tion (1 ). Furthermare, 
the improved OPEM ver­
tion -16-8 • 191, in 

which every interferences are exactly taken into account, was 
used to analyse a variety of the J-rd order experimental infor­
mation consisted of the energy and/or momentum spectra of posi­
tive pions detected in reaction (1) at their different outgo-
ing angles. The given OPEM version 1191 contains only o~e free 
parameter A entering into a function of the so-called ''pion­
nucleon form factor" G (Kt), which cannot be determined in a 
frame of the OPEM. A shape of this function can be established 
by comparison with experimental data collected at any energy 
fixed inside a range of applicability of the OPEM basing on a 
statement that in the case of dominance of the one-pion exchan-
ge the form factor G (Kf) has to depend on the transferred 2 

momentum Ki only and thus not to depend on the initial energy T. 
In 12

-
61 it was established, that a function of the shape 

G(Kn = At-2/[K~+(A+1)r2
] ' (2) 

where f"- is pion mass, at A=8~9 can be used to describe well 
the whole amount of experimental data on reaction (1) inside 
the initial energy range T=0.6~1 GeV. Namely, the general re­
sult of comparison of the improved OPEM version /19/ with the 
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experimental data for '---'5t at T=660, 730, 800, 991 and 1000 
hleV /4,5,9, 13-181 claims that within the 10-15~ accuracy at 
A=9 in (2) a good agreement with experiment is stated, i.e. the 
"pion-nucleon form factor" extracted from experimental data has 
the following shape 12- 6 • 191 : 

G-(KD:- 9y2/(K~+10;c.2). (J) 

Mew and the most important stage in studying reaction (1) 
starts wLth collecting the experimental data of the 5-th order 
of differentiality which directly correspond to the squared mat­
rix element /cM1d2 

of the pp - n p~+ reaction. Therefore, 
our OPEM version /l 9/, which bas successfully described_ the 3-rd 
order data in the energy range T=0.6-1.0 GeV, was also used 
122 , 231 to analyse a new set of the 5-th order experimental 
data up to now collected only at T=800 MeV 120•21 7. The 5-th 
order data collected in 120•211 contains 16 measurements when 
in coplanar geometry there were detected in coincidence final 
protons and positive pions produced in reaction (1) rind there 
are obtained the 5-th order distributions 

5 L exp t5.-:::. J'. I L d' eL d c-.L d L d L 6p!JC == c u/ a9p cos~p ccs~,,.. (f'p cp,.. = (4 ) 

~ i phCLse space clen!>~} • I cJ\1jil 2 

at fixed angles 8~, Cf'~ for protons, and 8;,(f,; for 
pions within their "smearing" accuracies of +30. 

For every experimental distribution 56}:!"P we have calcu­
lated nine theoretical functions 56~;.neo~corresponding to the 
pair of angles ( e;;, 0;) exp and their "smearing" limits equal 
to ±J0 • A part of our calculation is shown in Figs 2 and J. As 
a result, it follows that: 

a) inside. the given ranges of angles there are consider-
• , 5,,:::;:Ltheor 

able variations in magnitude and positions of maxima for \:..JP.~ ; 

b) inside the g1 ven "smearing" limits ±3° for every6~:"P 
measured in / 2o/ and 1211 there are some calculated functions 
5='L1heo,,. . · 
Up!ll" which are near by their behaviour and magnitudes-to 

the experimental one ; · 
c) by such a way of analysis, from our calculations relat­

ed to the 5-th (i.e. maximal) order data and, therefore, to the 
matrix element squared of the reaction (1), an applicability of 
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Fig, 2, Comparison of results of our OPEM calculations with 
the 5-th order experimental data obtained in ref, /20/: a) the 
experimental distribution 56/,"'exr obtained by measuring par -
coincidences at 8~=300 and 0~=28°, and nine theoretical 
curves calculated taking into account j:he "smearing" Llimi ts of 
±3°, b) another distribution for 8p =25° and 8:n=40° and 
theoretical curves which are the most close to experimental dis­
tr~bution, Two dashed curves are the averaged values{SO~~h.eor}AY' 

our OPEM version and, consequently, a dominant contribution of 
one-pion exchange are clearly shownJ 

d) the results.of calculations in ref, 1211 mentioned the­
re as related to "peripheral model i, sharply disagree Vii th expe­
rimental data and cannot be reconciled with our calculations 
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Fig, 3, Our theoretical distributions analogous to those in 
Fig, 2 represented in comparison with experimental data of ref, 
/21/ 1 Dashed curves are calculations in accord to_-peripheral mo­
del•proposed in ref. /21/. Dot-dashed curves contain an input 
of dibarion intermediate state/21/. 

according to the improved OPEM version 119/(see Fig. 3); 

e) the previously extracted "pion-nucleon form factor" 
@(K:) =9?1/(Kf +10J-L2

) can be also recgnciled with the re­
cent 5-th order experimental information 12 1211. 

Also, we have to menti,on that to extract the so-called 
"pion-nucleon form factor" Cs(K~) it is necessary to know the 
"~-shell correction function 11 i-"(K1) included in the amplitude 
d:Ji . Because throughout all our calculations only 33-amplitude 
of 5rJP-scattering was taken into account in ~ , we have used 
the off-shell correction 'f;3(K~), derived in ref. 1111 using 
dispersion relations corresponding to the case (see Fig. 4), 
Earlier it was shown / 6/ that an approximation of taking into 
account the 33-amplitude only does not exceed few percents. 

The important result of study presented consist in·that, 
in particular for reaction (1), using· the 33-amplitude approxi­
mation and experimental data of all admissible orders, it is pos­
sible to maintain successive and complete differential analysis 
resulted in extraction of the "pion-nucleon form factor 11 G(Kt)= 
9.,.,u;(Kf+10y) which reflects the behaviour of strong interac­
tions in pp-collisio:µs at "large" distances and can be used in 
constructing QCD models for confinement problem:. 
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Fig~ 4. Behaviour of the "off-shell" correction function~(KD 
derived in ref. /11/, the pion-nucleon form factor €(Kf) = 
9y1/(Kt+: 10j-l2 ) and the function .£CKn=T;;,(K~)· G(Kf) repre­
sented in dependence on the 4-momentum squared Kt, transfer­
red to virtual pion according to diagrams of Fig. 1. 

Finally, it is convenient to str~ss that the widespead 
opinion that one-pion exchange mechanism cannot contribute at 
"small" distances ( that correspond to high momenta) is not con­
firmed by behaviour of the form factor G(K~) extracted here. 
Namely, from (3) it follows that for reaction (1) at T=1 GeV 
for the highest admissible 4-momentum value K,max =:: 8.5_?- = 
1 JOO MeV/c ( that corresponds to distance ,...,0. 2 fm) the magni tu­
de of G(Kf m .. ,._) is not smaller than 10%. 

So, it is clearly shown that in the given region of inter­
mediate energies from o.6 up to 1 GeV our OPEM version 119/ can 
be effectively used to explain the experimental data of any ad­
missible order. AB a consequence, agreement of our OPlli version 
with experiment and behaviour of the pion-nucleon form factor 
G(~} extracted by us from a lot of experimental data means 
that the one-pion exchange mechanism for reaction (1) dominates 
elsewhere for any permissible values of the squared-4-momentum 
transferred to a virtual pion Kf from O up to its upper limit 
K7me1x-===- 701

2 at T_ = 1 GeV. 
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