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The contribution of the ''bipion" diagram to the differential cross sections for the process 
N + N- 1T + N + N is calculated. It is found that, for energies up to 1.5 BeV, the contribu­
tion of the ''bipion" diagram to the differential cross sections is less than 10% of the con­
tribution due to the single meson diagram. 

HITHERTO only single meson diagrams have 
been considered in calculations of pion production 
in NN collisions. [l] A determination of the con­
tribution of the two meson diagram (see the figure) 
to this process is of interest. 

We limit ourselves to energies of the nucleons 
in flight from 600 to 1500 MeV. Then the energy 
of the nucleon and meson in the final state is close 
to the energy of the ( 3, 3) resonance, and it is suf­
ficient to consider their interaction only in the 
resonance state. It follows, from conservation 
of isotopic spin at both vertices of the diagram, 
that the particles in the intermediate state must 
here have isotopic spin T = 1. At an energy close 
to 4. 7 p. ( p. denotes the mass of the 1T meson) 
there is resonance interaction between two mesons 
in the state with T = J = 1, and it is possible to 
assume that the resonance state plays an essential 
role in two meson exchange for the energies under 
consideration. We therefore consider the exchange 
of two mesons that are in resonance interaction 
(bipion exchange). 

In this connection, we have to deal with a nar­
row resonance; therefore the term corresponding 
to the lower vertex of the diagram reduces to a 
constant, and that corresponding to the upper ver­
tex reduces to a four-particle amplitude. With re­
spect to isotopic and transformation properties, 
the vertices with a bipion are equivalent to the 
isotopic-vector parts of vertices with a virtual 
photon. Therefore the following expression (fi = c 
= p. = 1) corresponds to the lower vertex of the di­
agram: 

u (p~) -r~ {(Byn + I)R "i [yn, yk]} U (Pz) (1) 

( <S and ~ act as the isotopic-vector charge and 
magnetic moment of the nucleon), and the virtual 
photoproduction amplitude (for an isotopic-vector 
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transition), the expression for which is knownC2J 
for the energies under consideration, corresponds 
to the upper vertex. Considering (in the virtual 
photoproduction amplitude) only the magnetic di­
pole transition into the ( 3, 3) state (and making 
the substitution F Y T3 - <S T a• F X T3 - ~T a• 
where the F Y are isotopic-vector nucleon form ,p. . 
factors), we obtain an expressiOn for the upper 
vertex of the diagram: 

(6q"- ~· -rq-r~) x+(p~) { i (ak) q- i (kq) a- 2 [qkl} X (pl) 

(2)* 

(we are using the coordinate system for which 
Pi + q = 0, w = pi0 + q0; M is the nucleon mass, 
the x are two-component spinors, f2 = 0.08 ). 
(m2 - k2 )-1 corresponds to the bipion line in the 
dia:ram, where m B is the mass of the bipion 
(the energy of the 27T resonance). 

The scheme under consideration is equivalent 
to a resonance approximation in dispersion rela­
tions in k2. It is possible to determine the con­
stants <S and ro? by applying the same scheme to 
elastic 7TN scattering and to the nucleon form 
factors and by utilizing the experimental data for 
these processes. [3•4] 

The reaction p + p - 1T+ + p + n was specific­
ally considered, and the differential cross sections 
for fast protons scattered through small angles 

*(uk) = U• k, [qk) = q X k, 
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were calculated. In these cross sections the single 
diagram [1] gives the major contribution when p1 

is the momentum of the proton in flight, p2 is the 
momentum of the target proton, Pt• p2, and q de­
note the momenta of the final proton, neutron, and 
1r+ meson, respectively. Considering the essential 
terms in (1), we obtain an expression for the bipion 
contribution to the indicated process: 

[}1 2n (S' +2M ~)2 wE15" sin 633//M2q3 ) 

X\[(p~ --j- M) (p~0 --j- M)/4M2J''' 
X X+(p~) {2 [qk) + i (kq) a- i (ok) q} X (p1) 

+( ') ( t1p2 , t1p2 ) ( ) ( 2 k2)-1 (3) X X P 2 a 0 -r ·0 X P2 m B - • 
P2+ M p2 + M 

The valuesC3J (8 + 2M~)2 = 466, mi:3 = 22.4 were 
used for the constants; we used Hohler's formulas [5] 

for the 633 phase shift. 
The cross sections calculated with the aid of (3) 

were compared with the contribution due to the cor­
responding single meson exchange diagram (inter­
ference between the bipion and one meson diagrams 
vanishes for unpolarized nucleons). 

It was found that the relative contribution of the 
bipion Oiagram increases monotonically with in­
crease of initial energy; however, in the region up 

to 2 BeV, it does not exceed 9 to 10% of the con­
tribution due to the single meson exchange diagram. 
The bipion exchange calculation does not introduce 
any characteristic features into the angular and en­
ergy distributions of the scattered protons. There­
fore a systematic calculation of the contribution of 
one meson diagrams and its comparison with ex­
periment is of interest. 

In conclusion, we express our gratitude to 
L. M. Soroko for useful discussions, to L. I. Lapi­
dus for his interest in the work, and to Kim Ze 
Phen for carrying out the numerical computations. 
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