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The cross sections of multiple pion and K-meson production by neutrinos are estimated. 
Possibilities for experimental investigations of the structure of the weak interaction vector 
current are analyzed. 

PREVIOUSLY[!] the author has considered one 
possibility of studying the structure of the vector 
current in weak interactions by utilizing the Chew­
Low extrapolation method [2] to analyze the proc­
esses of single pion or K-meson production in 
neutrino-nucleon collisions. In the present paper 
we consider the same possibility on the basis of 
an experimental investigation of the processes of 
multiple pion or K-meson production by neutrinos 
on nucleons: 

v + N ___, (e-, fl-) + n + (N + n + ... , Y + K + ... ),(1) 
v + N -> (e-, fl-) + K + (Y + n + ... , N + K + ... ),(2) 
v + N ___, (e-, fl-) + rt + (Y + rt + ... , N + K + ... ),(3) 
v + N ___, (e-, p.-) + K + (N + rt + ... , Y + K + ... ) (4) 

and corresponding reactions involving antineutrinos. 
As in the case of single meson production proc­

esses, considered in [iJ, the amplitudes for the 
corresponding processes have a pole corresponding 
to one meson exchange. We shall write these proc­
esses in the general form: 

(5) 

where B designates either a pion or a K-meson 
and A represents the systems N + 1r + ... , Y + K 
+ ... etc. 

The pole diagram corresponding to exchange of 
one meson B' is shown in the figure. We denote by 
J.J., M, m, and m' the masses of the charged lepton 
r, the nucleon, and the mesons B and B' respec­
tively; W and w are the effective masses of the 
systems A and r respectively; k is the momen­
tum transfer between the leptons; .6. is the mo­
mentum transfer between the neutrino and the 
B + z- system, and E is the total energy in the 
center of mass system. As in the case of multiple 
pion electro-production considered by Drell [3] the 
cross section for the process (5) has a sharp max­
.imum in the region of small .6.2. In this region the 

\ 8' 
t 
I 
I 

AI _ ~-E-f"~=-~'= l 
_.:,:..---- ~fA 

pole diagram represented in the figure gives the 
main contribution to the cross-section and the dif-
ferential cross section has the approximate form: 

a• F <~"> Cl&: <~"l 
4 (2:rt)4 [~ 2 +m'2)2 

W2 [1- 2 (M2 - ~2)/W2 + (M 2 + ~2) 2/W4]'/, 
X (£2 - M 2)2 (w2 + 8 2) 

(6) 

where G is the universal weak coupling constant, 
a{t' (.6.2) is the total cross-section for the reaction 
B' + N- A for the virtual meson B', and F(.6.2) 
is obtained from Eq. (6) in [i] by the substitution 
m'2 _ -.6.2. 

The differential cross section for the reaction 
(5), multiplied by [ .6.2 + m'2 ]2 becomes in the pole 
.c,.2 = -m'2 

i)4c; [t;2 + '2 I 
aw•aw•ak2iM• m 1 "''=-m'' 

Q2 W2 [1- 2 (M 2 + m'2)/W2 + (M2 - m'2)2/W4 ]'/, B' 

= 4 (2n)4 = (£2- M")2 (w"- m'") F ow' 

where F is determined by Eq. (6) in [i] and ~ 
is the total cross section for the reaction B' + N 
-A. 

(7) 

The corresponding quantities for antineutrino 
reactions ii + N - z+ + B' + A' also have the ex­
pressions (6) and (7) with the substitutions m ~ m' 
and replacing a~ by the cross section a~ of the 
reaction B + N - A'. 
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The extrapolation of the experimental values to 
the pole 1> allows the determination of the form fac­
tors in matrix elements of the form ( B' I jX' sX IB) 
and a test of the hypothesis on the structure of vec­
tor currents [1]. 

For a numerical estimate of cross sections for 
processes of the type (5) one may consider the form 
factors as constants, assume aw(.D.2 ) Rl aw and 
take OW from experiments [G]. Integration of Eq. 
(6) shows that the cross section for the reaction 
(1) equals 2 x 10-40 and 3 x 10-39 cm2 for neutrino 
energies (in the lab system) of 1 and 5 BeV, re­
spectively, and the cross section for reaction (2) 
equals 10-40 and 5 x 10-40 cm2 at neutrino energies 
of 2 and 5 BeV, respectively. 

In conclusion, let us note that the results ob­
tained in [1] and in the present paper can be ap­
plied also to the investigation of the structure of 
symmetric neutral currents, which have been dis­
cussed in many papers ( cf. [7] and further refer­
ences given there). In this case the final state 

1>The extrapolation procedure and its errors have been con­
sidered in detail in many papers devoted to the analysis of 
similar processes (cf. e.g. [•.•]). 

does not contain a charged lepton, but a neutrino 
or an antineutrino. 
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