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The cross sections for the scattering of neutrinos on nucleons due to the exchange of a neutral 
vector x meson, i.e., in the model of the anomalous muon interaction of Kobzarev and Okun', 
are calculated. The values obtained for these cross sections are of the order of ,..... 10-31 cm2, 

implying that experiments for testing the theory should be feasible. 

KoBZAREV and Okun' [l] have proposed the 
model of the anomalous muon interaction. This 
interaction involves hypothetical neutral vector 
particles, x mesons, which interact with muons 
as well as with the muonic neutrino and the bary­
ons. This model has the attractive features of be­
ing y5 invariant and renormalizable. The latter 
is particularly important at the present stage. 

One of the most feasible experiments to verify 
this model is, at present, the measurement of the 
cross section for the scattering of the muonic neu­
trino on nucleons due to the exchange of a virtual 
x meson. The cross sections for this process 
are calculated in this paper. 

Within the framework of the Sakata model, the 
x meson can interact with the baryon current in 
two ways: 

1) the x meson interacts with the nucleon cur­
rent ,/ 47T f (PYaP + nyan), 

2) the x meson interacts with the A current 
..f4ifAyaA. 

The graph describing the scattering of the neu­
trino on the nucleon is, in case 1), analogous to 
the graph describing the usual electromagnetic 
scattering of an electron by a proton (see Figs. 
1, a and b). 

As is known, the proton vertex rg'>P ( q2 ) in 
Fig. 1, b representing the effect of strongly inter­
acting virtual particles can be written in the form 

r~y) p (q2) = r J ep (q2) + Ga.(3Q13 Fmp (q2)' 

a"(3 = ~ <ra.r13 - r13r,J, 
where Fep(q2 ) and Fmp(q2 ) are the charge and 
magnetic form factors of the proton. 

Making use of the analogy between the graphs 
of Figs. 1, a and b, we can determine the quantity 
r~> ( q2 ). Indeed, let us rewrite the electromag­
netic current of the proton ..f4ii eiiYaP in such a 
way as to separate out the nucleon current PYaP 
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FIG. 1 

+ nyan = NyaN, in which we are interested: 

where N = ( ~ ) is the wave function of the nu­

cleon and Ta = ( ~ -~) is a matrix acting in the 

isotopic space of the nucleon. The "accumulation" 
of virtual particles in the proton vertex induces 
the replacement 

Nr "' N-+ N r<Y> v (q2) "' N a. 3 1% 3 , 

where the indices S and V distinguish between 
the isoscalar and isovector components of the nu­
cleon form factor. Since the nucleon vertex can­
not depend on which quantum ( x or y) is emitted 
(neither participates in the strong interactions), 
and since the electromagnetic and f currents of 
the nucleon <v"'41TeihaN and v"'41T fNyaN) differ 
only by a factor, it follows that the vertex r iX) ( q 2 ) 
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in Fig. 1, a is equal to the isoscalar component of 
the nucleon form factor: r~> ( q2) = r~>S ( q2). 

Let us now consider the case where it is the A 
particle which has the f charge. The scattering 
of a neutrino by a nucleon is in this case due, for 
example, to the process described by the graph of 
Fig. 2. Including the remaining possible graphs 
and representing their sum by a graph with a blob 
in the nucleon vertex, we again obtain the graph 
of Fig. 1, a with the only difference that the nu­
cleon no longer has an f charge. The electromag­
netic analog of this process is the scattering of 
an electron by a neutron, which does not have an 
e charge. 
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FIG. 2 

We note, however, that in the second case we 
cannot determine the form of the nucleon vertex 
in the way we did in the case of the xN interaction. 
Therefore, we know neither r~> ( q2) nor r<&> ( 0) 
with certainty. . In view of the singlet nature of the 
A particle, it would be reasonable to choose the 
scalar form factors, but the scalar charge form 
factor of the nucleon does not vanish in the static 
limit. The calculations have therefore been car­
ried out with the scalar magnetic and the neutron 
electric form factors. 

The matrix element for the scattering process 
has in both cases the form 

4:rtf2 - - (X) 
M = 2 2 (u.r a.uv) (uNr a. (q2) uN) 

mx-q 

(the term qaW3 /m~ in the meson propagator gives 
a vanishing contribution on account of the trans­
versality of the vertex). 

Since mx R:: 10m (m is the nucleon mass),* 
it is natural to assume q2 « m~, and the matrix 
element is then written down in the form of an ef­
fective four-fermion interaction 

- - (X) 
M = C (uvr 111lv) (uNr IZ (if) UN) 

= c CUvr IZUv) {uN rx.F e (q2) r a.+ 'XmF m (q2) Oa.(3q13 ] UN}· 

Here we have used the following notation: 
C = 41l"f2 /m ~ R:i 1/10 m 2, Xe and Xm are the charge 

*The values of mx_ and C are taken from the estimates of 
Kozbarev and Okun'.L'J, 

and the anomalous f moment of the nucleon, and 
Fe(q2 ) and Fm (q2 ) are the charge and magnetic 
form factors of the nucleon. 

As usual, 

(2:rt)4 I M I 2 dpz dqz (4) 
dW = (2:rt)" 2w,2E, 2Ez 2wz 6 (Pz + qz- Pt- ql), 

p = (E, p), q = (w, q). 

For the cross section we have, in terms of the 
invariants s and t, 

dcr == dt I M (s, t) l2/16n (s- m2) 2 ; 

S = (p1 + q1)2 = (pz + q2)2, 

t = ¢, 

[in the laboratory system s = m 2( 1 + 2wtfm ), 
where w1 is the energy of the incident neutrino]. 

The quantity I M 12 is easily computed with the 
help of the formula 

uNcra.13q~uN = 2muNrauN- p,_uNuN (p = P1 + P2), 

which simplifies the evaluation of the traces. 
With the notations 

t z = ~ = (s- m2 )2 Z = s- 2m• 
r = - ~, e s s ' m s ' 

a=0.214F2 , X=at 0 , 

we obtain for the final formula for a= ae + rrem 
+am: 

Oe= ~·:! X~F;(r)[!-r+ ~ z,]dr, 
0 

cz (2mXeXm) 1~ 2 
Oem= 4 XZ, F,(r)Fm(r)rdr, 

:rta • 
0 

c• z 1 

Om= 4:rt:"; X2 ~F~(r)[l~rZm]·rdr. 
0 

To obtain ·the cross sections for the first and sec­
ond cases, one must substitute the corresponding 
form factors. 

For example, in case 1) * 

'Xel = I' 

Fm1 (q2) = F ms (q2) = 4.0 -· 1.-~:~14q", 
- 1,91_1,79- 0,12 

'Xml- 2m 2m - 2m 

(the index S refers to the scalar nature of the 
form factor ) . 

In case 2), neither r~>(q2 ) nor r~>(o) is 
known with certainty, and the calculations have 

*The expressions for the form factors are based on the data 
ofHofstadter and HermanJ2] 
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been carried out assuming that 

f,2 (q2) = Fm (q2) = 0.32 + 1 _ ~:;~4 q" 
0,60 

1-0.10q2' 

where the unknown coefficients a and {3 have 
been arbitrarily set equal to unity.* The index n 
refers to the neutron. 

In the first case we can find the total cross 
section ( a1 = a1e + a1em +a 1m). This is impos­
sible in the second case, since we do not know the 
coefficients a and {3. The dependence of the cross 
sections on the energy of the incident neutrino w1 
is shown in Fig. 3. 
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FIG. 3. Dependence of the cross sections on the energy of 
the neutrino (the total cross section for the process is a"' ae 
+ aem + am). The index 1 refers to the first case (xN interac­
tion), the index 2 to the second case (xA interaction). 

Moreover, for w1 = 1 BeV, we have calculated 
the distributions of the recoil protons over the 
angles e (Fig. 4) and the spectra in the laboratory 
system (Fig. 5). 

We have also calculated the average momentum 
transfer fftT and the average scattering angle (j 
for the same energy w1 = 1 Be V ( e is the angle 
of emission of the recoil proton): 
Cross sections ate 

V Ill. BeV jc 0.53 
case 0,53 

crlem 

1.0 

0,91 
0.90 0.60 
0.84 0.59 

0.86 
0.81 

11 2em 

0.98 
0.91 

*The constants f, mx, a, and {3 are parameters of the 
theory and must be determined from experiment. However, the 
shape of the curves representing the total cross section and 
the angular and energy distributions cannot depend on them. 
A change in these constants is equivalent to the multiplication 
of these curves by some number, i.e., to a change in the scale 
of the ordinate. 
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FIG. 4 
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FIG. 5 

50 75 
Q, deg 

It follows from the results of this paper that 
the cross sections amount to "'10-31 cm2 in op­
timal cases, which makes the corresponding ex­
periments entirely feasible. 

The author expresses his deep gratitude to 
L. B. Okun' for his guidance in the completion of 
this work and to I. Yu. Kobzarev for useful com­
ments. 
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