


L.I.Lapidus

E - 1120

ON THE INTERPRETATION OF HIGH ENERGY
NEUTRINO EXPERIMENTS

Submitted to JETP

[y6na 1962



Abstract

It is stressed that under some assumptions on the role of the induced pseudo-scalar in processes (1) and (2)
within cne-neutrino theory the predominance of the number of muons over electrons in the high energy neutrino experi-

ments is possible.

A.U. Nlanuayc

K MHTEPTIPETALIMH 3KCIMNEPHMMEHTA C HEMTPHUHO
BBEICOKMX 3HEPI'MH

AHHOTAaAaNU g

OTMmeyaeTcs, 4YTO IIpH HEKOTOPHIX MPEANONOKEHHSX O PONMM UHAYIHPOBAHHOTO NCEeBOOCKa=
nspa B nponeccax (1) m (2) B pamMkax onHOHeATPHHHON Teopuu BO3MOXKHO mpeobnanaHue yucna
MIOOHOB Ha/ 9/eKTPOHaAMH B JKCNEepPHMeHTax C HeHTpHHO BHICOKMX 39HeprH#t. O6cyxnaeTcs Heob—
XOOAMMOCTL NpPOBeAEeHUS MOOMOJHUTENBLHEIX ONLITOB C Ue/bio PeLIeHHS BONPOCa O CYLIeCTBOBAHHH

BJI€EKTPOHHEIX H MIOOHHEIX HelTpHHO,



At the 1962 International Conference on High-Energy Physics at CERN the results of the first experiment with the
high energy neutrino carried out at the 32 BeV Brookhaven accelerator/ !/ have been reported . The main results of this
great experiment were the following:

1. The establishment of the fact that the number of muons produced by neutrinos due to nt It‘t +v(v)
decay is considerably larger than that of electrons*.

2. The approximated evaluation of the reaction cross sections induced by high energy neutrinos.

The predominance of the number of muons over the number of electrons evidenced to the existence of two kinds of

neutrinos v, and vu . In the discussion of ref.”1/ and also of ref./2/ where the possibility of such an experi -

e
ment was considered, it was assumed that in the framework of one-neutrino hypothesis in such an experiment the equal
numbers of muons and electrons should be expected.

Below our attention is centered on the fact that within one-neutrino hypothesis it is possible for the number of
muons to exceed the number of electrons and that supplementary experiments are necessary in ordet to solve more

reliably the problems of muon and electron neutrinos.

Theoretically “elastic processes on free nucleons

vensp+ [ L=y e) (1)

- +
V+p-’n+z (2)

were considered earlier by Lee and Yang/4/ , Cabibbo and Gatto/S/, Yamaguchi/6'7./. A serious uncertainty in the
predictions is brought by strong interaction effects. As has been shown in ref./a/ the matrix elements of processes (1)
and (2) in the framework of one-neutrino universal theory of weak interactions in the first approximation on the constant
of the weak interaction are expressed ( provided that CP invariance and the rule / Al /=1 /9/ are justifyable)
by four form-factors FIV (a?), FZV (q?), FA (g3 and FP (q ?) introduced in accordance with the general ex-
pression for the matrix element ( of reaction (1) )

up[ szya+ _2‘;I F”'(P-n)B %8 +AF, vy, v, *+ 'pr (P-n), y’] u (3)

Toval 1+y) Uy

h
where @i=(Pon)i=(l=y)2

determines the momentum transfer and the remaining notations are conventional.

»
More rigorously, in the experiment with limited statistics there was found not a single event which definitely meant eleotron

productlon.



With the help of the Dirac equation it may be easily seen that the contribution of the induced pseudc-scalar is pro-
portional to the lepton mass.

In the case of the conserved vector current in weak interactions F,,, coincides with the isovector part of the Dirac
electromagnetic nucleon form-factor and F,,, coincides with the Pauli one.* As o the axial form-factor A F , apart

from general indications of dispersion relations only its value with g2+ 0 is known. There is an evaluation” 810/
of the pole contribution to the form-factor of the induced pseudo-scalar inter:ction b Fp..‘.The estimations are made
by the most part under the assumption that all the form-factors have identical dependences. It may easily be seen that
then with neutrino energies about 1 BeV ( what is close to Brookhaven experimental conditions) the contribution to the
cross section, proportional to F”’, F“,and FA , turns out to be approximately equal for electrons and muons in reac-
tions (1) and (2), and the magnitude itself of the cross section for reaction (2) is about one third of the cross section of
reaction (1). On the other hand the contribution of the pseudo-scalar F,  leads with great advantages to muon produc-
tion, yielding electrons approximately in the same proportion in which the Tore+v and moptv decay
probabilities are.
What is known at present about the effective constant of the pseudo-scalar interaction? What evaluations may be

obtained for the pseudo-scalar contribution for the neutrino energy range about 1 BeV?

/6,7/

For the comparative evaluation of various form-factor contributions let us make use of Yamaguchi results obta-

ined by him for form-factors of the kind

-13
with r= 0.8. 10 cm.

In the function of the neutrino energy the contribution of the pseudo-scalar proves to be maximum with E = M
-38

With E =M the contribution F , F ( in units of 10 cm2 ) is about 0.85 within these permissions

1v, 2V A

for the cross section of process (1) and 0.33 for the cross section of process (2). The contribution Fp equal for
both the processes with Gp=8G, is0.17. The three-fold increase of G, comparing to the pole estimation
increases the contribution of the pseudo-scalar interaction nearly 10 times ( the interference of the pseudo-scalar con-
tribution with the axial vector interaction is small) what causes the predominance of the number of muons over .electrons
approximately 2.5 times for reaction (1} and 6~7 times for reaction (2) . From this point of view muon neutrino experi-
ments are preferable over antineutrino ones.

Thus, in the Brookhaven conditions with approximately equal numbers of neutrinos and antineutrinos in the beam, in
the framework of one-neutrino hypothesis without contradiction to available experimental data, it is possible to obtain
five-fold predominance of the number of muons over electrons. Emphasize that these evaluations have been obtained
only due to theincreasing of the pseudo-scalar interaction constant under the assumption of equal dependences of all
the form-factors.

At present, apparently, a possibility cannot be excluded that FA decreases with increasing g ?faster than other

form-factors** .,

* It is lr:;;sting to note that, in principle, from the point of view of the highest approximations, information on the asymptotic

value of vector form-factors should be taken from high energy neutrino (lepton) experiments.

T
* It is of interest to remind that from the data on the Truty and K-»u-f- p decay probabilities it follows that F and
A

K
F axial form-factors of these particles are related as
A

F5(m ) |'= 110 [ F7(m_) B
A K A









