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In analysing the data of cosmic- ray experiments and, in particular, those 

of underground neutrino experiments, of importance is the assumption that the 

muons possess only the electromagnetic and weak interactions and the -me-

son neutrinos interact always only weakly. In cosmic- ray research information 

is being gradually accumulated which provides likely evidence for the pre-

sence of specific interactions of muons anct. perhaps. of vI' - neutrinos. which 

are essentially displayed at an energy· E ~ 10
12 

ev./ 
1
-

3
/. 

As a . model of such interactions increasing with energy we shall consi

der a pseudovector ( pseudo-1\ltaxwell) tli!ld with an interaction such asx/ 

&~Y Y v a~-
mc a p. 11 aZv 

Let & be the charge of muons and nucleons. vI' - neutrinos and elec-

trons do not possess the & -charge or their charge is much smaller. 

The analysis of the CERN data on neutrino experiments ( the absence of 

"neutral currents", i.e. "Compton" -protons, the absence of muon pairs. i.e. 
-40 -41 2 

u~ < 10 - 10 em shows that if in the neutrino beam there are pseudopho-

tons then the corresponding " fine structure" constant & 2 < 10-6 -10-7 The cross 

section for production of pseudophotons with an energy E P • ~ Eo by 

primary protons (E0 ) might have the structure (up to photon energy • 10
15 

eV): 
Eo 

uP • u &2~ 
D m. c" 

rucieon interactions. i.e. 

where u • is the total cross section for strong nucleon-

under assumption for E
0 

• 10
15 

eV protons, 

& 
2 - 10 -

7 
- 10-6 u < u 

p • D 

The cross section for muon pair production by pseudophotons in the 

Coulomb field of an extended nucleus of charge z 

form: 

may be expected in the 

if 

u 
2p. 

z ~ 10 g 2 
• 10-6 - 10 -

7 
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-27 -28 2 
• 10 -10 em 

14 
EP • 10 e V a = 



But already for pseudophotons with an e nergy < 10 
12

eVthe muon pair production 

. < 10-25 10-30 2 . th d" . b cross section u 2,. - em 1.e. e correspon 1ng muon pa1r can e pro-

duced only deeply in the earth imitating, in particular, tl:le effect of a n interme

diate meson created by neutrino/ 
4

/ • 

In the Coulomb field the muon can directly produce a pair o f muons/ 1 •2
/. 

The muon p a irs can be crea ted in the primary proton collisions. 

Thus, prima ry protons of an energy 10
14 

- 101~eV can cause in a 

casca de manner muon groupJ
2

/ with E,. • 10 13 -10
14ev in the a tmosphere in a 

very narrow cone. 

A somewha t different situation takes place if the ",. - neutrino , like the 

muon, carries the ' - charge. Then, the v Jl neutrino must likely possess 

a rest mass different from zero a nd spend a n additional e n e r gy for p r oduction 

of, e.g., muon pa irs. 

The possibility for a such relatively penetrating component to exis t in cos

mic rays leads to a n ambiguous interpretation of the r esults of unde rground neu

trino experiments. It is desira ble to rule out this ambiguityxx/. 

The w ell- known experiments in the S outh Afl"ica and India/ 
4

/ a re being 

made in somewhat different depths ( 8800 and 7500 m.w.e.), so tha t the count

ing r a te of events may be somewha t different due to some a b sorptio n of a pos

s ible additional neutral component. Essentially differe nt r esults might be obtained 

in using as the" shielding" the w hole plane/ 
5

/ • 

But to draw concrete numerical conclusions further more detailed estim-"3.-

tio ns a re nee ded. 
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x / Considering the situation will-}in the experimental possibilities for such in
teractions to be dete cted we have some rig ht not to be concerned, a t first, with 
the problems o f diverg ences which a re s till op~n in n onrenormalizabl e theories. 

xx/ Ouite a different situation 
experiments on accelera to rs l ower 
In tha t case the P -field will be 

w ill occur if a further impr ovement o f neutrino 
the upper limit fot· g 2 by o n e order o r two. 
o f a theoretical interest c;>nly (for E > ro14 eV) 

in the sense o f the mass difference o f the e l ectron and the muon. 
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