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In refs. /
1

'
2

/ attention was drawn to the fact that the avail

able experimental data do not contradict the presence of even 

strong interaction between neutrinos. If the Hamiltonian is taken 

in vector form then by analysing the appropriate experimental data 

we may conclude/2/ that 

F < 2.106 G , .. 
'·• 

.w}lere · F is the v- v interaction constant, and G -5 1 
.. 10 - is the 

ordinary weak interaction constant. It is obvious that • 
M2 

p 

the problem of 
' interaction between neutrinos is of fundamental interest in the 

physics of ·.weak interactions JE). Special experiments, the purpose 

of which is to investigate this interaction, seem to be .important. 

Many such experiments are discussed in ref. /2/. Here we 

. consider in detail the process 

K+ + 
. -+ 1L + v!L t v!L .+v!L (1) 

the study of which makes it possible to obtain information on 

v~ - v!L interaction. We consider this decay under different assump-

In ref. /3/ th,e v - v interaction was introduced in' th,e framework 
of nonlocal field theory. This made it possible to construct a 
ga,uge invariant renormalizable theory. 
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tions on the type of the v - v interaction Hamiltonian. The energy 
ll ll 

+ spectrum and the fl -meson polarization as well as the total 

decay probability are calculated, 
Let us analyse the process (1.) under the assumption that the 

v
11 

- v
11 

interaction Hamiltonian has the forms: 

J( V, A = F ( v ll 0 a 

where 

and 

v 
ll 

(2) 

(3) 

(4) 

where the index takes the values of either S , or P , or 

T ; 
S P T 

0 = l; 0 =y
5 

; 04!=aa{3 • 

'l'he diagram of process ( 1.) is given iri: Fig. 1.. In the lowest 

order of perturbation theory in the weak and v- v 

matrix element of the process is 

interaction the 

• 
< t I s I 

tn., 1h 
(-...l::!:::'--) 

plO (5) 
> 

G 4 
F(2rr) 8 (p

1 
+q -p) X 

.[2 

[ (ii (q l Ou(-q ))(ii (q )0 -J. y{3(1+y ) u(-p )) -(q~ q )1<0 Ill p >. 
{ 3 2 q 5 1 12 {3 

Here q1 , q2 , P1 and q3 are the four-momenta of final 

neutrinos, fl + meson and antineitrino, p the four-momentum of 

the .initial K+ · meson, mfl the ll+ -meson mass, ]{3 the weak 

interaction current, and 

q 
,;.,., 

We note that the factor 2 in expression (5) is associated with 

two possible chronological contractions of the ;;IL operator, entering 

the weak interaction Hamiltonian. The matrix element of the hadron 

current in eq. (5) is 
4 

(6) 



<Oil,al > = 
1 1 

ilK P a (~ p 

y2po (2'1T)3/2 

where fK is 
+ + 

the K ... IL viL decay constant, 

Integrating over the momenta of final neutrinos and summing 

over their polarization states we get the following expression for 

the · IL + -meson density matrix (the K+ -meson rest system): 

i 
p 

" . -p +lm 
Here A(-p ) ' I' , mK is the K -meson mass. The values r 2·im 

IL 

of the constants A; for the types of v - v interaction considered 
IL IL 

are given in the table 

i: v - v interaction 
p. p. 

mode 

. Vector and axial .. ~. 
(Hamiltonian (2)) 

Scalar 

{pseudoscalar) 

Tensor 

Table 

3/ 16 

9 

Note that in obtaining eq. (a) we have used the relations: 

Y Y Ya (1+y ) ... y y, Ya (l+y) •48. , y (1+y ) ... y (1+y ) 
app 5 ap p 5 pp o 5 o 5 

Y Y Ya (1 +y ) .. • Y Y, Ya (1~y ) =4y , (l+y ) .. • y (1-y ) • 
apt-~ 5. ap p 5 p. 5 p 5 

5 

(9) 

(10) 



'I'hese relations hold in both cases when the matrices written down 

enter the same product which may ··contain in addition an arbitrary 

number of other matrices y and when these. matrices are included 

in different brackets. Eq. (9) and (10) can be easily obtained by 

means of the following relations: 

With the aid of eq. ( 11) we can also derive the relations: 

(12) 

- 16 [ 28 y . (1+y ) ••• y (1 =t- y ) 
pu a 5 a 5 

- y ( 1 +y ) ••• y ( 1 +y ) + 2y ( 1+y" ) ••• y (1 + y" ) p 5 u 5 0 .. p .. (13) 

o n y (1 +y ) o ••• o a y ( 1-y., ) o .. 0 
a,... p 5 1-f.V a,... u _, 1-f.V 

which simplify es~entially the 'calcUlations when the v - v interac-

tion is · of the tensor form. 
From eq. ( 8) we get the following expression for the 

+ 
1-1. · -meson spectrum in the rest system of initial K

+ .. 
-mesons: 

Here 

and 

dw • _.!__ G2 i f 2 m 7 A. ( 1+r2 -2x)(x2 -r
2

) ~ [( 1-2x)x+ r
2

] dx • (14) 
i 5 s K K 1 

6(2'/T) . . . . • . . 

m E + 
r = ...:::::.JL- , x = -- ( E is the total energy of a ll -meson) 

mK mK . 
the A; values: for the considered cypes of "'ll - "'IL interaction 

are given in the table. 
+ 

'I'he maximum total 1-1. -meson energy in the 

rest· system is 

E max 

m2 + m2 
K (1. 

2mK 

'I'hus, the variable x changes in the limits 

r < x < +- ( 1 + r
2 

) 

6 

K+ -meson 

(15) 



The spectrum of p. + meson resulting from the decay (1) is given 

· in Fig. 2. Using eq. (14) we obtain the following expression for 
the total decay probability 

w . • 
1 

(16) 

For comparison we give the well-known expression for the 

decay probability K+ ..... p. + v 
. p. 

w 
1 

G2 12 m 2 (1-r 2 ) 2 
K->p.v = BTT K p. mK (17) 

From eqs. (16) and (17) we get 

wK--,.,v 
(18) 

As is seen from this relation the decay (1) is strongly suppressed 

(smallness of the phase space). This makes apprdpriate experiments 

very difficult. However, if using high-efficiency y -quantum 

one suppresses ·the background induced by the· decay 
+ + 

K ... p. + vp. + y 

detectors. 

it would be possible to lower essentially the upper boundary of 

the v ·- v 
.p. p. 

+ interaction constimt. It is obvious that p. -meson 

polarization measurements would allow to obtain additional informa

tion on the process (1). 
+ 

We give the expressions for the P. -meson polarization 

vector which are calculated by means of the density matrix (8). 

Thus we have 

... 
= {3 

Here ~ = _P_ 
E 

l-2x 

1-2X+ ~ 
X 

is the + p. 

(19) 

-meson velocity in the K -meson rest 

system. Let us write the polarization vector in the form [I = P n , 
where it is the unit vector in the direction of the -meson 
momentum. Fig. 3 gives the polarization P as a function of energy. 
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For the maximum ,.,_+ -meson energy the polarization P is -1. 

For x = f- , i.e. E = -} m K the polarization vanishes. In the 

region E < _]_ m 2 l( 
the polarization is positive. 

In conclusion we make the following remark. As is seen from 

expressions (14) and (19) for all the considered "'p. - "'p. interac-
. + 

tion Hamiltonians the spectrum shape and ll -meson polarization 

are independent of the interaction mode. It is not difficult to see 

that this property is also valid for a general local "'IJ. - v IJ. 

interaction without derivatives and is a consequence of the V-A 

structure of the usual weak interaction Hamiltonian. 

We express the deep gratitude to B. Pontecorvo for numerous 

extremely useful discussions. 
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Fig, 1, 

+ 
Fig, 2, p. meson spectrum ( E max = 

dw, / Q2pi2 fg mi A; 
- - - - is reconed on the 
dx 6 (2TT )5 

m2 + m2 
K U , the quantity 

2mK 

ordinate axis), 
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Fig. 3. 
+ 

11. meson polarization as a function of the total energy E 
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