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On By Vu Decay

The decay K*s #+ YV Y is considered under different
assumptions on the form of the %~'%u interaction Hamiltonian. The
p¥  -meson spectrum and polarization as well as the total decay
probability are calculated. An experimental study of this process
would allow information on ¥~ % interaction to be obtained.
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1,2

able experimental data do not contradict the presence of even -

In refs, attention was drawn to the fact that the avaﬂ—
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 < 210° G ,

]

. , 1
where 'F is thev-v interaction constant, and G ~10° ;{—2 is the

- 4
.ordmary weak interaction constant. It is obvious that the problem of

'~‘-1nteract10n between neutrinos is of fundamental interest in the
~physics of ‘weak interactions x). Special experiments, the purpose
“of which is to investigate this interaction, seem to be Aimportant,
'Many 'such experiments are discussed in ref, /2/, Here we

consider in detail the process

+ + -
K -y ty o tyy oty . . (»)

the stt,idy of which makes it possible to obtain informétion on

Vﬁ; ~ Y interaction., We considef this decay under different asSump-

In ref, /3/ the v = ¢ interaction was introduced in' the framework
of nonlocal field theory, This made it possible to construct a
gauge invariant renormalizable theory, :



tions on the type of the ¥ Yy interaction Hamiltonian, The energy

spectrum and the p,+ -meson polarization as well as the total
decay probability are calculated,

Let us analyse the process (1) under the assumptlon that the

YT interaction Hamiltonian has the forms:
Kvoa= F (v O %) (v Of ¥ ) | (2
where
Oa=aya(1f—y5) +by, (1-ys5 ) (3)
and :
H, =P (7,00 w0 (v O ) @
where the index i takes the vélues of either S ,or P ‘.,A or
ro, . :
0% =1; Op—y ; OT:"aB‘

The diagram of process (1) is given in Fig. 1. In the lowest

order of perturbation theor'y in the weak and v=v mteractlon the -

matrix element of the processis

2 m t/2 G 4 ' o
{ = I -2 — .
<fls|i> 2 )6 ( " ) - F (27) 8(p1+q p)x

10 ) . : . (5)
[(z (q) Ou(-9, ) (u (0)0—— B(1+y )u(—p ))—(41» q )]<0lJAp >

Here 49; , 492 , P; and 43 are the four—momenta of f1na1

. +
neutrinos, ¢ meson ‘and antineitrino, p the four—momentum of

the initial K= meson, m, the pt -meson mass, ]B the weak

interaction current, and

= + +. .
q ql :qz  ¢13

We note that the factor 2 in expressan (5) is assoc1ated with
two possible chronological contractions of the V# operator, entering
the weak interaction Hamiltonian, The matrix element of the hadron

current in eq. (5) is

©)



1

Vir,  @m*?

<0|]BIP>= ifKPa ’ (7)

where fg is the K" » p* vy decay constant,
- Integrating over the momenta of final neutrinoé and summing
over their polarization s_tate's we get the following expression for

the: B _meson density matrix (the K* _meson rest system):

2.2 ‘ Lo
. m G° F, 2,2 . 'ﬂfq
i B L4 £2 (g7) A A N
p = ; (-p;) p(Hy) (1~ YA(=p ). (8
24(2”)6 i K m kP10 K 1 yj ] q2 1 ()
' —p +im
Here A(--P,) = —515;—4‘*— y Mg is the K -meson mass. The values
M ) :
-of the constants 4; for the types of A interaction considered
are given in the table
Table
ty -y interaction A
u : : .
mode .
.,Vg‘;ct.qr and axial Py (2&2 + bz)
. (Hamiltonian (2))
Scalar 3/ 16 :
(pseudoscalar)
 Tensor ) 9

Note that in obtaining eq. (8) we have used the relations:

14y Jees Ity ) =45 149 Josa y (14 (9)
yayPyB( yj) yayp,%( yj) 3pp;}'o(+}’5) ya(+y5)

.

ya yP yﬁ 1 +'}'5 ) .,. }'a );” yﬁ {If?5 ) é4yp,' (.“'YS)“ . yP (1-}'5 )- ‘10)_



These 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 vy ‘and when these matrices are included
in different brackets. Eq. (9) and (10) can be easily obtained by

means of the folloWing relations:

=(3e +8 6, =8 .8 +b6 O I+y.
)’P YB(IJ')’S) (¥ apfo ap ﬁo a8 po aw “pB ))’a( bt 63 ).', ('1 1)‘
With the aid of eq. (11) we can also derive the relations:

1+ -
o )'p .(1+)'5 )o,, %8 Yo (I+y ) %y R (12)

= 16 [25paya ,(1+y5)... Yq (1 g ) -

-yp (1+y5)...y0‘(1+y ) +2y0(1+y5)...~y ’(1+y5 ) A :(13)
1+ o ses O (1 ) 0 =0 :
%8 Yo (I+y, ) v a8 Yo Ys
which simplify essentlally the calculatlons when the p - p interac-

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

+ +
g -meson spectrum in the rest system of 1n1tlal K —mesons

dw, =
]

zﬁf t2m] A (14r? —2x)(x? -r%) [(1 2x)x+r ]dx (14)"
6(2x)° L e e

Here r =;H-—, x = z (E is the total energy of a ut —mesop)
and the 4; values for the considered tYpes of ¥, = ¥y~ interaction '
are given in the table,
The maximum total #+ -meson energy in the K* _meson
rest syétém is -
| mf( + m?

max :
m
.2 K

Thus, the variable x changes in the limits

1 2 ) = (15)



The Spectfum of y+ meson resulting from the decay (1) is given
in Fig, 2, Using eq. (14) we obtam the follow1ng, expression for
the ‘total decay probabxhty

1 2 2.2 75 1 2 3
W, = —————— G F, fym, A, [—=(1-¢2 )3
: K 7K
: uzn )’ 60

‘ (16)
' +-4% t2(1—t2) (15r2 +9r%4 r6.3) + rSfnr] .

For comparison we g,xve the well-known express1on for the

decay’ probablhty K+ - # Yy

1 2 2 : : :
VKouy = e G2 fK m. my (1-r2)2% | (17)
From eqs, (16) and (17) we get
w,
] - ,-5 2 4 o
Tv = 294. 1 A’. F’. me . (18)
K-»;g; :

As is seen from this relation the decay (1) is strongly suf:pressed
(smallness of the phase ‘spayce) This makes apprapriate experiments
very d1ff1cult I—Iowever, if using high-efficiency y -quantum detectors\-
- one supp resses ‘the background induced by the decay '
| E*s i +V# +y
it would be possible to lower essentially the upper boundary of
'the,v#' —v# b' intez*ééticih. constant. It is obvious that y+ -meson
polamzatlon measurements would allow to obtam additional informa-
tion on the process (1) ‘

We give the eXpressmns for the #* -meson polarization
vector which are calculated by means of the density matrix (8).

Thus we have

e - I—2x,
P =38 . : (19)
1-2x4+ £2 . ‘ .
- X
Here B = -l—‘;-- is the p* -meson velocity in the K -meson rest

system. Let us write the polarization vector in the form F = P 3 ,
where i is the unit vector in the direction of the #' -meson

momentum. Fig. 3 gives the polarization P as a function of energy,
ir



For the maximum j+ -meson energy the polarization P is -1,
For x = -;—- , Lhe, E = ——;-mK the polarization vanishes, In the
region E < —;—- m, the polarization is positive.

In conclusion we make the following remark. As is seen from
expressions (14) and (19) for all the considered ¥, =V, interac-
tion Hamiltonians the spectrum shape and l‘+ -meson bolarization '
are independent of the interaction mode. It is not difficult to see
that this property is also wvalid for a general‘ local vy = vy
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.
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+ mK + m
Fig, 2, p meson spectrum (E,, = —S——k _  the quantity
2522 ml 2my
dw, , GF tfgmg A; | ; . .
i L is reconed on the ordinate axis).
dx 6(2n)’
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Fig. 3. ¢ meson polarization as a function of the total energy E .
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