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1. Introduction 

The· standard ·approach to· 'the description of· the mixing or 

oscillations of quarks and leptons is_ the·.·.approach [ll,.-in:·which 
the property _of. the mass matrix being not-diagonal is utilized. In 

the preceding work [21 . the. conclusion, was made that weak 

interaction gives no contribution to the masses of fermions (see 

Appendix>, since only left-hand components of fermions take part 

in it. In this connection it is· apparently n.ecessary to· ana!yze 

the influence of ... weak _,interaction on the oscillations ·and· mixing 
of K0 -mesons ·.ind neutrinos. 

2. Con'tribution of weak interaction to the oscillation of K0 

mesons 

The interaction .. of K0 --> d ~5 · s and K0 --> s r
5 

d 
mesons. is the same . 'owing to the interaction' being identical 

·both of s and s and of d and a. . Moreover, if the·. symmetry -with 

respect to: particles and. ·antiparticles· cif the · Kobayash_i-Maskawa 

matrices [31 <in the·6-quark caseCP is vi'olated· >is taken :Lrito 
account, then the transitions K0 --> K0 and K0 .-->. K-0 _will '·be-·• 

symmetric. Contributions to these transitions will be· gi'ven by the 

• standard four...:vert~x diagram [41 and . the diagram , with exchange 

of the Z
0
-boson [51 <Z'\ncludes: 1( 0 and K0 with th~ same 

probability, i.e. the mixing angle eq~~l s 'Tt/4) : Si nee K0 - and 

j(o..:.inesons'consist of fermibns_<~. s,' d>·'iir~ which'owing·to the 

left' ,natur·e of the· weak' 'interaction cannot· ·acquire •mass through 
~-:...·" , ,.: ... -~ $ :r·. '(· -~c; :~ 

this interaction,. their masses do not vary. As a result, we . (;,. . ': ' ,.· .. , . ". - ' .... . . 
arrive at the conclusion that the mix~~g :angle, for K0 , 1(0 equals 

'Tt/4. 

The masses of K0
:' and ·.j(o are the- _s~me _<the mixing angle 

equals 'Tt/4) ,then 'the mass ·matrix of K~ and K0 - m~sons has the 
form of 

lmKoKo 

. mj(oKo-

m Ko Ko . 

m j{o j{o r· .•;. 

'Having in our mind the further using, we turn now to the 
matrix of widths for K0 -, K0 -mesons 
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_and we shall diagonalize.this_matrix 

. mixing angle for K 0 and K0 is n/4: 

bearing in mind that the 
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The time <or,length) of the K0 -E--·~ K 0 .. oscillation is determined by 

the'·time of formation ~f. K'!.. and K0-mesons a~d, 

correspondingly, 

will be equal to ,, . ~ 

-1 -
t Ko ..:---1•· K0 

r Ko · vo ·...- r K;.ci . ..-..,o ____ 1 ___ 1 ______________ _ 
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Owing_ .. to the masses of !(0
. and. K0 being equal and to their 

width• totally overlapping, such oscillation will be real [5J •. 

~t. diagonal ization of the 

mass m~trix. for Kf .a~d K~.: I m K! K~ 

where 

m Ko Ko m i(o l{o 

m i(o Ko m Ko.Ko 

matrix .. ·, 
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m K~ 
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<1> we have come to the 
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(5) 

m i(o i(o. 

When transition is performed to- the KY-and·K~-mesons:there 
appears a mass difference, and, in this case, it is necessar~ to 

take into account the influence of this difference .on the· 
oscillation_ of the_ KY- and K~..:.mesons. We .considered. this questio~ 
in ref. [5]. The.rein it. was shown that when the particles .~pass 

.through vacuum, real tr_ansition of particles of. one. sort .of. 

definite .ma~s ~1 into particles .of ,an-~th~ar sor,t of_ mass,,_m2. may 
take place when ·permitt.ed .by -the uncertainty relations, i-f' the 

width~ of the~e parti~les a'verlap' .their mass diff'eren~e~ Thi's, is . ~ - . . - ~ . '" ' . ~ 

possible'o'wing t6 the second particle having time to become a real 

p~rti~le. ·.~his means_.that in the case ~f K'!., K0-mesons oscillation 

wiil o~cur ·~ithout any suppression <the ··masses 'of ·.the K0- and 'i(g_ 
mesons are identical, and their widths totally overlap).· At the 
same· time. that_ in the. case of .. KY-an~ K~-me_sons the ov~rlap~ing of 
theirwidths due to their mass difference. is very small, and, 
th'er~f.ore, the oscillation between .Ky' and. Kr is_ strongly 
suppressed '<actually, 'so-:-called virtual' oscillations· will take 
place>, .;;_nd for transition of the'KY--and K~-mesons to the 
corresponding mass surfac;e ·.interaction .must ·be present for 

implementing .the· transition to ·the. mass surface · <since ·this . mass 

difference ·is very· small,· for. s'U:ch a transition a.relatively.sm~ll· 
external field is sufficient) .... 

Now let us return to the is~ue of the mixing angie· forK~ and 
K~, which is related to the .overlapping of the mass difference by 
their widths.-that will be manifested as real· KY....___.. K~ Actually, 
this phenomenon . wi 11 be manifested as the appearance of a term 

vi~lating CP parity. In the simplest case this mixing angle e is 

1-~ 
t(o Ko 

1 1 

K~ K~ 

sin a 

This ·angle 

-r K~ K~ 

r Ko KQ 
2 "'-

·. r Ko Ko · 

s C! 2•9 

I . 
K~ = K~ 

\ ~ 

e K~ 
(6) 

-------~--~--- C! 0.0016 

T l'o Ko··· 
, ' l .. 1 

,:_'"; 

practically coincides with the' angle of the CP 

violating tef:m observed:·exl:ui~rimentaily'[6]; ·'.r ,;;:0~00327.' ··xf·'· 
KY .,..._....,. _K~ occurs t_hrough ~o , K o <K~ .,..._....,. Ko , ~o ..__ ... K~ .>, 
then· 9 is ·.:.·c r• Ko l(o is: taken from (3) ) 

:,_·1.',)· •. 
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sin·e 2 ·r ~~-~~-=-------- 0.0032 

r KolKol 

and does not coincide with the exper:-iment . .ooJ. ,value. . 

On the other hand,for explanation of the' CP violation 

one must~foll~wing ref. ·[73, make use of an i'nteraction 

mechanism. which,evidently,is·equivalent to Kobayashi-Maskawa 

mechanism of CP'violation. 

'I; 

Thus, owing to the contribution· 'of weak 'interaction not· 

causing a change- in the quarl< · masses, no·· 'quark mixing· 

(osc_illation) occurs' in this case: But taking' into account weak • 
quark decays · 1 eads, upon·· violation· of · the: 'f 1 avour· numbers by 

matrices of' the Kobayashi-Ma;,;kawa tyj:u~, to ·the· appeara~i::e of 
. . . , a . , . , •· . -

oscillations of neutral K-mesons considered above. 

3. . Contribution · of 

oscillations 

the weak 
' ' ' 

interaction to neutrino' 

Since the weak interaction does not change the neutri..;o mass, 

the neutrino mass matrix will not b~ altered by the contribution 

of this interaction (see Appendix). Thus, the contribution of weak 

interaction [2J will not lead to any lepton mixing. 

How can lepton mixing <oscillation) appear then? 

Such mixing may be due to- matrices ·of, the KobayashL-Maskawa 

type [3l, or·it may· occur within the.framework of direct violation 

of lepton numbers [83. So the lepton mass ·matrix <I' = <<~'e• <i'Jol' •'<JI'l') · 
will be of the diagonal form 

., me, 
'0 ., 

0' 
Ml 

0 
m}'l 

0 
g I· 
m'l' 

<7) 

In the case of leptons the non-diagonal matrix is the ma,trix v+, 
which mixes leptons, 

<~'' = v+<J~, 

and the- diagonalization of which leads to the appearance of new 

lepton states <1'
1 = <<1'1' · <1'2 ,. <113>. In pri,nciple, this proced.ure.· is 

equivalent to the introduction of a. non-diagonal mass matrix. Once 

more_ we stress that this non-diagonal' mass matrix is not relat~d 
to: the .. weak interaction, but is generated by .the Kobayashi -:Maskawa 

matrix .or by a. -mechanism, of, direct_. violation of,. lepton. numbers 
[8J. . > ' ' ;,; .. ' ''·' ., ' ' '-' ' ' " ' ' . " "' '' 

The. _issue of which type . <virtua~ .. or, rea,l) ,of ;oscillations 

occurs in this case is dealt with in ref. [5l. Thus, owing to its 
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specific left.:..hand nature, weak interaction does not contribute' to· 

neutrino oscillations •. Neutrino .oscillations, which may occur 

owing to the existence of neutrino decay channels, i.e •.. to.taking 
into ·account the neutrino decay- widths, can be described- 'by 
analogy with the osci !'lations of- K0 -mesons considered above. 

4. Conclusion 

The contribution of weak interaction to the oscillations of 
K0 -mesons and neutrinos is studied •. , It .. _ i_s shown.· th~t,w~-e~, qllark 

decays via weak interaction-are taken into account, there appears, 

upon violation of the flavour numbers by Kobayashi-Moskawa 

matrices, real K0 .--;. K0 vacuum oscillation with a mixing angle 
equal to 11:14, while KY . .--;. K~ vacuum os!=illation will take place 
in conditions of ·strong suppression' due-'to the difference between 
th.,; masses of the KY-and ·K~-mesons_ <virtual oscillation will take 
place). Real KY .--;. K~ oscillation in vacuum will .occur with a 
mixing angle e equal to e ~ 0.0016 or e ~ 0.0032 <such oscillation 

leads to CP violation). The angle of CP violation measured 

experimentally [6J is 4' ~ 0.00327 • All .these processe~ will 
proceed on a- backg-round of- decays , of , the neutral K0 -mesons. 

Transition from the K0
, K0 to the Kf,· K~ representation is 

implemented by diagonalization of the matrices of decay widths-of 

the K0
;_. K0-'mesons. 

The conclusion :•is: made "that· 'neutrino oscillations .. may· take·· 

place'- owing to" matrices. of ''the ··Kobayashi..:Maskawa type ·or to a 

~echanism of direct violation of the lepton numbers '[8], 'i.e. 

outside the framework of weak interaction. An analysis of n~utrino 
ascii l.ati ons th~t may arise because of the_ existence of neutri nci 
decay channels can be performed by analogy with the neutral K0 

mesons considered above. 

ApPendix 

-- The_ Dirac equ~tion for- _<IIR, .<~~L has- the form: 

,where Hi = . l;'i 7" :e Aj__ . _ ~'crt. _ ilre t~~ ,P~ul~: )•atrice$:·; > 
The_ Dirac· equation for the same particle 10 new variables· upon 
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taking. ·into account the interaction·· through AI" will 

form': • 

E' + G'ipli) q.L - Ml q,R = 0 ~ 

EJ-G'iP'i> "'R - Ml q,L = 0. 

From' <A.'l> arid <A~ 2> we obtain· _.; 

<E- E'> + G'i(Hi- pi i) , ) . q.L = .61'1 q,R ' 

<E - E I) - G'i <Hi- p' i) ) q.R = .61'1 q,L, 

be of the 
/ 

<A.2> 

(A.3> 

where .61'1:= M- M1 , and that the contribution of the interaction 

via the. field A}'l leads to the ·appearance of the mass .61'1,' there 
being ·symmetry between the right and left components of the 

ferm:lon; 

.Using <A.3) we can now consider the case when only the left 

component of the fermion (bearing in ~ind ·the weak· interaction)· 

t~ke;, part i~ the interaction~ Then <A~3) can be rew.::itt~n/ in .the 

form: 

~ <E ~ E~> + G'i~Hi~ pli) I\IL = 0 
<A.4l 

0 = .61'1 IJIL . .' 

Since IJIL differs from zero, we have from <A.4> 6M = O.That is, if 
only the left component of the fermion takes part in the 

interaction, then the mass of the fermion is not changed' b·y th~ 
presence of the interaction. But it is not difficult to see that 

the same conclusfon is obtained in the. case when the fie!'d A!'t is 
a non-Abelian field, 

'' 
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