


1. fntfoduction v

“The' standard approach to the descr1pt1on of: the ‘mixing or
oscillations of quarks and leptons is the: approach L13,0iny "which
the propertg of. the mass matrix be1ng nDt diagonal 'is. ut111’ed “In-
the preced1ng work [2] the conclus10n .-was - made -that weaK
1nteract1on gives no contrxbut1on to  the masses of fermions: (see
Append1x) -since only “left-hand components of fermions take part

Cincit. In this connect1on it ig apparently" necessary: to- analg‘e

the 1nf1uence of.. weak 1nteract1on on - the osc111at1ons and m1x1ng’
of K% mesons ‘and neutrinos. . : R

2. Contr1but1on o+ weak 1nteract1on to thetdscillatidn nf KO
mesons . : R = e T

The ,interaction; of KO — g ¥5's . .and .. KO —» s ¥5 d
~mesons’, ;is .. the same. "ow1ng to’ the‘ 1nteract1on be1ng identical
-both of:. 5. and S-and of: d and d. - . Moreover,  if the: symmetry ..with

“respect’ tovparticles ’ and: ant1part1c1es of: the?kobagash1—MasLawa

'matrlces £33 ¢ in the 6—quark case CP 1s v101ated } 1s taken 1nt0

account, then the trans1t10ns K° - K° and ko = K3 w111 ‘be
sgmmetr1c. Contr1but1ons to these transitions” w111 be g1ven bg the

Sstandard four—vertex d1agram [4] and .the diagram" w1th exchange
‘of -the 7% boson £S3 (Z%ncludes KD and Kn w1th the same

'probab111tg, i.e. the m1x1ng angle equals, n/4). S1nce K and

'K"—mesons consist’ of’ fermxons (s, s, dyitd ';wh1ch owlng to.. the
left nature of the weak’ 1nteract1on cannot acqu1re ‘mass through

et SLE 3 §e
th1s 1nteract1on, the1r masses do not varg. As a result,we
1 i,# 5o RE A B o
angle for K" KD equals

arrive at the conclusion that the m1x§n§ :
n/a. 7 »' |

- The masses of K“ and Kn are the- same ;(the‘mixing angle
equals n/4) ythen the mass matrxx of K2 and K® - mesons has the

form of . LR TN .
m 0 Ko m ko KO ?a L
L0 O m Eo Ko ufﬂf“s i
"Having in our mind @ - = the further uslng, ‘we -turn now to the

matrix of widths for . K9-, K°— mesons
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Vand we shall dlagonalx..e thls ‘matrix’ » bearing in mind that the " - y KT Ky +7 v K3 K3 K2 K ‘ K2 K

s B 2

~mixing angle for K° and KO 3% Rt i When ‘transition is performed:to the K{-and" K3-mesons: there:
v : - R ‘\(‘ appears. . a mass: difference, randy -in.this case, it is »necessar‘}j to.
l‘l:‘ K? K?, 0 . : Gy (2) ;“ o take into account the  influence of this:.difference :on- t.he:"

’ PR N P R N R oscxllatlon of the kl—and kz—mesons. Ne chsxder‘ed thls questlon‘

1 a r;‘K%KO 'Z 1n r‘e*F. ESJ..Ther‘exn it was shown . -that when the par‘tlcles pass..
e KOy RO ’ KO - KO . 4 - thr‘ough vacuum, real tran51t10n o*F par‘tlcles ~: o*F one, ’sor‘t of o
k K'i"= R ST rs o ch = el ; ,} de+1n1te mass '“1 1nt.o partxcles of another sort 0<F mass my . mag‘

\ JT 15 ‘ N take place when per‘mltted :by the uncer‘taxntg relatlons, 14 the
C Then i R " SRR . N ) ’ T wxdths of these par‘txcles overlap w_t‘.heu‘ mass dlffer‘ence. ThlS 15‘
’ ,_ _ - r K?‘:n Ki’ +.r K9 Kgﬂ ‘ S ; possxble leng to the second par‘tlcle hav1ng Elme to become a r‘eal X

T ko ko = LIP) KO = - TS Py [ » e ‘ . pertlcle. Th15 means, that in the case_ of K- vK—mesons osc111atxon

’ ' .2 : ) V B - wl.lv‘lroccur‘ without -any’ suppression (the masses ‘ofiithe K% and h—

. : ° L &2 ‘ » mesons are identical, "and their-widths totally overlap). At the

s - v S F‘Kci ‘Ki’ R BN K9 K9 - i . | same. time: t.hat in the case of \l-and Kz—mesons the overlappxng of

T ko ko =T ko o .= S T . Sr Mo | t.he1r widths. due. to their mass dl*F*Fer‘ence is ver‘g : small “and,
e S S oS R SRS he P S L2 et S : | therefore, ~ the  oscillation. “between k“ and - K9 7.is ! str‘bnglgf .
The time (or,length) of the K® +-—s K% oscillation is determined by. EN suppr‘essed (actually,” so—called “wvirtual® oscillations® will take
¥ f.heb"tin{e of’ forhatien of. Ke; and Eu—mesonsi, aed, o ’ 2 i place) and for. transition. of the “K§- and Kg—-mesonsf to “the

e o ‘ . ‘ e - - 5 correspondlng - mass sur‘face E 1nteract10n ‘must. b present «for‘
correspondingly, - = I R S - ~"_ . 1mp1ement1ng the’ transxtlon to: the mass i sur‘face (51nce this" massl :

‘/v_’vil’]‘. be_’;et{:;kua{. to_w: . RN : dlffer‘ence is - verg small, for. such a trans1t10n a. relat1velg small-‘k

‘ B e . ext.er‘nal field-is: suff1c1ent).-,m: i : : i i
iy S L S T o "o "+ T K}d,‘y‘?o" e Now let us‘return to the isdue of the mixing: angle for K° and :
Lt Ko ,:___“:,,Eu = . = 1 - 1 T TR = : I P‘Z! which .is:related. to .the . over‘lapplng of the mass difference "hy -
. . o i L e ©  their widths :that will be . manifested as real” k‘l’ S K2. Actually,’
: ) o =0 R o R " - this phenomenon will be manifested as . the appearance of a term
s Owing::to -the masses of K% and K" being equal .and to  their v1olat1ng CP parity. In the simplest case this mixing angle 6 is
-'widths totally overlapping, such oscillation will be real (33....- B . el . e . .
At dlagonal 1‘at10n of the matr‘lx (1) :we have -c’omewto t.he Lo T e vo - .0 .o §x206,
. e 8 : : SRR K¢ KY K3 K3 .
mass matr‘xx <For‘ Ki’ and I*\,., : - ) o » R Y T o vo F oo o o of e e
I i KD KD‘; ) o Lo R . . K2 K2, . . K2 K2 e KZ = k2 -8 }\1 L
1 71 4y o : , . &)
o .- . mgo k2 ) e : : . S ml . e by aslioe o
‘ r S 2Kz sin: 6 = o 0.0016%
where R S ‘ o shyng :
: - v This'~angle - practical lg coincides  with - the’-rangle- of "the  CP:¥
. mgo o= m,0 o violating. term observed experimental 1y €63; &= 0.00327. “T§%"
< A K > Kg occurs through K9 ,.R.®. (Kcl',t——! K® KO —= Kg,) '
; i : : then ‘o ~( T Ko Ko =is?téken from (3)) Prowwana wndd
2 T , 3

7



o2 I‘ KD KD R P PR PRt yI

sin:@ = e 0.0032° -7
T ko po T
KE1K%y

and does nDt c01nc1de with the eaperxmenta] value.
On the other "hand,for explanation of the cp vxolat10n3
one must, iollowlng £71,

which yevidently,is equivalent to Kobagash1—na5kawa'

rei. make use -of an interaction

mechanism.

mechanism of CP- ‘violation. - D e . . . co s

" Thus,

dausing a

owing “to - the  contribution. 'of: ‘weak
the

occurs’ in this case.

“interaction ' not -
change in™” quark ‘- masses, ‘nd”ﬁquafk
(oscillation)
quark detagé ‘leads;,
matrices - of’ the AKobagashx—Haskawa tgpe,
osc1llat10n5 of neutral Ko mesons con51dered above. )

‘3. Contribution " of

oscillations

‘the  weak interaction to’

Slnce the weak 1nteract10n does not change the neutr1no mass,
;the neutr1no mass matrlx w111 not be altered by the contrlbutxon
of th1s interaction .(see Appendlx). Thus, the contr1butxon ‘of weak

‘1nteract10n £21 w111 not lead .to any lepton.mixing.

How-can lepton mixing (oscillation) appeaP then? . T T SRS I
:Such mixing may. be due: to..matrices : of.: -the Kobayashi—taskawa -

~tgpe [31, or:it:may occur- within the:framework of ‘direct :violation

of lepton numbers [Bl. So the lepton mass ‘matrix ¢ = (¢e, ¢M, )
will be of - the dxagonal form E E .
M, = Qe m"4 SR o RN KN ’ N S f7)
) o 0 S omy : N

In the case of leptons the non—dxagonal matrix is the matrix V
'whlch mixes leptons, B

IIJ’ =_\‘V+Ib, - l . 1
and the d1agonalxzat10n of which leads to the appearance of new
lepton ‘states v’ = (¢1, Yz, ¥3). In pr1nc1p1e, this procedure: is
equivalent to the introduction of a non—dxagonal mass matrix. Once
more we stress that this non—dxagonal mass matrix is not related
to-the, weak. interaction, but: is generated by the. Kobagash1—ﬂaskawa'
_matr1x or pghgiqgchan1§@;oﬁ\ﬂlpegq1v;plat;on_o{ﬁleptpq-numbghs
The(jssue o@‘which,égpe
‘occurs in thiskcase is dealt with in ref.

w(QiréuaL‘,nr: real). .of ;ﬁéqillqtiohs
L31.

mixing
But tak1ng into accuﬁht‘weék
upon“ violation of- the flavour numbers bg'

‘to the’ appearance ,Of 

neutrino’

Thus, owing to its-

>

"

R

i
1

neutrino ;oscillations..

‘matrices,
“equal to n/4,

‘experimentally [6] is

specific 1eft4handvnéﬁube, weak interactioﬁkdueé not:contribute to:
Neutrino. Dscillations,»'whlch .may - occur"
owing to the existence of - neutr1no decay channels,
into 'account the neutrino decag .widths, . ‘be ‘described bg
analogg w1th the oscxllatlons of KO. —mesons consxdered above.‘> :

i.e. to takxng

4; Cqﬁclusinn. .

The contribution of weak interaction td the oscillations of
K9-mesons and neutrinos is studxed.hlt 15 shown that when quark
decays via weak interaction. are taken 1nto account, there appears,’
the
real K% +— K2 vacuum oscillation with a‘mixing éngle'x
while Kl — kg vacuum oscxllatlon will. take place
in cond1t1ons ‘of strong suppre551un ‘due:‘to the dxfference between .

the ‘masses of the K1 and Kg-mesons (vxrtual osc111at10n will take
place).;Real K1 «— K9 Dsc111at10n in . vacuum will occur with a

mixing ‘angle ® equal to @ = 0.0016 or € 0‘0032 (such oscillation

upon violation of flavour numbers by Kobagash;—ﬂoskawa

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

& 2.0.00327. . All these processes will:...

proceed on a-background. of .decays . of the neutral. K —mesuns.-”«'vkk
Trans1t10n from- the Kn' KD to the Kl' K2 representatlon 15

1mp1emented by diagonalization of the matr1ce5 of decag widths - of

the KD Kq—mesuns. )
The conclusionis' made ‘that ‘neutrino 05c111at1ons may - take*

Place owing to “matrices ‘of “the" Kobagashx—naskaua typetor: to- a -
mechanism of direct vtolat1on of the lepton numbers [B], icel
outs1de the framework of weak - 1nteract1on. An analgs1s of neutrino-
osc1llat10ns that may arise because of the existence of neutring

decay channels can. be’ performed by analogg with the neutral K%

mesons consxdered above.

?‘épén@_ix )

A} "Thé,éi%éc_éﬁﬁggioﬁ;for ¢R;lQL ﬁésithé:¥sﬁh

CE+ ggHj) % —-Mig =0, i=1,3

CE=-ogjHi) 4g =My =0,E=z-ad; -




takxng into account the inteéraction’ through Ay “wWill be of “the’

form: P : SrowE L . )
ot E/ + oiPl) 4 - mlyg =0, .
k AL2)
3 - [ _ i P oA
(E o;P*i) ug My =o0.
From (A.1) and (A.2) we obtain -
CUE - ED + oy (Hj~. PHy) o= oM v, L
R : o . (a3
e , e (A
AR - E') — gy (Hj— P'5) ) wgi= oM 4

where “MM:=:M-— M/, and that the contrxbutlon of -the 1nteract10n
via the field Aﬂ leads- to the appearance of ‘the mass fa'y IS there
belng sgmmetrg between the nlght: and left  components of the

fermlon. S S R f;',, o s L S

Using (A 3) we can now consxder the case when only* the left
component of .the fermxon (bearlng in m1nd the weak 1nteract10n)/
takes part 1n the 1nteract10n.,Then (A 3) .can. be rewrltten 1n the

;form' St - Ve ! o :
. - ‘ A s
?ﬂk(E». E®) +Jdi!Hi PRy

¥

Since ¥, differs from zero, we have from (A.4) &M = 0.That is, if
only.  the left component of the fermion . takes part .in the

interaction, then  the mass of the fermlon is not changed bg thei

presence of the 1nteractlon. But it 15 not difficult to see that

the same conc1u51on is obtalned in the case when the fleld AM is
‘a non-Abelian field.

it

References

1~ S.. M.Bilenky and S. T. Petcov, Rev.of ﬁqd. Phys.. 58 (1987)‘679.

2. Kh. M. Beshtoeyv, JINR, P2-93-44 . Dubna,1993.
3 H.rKobagashl and K. Maskawa, Prog. Theor. Phgs

29 1973 652.7

P

‘L B.  okun
Kh. .M. Beshtoev,

;\Leptens”and Quarks

Review of Partlcle PPDpEFtlES”

J. Lxufand

L. Nolfensteln‘; Phgs. Rev._Lett.

i n.;MN;uk;;fquu.ui,}.;‘f
JINR, P2-92-318 ,Dubna,1992. -
Phgs. Lett.
137 (1968 .
B289 (1987) 1.
JINR P2-91— 183 Dubna,1991. o

oL Nolfensteln ’ Nucl ©Phys.
“Kh. H.,Beshtoev,

‘on May 12,

“Received bu PublisningvDepantmenﬁfx

1993, .

B239 (1990)

B T SR T LA

-y
>

B



