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Eemroee X.M. 
8KJJan CJJa6p.-o BJaHM<JJ1eiiqe11ll B OC!t!Wl~µ1111 · K°-MeJ0110~ ~ CP-11ap}'lllell!fC · 

:--· . .., .. - ·- '--. 

E2-95-326. 

B 11a1111oij p~6ori: o6c}.'ilc.uaercll ocUHJl/lHUHll tteiirpa.111,1u,1x•Kao11oe, noll~)!IOIQHXCll e peJym,rare 
11apyw~IIHll apo~aTH'leCKII~ 'IHCC.11 Mt;Xa!IHJMOM, JJelKautHM e11e pa.MOK CJJa6oro eJaHMO)leii~TBHll (W. z;J. 
06Me11a);_ a IIMCll!IO Ko6ruiQJH,-:--: · MacKa.ew MaTpHueii. flo1Ca.Jat10, '!TO BaKY}'Mllall. oc~llQHll 

-K° H K° flilCT 6eJ noJ1a9,11~11m(c ymoM CMeWHBallHJJ, pae11wM 7t/4, XOTll Kf ·~ .K'i 1111er c CIIJ1LIIW~ 

no11aene1111eM, H B 3TOM CJl)'!lae YfOJI CMeWIIBaHHll 8 =·0,0016 (3Ta OCUHJlJJllUHJI JIWlllCTC; peJyJU,TaTOM 
CP,11ap}'lllett11l! !I nepeKp!>!THll pacnpe11C.11e11H11 Macc-WHPIIH 3THX MeJ011oe). 3KC!!CPttMCHTll.1ILIIO HJMC· 
pe11111>1ii Yf0.11 CP-ttapymeHHll c5:.: 0,00327 (o = 28). . · . . . < Y.=wi C~eWHBallHll Kf, K'i MOlKeT II~ coenacn, C napa.MeTpoM CP-11apywellHll, H U03TOMY !f}'JKIIO 

61,1n, oqppOll(II"!~• 

-- Pa6ora ei.1non11e11a e Jla6opaTOpHH ceepxewcoKHX 311ep111ii 01-U!H, 

Beshtoev Kh.M. 
Contribution of the.Weak lnten1ction to the Oscillations of K° Mesons 
and Cf' Violation 

. · In 1!1is worlc we ~cal with ·oscillations of 11eutral kaons appearini· afJer the vioJation of flavour 

~Ulnbm by a mecltanism outsi~e the weltlc i!}teraction ( w. z;J boson ~xcltanges) -;- by the J(obaya.shi -
· Mask~w_a matrices. ft is show~ (hat the vacuum. oscillation K° +-+ K1 will. proceed without s11pprcssion · 

with amjxing angle ~q~al lo w'4, while ~ H .K'i will pr9cee<1 witfstmng suppression, ;u;d in this· 

;'case the ltlixing (i.e., !he real K'f ~ .K'i transi,tion.) angle is det~rmined by the angle 8 = 0:0016 

(these oscillations are the result of CP violation and overlapping of the mass distributi<_>ns of these. 
mesons). The angle c5 of the CP violation measured experimentally is c5 = 0.00327 ( c5 = 28). •. 

Tile mixing parameter of K'f, .K'i mesons may not coincide with the parameter of CP violation and so 

~ne mustbe carefully. 

The investigation has been performed at the Laboratory 'of Particle Physics, JINR. , 

Preprint of the Joint' Institute for N11clear Research. Dubria, 1995 · 



l,:Introduction 
• / • ~ 1_ 

In, this_ ·. :wprk . 'we • .ideal with o~ci~la~ion~ . ~f '.. neutral. 

, kaons ap~~aring after, the violatic,n<'of . fl~.;,:our -ri~mber~ / by a 
. .. . . ·. . . o> .· ., . .:' . . · .· .. 

mechanism_.outside_the weak 'interaction ,(w;z ., boson exchanges)':"'by 

the K~bayashi-Maskawa ·~atric~s. It' is· shci':ln ;;h~t th~· ;~cuum 

oscillation K" ~ K0 wiif proceed with~ut · suppression with a 

mix_in~ anglri· equal 'to i;4, .' 111hile;/'Ki· H '. ~~-.·will pro~eed _with . 
str~ng suppression, and 1 in.this caz1e _"the mixing, (i.e. the real Ki 

- K~ . transition) angle is qctermined by th~·angle · 0., 0~0016 
(these ·oscillations are the' result of;·.cp violation and ov~rlapp•i~~ 

the ma'.ss distributions of ,these meso'ns ) . _The' angle 0., 
0

e>f' .the 
( . . . . 

CP ·violation measured experimentally is .,5 - 0. 00327 ( . .S "\ ,2 0 j; . 

' I ., • 

2. • «;:ontribution of weak i~teraction, 'to >the oscillation of K0 

. . . I 

interactions, of . t.J....:. d 7~ ~ , i and_. . K
0 

_:..,;; s 7 5 d 
are ' the , same ·owing to the _' interactions b~th of s ·and ,s 

and of cl and d being identicaL Moree>ver, if the symmetry ; with . 

'respect to /p~rti~les. and .antiparti~les of' the. Kobayashi-Ma~kawa· 

m~trices ·. [ l] . is, . ta.ken.· into account, . then . the tr~~si tionS if ·'_ 
,~-. and K0 t- ~0 will be ~ymmet~~c (,C:P~ violation. leads tC;> '.asymmetry. 

of I<"' osdllations) ~ Contrib~tions t~. ,these, t'ransitions 

giv'e~ by the standard four!..vertex diagr~m r2j 



. ,' - .• ' \ 
Since K", and K0 mesons -consist of fermions (s, ·:s; d, d), , which\ 

owing to th'e left nature 'of the weak. ·interaction cannot_ a~quire 

mass through this interaction [ 3 J , 'their masses , do riot· 1 vai;.; , As' a 
, 'O ', - ,• '/ , O \ i, I , 0 O ' · 0 

result we arrive at ·the ,conclusion that the·· mixing• angle, for K, ,. 

J ', 

K° equals rr/ 4 [ 3 J • 

The masses 
, .,,, ' :. ,. ;·, of K" and ,K" are the same, _ (the mixing• angle 

· · ,, 0 ., 0 ,· · · . ', 
e~uals rr/4),so' 

form [4] 
the mass matrix;,of, K and K·. mesons has. the 

m Ko Ko m Ko io:"' 
.,) 

. m Ko' Ko, 
1 

m Ko Ko 

Having in view, further applicati6ni we no~ tur~ to 
',, , , 0 -6' 

matrix of widths. for <K . .' K mesons 
the 

--/· \: r:KO Ko r Ko Ko·, 

.I ; . 

.' 

,r · o · o ... / - -.~, I (1) 
r.· o o · . K K · K K . , . 

-(_, 
,; 

and we shall . diagonalize . this• matrix 
. •·' - . I • . - ~ 

;bearing in mind that the r/ 0 ' 

•, •• ,. ,' '1 :, -, -. O ' •. -0 '• · •'' 

mixing angle for K and K ' is rr/ 4: , . . . . . I .. 

where,·.· 

.'\ . ,l 

r Ko Ko 
1 .l 

'.0 

Ko!+ Ko 

' 

i 
·, 0 , 

r, Ko Ko' 
-2 2 

Ko,_ Ko 
i<o 

1 ----------- . , Ko 
2 ------------ ' 

.-1-2- :f"T',' 
Then ,-, 

\ 

r Ko Kc, '::'. r ;o Ko 

, r Ko Ko + , .r ·Ko Ko 
_,. ___ 1 · _1_ :' _ ___ 2 __ 2 ___ _ 

2 
~-

•· 

··, 

.-
2 ,'1 

'\ 

(2) 

-~ (3) 

'\ 

,:, 

-. 

·i 

r' ;o Ko r Ko.Ko 

r Ko Ko - · .r · Ko Ko , _1 __ .1 ________ 2 __ 2, __ _ 

\' 

2 

,,, 
• ; j, , 

The ,time, (or length) ,of the K0
• t--+ K0 oscillation is determined· by 

the formation ,time··: of K0 anc\ K0
, • mesons and, correspondingly, , '" 

' ' 

,' will be equal to 
,' \\ 

-1' 
t, ~ , ',, ~ 

K ~K 

~ . ' ' 

, , f 1io 1io _, + _ r ~o ~o __ 

2 _,, 
, \ '\.~ ·,,· ' .. 

owing; to the mai:ises · ::,f K° and K0 being equal and to, th~ir, 

widths ,tota~ly overlapping;, such, 6scillation ¥{ill .be
0

,real ·(s1•: 
\ ' . . .... ' . : /- \ ~· . ' ' ' ' - . ' . ( - ' ' ,. ' ' ' /. . 

Upon diagonalization of the matrix (1) · we have come '.to the 
··, '. •-,,:.,• -

1 '.1,: ',,, 1 • l 

· · • ' , 0 0 
: mass matrix. for _K1 and K{ 

:'\ 

'\ 
Ko •Ko; 
, _l, 1 i. 

0 

( 

m 'KO Ko 

1 m Ko Ko + 
' - -

, 

0 

m Ko 
, 2 

_·1. 

'~ · 1 

m Ko 'KO, 

,m Ko Ko 

Ko 
2, 

" 

·1 ,, 

,·, 
'/ 

m Ko:Ko + 
1 ,' 1 

m Ko Ko =. m ·Ko Ko , + 
,2 2 

m_ Ko Ko 

- ' ' -,_:, . '.' ' ,, \/ 

owing : to the contribution of .weak 
•\ , ' , - : ., , ·'·, , I, , ., 

exchanges) ,no quark mixing '•(c,scillations) 

(4) 



,ft•: 
/ 

this case. But, taking into account that weak i~teracti6~s·violate 
I '/ /, ', • • ,, , • ;·' o ' 

the., flavour, numbers,_by . means of_ the Kobayashi-Maskawa 

matri'ces,which 1lead -to th~ oscillations of K0 -~eso~s co-nsidered 

above. _, 

I , -, 0 -• 
3. Possible types of K oscillations 

If. a· particle , with mass m
0 

travels in vacuum -wif~~ut 

undergoing •interactions-then: 
'-

-l.✓, 

p2 m~ inv 1 (6r 
\ 
i..__' 

If a particle of mass m _has a width r,-how i 'th~ formula (6) 
- - - - ' - 0 

.. be -modified"? · - · -

we •. wiH assum'e that the- ·formula (6) is· not changed in. this 

_ case: But, t~e mass m _ w•ill be ~istr'ibut'ect acco~dirig' '.to' the 
Br~i t: - Wigner fgrmula' ,[ 5] . - -

p2 i:n2 .( 

W(m ;m',r, ••• ) 
10 

-1 .... 'i .. 

1,'. 

c cr;2;2j ,:· 

:. -, -- '-2- ' - --2 
-- ( ,m - m

0
) + (f /2) , 

where c :"."'is a n~rmalizing factor;· 

'.; N~w we shell 6onsider-p~-ssible types of 'Ko oscillations. 
· .. ·' · - - 'i - 0; --o' , - ' ' - -- ,-'. ,' ·: - - -- _, 

a) -If'"the masses of. K ; K . mesons are equal. and the widths of these 

~~sons, -r Ko ; rKo, - are_ ~{so equal,_ we obt:ain - fupy. overlappin~ 

, .. mass -dist~iliutions -for K0
~ Ko inesoris ;' and therefore , K0 

--. K0 

'. .._, .. •!' ' .- ' 
transitions· proceed'without 
, ~~ ' ' . J . 

b) If.the.masses and widths 

suppression. 
, ·; 'o . :- . ·,' , -

of.the K •mesons were not equal· and 
, • , -. , • - - . - - -- - O'' , 

.the mass distributions do not fully overlap,then real K trans -

- tions proceed with' - suppr!a!ssicin ( when '. the mass· diffkrence s 

': , suff\cien~1/ large', the mass dist-ributions do. not -overlap then, real 
0 - ' - - - - -- -, - - - - - ' - ' - - - :· _,__ ' - ' 

K transitions are:, totally, suppressed ) . Let us·· consider case b) •: 
,,,,,. ' . -- { . . - -- ' -· : / 

l, 

·:, 
/, 

/ 
\_ ,-

__ , 
' ' 

4-; , 

( 

ii_:' . ,_ , !' ~ 

1: 

f i 

<'/, 

I 

'/' :\ - ' 

_ I 

~.' I ·, 

\ 

I• 

-· •' ✓ 

,4; K; ~ K; ,transitions(CP <vfolation) 
. ' i ' ' 

} .. • • • 4 • - ' , •• • ' • ., • 

_When, tran'si tion. 'is performed - to . the · K° and-. K° mesons, there 
' ,: - -. .--. -- - • -- ' - ,_ - 1 • ," -~ ' -

appears a mass.difference, and, in -this case, it is necessary to 

take into' account the influence 'of- this difference on the 
• ., ' ; ~ ' • ' - •. ' ' ' \ r 

_ oscillation .of the K
0 '.and le° mesons.The processes ·of. K0 

-~ ,K0 

. - _ _ _ · , _ · _ 1: . .! -- , : _ . , _ : 1 - .! 
_transition take· place when CP pj'lrity is violated. We considered . 

/ , ; \ , . I . .. . . • ' ', ..._, ' 

this, question in ref. [5]. Therein· it was' shown, -that when' 'the 
' ' . . .,, . . . ' 

.particles pass through vacuum,· real transition of particles of one I 
; •. , ,. •. .' I • •,' ,• / • • ,,,•, ,'.f 

:sort 'of a certain mass· 'm into ·particles of another,. sort of '.mass 
. ,, - . , 1 '. . : . ; ' ,·. 

. 1 _m2 may _t:ake place whe'n -permitted by .the uncertainty relations, if 

.' the widths of•,' these particles - permits ' overlapping .their mass 

differ~nce. This" is possible owing' to the s~cond particl; -having 
! " " ' - ' ,' - - ' ' 

time to bec6pie a real par~icle. This· means that, in 'the case .of 

without ~hy suppr~ssion' (the_ K~ I' K0 --mesons, oscillation 'will ~ccur: 
, ·. ·; ./.-,. ·, ·,,, o.,.._ / . , ,_·-o · -. ·,;"'· , .- ./~~< 
masses ·of the K · and K. mesons ·are· 

totaily overlap)., At the same time,· 
,· ' . )' ' ' 

mesons the. overiaP,pi~g
1 

of their 

identical', and -- their -widths 
' ~· • • ' · · ' o; ' ·:' · o 
_ . __ in the case of K

1 
,; and. K.!·", 

widths · due' to _ their' .mass 

difference is very-small, arid, -therefore, the oscillation-betweenr 
0 _·. :,, ~ .... -· ,' .. :: . . :, ,. 

K · and _K _ is strongly suppressed 
1 / 2" ,,,'.. ; ·, . :· . . i. / - •, ' ' ,. 0 

Now, let us_ return 'to the issue of the mixing~ angle._ for K 
- ' -- - -- '' ' - ' '1 

: and . K;; which is_ · related_ to the_ ,overlapping - of the . mass 

distributions ' that '~ill • be '.manifested ' as ' ' real. K0 ~ ,K0 

' 1 ,., ' ;! ' 

transitions - decay 

th.i's· mixing ;angle 
transitions (ill the case.of K0 ~ ,K0 yirtual, 
' ' '\ '' , Q '·_, , , 1 : , 2 ·, ,·,, I 

modes of· K, qaimot -exis,t)_. In the 'simplest cas~. 
e is' t--. ' 

! ' 
r Ko Ko 

· 1 1: -
I o "' 2 El ,_ 

-riKO Ko 
', 2; 2 

-r ~ ~· 1 
-J Ko,Ko -.. -

2'._ 2-~ 
o' · o 

K2 = K2 -. El Ko 
1. 
_,_,', -(8) 

r, Ko Ko··' 

( 
-· 

sin El ----- - 2 __ 2 __ _ "" 0.0016 - ·\., \· 

r Ko Ko 
1 1 -

' - ' 
_\ 

This 'angle - 'practically coincides ; with" the CP, 'violating term 

observed'e~e'ri~entaHy [~], o = 0.00327. - -

For , the existe~ce of -~ , ~ J~ transitions an · ;interaction 

:violating, -CP- invariance is . requared(for .. example, superweak 1 ' . . ' . . • 

15-
i - / 
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·. interac~ioris. [7] .·or the ~ob~yashi :..Mas'ka~a: m~chard~m fl] ),; ;:K; .. (~;: · 

have differe'nt' masses and ,. widths and K0 
~- K0 trarisitiom; are 

,y:, · .. ··,L·\. ',,-, .>:;1 .. ·.2 

, \ 

caused. by in~ersectio11 · o.f _the· mass d1~tribution~ of·. 

mesons (see eq. • (7)). · I 
I .• : . 

· 5. Conclusion.C' 
,: : :"•',' 

.\'"" -;t ·, -

So; .we: .. can ,see··that .. K°·,-, .K° ·o~ci:lla'tions ·are,_due 

four-vertex ,diagrams (or, Cabibbo-Kobayashi-Maskawa'matrices), 

real. K°, ~ ·K' 'transition~ .. are· ca~sed'J:iy th~-~ass'di~tributioris 
, , . .1_ · ; · ,:2 · . ,·, ,\ .! : ,. ,' - · , :•·: . , · . ,_' 

these mesons overlapping.. · '· · · . · . 

"we want to stress t~at K01
· - K0 t~ansitions, i; co~t~ast io 

. · •' · . · . : · 1 , · 2 · . , . , . 

K" ~. :j?. transitions,. may be. suppressed' in the overlapping 
• ,' 1 ~· ' ' , ':•, • • . . \ , ' , I •. ·. \ •. ' ' ' 

mechanism · of: the · mass distributions , of K0 
.·. ·, K0 mesons ( if the 1 

" · _,: , . ,. ·. ·; · ·:.,) . .· .. · \. · . : ·.. 1, ! 2 . .. ,, ~ , · _ . 

over.lapping . · is .. too small) .• •In. this case the , mixing, parameter• of 
. - ,· -: ' ,•. . ' .. ! - . ' . -. , . - . . . . . '-". . . . «,,: 

~, K; 'meso~s ,may ~ot, c,o_fosid_e ,\.lith th7 .perall\Elter 0{ cp' violation 
and, one must be careful. · · • · · ' 

· C~ntrary : to ; the ;c~se K° , ~ K0 mesons, . B0
• 

, . . -.f••, ',. •::.•- j _- ·;, ·., •·.•' '•, -~ ~ -~- "; ~2, ·:•, .. , -. ~ 1 I 

transitions"are.superperniittedtransitions; and .therefore fr 
. I ', . . . \ . .· . · .• -:: .\ . ; '! ·• \ C • • 

· meson ; decay modes we may obtain ' the _corre_ct parameter 
., vi1oiatio~. . : ' . . . . . ·. '.• 

J.',\.·· 
. j 
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