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1. I n t rod u c t ion 

At the last time ther e ar e many theor e tica l ev a l utiun u of the 
- -0 ,..

KC _ K'matrix element(k f01dl=-2.,!KO} vlhcr e 

O/ASI==2 == [S("'(1-tS)dJ[S~{f- tS")d] ( 1) 

is the f our-quark operator changing the s t r ang ene s s oy two ulli t s /l,~1 
The p oint is that the knowl euge of t h e K'- ;;:oma trix el (~mcn t valu L a l l o':I,-, 

in p",rt i cu 3 .: t o ~(! t t il e information on the t -qua rk mass v a lue fr om 

c ompa ri Gon of experimental data a n d th e oreti cal e valutiollS of th e 

kL - )(8 mass difference obtaine d i n t he framewor k of the Ko baya s hi

Maskawa variant/]1 of the Glashow-Weinb erg- 5alam el e cir oweak mO de / 4/• 
'l'he I<i. - kS mass differ ence is proportional t o (kOf O/41S/:zJ J<O) but th e 

coefficient of the proportionalit y is the k nown function of t h e ~ 

quark mass h-tt 15/. The mt; numerical value ess entially depends 
/61the kO- k O matrix element valu e 

- " For the cal culation of <.K"j O/(lS/=2./ko; it i s necessary to k n ow 

the dynamics of low-energy s trong i n t e rac ti on. At p r e sen t time it is 

possible only the model i n vestigati on of the )(O_~O ma trix element. 

The numerical values of <1<0/ OI-4S;:::2 / k O> o btain ed i n different 
l1models are contradictory so far • Obvi ous l y the ambiguity of t he 

computation can b e explained by the imp erf e ction of the model calcu

lation approaches. 

In the present note the )(O-J(°matrix elemen t is c a lculated in 

the quark loops model (the Q1-model). The Q1-model unit es two quark 

models, viz. the s uperconductor quark model/? 1 and the model of the 

domina nce of qUILTk loop anomal ies (the DQLA-model /81. Both mod e ls 

supp l ement each other and des cri b e the dy namics of hadronic l ow- ener

gy interac t i on pretty well. Thus the Q1-mod e l result of the k()- J(o 
mat rix element c omputation does seem quit e reli a ble. 

1'he note is organized in the f o llowing way. In Sec. 2 the 

ma trix element is calcula t e d i n the Q1-model. In Sec.] we briefly 

discus s the result obtained. 

o 
2 . The J< - kO .Matrix Element 

Feyrunan diagrams defining the Xl!.. KO matrix element are repre

0 



sent ed i n li te l'i (';Urc . Write down the r esu l t of t h e c omputat ion 

<KOI6Jl1$/~2 /kO) =(F';-hzk/ L/tJr3 ) . 
( 2 ) 

i[N1 -t (A- 1){h1 _~)]2+ ; [IV., + (}.- I) # :;..]2.] 


d s 


~o-d S d 

F i g . Feynman diagrams defini ng the kO _ ](0 matrix e l ement 

in the l.lL-model. 

Her e the fi rst and t he second t erms def ine the c ontri butions of t h e 

diagrams i n t h e Figure resp ec t ivel y ; Fr, = 93 Me V is the tJJ 
k Omeso n decay constan t , )nk = 498 MeV i s t h e - mes on ma ss; ).. 

i s the u ni t a r y symmetry breakdown p arameter whi ch e qual s the ratio 

of S and 01 -quark masses ( A=h'7-S/mcl ). The va lue s #1 and;\lZ 

are defined by the follo wing fo rmulas 

2 - 2. 2. ) (3 m~)[ ).2.-t1 ),.'£ fA-l ).2. ] 
~ -=- 't~ -L (J'~s I mol + 4t!Tf'Z.F;; 2()..2--I':l - r.f2.- 1)3 ) 

U ) 
2- 2. 2. ( . 3 J.-)'!1.: \[ 2)..1(,,· 5:>.'1:...1 ).It &z).2. ] 

/V2. =2 'j:.L(msJnol J+ £trJr 2.F..~ 6(A2.- t)~ - 02.- f)~1 ' 
r. - 2. 2.)

wh ere j=mcl / F<Jr is t h e quark-meson coupli ng constant ,..1 (h-I s ,mol 
i s t he l ogarithmic di v ergen t i n t egral 

. r y ___-1_::---_ 
( 4 )I Ch1;, m! ')=-(:;')1( f' 'k (nt~- k2J(mj - k2) 

To remov e t h e l ogarithmi c divergent i ntegra l i t is sufficien t to car 

r y ou t t h e kO ( j(O) wave f W1ction rer>ormalizat i on with t h e r enorma

l ization constant zt~=-4~:r(m!/n~ ) / W . 'fhen l e t us writ e down 

(IVt ) /l. and (#2 ),R i n t e.r ms of renorrnali z e d va l u es (the i n dex R. 
is omitted) 

2 
N _ -( -t (3 m ~ ) [ )..2.-1- { ). en).'l. ] 


of - 1f7f2.p;i 2.( ).'l:.() 'l.. - 0 1'2._ / )3 } 


( 5 )-( (3m'2.)[2)..1(+5A~ { /\~&t 12. 
N = -+ k 

2. 2 L;fli'I.F; 6 ().2. - f') 3 - "().~=1)I( ] . 

The n umerical value of the )(0_)(0 matrix e l ement is us u a lly discus 

sed rr:l'ttlv ,' t o t he rC.t i o t o t ho" va c uun i n:Jert ior: vulu ~ 

<KG}O/6SJ::2. JJ(O)vac t <Ko)s'{I'(-I-(»l>Ilo> <0 Is~ {1- 'I'-»d} k °'> , (6 ) 

wb ere 8/ 3 i s t he combinatorial multiplier . Followi ng ' 1, 2/ l et u s 

ena l yse t h e ra tio A 

<ko/ O/AS/= 2. / X O)1 13 = ----::-----
( [(OJ O/6SJ~2.Jk~vac 

( 7 ) 

- , '" / 0In the QL-model t h e matrix e l emen t <Xc O!~S/r2 k ) ~/~C. i s of 

the form 

<)(oID/AS/=2- }KO)Vo.t ('-I/3~(~m)(/LI7i~)[N.r +().-f)(#,- -~)]~ ( 8 ) 

There by t h e l3 - parameter takes the f orm 

3 .f [ IV( + O-{).Al2., ]2 1B::-+- >- (9 ) 
4 4 /v{-f {A-O~-~ ) .... 

Write down the numeri c al values of 13 for three valu es of A 

-1,000 A:> -I, 0 , 


8= 1)002- A = -IS , [ l>] 

{ ( 1 0) 

-1,0 05' ). .~ 1 , .~ ) [~ 7 

The ch osen value s A c orr e spond to u nbroken an d. broken unitary 

s ymme t r y . 

3. C on c 1 u s i on 

The numer ical value of 13 - pa rame ter obtai n e d i n the QL-mod.e l 

di f f ers fromuni t y slightly . I t mea ns that the k O- jio mat rix e l ement 

i s c ompl e t ely sat ura t ed by the v a cuum int ermediate s tate . Emp has i ze 

tha t ~ -pa rame ter s l ightly depends on the oroken u ni tary s ymme t r y 

parameter ;.. • This resul t con tradict s t h e s tat ement obtained 

i n the framewor k of s oft k a on method (chi ral per turbation theor y/ 

However i he sort kaon me t h od fo l" t he calcul a t ion of t h e X o- j(o mat 

r i x e l eme n t i e po s s ibl y incorr e c t . Th e point i s t hat i n t h e k O- i<0 
t r a usi tior. itl ihe f r amewor k of t h e s of t kaon method t here are n o 

s t a t eu wi Lh musses which are much l 8l'ger t h lUl kaon mass. Th e nbscn cc 

of t hese a LuLe o makes the l imi t mk- 0 WlBubstant i ated. 

WI) U t·c grut efu l to N. I. 1'r oi.tskayu f or hel pfUl s cu9si ons. 
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B Ot/ K U Il ~t. K•• II lJ a llO ll A. H. 	 U -85-484 
Bb1411CJleHI1e t-WT pHliHoro 3 ! le r-lell'ra K " K 0 

epc~; ol-l :J H MO,lJ,e.Jl1 1 KBapKoBblX ne1'enb /Kn-N o),Llt!m'/ 

l3 pa ~IKnx _MO D,e J1 U K B .:JP KO BbIX neTe!Jb BbI4HC.f1eH MaT p ll 41lblH 

3 nel'lellT K " - K 0 nepexoun. flapar-Ie 'l' p B cna60 O'f.1lHlIn CTCH 

0 1' 	 e U HHIfUbl. 

Pa fi o T 3 BblnO!JlleHa B JJa60pa '1'O p11H TeOp e Tl1 "1 e C K OH IPH 9 HKH 

OlliHi. 

ITpenpHHT O~beAHHeKKoro HKCTKTYT8 HAepKMX HccneAos8KHH. ny6Ka 1985 

Ivanov A.N., Vo lkov M.K. 2-85- 484 
The Calculation of t he K"-K OMa trix Element 
in the Quark Loops Hodel (the QL-~Iod c l) 

KOThe K' ma tri x element cal culation is ca rri ed out 
in the QL-model. The B-paramete r s lightl y di ffers from 
unit y . 
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