
OOheAMHeHHblM 
MHCTMTYT 
RAepHblX 

MCCleAOBaHMM 

AYOHa 

E2-88-518 

E.Z.Avakyan: S.L.Avakyan: G.V.Efimov, 
M.A.Ivanov 

TO THE KL, KS MESON MASS 

DIFFERENCE 

Submitted to "nHCbMa B "3T(\l" 

*Tashkent State University, USSR 

1988 



Explanation of the effects arising in the nonleptonic processes 
with A 5 : i;2 is one of the problems of the standard mode 1. The main 
difficulty consists in the description of the weak and strong in­
teractions at large distances. At present, it is common practice to 
study this problem by using the weak effective Hamiltonians/1/ ob­
tained from the Weinberg-Salam model by taking into account the 
'luonic corrections due to strong interactions at small distances 

2 •31. In the four-quark scheme the effective Hamiltonians are 
e 
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0. OIJoS·;t 
the C -quark mass; ,· in (1) and - in (2) are the local 
four-quark operatore/2 ,3/. The coefficients C.: in (1) and ~ in (2) 
are calculated by the perturbative QCD methode and are defined by 
the 
and 

W-boeon and C -quark masses as well as the 
.J /2,3/ 
"'"s • 

The main problem when using the effective 

QCD parameters ~ 

Hamiltonians (1), (2) 
is the calculation of the matrix elements of the 0-operators. As 
the theory of strong interactions is incomplete yet, the calcula­
tions of these matrix elements need various modele to be ueed/41. 

Among the effects arising in nonleptonic processes of parti­
cular interest is the 1<'", K5 ·meson mass difference equal to .o. mf•P • 

• (3.52!0.014)· 1o-15 Gev/51. It is known/1/ that this mass diffe­
rence Al'flu is related with the matrix element of the K~Ko transi­
tion by A mL.S .:: Re 11(/C~ .. 'Ko) /2. m" • 

As a 
161 where 

rule, AMLS is represented in the form of 
4mso is the K~, K; meson mass difference 

SD 1JJ 
A rn'".s :.t.m -+tlm 

calculated by 
means of H 4S-2 

- (2) (the contribution of "small" distances), and 
.am~0 takes into account the contribution of "large" distances. 
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The results for bm50 obtained in various models are usually 
compared with the result of the so-called vacuum saturation method 
and are characterized by the parameter 

B = <K" 11-\~~"2- \ K") /< K"l ~::;
2 

\K")vAc. 

The B -factor has been calculated in various approachea/8- 121. It 
was found that the results essentially depended on the calculation 
methode. The "large"-dietance contribution is characterized by the 
parameter 0,. ~m '-0 / AffiLs 161. In IS/ .AmLI> has been obtained 
from the calculation of matrix element being the product of two ope­
rators ~~~~fi . It is etated/10/ that the way of taking into ac­
count "large" distances is equivalent to the calculation of the diag­
rams with intermediate states. This program has been realized, for 
example, in refa./13• 14/ where the one-, two- and three-particle in­
termediate states were considered by using the dispersion relations. 

Unfortunately, this consideration is connected with large theo­
retical uncertainties; therefore, the value of D cha~,ee in the 
wide intervale: D =0.1:!:0.41 in 113/ and D ·-2+2.8 in 141. 

Thus, the calculation of the mass difference A mAS by taking 
into account the contributions of both the "emal:b" and "large" die-
tanneR iR A ~nnrl ~hA~~;n~ ~n~ A~~ mnn~1 +~a+ ~1o;~~ ·~~ ~n~~-~~·~~----- ---------- ...... _ ----·-r ... - ........ 
of the low-energy hadron processes. One of these modele is the quark 
confinement model {QCM)/15/ based on the definite assumptions of con­
finement and hadronization. A wide range of the low-energy phenomena 
has been described in the framework of this model/15• 161. 

The nonleptonic decays of kaons have been considered in our 
paper/161. The widths of the decays K~ •JV1i-, k·t--7JT'1T0 and 
K:.s ·~ ¥1 have been calculated by using the effective Hamil toni an 

{1 ). It was found that the intermediate states, particularly e {730)­
meson, were very important for the description of these decays. 

This paper is devoted to the calculation of the K~, K~ meson 
mass difference. As usual, the contribution of "small" distances is 
taken into account by using H:!J'2. and of "large" distances by 
using the intermediate states. The interaction Lagrangians of the 
mesons wi~h quarks underlie the QCM 115/ 

g - ,... 
';t = ; MQ ~ I~ A~ ~ . 

2 

I I 

.. 

Here, }1~ are a meson fields with quantum numbers Q and masses n?q, 
9Q are the meson-quark coupling constants determined by the compo­

ai teness condi tion/15/, the matrices rfii, AQ provide the necessary 
quantum numbers Q • 

The model parameters are i\f characterizing the confinement 
region of the quark with flavour f • They are chosen by fitting 
over the main decays of light mesons and equal Av. =AtA =A ... 460 MeV, 
~= 506 MeV. The auxiliary parameters characterizing the scalar 
mesons (H= 0.21, 85 ::-27°, ml" 730 MeV) are determined by the low-
energy theorema/161. • -v •~*2 o 

The matrix element of the transition <. K 11-\~f.f I K > is defined 
by the diagrams of Fig. 1 and is written in the form 

where 

~ &S~ 
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T"'~~} = jJj dt£,rJxtdtj eiP.X.+- 'fiXz (OIT(.tK.l~).t';:o (x,) O .. ~,~J)\0)· 

Using the Firtz transformation/1/ wehave after the standard calcu­
lation/15/: 

,.s;t- 8[ 9K jJ•I( jJ6; {r ( 5 -1 I' s ·I )) 
Tl(oi(v - :J 7t (2Jiy;; ) I AI\-K N (1+~ )-'1\d- (K+p} (~) 

8 z !,2 = _ m~e K • 
.3 

Integration over d6~o in {J) means averaging over gluon vacuum 
wjlich provides thp quark confinement 115/. The decay constant ftc 
in the QCK is written as 

z. JUA ;t 

+ !!!!. au at-u. !!!!:... ) · 
411.1 .. 4-J\ 2 

t .. = ;. [f { ell-A -tJt+A J jdu. atu) 
" 
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· ..Jt-U- "(¥7 [ r,:t;.' +l!rll + ~ (1/1.-11-/;-:-6)]} · 

L/A ..., 
m./ J z . ~ ~ .a. 1 

·t 4-Ai. dU -/;(-Um,.z.) (/-lA.+- f/l3J,_--Aa.-1.) t ~ )J-~ 
o lfll I -~--~ 1- ~ .. (A.z...,r • 

{ fd.u B<u) 
0 

Here, aCL.I)~ f(u) are the confinement functions 
following notation is introduced: _K-= As; 1\~ 

2 

shown in 115/ The 
l • L 

11 ~ 1\.s;- Ac.l 
11. 5' t 1\il. 

UA :: ~ • The numerical value of 1:" 
1-4 + 1 II 

in the QCM is equal 

to 160 MeV. As it follows from (J} our result coincides with 
one of the vacuum saturation method, i.e. B• 1 • 

We use the values f4=0.45 GeV, ~~ 0.55 fixed in 1161 for 
calculation of 1- • As a result, we have 

A rn~il> .. 2.2G • 10-15 GeV · 

the 

the 

(4} 

One can see that this value is 69% of the experimental one. The 
"large"-distance contribution t.m'-D is calculated by taking into 
account the diagrams with intermediate one-meson states by analogy 
with 1101. 

Unlike/ 10/ we take into account not only 'the pseudoscalar me­
tiona uu v ulso vu~ SlH:tliiL" ttuU t~.A.iui uuta:s u.tt.i.u1:5 i,iu:: t:A}Jt::~·.iwt::u i,ul v a.lu.ctt 

of the mixing angles and meson masses. 
The diagrams of Fig. l ere to define the matrix element 

M,_o (K"-.K""): L D..- (m,:) [ M(K"-+X)]2. 
JC·,p liS 

where Dx<m:) are the fuli 'medon propagators/15/, ,. . 

M (K 0 ... X) = {}~ SUI Be fu Be£_ c~ TK')I . 
2.Jl • ~J. 

Here 
TK~ ~ JJJ d x, dxl d ~ e ·P. x; ~-<~:J:L (ol !(£,.., (-x,):f; (z

2
) 0 ,·(1/)) J o). 

where c.-. o, are the coefficients 
are calculated in a standard manner 
in 1161 we have the following value 

and operators as in (1), 1":~ 
/ 15/. Using the set l e-} fixed 
for Am'0 : 

ll. mt.O .: 1, 45 • fo· 15 GeV . (5) 

The relative contributions of the intermediate mesons to An1L
0 

are shown in the Table. One can see that the main contribution is 
given by the Tl: 1.., c -mesons. 
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Table 

!Meson X 

Relative 
contri- -0.253 
but ion 

'l 

0.545 

HAS·1 
eft 

tz' 

0.017 

Fig. 2 

E f,_ 

0.)46 0.051 

s 

Ht..S=1 
eff 

Ci., 

0.05 

Summing up (4) and (5) we finally have 

.llffi,_5= ).71 • 10-15 GeV. 

a, E D 

o.oe5 0.075 O.O!:l6 

This value coincides quite accurately with the experimental one/51. 
The value[) .0.41 is close to /91. 

Thus, the matrix element of the K"- Ko -transition and the re­
levant K~. K~ meson mass difference are calculated in the QCM. 
It is found that the B -factor is equal to 1. 

The contribution of the diagrams with intermediate meson states 
taking into account the "large" distances is found to be 41% of the 
total value. The obtained result for t.rtl1s is in good agreement with 
experimental data. 
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Anruum E.3. H ~p. E2-88-518 
0 pasnocTH Mace K~- H Kg-Mcsonon 

fiOKa3aHO, ttTO 3KCnepHMeHTanbHOe 3HatteHHe pa3HOCTH MaCC 
K£- H K~-Me30HOB MO)I(eT 6bJTb o6'bHCHeHo B paMxax cTaHp;apT­
HOA MO~enH npH ytteTe npoMe)l(yTOttllbiX MC30HHbJX COCTOHHHA, 
3clxl>eKTHnno yttHTbJBilJOJJUfX BKnap; "6onbWHX11 paccTOHHHA. CooT­
BeTCTBYJODUie pactteTbl npOBep;eHbl B MOp;enH KOH!}JaAHMHpOBaHHbiX 
xnapxon. Oxasanocb, ttTO nxnap; 11ManbJX11 paccTOHHHtl: AmSD = 
=2,26·10"16 r3B, BKnap; 11 6onbWHX11 paCCTOHHHA AmLD =I ,45x 
x10" 16 r3B, a HX cyMMapuoe sHatteHHe,AmLS =3,71•10·16 r3B, 
xopowo cornacyeTCH c 3KcnepHMenTanbHbJMH p;alllibiMH • 

Pa!5oTa Bbmonnena B na!5opaTOpHH TeopeTHttecxoA !}!HSHKH 
mum. 

npenpHHT 061o8,11,HH8HHOrO HHCTHT)'TI HA8pHLIX HCCne,II,OBIHHA • .Uy6ua 1988 

Avakyan E.Z. et al. E2-88-518 
To the K~, K~ Meson Mass Difference 

The exper1mental value of the ~' Kg meson mass dif­
ference is shown to be explained in the standard model 
by taking into account the intermediate meson states, 
which effectively accumulate the contribution of large 
distances. The calculations are performed in the quark 
confinement model. It is found that the contributions 
of "small" and "large" distances are equal to 6mLD .. 2.26x 
xJo·16 GeV and 6m80 •1.45•10"16 GeV so that the sum 
AmLS •3.71•10"16 GeV is in good agreement with the expe­
rimental data. 

The investigation has been performed at the Labora­
tory of Theoretical Physics, JINR. 
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