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The quark-loop model (the QL-model) / 1 •2/ well describes two

photon decays P-rr of pseudoscalar mesons P=fli~, '( and p' 131. 
In the paper, using the QL-model we consider two-photon decays of 

neutral K-mesons: /~and ~ • Wave functions of j('J.. and ~mesons are 
linear superpositions of /( 0 and K 0 

-meson wave functions /4/: 

I~) =- [(i 1-c)//({J) 1- (i -E)J/(")) {; (1 +I E/'9J '-(z
1 

( 1) 

/K,st> =[(itE)/,fo) -(t-E)/Ro>Jf.t(It-/EI2)Ti,/z. 

D /./ D 
•Vsve functions of K and 11 mesons are connected by the CP-parity 
transformation:CP/Kc) =-/K0

). A complex parameter E charac
terizes the magnitude of the CP-violation in neutral kaon decays. 

'Nith c!: == 0 wave functions I~) and I~) are eigenstates of the 

CP-pari ty operator: r; Pj !( > =- j /(,) and ( P / K,.f') = / f(s.) • 
. In the decay /( (,f'~--+ r-rr the strane;eness changes by unity: 

}JJJ'/ = 1 • Following / 5 , I let us define the effecUve Lagrangian des

cribing transitions with }A,f/:c 1. in the free-,uark, approach and consi
der the Kobayashi-Maskawa six-quark variant 7/ of the standard eler.t.
roweak model ilji: 

J,4f/- 1 c. -£ -=- _;: E v: k:' FJr_M(i-y>J,rJfclt,(t-rs-Jrl ~-he. , <2> 
iff Vi (rt( c t r F · . 

where 0- = 1, 17x~ ~-5 ( GeV)-2 is the Fermi constant, ~.{ end v;.,r are 

Kobayaehi-Makawa unitary matrix elements ( E V.:* V,: = 0) . 
f'='i,C/ ~q 'f,J' 

The decay ,(" ( r) -+if({ amplitude is defined by contact and 
pole Feynman diagrams in Figs. 1 and 2. In the QL-model the contribu
tion of contact diagrams in Fig. 1 equals zero. Diagrams in Pig. 1a 

equal zero because of their independence on 1 -quark mass ( r = II, c, t) 
and the unitarity of the Kobayashi-Maskawa matrix, i.e.~ \/.~ t( =0 

'!=.,,c t ret r~ . 
The zero contribution of diagrams in Pig. 1b is due to th~ gauge inva-
riance and takes place on photon mass shell. Indeed, diagrams in Pig. 
1b contain, for example, multiplier ( /(1. j_,.."- K~ I(") , where ,.r.M 
is 4-momentum of photon and ~ is its Lorentz index. The scalar pro
duct of the photon vector polarization Efi and the multiplier <K1.1'fol_ 
-1(.,.../(

11
) equals zero on photon mass shell (K1 =t7 and Kc :o). On 

li'Wjliili!'mt'WI ~-, 
U(WBJUI ite3CIIUJJII 
6~J1t!OTEHA .... . ~ - ,.. -
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the other bend, diagrams in Fig. 1c equal zero owing to the left-he
licity projector ~r(t-JV~}in the effective Lagrangian {2). It should 
be emphasized that the absence of the contact diagram contributions 
in the QL-model agrees with estimates of these diagrams carried out 
in / 5 •6/. Thus, in the QL-model the decay /( 0

( K0
) ~ r rt' amplitude 

"/-IlL is defined only by pole diagram in Fig. 2. The transitions)( rK J9P}J, 
where fJ = ~~~, f and '? 1 

, are contained in the effective Lagran
gian (2). 

d(s) u t 

KO(i<.o) 'ito, 7. ?' -
s(d) u 

t 

Flp. ? 

It should be noted that o~ the above leve 1 the decay ~"( ft>)+ f Q 
amplitude is defined by quark diagrams with usual quarks ""'d and ~ • 
::.-:;.., .:..:. .. t ... .:.uui..:.vu vi i1et~vy i.iavours L ancl L ls displayed only in the 
vanishing of contact dia,rams in Fig. 1a. H~ever it may take place 
just in the GIM variant 91 of the standard electroweak model with 
four quarks l/

1 
c/

1 
,S' end C • Thus, the six-quark _!ltructure of the 

electroweak model doesn't dis_!llay in decays k'"( /l')~orf'. It may be 
nonvalid for the decay 1(1>( k'0)-+~~- where photons are virtuals 
and therefore diagrams in Fig. 1b depending on C end t -quark masses 
don't come to zero. 

Let us write down the matrix element 

lated within the QL-model 1101: 
_p 1.4,S'I = fj ") 

(9f"j I(>/ I(>'/ ~e.ff /( = 

(P /rf'/:/=i/f</') calcu-

=- ft;;: ~; ~"' <:»:·?;p'/fft'.Hff-rSJ4f7t:,4-;'1fJ/f? = 
r-w.c.~ 

=/f; si,f&.-tl._)·c~..rf<P--~) 1..-~~v~ V ) 3JT £.m.t)F!m.t J \ o> 
( .. " /' I o :P '/ { ff lid /.1~ 'il I/ ~ j/ ( , "¥ / ') . 
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We have denoted 

~111/) = {;(1 +- m}hfi'.t_,c;.tz ) } 

/"' (m-< ))= £. (:tol )(;-_ !:!L(.Aitn,A.t -J)]~ 
.(" R'/ fl .z )j.l ,29;'" ,ji-.t 

f. .t 3 I nt ) 
2 

( t>!. / .A1 f!, ..1 t. I 7 -..t . ! .f r .t .. ~ z ( ~ 1 t'- ./if-r ~ 2 - :t - .1) J . 

r,;tl-:1 ./'-s)~- 2 )1.&t)Z ]7 2 
'fJr_,F·-t).t +- 6(/11'1)(,12-:t)Z - (A .. f)(,A1.-t) 3 J . 

(4a) 

(4b) 

Here mK •498 MeV is the neutral kaon mass, A: 111~/m.,is the pare
meter of the unitary symmetry breakdown, ~Z-3 is the decay coupling 
constant, ~ •93 MeV is the decay ~_.. ,/1" v constant, &f' is a 

mixing angle of the nonet of paeudoscalar mesons and tdtJ, = Ya· The 
multi pier 7-l =i-~M~} == 0. 7.Z , where 111 =276 MeV is a Ji -quark 

F'J Of 
mass and m11, =1275 MeV is the~ -axial meson mass, takes into account 
the finite renormalization of the nonet-paeudoacalar-meson wave func
tions, and it is a consequence of trensitionsfi+-?,..01111. The Z mag
nitude is the same for all nonet components 1121'. 

inen ;rz: -"&erma ln l4 J are eo-called 1:. -:-te_!:lllB i i ,i.i that describe 
the 11

-dependence of the matrix element ~'(A"")- P transition. 
J. t t On the kaon mass shell 1 equals mK ( 1J. _=111}). The account of 1 -

terms increases the magnitude of the /"(..f'0)~ J? transition 1!18trix 
element by 1.5 times. This seems to be very important for comparing 
theoretical computations with experimental data. 

Using formula (3) we can write down the effective Lagrangian for 
two-photon decays of J( 0 and K" mesons 

~if= /z,j(ot~)(Vud ~;f'o r V:: V.:.J> Y)z.,...;9~J ~)J J (5) 

where /j,J is the electromagnetic-field-strength tensor, ()(= e~'ii: 
•1/137 is the fine structure constant, and j is a model-dependent 
parameter. In the QL-model { takes the form 

.lA' 2. 1 z - £ ,( r /J?.k' m.Jt' +-
/ - ~"y;;;(m.,.,/~)(1 .fw2£.r;r) n1-<-m.2. .. "" ~., 

4 

lf 
II 

1 

/71.: +-..;___.;:. __ 

mt-M.t 
K ? 

S/11~ -&,) /s ~~,~-~)- "J etJ,r(fd-~J) -r (6) 

2 m,t' 
+ 1 :l mK-m2 , 

Ct.?.s/&o-&_p]s-co.s(4,-tj,)+ f _r_,·,r&a -~) J} 
Now let us rewrite the Lagrangian (5) in terms of A; and ~ states 
and keep up only terms linear in ~ : 

ut;Jf =::I ( otc;) ~-~ V::.t"( ~ -.F <s-)E.MJ./.)> .:=.) ;:;.ft (7) 

Here we have taken into account that V:.:1 and V,,. are real, 
, I ~ 1 I 1/ Y - 1 I I 4/ 14r 

i.e., 
vI!-/; v .,.,; and v .,.1"- v 4';" • 

Table. Numerical values of partial decay /( K-+ J"' Y widths L' ,.1' u 

Theory Experiment 
Decay (in units 

Algebraic Numerical valuE 10-18 MeV) 
AYn't'tAaainn fin nn;+c 10-18 . -

MeV) 

1(-.rr 
f-Z(ott:;..)t. 

4,79 6,22:!:0.52 / 4/ 
I. ·I ~ct ~.s- /

2
m},. 

J(. ... rr 
/~12f2.(ot~~).z. 

(2 9 5:!:o,1)x1o-6 < 2,95x103 / 4/ 

tf' ·I~<¥' Vu,ro/z m}. 

Note: Numerical values of r.t;_--.yr 
obtained with ...\ :z1,6 and~ •-18°, 
and I € 12 •( 5 ,22:!:0,2£ )x10-6 41. 

and fK.t'-+ rr are 
v.:J -<>,974, v •0,228 

1111 "~ 

The numerical values of partial decays .k;, ~ ... g J" widths are, 
represented in the Table. The computation is carried out with;\ •1,6 
and &I' •-18° / 13/. \fith such values of A and ()f1 we can obtain: 
1) a correct mass spectrum of nonets of paeudosoalar and vector me-
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aona/13/ and 2) correct values of partial widths of decays ? --rr 
and ~ '~r/J" : 

~~rr =(f1{2"~ )'ls.si~t(~-&;,J- f CtJ~(&,-&/Jj'"=:t?.rfl~~>~ 
;;,:;; = (c.s-(! tJ.t.t :t tJ.1tJ)R~>V [f~~ 

tj'~rr -,;;(;_t:-j~~)Y.s-O?,r(&.,-tfo)-r VJ S/11~-~J}~ 'J.;.s?r~ 
;;,:;:r -::(3.80t0.26ta.H)~eV[t5"]; ('t.'tZ !:0.3'f)KeVL1

6
]. 

A theoretical value of the partial decay A:; -+ Jr' j' Width is leas 
than the experimental one approximately by 30%. It is possible to get 
a required agreement by a suitable variation of parameters )t · and 6),. 
However, in tbia way we may get in contradiction with experimental 
data on psEUdoscalar and vector meson mesa spectra and their radia
tive decays. For instance, the variation of &p by one degree chan
ges the magnitude of the partial decay ~ ~ rr width approximately 
by 10%. Thus, with &I'~ -21" we can get a good agreement with experi
mental data. However, this decrease of the mixing angle leads to un

desirable increase of the partial decay .p-r rf .width: !'_..,~:-.:-= 
-0.77 !::~':. Gv, ii. ia na1;ura.1 not to change )I and f?p • In this case 
we can explain the discrepancy of theoretical and experimental values 
of the partial decay ~ ~ ~JV width by insufficient accuracy of the 
free-quark approach of the ~Q-fr1~)r/:f calculation and necessity of 

•· ' /A)'/=L 
QCD-high-energy corrections. D-corractione to tC ~JJ can change 
the f.r, -.rrf' value approximat~y by 25+30%. Such en increase takes 
place, 'i-or example, in the _t"!./(' transition matrix element / 10/. 

Ibotons in decay )""(,Fe)~ 0 if are formed in a CP-odd state. 
Thus' in the free-quark approach the decay *>- q r is only due to 
a CP-violating interaction, We take the latter into account by mesne 
of a phenomenological parameter ~ •(1 ,536!0,062)x10-3 + 1(1 ,692! 
!o,052)x10-3 /4/. The theoretical value of the pa.rtial decay A).~ uti' 
width seems to us to be very small. In our opinion, it is possible to 
increase the value of {""'., .v~ by using the .,(1.4ff,r'l=~ with QCD-

",I'_,.u' ' -
-high-energy corrections. In t is case photons of decay J(u(A:'~)~ ;-'rt' 
can be formed in a CP-even state, and the decay ~,r'~~JV can be allo
wed without CP-violation. The computation of two-photon widths of 
neutral kaon decays with the usa of the L '::/= ~ containing QCD-high
-energy corrections will be carried out in ~oll~ing publications. 
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ilu:lHOB A.H., TpOHl\K<UI II.H., BonKoB M.K. E2-85-736 

P ,.tcuan;LJ K0 (K0
) , VY B HO,LJ.enH KBapKOBbiX neTenb 

1\WliiCJieJibl nap(.\Ud.ilhllhJe WHPIIHbl ABYX4IOTOHHbiX pacna,!\OB Heil:TpaJib
llbiX K:WIIOB B MO,LJ.eJIH KBd.pKOBhlX IIeTeJlb, Haii,qeHa 3aMeTHaH 3aBHCH
f'.lclCTh BepOHTHOCTH pacnap;a OT. yrna CHHrJleT-OKTeTHOrO CMeiHHBa.HHH 
tJ !!<>lie re HCe~,LJ.OCK<lJlHpHbJX Me30HOB U OT q2 'IJleHOB £ MaTpH'lHI>lX 
·:Lre:--JeH !'ax. 

Pa6ora BbUIOJIHeua B Sla6opaTopHH TeopeTu'lecKoil: 41u3HKH OlUIH. 

fipellt>HHT 06'he.nHHeHHOrO HHCTHTYTa Jl}lePHbiX HCCJle,II;OBaHHH, .[{y6Ha 1984 

Ivanov A.N., Troitskava N. L, Volkov M.K. 
Decays K0 (K0

) -• yy in. the Quark-Loop Model 
E2-85-736 

Two-proton decays of nE·utral K-mesons are calculated in the 
quark-loop model. It is emphasized that partial decay widths 
depend on q2 -terms and mixing angle of the nonet of pseudo
scalar mesons (}P appreci.lbly. 

The investigation has bf'en performed at the Laboratory 
of Theoretical Physics, JlNR. 
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