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The quark-loop model (the QL-model) /1,27 well describes two-
photon decays ﬁ»// of pseudoscalar mesons /D:P?o. 7 and 7‘ /3/.
In the paper, using the QL-model we consider two-photon decays of
neutral K-mesons: A, and /(/ . Wave functione of /( and A/ mesong are
linear superpositions of 4’¢ and A/ -meson wave functions 4/

K b =[(2ee> ¢ (1-E)IKD][2(1+1619] /2/
[Kad = [(1+E0K° - (1-s)F°D] [ 2(121617)] 72

¥ave functions of Kﬂ and /(d_g\esons are connected by the CP-parity
transformation: C2/A %) = - /,(/°> . A complex parsmeter £ charac-
terizes the magnitude of the CP-violation in neutral kaon decays.
W¥ith & =0 wave functions /A/> and //f’}~> are eigenstates of the
CP-parity operator: (’/0//(L>:-.//(/> and CP/KeD = /A/>

. In the decay A’ (/(/8 /¢~ the strangeness changes by unity:
/A,f/ 7 . Following let us define the effective Lagrangian des~
cribing transgitions with }AIS'/» 1 in the free—ﬂuark. approach and consi-
der the Kobayashi-Maskawa six-quark variant of the standard elect-
roweak model /% :

L8 ZV*V[—”"][J//- gl + he o (@)
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where 6" =1, 17x10-5(GeV)"2 is the Fermi constant, \/4 and VJ' are
Kobayashi-Makawa unitary metrix elements ( V* = 0)
g2act 17 \é,r

The decay ,(/”[,(7?) *()/(// amplitude is defined by contact and
pole Feynmen diagrems in Figa. 1 and 2. In the QL-model the contribu-
tion of contact diagrems in Fig. 1 equals zero., Diagrems in Fig. 1a
equal zero because of their independence on 7 -quark masse (@ C, Z)

and the unitarity of the Kobsyashi-Maskawa matrix, i.e.
-Mc
The zero contribution of diagrams in Pig. 1b is due toythe’ gauge 1nva-

riance and takes place on photon mass shell., Indeed, diagrems in Fig.
1b contain, for exsmple, multiplier (A’zg/"”— £ x"Y) , where X7
is 4-momentum of photon and M 1s its Lorentz index, The scalar pro-
duct of the photon vector polarizetion Eﬂ and the multiplier (A’z MY
-#'#") equals zero on photon mass shell (4 ?:0 and #& =0 ). On
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the other hand, dlagrams in Pig. 1c equal zero owing to the left-he-
licity projector J‘”/Z-de)in the effective Lagrangian {2). It should
be emphasized that the absence of the contact diagram contributions

in the QlL-model agrees with estimates of these diagrems carried out
in 15+8/, Thus, in the QL-model the decay A/1(17a)-’d/a/ amplitude
1s defined only by pole dimgram in Fig. 2. The transitions A’/ A %/,
where /’-‘ 370, 7 and p’ , are contained in the effective Lagran-
glan (2),
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It should be noted that on the above level the decay K’?ﬁ(ﬁ)+/y/
amplitude is defined by quark diagrama,withlusual quarks L6¢{ and ' .
The coubsibubivu ui heavy Ilavours ¢ &nd ¢ 1is displayed only in the
vanishing of contact diagrams in Fig. 1a. However 1t may take place
Just in the GIM variant 9/ of the standard electroweak model with
four quarks H,c/,ﬁ' and C . Thus, the six-quark structure of the
electroweak model doesn't display in decays A/°(A/ﬂ)+d1fﬁ It may be
nonvalid for the decay K/?’A/f)*L44:ﬁ4~where photons are virtuals
and therefore diggrams in Fig. 1b depending on C enda I -quark masses
don't come to zero.

457=1
let us write down the matrix element (70/0C:2;Y /A/1> calcu-
+ crossing lated within the QL-model /1%/;

S0y KD =

d(s)
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We have denoted

/g{m,z) /j A’/ggz;'z? ) (48)
/;) A /zf/l)ﬁ _.A /'/,:é;)z “j)]

/1 1:’/{ 2 27;)/ 1’4;1% 1)]-.1 (4b)

Dhe A5 40 ]

2A%2)2 E(A22)A%-2)2  (A+1)f44-1)3 ‘
Here m =498 MeV is the neutral kaon mass, /)=m/4%ﬂ is the para-
meter of the unitary symmetry breakdown, o/ %3 is theqdecay coupling
constant, ; =93 MeV is the decay 97—»/»,)/ constant, ﬁp is a
mixing angle of the nonet of pseudoscalar mesons and z 5 /f-' The
multipier Z =7~ ""‘4/ } =0 #Z , where M, =276 MeV 18 a & -quark
mass and /ﬂ =1275 MeV :I.s the /7 -axial meson mass, takes into account
the finite renormalizatlon of the nonet-pseudoscalar-meson. wave func-
tione, and it is a consequence of transitionsﬁ“’/o/”/. The 27 mag-
nitude is the same for all nonet components /12/’.

Tnen //(;—terms in (4) are so-called @~ ~terms / '*</ that describe
the 7t-dependence of the matrix element ,(/f,(/")‘* transition.
On the kaon mass shell 7’ equals m ( 1‘/’11) The account of z.
terms increases the magnitude of the f/‘)«—,ﬂ transition matrix
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 £°and A’ mesons
= » /0 Ju
o= G (E ) Vog Vi s K ) VL, oy
where [’J is the electromagnetic-field-strength tensor, x'= "’/9;-

=1/137 :I.s the fine structure constant, and is a model-~dependent
parameter, In the QL-model f takes the form

;—H—;f/ “A)z» ,W,;)fm e v

Z
= 77, Sra/f) -6 ) vz 7
?l + _:z—:-f;_- __/_Z_)/j';m@-g/)_ b cp,c/ﬁ’-é}) +

2
m ca,r/'ﬂ y,
+m;—/:7;, //J'co,s‘/ﬂ )+ -—Jm/ﬂ 5})]}

Now let us rewrite the lagrangian (5) in terms of /(/ nd Ag. gtates

and keep up only terms linear in & :

”Cﬁf =< S ) Yoy Voo (K, -2 K5 )P 7, Fin M

Here we have taken into account that wd and \/”", are real, i.e.,

¥ _
\/”;: Vq’/ and ”‘:,’ Vq}’ /4/-

Table, Numerical values of partial decay /gﬂ = 4} widthe
Theory Experiment
(in units
Deca
ecay Algebraic Numerical valu 10-18 MeV)
aynroaainn (_1n nnito 1(\-18
MeV)
2 F
fary | F (<&)" . 4,79 6,22%0,52 /4/
4 /l/ud l/l(,.('/ o
242 2z
o 118 20 6 )% (2,5%0,1)x10°  |<2,95x103 /4
-» z 3

Note: Numerical values of /—'/L_, and [',4/",-.)// are
obtaineg with +/\ a1,6 ar:ge/; =-18°, %‘, =0,974, %S-O,ZZB
. and |£[|“=(5,22-0,26)x10

The numerical values of partial decays/(/,:(ig 0‘/ widthe are
represented in the Table. The computation is carried out with/\ =1,6
and 5 =~18° /13/. W¥ith such values of /I and 9 we can obtain~ )
1) a correct mass spectrum of nonets of pseudoecalar and vector me-



sons/13/ and 2) correct values of partial widths of decays ?ard/

and 7’4d’/ s v
/;-»rf:/'g"}z"fﬁé)sz””@'@)' %‘Z“’/"?‘gf’yi“ﬁ/"‘/)

/;:;lj’z/a&‘fﬂ.ilrajg)//?yfjéj
=(Z ) ) iz . .
/1:L9/7P (;T 7//(<;;/ﬁ%/}[/BTQZﬁ/Ez‘fgp}i-;y.J;kvigng) :'ﬁ/ﬁ‘[?b;

ex
/;,,,’f;, ~(5.802 026 :aus)her [ 1°T; (441030 kev 7T,

A theoretical value of the partisl decay ’({, -’J’f width is less
than the experimental one approximately by 30%. It is poseible to get
a required agreement by a suitsble variation of parameters A ‘and’fp .
However, in this wsy we may get in contradiction with experimental
data on pseadoscalar and vector meson mass spectira and their radia-
tive decays. For instance, the variation of ﬁf» by one degree chan-
ges the magnitude of the partial decay ,(/‘.,r/ width approximately
by 10%. Thus, with 9;2: -21° we can get a good agreement with experi-
mental data. However, this decrease of the mixing angle leads to un-

deasirable increase of the partial decay P )// wldth: /L+yy’"
~02.77 %V, Su, ii is natural not to change A and 9}’ . In this case
we can explain the discrepancy of theoretical and experimental values
of the partial decay /(/L - ¢  width by insufficient accuracy of the
free-quark approach of the o(f’”:j calculation and ngcessity of

QCD-~high-energy corrections. D-corrections to aC/:'W'l can change

the /rzi-'iﬁk' value approximately by 25430%. Such an increase takes
place, for example, in the X/giﬁ/' transition matrix element /10/.

Photons in decay #'%/&°)» ) are formed in a CP-odd state.
Thus, in the free-quark approcach the decay Aira-djf’ is only due to
a CP~violating interaction, We take the latter into account by means
of 8 phenomenological parameter & -(1,'33‘630,062):(10'3 + 1(1,692%
20,052)x1073 . The theoretical value of the partial decay A}-'ij
width seems to us to be very small, In our opinion, it is possible to
increase the value of /;, ™ by using the £ /45/* 1 with QCD-
-bigh-energy corrections.” In this case photons of decay A °/4*)» y¢
can be formed in a CP-even state, and the decay A/A""‘V/ can be allo-
wed without CP-violation, The computation of two-photon widths of
neutral kaon decays with the use of the VA% 1

e containing QCD-high-~
~energy corrections will be carried out in gillquing publications,

W#e are grateful to S.B.Gerasimov and A.B.Govorkov for helpful
e

discussions.
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Two-proton decays of neutral K-mesons are calculated in the
quark-loop model. Tt is emphasized that partial decay widths
depend on ¢? -terms and mixing angle of the nonet of pseudo-
scalar mesons Q) appreciably,

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