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ABSTRACT

Using the chiral o model with broken U(3),®U(3) r symmetry we have calculated
in the p*-approximation: a difference between the slope parameters gt and g~ describing
the energy distributions of “odd” pions in K+ — #tz*7~ and K~ — a~w wt decays.
The result is: (g% — ¢~ )/ (gt +¢7 )= —(1.9% 0.8)107%3,5; sin &, where 2, 93 and & are
the parameters of the Kobayashi-Maskawa mixing matrix.
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1. INTRODUCTION

So far a search for the direct CP violation caused by the Kobayashi-Maskawa
phase mechanism {1] was concentrated on measurements of the electric dipole moment
of the neutron d, and parameter £ in K® — 2x decays. But the experimental limit
dn < 1.2- 107 eem is far from the expected magnitude d** < 10 ecm (2]. As for the
parameter ¢’, its magnitude crucially depends on t-quark mass and even zero value of €
would not mean that the direct CP violation is absent, if the t-quark mass is big enough
[3-5]. Besides, two measurements of ' giving

v f(23+07)107% (6]
Re(e'/e) = { (0.6 +0.7)107% [7]

are not in good agreement.

In such a situation, a search for the direct CP violation in &’ ¥ —+ 37 decays leading
to difference of widths of K+ — #¥xtx~ and K~ — 7~ 7~ #* decays and difference of

the slope parameters in these decays becomes of great interest.

The caleulations [8-12] of such effects fulfilled in the lowest, p?-approximation in
momentum expansion of the amplitude led to conclusion that the relative difference of the
widths of K*n¥n*tz~ and K~ — 7~ s~ rt has to be of order of 1075,

In the lowest pZ-approximation, the CP-violating effects appear only thanks to
interference of the AT = 1/2 and AT = 3/2 parts of the total amplitude. But in the p*-
approximation, the parts of the Al = 1/2 amplitude corresponding to “penguin” and “non-
penguin” diagrams become of different dynamical structure and an additional contribution
to CP violating effects appears from [A} ;5|%. It was claimed by Bel'’kov et al. [13-15] that in
the p*-approximation the result for CP vialating effects in A'* — ntr 7T decays turns out
to be larger by two orders in comparison with the value calculated in the p?-approximation.

Be it true, the investigation of CP violation in K% -+ 37 decays should be a
paramount task for the planned ¢ factories.

In view of significance of the question and in connection with some doubts on
results of Refs.[13-15] expressed in Refs.[10-16] (however, without the calculation at p*
order), it is important to investigate the problem again using some independent approach.
We do this in the framework of Chiral Pole Model (ChPM) based on linear & model with
broken Uy (3) @ r(3) symmetry [17]. The application of this model allows to calculate the
smplitudes of mesonic processes in any order in p? without any considerable difficulties.
An employment of this model for a description of Ky, and K., decays [18,19] led to the
results practically indistinguishable from the ones obtained in the most general Chiral
Perturbation Theory (ChPT) approach (20, 21].

The outline of the paper is as follows. In Sec. 2 we present a calculation of
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the K* — 37 and K — 27 amplitudes in p?-approximation neglecting effect of mixing
between the isosinglet scalar ¢y state and gluoric scalar state G%, G5,

The aim of such a calculation is to verify that our approach allows to reproduce
the results obtained with algebra of currents and soft-pion technics. And using the data

on ' — 27 decays we also fix some constants necessary for A'* — 37 description,

Being convinced of self-consistency of our method, in Sec. 3 we take into account
the mixing of the scalar gq state, with the gluonic one and calculate the explicit (at the

trece-level) expressions of the amplitude under consideration.

Section 4 is devoted to the caleulation of a difference between the slope parameters

*and ¢~ for KT - 77 tr~ and K~ — 77~ r* transitions. These parameters are
defined by the expression

IM(KE o 2t — 32T a1 4 gy 4 (B2 4 it X2 (1)

where ¥ = (s3 — 50)/m% X = (83 — 53)/mn; 5, = (k— pi)? so = mi/3+ m?2; k and p,
are 4-mowmenta of & and #; mesons.

The differeuce gt
reasons. First, a calculation is more simple in this approximation and second, our result
can be compared with the results of Refs.{13-15] directly. In our calculation we use an
expausion of the I+ — 3r amplitude up to terms p*/A? and the leading p?-approximation
for # —  scattering amplitudes in calculation of the loop diagrams.

— g~ is calculated in the p*-approximation. It is done for two

Scetiom 5 contains the conclusions.

All formulae necessary for calculations of the amplitudes described by the dia-
grams of Figs.1-3 are presented in the Appendix.

2. EFFECTIVE |AS = 1| LAGRANGIAN IN LINEAR
U3 ®U(3)g ¢« MODEL

We start from the effective four-quark lagrangian for |AS = 1| transition in the
form [22)

]
L{AS = -1) = V2 Grsinbecosbe Y e, (2)
i=1

where
O = Spypdr - Upyeruy — spyuup - Goyede, ({85)1), AT =1/2)

O =28 mude- | ) Guvag | = 0n ({85 AL =1/2)

g=u.d,8

03 = Oz ~ 35 ,7,de - §ryesn,  ({2TH AT = 1/2)
04 = SpvudL - fpveur + 3pvpur - #rvude—
‘_EL’Y_udL 'JL7udLa ({27}1AI= 3/2}

> drrar

g=u.d,a

Os = 817,21, - ({8}, AT = 1/2)

Y. drmuan | ({81AI=1/2) (3}

g=u,d,a

0 = 5pvudr -

Though this set of operators has to be supplemented by operators corresponding to elec-

troweak penguin and box diagrams, it is sufficient for checking of results of Refs.[13-15)
and we shall use this set in our calculations.

To solve the problem of presentation of the 4-quark operators 0; in terms of
products of the currents formed by physical scalar and pseudoscalar mesons the linear o
model with broken U(3); @ U(3)r symmetry can be used. The lagrangian is of the form
17,18}

L= % p(BU8,UT) — ¢ Tr(UUY — AMD? — ct(Tr(UUY — A%+
+ —= 2\/_ Tri(U + UM + ALps(Uy) {4)
where
U=¢6+1m

and & and % are 3 x 3 matrices of nonets of scalar and pseudoscalar mesons.

The quark currents forming the operators 0;_4 can be written in termns of IJ using
the relations

ql“h&q! = 2[’TFU - U+ — Lfol‘(j‘f}y:ctor —
= i(a_u’fr i . fra“ﬁ' + 6;15' R, 3 56”5')“: ;
Gavuysge = {0,U - U — U8, UV xiel =
= (06 -F =6 Oy — Opt - & + 78,6 )e . (5)
Using the relations [23]

2
A AG =268 62 — 2 65 6]

Fvu(1+ vs)d - gyl — 5o = =281 — ¥35)g - G(1 + vs)d
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we can present the operator O in the form

1
05 = —5(1 — ys)g - G(1 + vs)d — g a1+ ys5)d - gyall — 15)g

But /s \
2F,m; -
el — 75)qe = "% [y, Fr 293 MeV [24]

My 4+ my
Then ST ot
m

0= ——" " _(UtU)pa +... 6

5 (11 + 14)2 ( )23 (6)

In this formula we have omitted the part which does not contribute to K+ — 3 transition.

The operator 05 induces the non-diagonal transitions described by the effective

lagrangian
2F7 iy - 1 oo 2 sinfg
00 = = R K n - g et oy (conts - TR

2 1
— apady (ﬁ si116‘5-+%c0505)+...)} (N

where o0,y and o, are the scalar partners of K%, 7' and n mesons and 85 is a mixing
angle between o and og;

oy = ogcosfs + ogsinfg

o, = —ogsinfg + ggcosfs . (8)

In absence of mixing of isosinglet scalar §g state with the gluonic state G3,G5, 65 =
arcsin(1/+/3). This case corresponds explicitly to the situation when usual algebra of
currents is working, In our approach, it corresponds to £ = 0 in the lagrangian (4), and
to verify our technics, it is useful to evaluate the K* — 37 amplitude putting £ = 0 to
be confident that all known results are well reproduced. And only after that we shall take
into account the effects of mixing oo with the gluonic state playing an important role in

rea]ity.

The transition At — v+r+r~ induced by operator 05 is described in our theory

by diagrams shown in Fig.1. In the p*-approximation corresponding to soft-pion approxi-
mation we get

< s (p)rt (pa)n T (pa)l0s| KT (k) >¢=o= - (81 + 52 — 2m3) (9)

where 8 =2mi/[(me + ma)?A?%), Af=ml —m? *) (10)

m

Though o, exchange does not contribute to the amplitude under consideration, a definition
of A? through m?_is convenient in view of the mass relations between different scalars
(sec Appendix).

The result (9) can be written also in the form (see Ref.[24])
< atata |0g|R > = # < ¥ 7|05 | A = (e — mI) T (s + 52 — 2w (11)
m
To calculate the contributions of the operators 0,_4 let us note that
IO (0 AR Sl I Sl I S
§7pd = i(a‘,ﬂ'— Kt - BHK"' T )+ iaua,\-u < Tag— Oy >g+ ...
Fy.d = %(apK‘* cx - G K 4
Gyad = iV2Bx™ 7' — o m )+
dyayst = —Fpd,m® + ...
dyuvsd = Fed, n® + .. (12}

_ - _ 1
Fvavsd = 770,000 — 0T oper + ;(apw" cape — Quapen®y L

2v2aq — 2/2ay —
SYuvstt = —/2 Fy RO, Kt + K10, (%) ~ B KT (%) +

1
+ E (Buop+m® — B,mpe) + ..

3
ﬁ%%d:}_ﬁ Fodur™ + 2x=d, (\/:au+as) B (\/5004-03 O,Jr) L.

Ve VB

where

R=Fy/F, {13)

We have omitted in Eq.(12) the parts of the currents which do not contribute into
the amplitude under consideration. The currents Y.  §v,(1 £ ys)g and 5y,{(1 L 75)s do

g=n.d,s
not contribute to our amplitude.

The currents (12) induce the diagrams shown in Fig.2. In the p?-approximation
they give:

M{K* (k) = w¥(p1)r (pa)7 (p3))e=o = Qj/ﬁ sin fl¢ cos G-
ller —e2 = e3 —eq + 45 cs){s1 4+ 52 — 2m3) + 9y - (50 — 53)] (14)

M{EK*(k) = =°(p)7°(p2)m ™t (pa) Jgmo = sin 8¢ cos e

1
22
: [(01 —op ey —ey)t+dy CS)(Ss—m3)+gC4{Sn"53) - (15}
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Using the same technics we can obtain
-0 - 1 : 2 2
M(K] - #x%x") = 7 Grsinfocosfcimi — mi)[(er — ez — ca + 44 ¢5) — 4]

1 ;
M(K? = 2%") = ——= Grsinfgcosfc(my —mi)(er — ez — e3 + 45 €5) + 2c4]

V2

1
M(KT - ate") = — Gpsinfecos Gc(mg\- — mz)

\/5 ™

Jeq

: (16)

Analysing the question on consistency of Eqs.(16} with the experimental data on K — 2x
decays one has to take into account that due to m — 7 scattering in the final state the
combination

{c1 — ¢z — ¢y +4g es)

18—y}

acquires the phase factor e Then from comparison with the ne data K — 2n

decays we obtain
co = 0.328, &y~ 6, = 54°

CI_C2_C3+4H (:52710.13 (17)

Combining the relations (14)-(16) we can represent the matrix elements (14) and (15) in

the form

i

M{KT = nata(py)) = IE M(KY - e )1 4y + 6Cy]
MR — 22 ¥(py)) = 6; M(K? = zta™)[1 — 2y + 6Cy] (18)
L3
M{AY —xte®y Jeg

where y = 3Ey/imny ~ 1 and ( = — M{Ks—rtn=) = 2(cy—cz—ca+dpcs)

The results (18) are the well known results of PCAC and current algebra (see,

for example, the review [25]).

CP violation connected with the Kobayashi-Maskawa phase & leads to appearance
of Im 5. So, in the “tree” approximation the matrix elements (14} and (15) contain a
small imaginary part which is of epposite signs for K+ — r¥r¥r~ and K~ - 77 ot

decays.

But to lead to observable effects this imaginary part must interfere with the
imaginary part arising fromm 7 — 1 scattering and having the same signs for K+ and K~
decays. Besides, the appearing phase factors must be connected to different dynamical
structures in the amplitude, In the p?-approximation, as it follows from Eq.(14) a differ-
ence in dynamical structure takes place only between A = 1/2 and AI = 3/2 parts of
the total amplitude. Conscquently, after addition of the imaginary part induced by the
loop diagramus shown in Fig.3 to the amplitude (14}, the CP-violating effects have to be
proportional to interference between AT = 1/2 and A = 3/2 parts of the amplitude.

K

The caleulation fulfilled in Ref.{12] for the width difference gave the result

NEY s atrta”)-T(K~ - nn77%)

2 84107 Jey|Im o5
DK+ = ntatr-) + (K- - r-n-nt) Fegllm el

which would give the number {0.11 & 0.06)107° if Im c5 is extracted from £'/e by the
manner used before the appearance of the papers {3-5]. The close number was ohtained in
Ref.{8].

So, tlis result and results {18) show that ChPM approach works good enough
reproducing all known results of calcuiation in the p?-approximation. But our approach
allows to take into account the next order corrections in p? and corrections caused by
mixing of @y state with the gluonic one. In fact, we need for such corrections to obtain

the correct value of the slope parameter g% and probability.
Using the relations (17) and taking
€y —cp —c3 —cg = —3.2 [23] (22)
we should get
(gt) = —0.168, T(NT —atrtr ) =218-107% eV (23)
instead of experimental values [27]
(g*)™P = —0.2154 £ 0.0035 and T(K+ — atatr )P = (297 + 0.03)- 107" eV (24)

And, of course, we need for such corrections to check the results of Refs.[13-15].

3. THE EFFECTS OF THE HIGHER-ORDER CORRECTIONS IN p?
AND EFFECTS OF MIXING BETWEEN ¢y, AND GLUONIC STATE

As it was found before [19], the correct description of the observed hehaviour of

the K4 form factors needs for the value
&= -0.225 (23}

of the parameter £ introducing at the phenonomenological level the effects of mixing of the
isosinglet scalar §g state with the gluonic one. The result (25) was obtained at the value

R=Fy/F,=1176 (26)

following from the identification of the ¢, meson with the resonance a¢(980) [17]. But this
value is in accordance also with the calculation of R using the relations

Vu d

us

Fr/Fr =1{0.275 £ 0.002)




and
‘Vudiz + ‘Vus‘z + |Vub‘2 =1

and putting into them the values |Vyp| < 0.007 and [V,.q| = 0.9735+0.0015 used in Ref.[26).

The formulae of the Appendix then lead to the following value of the mixing angle
85 defined by relations (8):
fs = 18.3° (27)

At these magnitudes of £, R and 85 the diagrams of Fig.1 give

p) )t (e (p)|0s KR > =

4307 10899 1.5206
—BAT Y (s —n ,}( gaser | LW 1S ) (28)

PR 2 P
mi, s Mg es; Mg~ s

=12
or
= 4] 0.6273(s1 + 52 - 2m3) + 21363 A2 Y (s;—mI) 4. (29)
or ) . =
=4 %]31—%‘— ( : 23::{ " L1684 .. ) : (30)

The diagrams of Fig.2 give

< a¥{pmtipe)m T (pa) 48 pyedy - Bpyrun [NV (R} > =

=3(sq — 84) = ~3m: ¥ . (31)
wip )7t (pa)r T (pa)l43pyruy - g yed | K (k) > = —2mi+
‘ 0.1803 0.6117 1.4668
+AY Y (- m) ( -— + = ) =
=12 ,,, — 3 M,, — 5 ey — 35
It
= (4.8087- Sy g 1.3608) . (32)
3 2mi.

It follows from the Jast two formulae that

< 7 ¥ pnt(pa)n T (pa 40y (K H (k) > =
3 {1.96(s; —mi) - 1455, —mi) AP+ ) =
j=12

2
”3:’\ (180—163 3 Y+...) . (33)

1]\

i

H

Comparing the expressious (29) and (33) we see that the dynamical structure of the “pen-
guin” and “nen-penguin” contributions berome different when the terms of order p*/A?

9

are taken into account. It means, that some contribution to CP violating effects appears
from |A; ;2|2 But first of all, the correction from the mixing of oy and G}, G5, and higher
p* corretions improve an agreement between the theoretical and expcnmental mlues of the
slope parameter and width of K+ — xtx*r~ decay.

Instead of Eq.(14) we have now

MKt 2 ntrts) = Grsinfccosfc - -2—— [1.80(c; — ep—

\/_
— ¢y — cq) + 0.86 - 4¢5] {1-
Im 1.63(¢) —cg —c3 —oq) + 1.168 - d 305 + 9y n }

2
x 34
2m3. 1.80(c; — c2 — c3 — ¢4) + 0.86 - d5¢5 (34)

where the terms proportional Y% and X? = (s — 32)%/m? are omitted. At the value (17)
and (22) of the coefficients ¢; we obtain

(g1 = —-021 and D(KY = atrtr )" =29.107" eV (35}

in agreement with the experimental value {24).

Now, being convinced of the right infuence of the mixing of @9 with gluonium
and correct influence of the higher-order corrections in p? we can pass to the evaluation
of the effects of CP violation.

4. THE EFFECTS OF CP VIOLATION IN Kt - rig#z7 DECAYS.
THE p*~APPROXIMATION

To calenlate these effects we must know the imaginary part of the amplitude
caused by 7 — © re-scattering, that is, to know the integrals corresponding to the loop
diagrams shown in Fig.3.

These integrals are

1

d3T1 (1'31"2
Fo=——
32x?

1 .
f{§ fir(an a)AM L pL B (n 2 —pL — p2) . .

z
[(qu (81,51)A%~ (?‘1,T3,P2ap3)+ f00+ J)Aﬂo(h,rn;ﬁz,pa)) .
e Ty —pr ) + (f‘T-'H(Sz,é:)A+_{"1,T3;P1,P3)+

1 oot 00 ] 4., d3 d’ry
+§fn (s2)A" (riirmspr, pa)8 (1 vy — 1 - Pz) e {36)

E, E

10
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where s, = (k — p;)%,5; = (k—r;)® and A**, 4%~ and A" are the amplitudes of r+r+ —
rtrt atr- = ntr” and 7%% — ata scattering. We can use for these amplitudes
the expressions in the lowest p?-approximation. f}+~ and 9+ are the matrix elements

< wtrtar 0Lt > and < 7%%7 0 Jt > respectively. In the p*/A%-approximation

FH e by = Z [1.96(z — m%) — 1.45(2 — m2)%/A%)

z=a.,b
(37)
by = 37 [0.627(z - m?) + 2.136(z — m2)? /A% .
=a.b
The functions ff“_),,"'(rt) differ from f,+5+_ by aboliton of summing over the variable &.
;’J"(u.b):‘.)[~E mi-&—Z(zvmz)} (38)
3 a,b "
f””ﬂa)f? 0~ 6+ [(k? = 2kr ) + (k% — 2kry)?
e ) T el ri)t+ (K = 2kra)
~ 2 — mm} . (39)

With the imaginary part induced by m — 7 scattering in the final state, the
amplitude under consideration has the form

MKY s otrtr )= 033 sinﬁccosﬂc{(c, —oy —cy— ) (fiT T 41 O+

+eal T+ B+ dpes(F5T 4+ Fs)} | (40)

where ¢)_4, fn and F, are the real values. The constant cs has small imaginary parts
incluced by phase 4. Then

MK = atate )2 - MK~ — 777~ 71)? = 2G% sin? 8¢ cos? B¢ 8 Im cs-

'{(Cl — €3 —C3— C-!)(Fl ;+" - F5f1++f]+c4(F4f;+_ - F5f1'+_)} . (41)

As it follows from the formulae (36)-(39), a non-zero value of (F)f5 — Fsf;) appears at
the order A%

1 m ¢ 3m?
it R fit iam = e [ =X 32 - 11, Y ATY) . (4
(Fifs ST e 327rA?F,E( 3 ) (0 Dz, V) TUATY . (42)
The value (Fy f&*~ — Fs £ ™) differs from zero in the leading A%~ approximation:
_ 1 m2\° 3m?
++ Ty i ™oy —2
(VT = Fsf 7 ae = 3R E7 (T‘) 35.4 Bm?. Y +0(A77). (43)
11

Using Eq.(34) we find at the end that for Kt — #=rtr¥ decays

+_ - 2 2
gt —g 8 Im csm?, 11.9m32 ]
= 4y — —ep—ca—cy)|-
prp— 56 F2 [35 24 3AZ {cr —e2—c3—c4)
{[1.80(c1 — €2 — 3 — e4) + 0.86 - 45¢5)[1.63(cy ~ €3 ~ 3 — €4) + 11T - dpcs + 9ey]} T =
19102 Im es ) (44}
€5

At the value [Im es|Re ¢5] = (1.3 £ 0.7)10~° used by Bel'kov et al in Ref.[14] we should
get
Kot~/ gt g7 =(25£13007°

instead of the value 1.1-10~2 obtained by authors of Ref.[14] themselves, Our result {45)
shows that the contribution to CP violating effects from |4 [? does not exceed 30% of the
main contribution from |4, s AlpptAan Atnl and this result contradicts to the statement
of Ref.[15]. Our final result on value of gt — ¢~ depends on magnitude In: ¢5/Re ¢5. At
present it would be careless to use the data on £/« for extracting this value. We can use,
however, the estimate

Im es/Re ¢5 = —(1 +0.4)sq953siné (45)

based on old calculations of Voloshin [28] together with the fact that Im cs has a very
weak dependence on m, in the region 50 < m, < 250 GeV [3-5] *) Experimentally

sp8y < 261077, (46)

Therefore we conclude that according to our calculations fulfilled in the framework of
Chiral Theory the value ¢* — ¢~ is limited by the relation
gt -9~

_5 .
m:—s (5+ 10 °|sinél . {(47)

5. CONCLUSIONS

Qur calculations pursued an object to verify the statement of Ref.[15] that the
contribution to CP violating effects originating from the interference of “penguin” and
“non-penguin” pieces of Al = 1/2 part of the total ' — 37 amplitude is considerable
(by one-two orders) larger than the one caused by interference between AI = 1/2 and
Al = 3/2 parts of the amplitude. We have found that the relative contribution to g* — g~
from | A1 4|? calculated in the p* /A? approximation does not exceed 30% of the contribution
from 2He (4, AEIZ) calculated in the lowest p?-approximation.

*) Qur coefficient cs corresponds to ¢ of Refs.[4,5].

12



Our result (44) for g+ — ¢~ depends on magnitude of Im ¢5/Re c5. At the same
value of this ratio as used in Ref [14] our result is by 50 times smaller than obtained for
* — g~ in Ref.[14]. At reasonable estimate (45) for Im cs/Re ¢s we have the result

gt —y~
gt +g-

‘ £ (54 2)107%|sinb|

which is by twenty times smaller than the value obtained in Ref.[15).

There is no problem in our approach to caleulate the K'Y — 37 amplitude in next
orders in p?, or take into account the contributions of so-called electrowenk penguin and
box operators. Such caleulations are more cuinbersome only. Together with calculation of
the width difference T{AY = n¥a¥s~) ~T(K~ — 7~ 7 ~x ") it will be done elsewhere.
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APPENDIX

Here we present the formulae for the coupling constants and masses of the scalar
mesons necessary for calculation of the amplitudes described by the diagrams shown in

Figs.1-3.

A')
3

gd,,r - = gaq; xl0xd = —

{\/5[1 + E(2R + 1} cosfg + [1 — 44(R — 1)] si1155} .

=

Gogmtn- = Jo mont = . {m\/§[l +E(2R + 1)jsinds + [1 —46(R - 1) cos&'g} \

A?
Yoy KHK= = Go, Koks = = 2 {\/5{1’3 + (2R + 1)j cosf5—
- %[1012 — 9+ 8E(R - 1)] sinﬂg},

A? .
ga.,l\'+h" - gdr; KO Jo = *‘m{“\/‘z_[ﬂ + f(gR + 1)] s 93

- .;.[wa — 0+ 8E(R ~ 1)] cos 95},

A%oR - 1)
VZIF,

gaRoI{+’T T IotKon- = V2 Qo —R+a0 = V2 Fogo kom0 = —
where R = Fg /Fr.

m? —m?=A? = (mh —mi)R- 1) 2R~ 1)
m?_ —m? = A*2R - )R,

TH T

m:‘; - my = A2{1 +2R(R — 1)(cosfg — V2sinés)?+
%£I(°R+l)cosf?s—"'\/_(R—l)sma )2 }
2{1+2R — 1){sinfg + VZcos @51+

1
+ 342+ 1)sin s + 2V3(R - 1) cos 9312} .
The mixing angle 85 depends on £ and R as follows:

1+ £(2R + 1)(3R) ™
1-€2R+ 1)1 -8R _12(2R+ 1)-36R(R - 1)

fs = % arctan {2\@

At £ =0 sinfls =1/v/3
At £ = —0.225 and R = 1.176 the angle 65 = 18.3°.
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It should be noted that the following equatjons take place:

2 2
Yo, nn Goprn AP (1+2€)
:_ml m? —mi  F? ’
L s oy S x
2 2
gﬂn!“" + gﬂ‘iﬂ'ﬂ' _ 1
- - 2!
(mf  —mi)?  (ml - m2)? 2

Cpe 2
Q'rr_;. I 5':7": xr Joo Wi Gagrrm Mg, — My

2 2 Z 2 2
mi , —m} ml —mi 2F

1\2
=55 (1+26).

™

—+

Due to these relations an expansion of the = — 7 and K — = scattering amplitudes begins

from the p? (or ”""3\',1;) terms:

A(r T8 = atpOrtip)n T (pa)) =

21\2 a gg‘w)r _L( + _2m2)+
= -3 (1+_.£)+ Z W—Fﬁ 1 Sg x

x (ua,,,an,)
i=1,1

A (’7+(k) - WD(Pl)TFO(PQ}WJr(Ps)) =

A? 2 1
= (142} + ——g&:"—z(ss—mi)+---
F? mZ — sy FZ

(o=m, Tt )]

where s; = (k- p;)%.

For the (272K amplitude the mixing hetween o¢ and gluonium leads to some

change of lowest—order expression. Namely,

where

A(RHk) - K (p)r¥(pa)r~(pa)) =

Yo WK Jaymn  Ga, KK Jo,mn

2 — -
m e L3 Tli.ﬂ,” 5

v = 1- QF: o, nm Gay, l\'I\'f'(m'gu. —m
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A2 m: - m2.

_1._2 (1+26) %ﬂfg_"..)_
F? 2R mL — sq)
1

2
"

Y S

)2 — fogrn Jo, I\'I\'/(mi” - mi)z .
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FIGURE CAPTIONS

Fig.1 Diagrams induced by operators 05. Open circles denote the vertices caused hy
strong interaction.

Fig.2 Diagrams induced by operators 0;_y.

Fig.3 Loop diagrams taking into account the re-scattering of pions. Shadowed circles

denote Kt — a7 (x")n—(2%)nt transition described by the diagram shown in
Fig.1 and Fig.2.
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