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It is well known that the spontaneous breakdown of chiral
symmetry (SBCS) results in the production of a nonet of mass-
less pseudoscalar mesons. The SBCS mechanism was proposed in
refs.[1,2] . So, the "instanton fluid” vacuum model allowed to
quantitatively describe such low-energy characteristics of
pions as the constant far in the decay fi-pmv, < Z;) -
the RMS radius of the charge, and reproduced the results of the
algebra of currents ([3]. Just the SBCS mechanism seems to go-
vern over the Jonbenergj physics of particles of pseudoscalar
octet.

The account of masses of light quarks (u,d,s) must, in prin-
ciple, allow one to describe the other static characteristics
ot\ppe octet. It ahould be noted, that one is t-~ take the
enomalous contributions to the sihglet axial current [4,5]
into account to find the characteristics of g and N’ me-
sons.

In our previous work (6] mass correcfiona to the effective
Green functions in the instanton vacuum were found and the mass
apectrum of the pseudoacalar octet was determined. In the pre-
aent work we shall find the electromagnetic radii of the stran-
ge mesons r§+ s rﬁo (at the same time, there will be cor-
rected the formula for the constent §, found in ref.[6] ),
and the form factor f§, (qi) of Kes will be described.

All calculations are carried out in the leading over the



the packing parameter ¢/R approximation, ¢ being the mean
radius of instantons, R -~ the average distance between the
pseudoparticles.

Besides, assumptions directly connected with the disregard
of nonzero modes are made:

a) there is ignored the quark loop contribution proportio-
nal to N, / Ne - When a strange quark engaged, Ng/Nc is already
not low. But it should be noted, that the loops must be taken
into account simultaneously with the nonzero modes, as they are
correlated by a renormalization procedure [7] ;

b) only linear terms will be taken into account via the
current masses of quj:ks. For three light quarks (u,s,d) the
condition mp « 1 :I.s’ satisfied and expanded over the small
parameter me , but the account of the highest orders over

m again requires the nonzero modes to be engaged.

However, here it was assumed, that in the first nonvanish-
ing approximation.the nonzero modes can be ignored which may
be proved as follows. For true saddle-point solutions the non-~
zgero modes must lead to renormalization of physical values [7].
On the other hand, the instanton-antiinstanton configurations
in the leading over g/ R approximation, are saddle-point
solutions. That is why, when both the next orders over /R and

m and the effects of renormalization are ignored, then
the contribution of nonzero modes vanishes. The versatility
of the ansatz (vacuum-superposition of instanton-antiinstanton
fluctuations) lies in the fact that this probe configuration
is close to the saddle-point solutions, whereas it is neces-

sary to deviate from stationary solutions to stabilize the
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testing of the model applicability within this range, which
will be shown in the analyses of the electromagnetic form
factors and of the Ademollo-Gatto theorem [9].

In the. previous work [6] tne algorithm of calculation of
correlation functions which must be expressed through the

found functions §(pP) end d(P) is considered in details

' . Nc R* M(P)
(P) =21 = -
; i m2¢ Pz_amM_‘_M?.g%"z_ma ?
(1)
P2+ m?
. NcR‘ -m+ M(P)—T:E——
d(P) = 21 rzg M P2-2mM+ M2 B221° ’ '
where
e g -
e(m)= Eo €= £(0)= const N -:—z(ioo MaB)”~’

To find the three-point correlator
T (X,4) =<0 |¥ ()Y t¥(x), ¥*(0)¥, Q¥(0), YY) ¥stT Py jo>.(2)

shere T 1is the flavour matrix and Q@ is the charge one,
one must sum up the bound diagrams shown in fig.1 . After

cumbersome computations the Fourier form of the correlator

iRx-L

&
Tuh, R =[x {dby e ey y

is obtained to be

T. =N avue)2 z(P) Te(P) [ d*x
poUCUN R-(P) R-(R) | (2®)*




{iseatt) K"‘:: (1vimi e N d (1 imBey A d (k)

m?e,z,"—‘,;; $(K) KE (3)

{+imie, é%ﬁ—cd(K.)

SP ‘6,, [&1"‘ ] XSm: €. —E%_N: [d(Kg)- i-f(K;) K3,] XS

2 N 2
my € sy F(Ke) Kz
[£2+ ! 1 22VN¢ N ]+(t4—>t+) P“-P) my«e mz)} ]
1+imiey 5o dKe) :
1 ’2VN¢ .

feré  Ki= K‘% Ka=K+%" Ks= K-P
P
p= .ﬁz*_r =P -P, P?= Pf:l—mi

V 1is a four-dimensional volume, N/2 is the number of

instantons. The functions [;(P) and R.(P) too were found

in the previous work
P (0) 3Ne

44 d*R (4)

R-(P)= 1+ mje, m3e, %i: S en)p §4(P-P-P)(dicd2 *PP, £, 5, ),

The indices 1 and 2 throughout mean dependence on the corres-

ponding arguments, e.g.,

i

dy=d(R, ,my).

The physical amplitude .ﬂ" is obtained by extraction of

two mesonic poles out of the three-point correlator TF

<P y> 1 1 2<PY>
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After algebraic transformations
1

{

c d4K ,

Ay = gt ;: Sd" 82949 S—,,'a"M(Ka)fM(K,)M(Ka) .
o

ql
{(si.ueu:t*)[(%a "MKy + (P4 ME= 5 ) B =

. (6)
-mm (i ) (E e - g et s]

t(t=—t* Pp=-P; m.-—-rng)},

where
b= (-8, + yZlgp

S = Y2x(1-X)q2 - y(I-y)my + y(Mi -2myM) * (1-Y)(M3 -2m;M).

The amplitude 'ﬂy relates to the electromagnetic form
factor F(qa) as:

fA=2RF(q%),

Now, the main criterion of checking of our assumptions is
the correct normalization of P(o) : F(o)al for K* and
F(o)=0 for K° and K° mesons. .

In the leading over g/R approximation the derivatives of
the function M(X) must be omitted, after which the integral
.can be calculated as follows [10]. Substitute M(K) by M(o) and
take the upper cutoff of the integral |K| = 1/p (note, that
M(K) sharply decreases in this scale), which conforms to re-
tention of only large logarithmic terms ot ~fn R/j: o Then

A
4
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F(0) = ;::z Mxm’ §agdg{8n g5, (Spatt -t my— ""z)} N
S50=5(q%=0)

To calculate -f: , represent R_(P) as

(MyPep = Mz Pzp )

d*p d*p, .
(P2-2mMy +ME)(Pf - 2meMy +M3)

R.(P)= a;’*g aaji s SHA-R-P)

(8)
+O(m2)g,(P) + const.

On the other hand, from the algebra of currents it follows [3]

that
R.(P)= 4 fi (PP+mE) )
whence .
fe 2:1:3 M2(0) S ;&dg, (10)
After integration one has "
F(0)=Sp(Qtt*) - Sp(@EfE ) +
| (11)

+0(m?) [Sp(Qit*) + Sp(at*t)]

That is to say, in the linear over m approximation the form
factor coincides with the total charge of the system, which
Juast proves our approximation and the related statement that
the model is applicable for up to P~my .

In the previous work we used a numerically inaccurate
expansion when calculating f,‘ o The accurate expression
following from (10) is
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2 _ _Ne 2 1 1102
fi = qr M7(0) [In sm@-m1 * " G-l ]

Expanding F(qa) in powers of q?

Zﬁ 2
F@%)=1-%9
2
one can calculate g+ . The current masses of quark meke
their contribution only through the mass of messons. Since

mi > meM both parametrically and numerically, then
the terms qu must be omitted. Eventually,

2 Nec ?u. 9s (1 s Mz)) 13)

where q 1s the electric charge of the quark,

In this approximation the radius of K° meson becomes zZero,
because the masses of mesons symmetrically depend on the cur-
rent masses of quarks and such terms vanish in virtue of aﬁti-
symmetric dependence of 'I,zgc on the current masses. But since
these terms become zero in virtue of symmetry, then the first
nonvanishing approximation for 'Zako are Just the small terms

m$M which must be now taken into account. It should be
emphasized that this is a very delicate criterion for checking
of our assumptions, as this is the very region where only the
linear over m1 terms in -j and d functions “"work".

Thus, we have

2 _ Ne 9s+9d a+M¢e¢ ms<55> -md<dd > %
o= o5 <557 ~ 4
T T (1+ ) e <T¥> ‘

10
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Here ¢as), <Ed> are the vacuum averages of s amd <

quarks, respectively; < ¥ ¥ > is the quark condemsate at Bl

<99> _ E(mg)
<WWw> E(C,

In the model undei' consideration the value of Me€e is
independent of the mcdel parameters and must be substituted by
its numerical value. Note that since we;keep only the fi.lfét
over ¢/R terms, then for Mo and € we use values which
correspond to that epproximation [2,10] s

M, = 300 MeV €o= (100 Mev)™" Moo = 3

/

Substituting this value into (14) one has

2 3 Ne 9s*+%a Mp<8S>-ma<dd> -
zKo = 4 'a’tz {2 ) (lTJ'P S (15)
K (-]

Another interesting test for the model is its applying to
the decay Kesz , fig.2 .

Tha amplitude of the process reads:

M= Ly M, ¥ % f. (9°).

Here Ly is the leptonic curi'ent, Yr(K) eare the wave func-

tions of mesons, f,,, (q'z) is the form factor of the Ke3z decay.
The calculation, entirely analogous to the former one,

yields the following results. The zero form factor does not

contain linear over m terms, which, from the point of view

of composition of the Ademallo-Gatto theorem, attests to the

self-consistency of the assumptions made. Using the sccepted

parametrization of {, (q%)

11
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£, @) =1+

as well as the expressions (13) and that in ref.[10] obtained

2
for Zi+ and lg+ , respectively, one finds that
2 e 2 2
A ] Lt fl‘ + gt fﬂ' ma (16)
= 35 X
+ 12 f« fx

Closing this paper, we present the numerical values of the
quantities found as well as the corresponding experimental data

(m, =4 MeV, my =7 MeV, m_ = 150 Mev) [11] .

THEORY * EXPERIMENT
(o 0.34 0.2840.07
2o -0.037 ~0.054+0.026
f:/ fe s 1.4940.02
At 0.029 0.0300+0.0016

The authors thank S.G. Matinyan for support. One of the
authors (S.T.) is grateful to R. Poghossian for some stimulat-

ing ideas.
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