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To date, it is assumed that the hadrons have a finite size , which in the
electromagnetic interaction manifests itself in the form of electromagnetic
structure of hadrons , which is phenomenologically described by one or
more (depending on the spin of the particles under study ) functions of
one variable ( the momentum transfer ) , called electromagnetic form fac-
tors . The form factors describing the vertexes containing one real photon
and two identical strongly interacting particles are called elastic electro-
magnetic form factors of the hadron.
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Abstract

Analytical expressions for the electromagnetic form factors of
the charged and neutral K mesons have been obtained in the Quark
Confinement Model. The contribution from the direct diagrams. as
well as that one from the intermediate vector states in the form fac-
tors are examined.It is shown that for the description of the neutral
K meson intermediate vector contribution is crucial. Electromag-
netic radius of the charged kaon was calculated. fm. The received
value (rg+) = 0.501 is in good agreement with the experimental
data.The numerical values of the square of the electromagnetic ra-
dius of the neutral kaon at different values of the mixing angle of
vector mesons was obtained.It was found that the best agreement
with the experimental data is achieved when § = 0.The calculated
numerical value (rgo) = —0.084.
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In the case with a single virtual



photon and two different particles or hadron and real photons correspond-
ing form factors are called transition elektromagntnetic form factors of
hadrons {1]. The most experimentally studied is the elastic pion form fac-
tor . The experimental data on elastic electromagnetic form factors of
kaons significantly poorer 2] , [3] . These form factors have been studied

in various theoretical approaches [4] , [5],[6] . In this work, all calculations
were carried out in the Quark Confinement Model(QCM) [7].

2 Lagrangians

Lagrangian describing the electromagnetic and strong interactions of the
system consisting of charged pseudoscalar, neutral vector mesons, photons,
quarks can be written as:

Li(2) = Logp (@) + Loqy(2) + Lyon () + Lpen (z). 1)

where

Logr = %PQu)a(x)wSAQq(x),

Lo = %VQ@)a(z)v"AQq(w),
Li" = —ie(PYOH P~ — P @*P*)A,,)

L™ = eAaQv"q. 2)
the notation is adopted

u
g=1|d 3)

S

2/3 0 0
Q= o -1/3 o0 (4)
0 0 -1/3

Ag-combination of Gell-Mann matrices, providing the appropriate quan-
tum numbers of mesons and for w and ¢ meson matrix Ay are:

cosd 0 0
A = 0 cosd 0 (5)
0 0 —v2siné
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—sind 0 0
Ap = 0 —sind 0 (6)
0 0 —v/2cosé
The coupling constants gp, gy for meson-quark interaction are defined
from so-called compositeness condition which means that the renormaliza-
tion constant of the corresponding meson M is equal to zero:

Zy =1+ gy M) (m3;) = 0 (7)

Here 11,/ (p?)- mass operator of meson/{. It us convenient to use inter-
action constant in a form:

393 1
har = g—;j == (8)
am Iy (mar)
instead of gps in the further calculations.
3 Electromagnetic Kaon Form Factors
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Figure 1: Graphs define kaon form factor

The electromagnetic form factors of kaons are determined by graphs
shown in Figure 1 and can be written as :

Fie+(t) = FX(t) + Fp(t) + Fu(t) — Fy(t) 9)
Fyo(t) = FR(t) — Fp(t) + Fu(t) — Fy(t) (10)

where Fa(t) -contribution to the form factor of the triangle diagrams
F,.,4(t) - contributions from diagrams with intermediate vector mesons.
Listed contributions received by us as follows:
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Fo(t) = thTKWI(t)hpr(t)Fvv ( ! )

F(t) = t%KWI (OhaDo(t) Fyy < 4X2>
)

Fat) = 5 WAORDs0F (71
(11)
where
Wi(t) = %F‘PP (. m, m, Ay, A, As)
Walt) = 5 Forp (6 mimk, Ay Aoy A) (12)

function Fypp (t, 4%, g2, As, As, A,) have been received as

Fl;PP (ti QI27 qgr As, As, Au) =

_ o0 uA u2A2
—/0 dub(u)—f—s/o dub(—su)y/1 ~u+ .

. 3
+/D dBad <1 - Za,) P (qf, a3, A1, A, A3) b(—Q) (13)

i=1

The following notation is introduced

A2 1+ A2 AZ — A2 2
A2: 1+ 27A___ g Al’s:p_,uA:———?—-——— (14)
2 AT A S T IAr 1+ Vioar
P (Q?y qg: Al! A2: A3) = (15)

(a1 4 a2) (A1 = Ag)(Ag — A3)As(Ay + Ay — AS)Q + gion + gdoy
i a;iAf Z?:l A}
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Q= qiaras + Gasas + pPajay
Z? o @il
It can be seen that the contribution to Fixo(t) from the triangular diagrams
is linked to the difference between A, and A, and therefore vanishes in the
limit of precision SU(3) symmetry.
Structure integral Fyy (ﬁ) is defined by

(16)

1-24
Vvii—u

The product of the coupling constants for the vector meson propagator

|
NG

Fyy = j{)oo dub(u) + z /01 dub(—uz) (17

Fv (3a) .
I’LVDV(t) SvFv(Sv) _ (#) Fv (4_1%2_) ( 8)
forV = p,wA = A, in the case of ¢-meson A = A,.
Fy(z) = /OO dub(u) + z/l dub(—uz) (1 + E) 1-u (19)
0 0 2

In the framework of the model used effective constant of kaon - quarks
interaction is:

2
- Fpp (m§(7 Ay, As)

hx (20)

where

_ [ [y Lot
Fep (5, A A0) = [ dublu) + 715 /0 dub

42 Jy1—u+ %
(21)

Figure 2 shows that the inclusion of the contribution of intermediate
states significantly changes the behavior of the form factor.

Figure 3 shows that the contributions from w and ¢ are small and
opposite in sign. Therefore, the decisive role played by the contribution of
the intermediate p meson.

Figure 5 shows that, in contrast to the form factor of the Kt meson
contributions from w and ¢ have the same sign and are comparable to
the contribution of the p meson. Because of this, the values of the K°
form factor depends on the mixing angle §.Figure 6 demonstrates this
dependence.
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Figure 2: Form factor of K mesons (solid line) and only the contribution
of the triangle diagram, normalized to the value 0 (§ = 5°).
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Figure 3: The relative contributions to Kt of the individual diagrams
appearing in (9).
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Figure 4 Form factor of K° mesons (solid line) and only the contribution
of the triangle diagram, normalized to the value 0 (6 = 5°).
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Figure 5: The contribution of different diagrams in the form factor of K°
meson(10)
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Figure 6: form factor Fko(t), calculated for different values of the mixing
angle 0

4 Electromagnetic Radii of Kaons

Electromagnetic radii of kaons one can calculate by the formula

dF
(rae)? = 65 5 Lo (22)

Table 1 shows the contributions of the various diagrams in < rg+ >2,
obtained value of the electromagnetic radius, as well as the experimental
value.

Table 1
Contributions < S exp [8]
from different graphs Tk* P
(ri+)? (fm2) (fm) (fm)
P w ®
0.027 { 0.263 | —0.129 | 0.111 0.501 0.560 + 0.31

The square of the K° meson electromagnetic radius depends on the
mixing angle §. Table 2 shows the contributions of the various diagrams
in (rgo)? for different values of 4.
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Table 2

Contributions < o2 exp 8
) from different graphs (7}1’::1 2 (fl:n 2
(rio)® (fm?)

—10° | 0.0015 | —0.263 | 0.203 | 0.149 —0.02
—5° | 0.0015 | —0.263 | 0.074 0.02 —0.051
0° ]0.0015| —0.263 | 0.085 |0.094 | -0.084 —0.077 £0.010
5° 10.0015| —0.263 | 0.196 |0.099 | -0.116
10° | 0.0015 | —0.263 | —0.0015 | 0.016 | —0.146

Table 2 shows that the best agreement with the experimental value of the
electromagnetic radius of the neutral kaon is achieved at § = 0°.
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