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1. The kaon-kaon interaction near the K K threshold is
unknown.

2. The parameters of the scalar resonances f,(980) and a,(980)
are still imprecise.

3. The ¢ decay reactions into rt* 1t y, n°nt° y and ° n y have been
measured, for the ¢ transition into K° K°y only the upper limit
1.9 108 is known but there are no data for the ¢ — K*K-y.

4. A general theoretical model of the radiative ¢ decays has to
be formulated. It should allow for a coupled channel analysis
of the amplitudes describing interactions of different meson-
meson pairs in the final state. With a help of such a unitary
model one can obtain more information on the threshold
kaon-kaon scattering provided the relevant data are available.
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Diagrams for the reaction e* e- > K"K~y

T(k)=<K" (k) K*(ky) | T K (-k+p-q)K*(k)> R ~T(k-q) - T(k) :

> J




Amplitudes for the reaction e* e- > K"K y

The total amplitude| A=A, + A, + A, + A, 1S gauge invariant.
d“*k J, & T(k)

A, =2i _‘. (271_)4 D(k) D(—k + p —q) & = photon polarization
i Ak 3, &7k, (k, +d,)T (k) )
A = ] oy Bk D) Dk + p- ) P=Pe TP
A= J-d4k J, " (K, -p,)k, T(k)
(27z)* D(p—k)D(k) D(=k + p—q)
Cop Atk JkeT ok [TR-@-TEI. = e o
A, = 2|j(27z)4 50 D(P =1 —" . k=(0K); k=K/|K|
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J = e? Fo (VP )y u(p,) 5 s= (P +P_ )? F. (s) — kaon form factor

D(k)=k? - m,’ D(k) —inverse of the kaon propagator



Definitions and approximations

m = K"K effective mass; m? = (k, + k2)2

half — off —shell amplitude: | T (k) = (K (k,) K* (k,)|T(m)|K (~k+ p—q) K*(k)); k2 =k2=m?

on —shell amplitude: T,. _(m)= (K (k)K" (k,)|T(m)| K" (k) K* (k,)

— —

K*K- center-of-mass frame: k,+k,=0; p=4q; photon energy w=|q|

: : : - 1 - =
relative kaon momentum in the final state :  k; = > (k, —k;)

relative kaon momentum in the initial state : k

Approximation: | T (k) =~ g(| k )T, .- (M)

Condition: (| sz =1

s=m;; o<32MeV, soft photon

~|

[T(k-a)-T(k)I _ GJ(I'Z—CTI)—AQJ(IEI)T ()~ 99¢

)
T . (m
q-k —q-k d | e (M)

Next approximation:

~




Approximations, part 2

Dominance of the terms with the positive kaon energy E, ~ %; E, =+ k|? +m?2

A +A+A =J-ET .  (m)I(m)

3 , 12 ., A2
d’k gl k) 1o K" =(k-q)

I(m) =-2 —
(m) J.(27z)3 2E, m(m—2E,) 2p,E, —s+2k-qg

15 Pp =M+ w

Limit of vanishing photon energy: ® -0, m — m¢

A, (0)=—[A, (0)+ A (0)+ A (0)] if [k|g(k[)—>0 at|k|—>

A, (w) depends very weakly on o: A, (@) = A, (0)

The full amplitude | A(M) = J-& T . (mM)[I(m)—1(m,)]




Comparison with two other approaches

1. K*K'system as a quasi-bound state (kaons as extended objects)
F. Close, N. Isgur, S. Kumano, Nucl. Phys. B 389 (1993) 513
4
g(K)=—Lt—r—i =141 MeV; notice that g(|k |=0) =1
(u+ k%)

2. Point-like K*K" system
N.N. Achasov, V.V. Gubin, Phys. Rev. D 64 (2001) 094016

g(k[)=1
+ i . (C + —)2 = i
Resonant K*K amplitude: T = RKK ¢ = coupling constant
R=f,(980) or a(980) i D (m) Di = inverse of the propagator R

Remark: both approaches can be treated as special cases of the present model.



Elastic and transition K K amplitudes

Relations to the S-matrix elements:

TK*K‘ (m) = i (SK+K— -1 TK*K’—)KOK'O (m) B SK*K’—)KOK'O

Isospin decomposition: index 0 or 1

Ty (M) = 2 [t (M) + £, ()] Tos oo (M) = Lt (M) —t, ()]

Example: separable K K interactions in the S-wave

A=potential strength (K¢ [V ki) = AG (k)G (K)

B=range parameter e 1
G(k)=Y: hi f fact G(k) = /
(k)= Yamaguchi form factor (k) m K1

Separable amplitudes:

off-shell : Tor =<K [Ty [ K) =G(k;)z(M)G (k)
on-shell : Ton =<(K¢ [T 1 ki) =Gk )z (MG (K, )
T Ki+p? = 1.5 GeV
The function g(k) g(k) — Tﬁ = kf2 n ,82 ]?Or isospin 0




K*K= scattering and transition amplitudes
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The kaon loop tunction I(m)-1(m,)

[1(m)-I(mg)|
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Physical observables

Matrix elements squared for the processes e* e-— K*K y and e* e-— K% KOy
are proportional to: 3

e
U(m) = (?)2 | F () 7] 1(m) —1(m,) |
Photon angular distribution in the e* e~ center-of-mass frame:

do

= o« (1+cos’@
dcosé, ( )

Effective mass distribution for the process e*e"— K*K y

do
am oc m?k U (m) |TK+K_ (m) |?

Effective mass distribution for the process e* e"— K% K%y

do
d—m oc mzka (m) |TK+K_—)KOKO (m) |2

Branching fractions

Br(¢ > K'Ky)=0c(e’e” > K'K7y, s=m;)/o(e’e” — ¢)

Br(¢ > K°’K"y)=c(e’e” > K°’K "y, sem;)/o(e’e” - ¢)

11



Effective mass distributions for e e- - K"K~y
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Transitions into pseudoscalar meson pairs P, P,

Generalization of the model for the process e*e"— K*K y to e*e— P,P,y

Inelastic K* K" — P,P, amplitude:

T _ A m (S s

K+K_—) Pl P2}/ i kf k K+K_—) PPy K+K_, Pl PZ)
V 12

k,,= relative P,P, momentum

Application of the unitary S- matrix to several coupled channels is possible:

e'e >x'x ¥y
ete” > x2°7° »
+

e e_—>7r0777/

e'e” > K°K? »

g~ w NP

e'er > K"Ky
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Effective mass distributions for et e — K2 KO0y
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Total cross sections and branching fractions

O-e+e‘—> K"Ky ( pb) Br (¢ —~> KK _7)

1. 1.85 4.47 -10°°

2. 1.29 3.10-10°

3. 3.37 8.13-10°7

q. 2.29 5.51-107 no-structure model NS
5. 0.85 2.05-107 kaon-loop model KL

01,0
O-e+e—_)Ko}zoy(pb) Br(¢ > K'K"y)
1. 0.167 4.03-10°8
2. 0.102 2.46-10°°

3. 0.338 8.16-107°
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The ¢ - KO KOy branching fraction

and the a,(980) pole position
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I, 980y = resonance width

M, (es0) = F€SONANce mass

Branching fraction of the decay ¢ — K°K® y

ks + B°
for g(k) = —S——andk, , =1GeV:
K+ f
dotted curve 1-10°%,
solid curve (KLOE limit)  1.9-10°,
dashed curve 3.-10°8,
dotted - dashed curve 4.-1078

double dotted - dashed curve 5.-10®

The values of the branching fraction
depend on the resonance pole position.
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Conclusions

1. Atheoretical model of the reactions e*e"— K*K"y and
e*e — K% KOy has been formulated.

2. The strong interaction between kaons is taken into account.

3. The elastic K* K- and the transition K* K- — K° K° amplitudes in
a general form can be used.

4. Numerical results for the K K effective mass distributions, for the
total reaction cross sections and the radiative ¢ decays are given.

5. The model can be generalized to treat other coupled channel
reactions with two pseudoscalar mesons in the final state.

6. Measurements of the e* e"— K* K"y process can provide
a valuable information about the pole positions of the a,(980)
and f,(980) resonances.
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