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The form factors of K {
3
 -decay are evaluated in the frame-

work of theory with effective chiral lagrangian incorporating 0+
and 1+ fields. In the model under consideration, a renormalization
of mass of pseudoscalar mesons, arising in the standard approach
due to mixing Ъ^ТГ with axial-vector field, is absent. We argue
against the schemes with such a mixing. Our theory predicts for
the parameter W O ) » f-(O)/f+(O) the Value 5(0) = -0.23S.
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In the standard theory of weak interaction, tho matrix ele-

ment of the Kp decay has the form
3

where

From the genera! properties of the theory, we have the next

information on f+:

I. In the case of К —•> jl & У decay, according to the Ade-

molo-Gatto theorem [I]

where € tho is parameter of 5lf(3) symmetry breaking. /S/л-оА.

2. The form factor f-(q
z
) must be equal to zero in ttn> limi-

mi t of SIJ(3) synimfitry. Consequently, it must be proportional to

£•

3. Trie algebra of currents and soft-pion technics give a re-
lation between f+ and f- at q1 = m ^ 1.2]:

f+(ra* ) + f-(m к ) = F
K
/Fjr , (3)

where F
K
 and F^ are the constants of К ~~>j\\/ and -jr —=>jw

decays respectively.

In the experimental works, the form factors of Kg decays

usually are approximated by a linear functions of q
3
' :

The other parameter usually measured is

\ In the last papers, the results are expressed often in the terras
У ' of the form factor

where



There are many works devoted to evaluation of f+ in a frame-
work of different models or additional assumptions on properties
of theory (see, for example, the review [3]).

Of all the models, more interesting are the models incorpora-
ting the scalar mesons because such a mesons can give a contribu-
tion to -f_ (?V• A preference of the models with 0~ mesons was
demonstrated in the recent paper [4], where the origin of diffe-
rence between the experimental magnitude of K e 4 decay probability
and the theoretical magnitude, calculated by soft-pion technics,
was considered. It was shown that in the case of comparatively
small mass of the isosinglet scalar meson, the amplitude increases
considerably from the unphysical point m^- (in the variable
( Pj,iP$r ) )> correspnding to soft-pion limit, to the point 4m^- ,
where physical region begins.

Formerly, it was shown that the model used in ref.[4] allows
to calculate the masses of mesons of the scalar nonet using the
known values of m^. , m K and R=FK /F^- .

In present work, we calculate the form factors of K £ 3 decay
using above mentioned model with 0~ fields and extending it by
incorporation of I~ fields.

The lagrangian of O~ fields is of the form

l/(f)

>4 » ,

w h e r e ^ ~ [ ( 3
в ^

г
^ в / ^ £ , ^ s and Ж

8
 are members of scalar

and pseudoscalar nonets ( 5 = 0 , 1 , 2 ... 8 ) M = d i ^ ^
2
/

Р
д
 S 9 3 MeV and

The term ^/, solves the U(I) problem in the sector of 0~~ me-

sons .

The parameter A introduces the spontaneous breaking the chi-

ral symmetry by the quark condensate. At M=o the lagrangian (?) is

invariattt under global chiral flavor transformations
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Because of ̂ s ^ ^ p ^ i n our model (that is, the scalar and pse-

udoscalar mesons are treated as the bound states of quark-an-

tiouark pairs), such an invariance is equivalent to the invariance

of the fundamental QGD lagrangian in respect to independent global

transformation under the left and right components of the quark

fields

&j 3 ? rf'^j. O)

It follows from the lagrangian (7) that all effects of sym-

metry breaking in such a model take place due to non-zero v.e.v.of

the &~
o
 and &~g fields, which can be expressed [4-6] through /^

and F
x
 :

where
R =

In the model (7)

»2 f
/
""I)?*)?!*) (и)

where 6^ and 6^ are the scalar partners of the JT and К mesons.

The relation (12) coincides with the result of evaluation of

m 5- by Matsuda and Oneda [7] outside the chiral effective lagran-

gian theory. They used unsubstracted dispersion relations for K ^

form factors and the hypotheses of PCAC and PCVC.

An identification of G ^ with the known resonance 4^(980)
Eives

R = I.ITS. (13)
Soch a magnitude of R lays in the middle of the experimental

values changing from R - 1.160^0,017



[8] to R = I.220t0.0I5 [9].
The details of determination of R may be found in ref.[6].
The lagrangian (?) gives the next expression for the current

generating the ^-*J77"CV decay:

T£ ' = - / ffy #-jr - /C 7)^/-* \^s> /* * + . (I4)
Using it for calculation of the amplitude described by the diag-
rams of Fig.]., we could obtain У ^

f + (q
2
-) = I and 4- (f) = /^x'KJ//

/
»ei.-fy. (К)

In calculation, the relation [4,G] was used

6 )

following from the lagrangian (?).

Note that form factors (15) satisfy to the relation (3), but

the sign of J" (o) is positive and f + (q
z
)-eonst in contradiction

with the observations. ^

The situation will change if we consider L(O~Jos not only

effective lagrangian, but as a lagrangian of quantum theory and

take into account all possible loop corrections of type shown in

fig.2. Such loops will give correction of order of J
z
 to j/y. and*

correction of order of (Рх~Ря) to JIC , which has the value of

order of fM^-flfjf itself. Then, the value of y C ^ ^ c a n change

considerably. It is not a simple task to carry out a program of

evaluating many-loop corrections and we resort to assumption that

the main contribution from loop corrections arises when intermedi-

ate states form strongly-bounded vector-like states. Such a suppo-

sition is in a sence of the vector dominance hypotheses and rJlows

to calculate J±(f
z
)'if the model (7) will be extended by adding a

part ///^ incorporating the vector and axial-vector fields.

A procedure of this kind was realized in many papers (see,

for example, the reverences [10,11]) where theZ//-^/ was taken in

the form of the chiral-invariant Yang-Mills lagrangian written in

terms of
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In papers [10-12], an interaction between I- and 0 " fields

arised as result of replacement of the derivative ̂  V by the co-

variant derivative D^ 2/ :

- л * -7r A
L
 (19)

- Э, V. у A, V yVA
Though such a substitution seems to bo ordinary and

without saying, wo have serious objections against using it in the

theory based on the effective chiral lagrangian.

First of all, the substitution (19) leads to the scheme of

theory possesing (at M--0) more deon [ocal f lavor.r cliiral symi'np. 1 ry.

in comparison with tho basic OCD Jagrangiaii posses ing only the

global flavor symmetry because of ox istonce of the поп invariant

kinetic term &i'^^ Q - For this reason, the substitution (13)

would lead to scheme of theory with properties different from on?,s

of QCD and consequently it seems to be unreasonable.

Besides, the substitution (19) causing the transitions a^

-» A„ С12] would break the relations (II) and (12) which are in

accordance with the experimental data [53.

It should be reminded that these relations are not ones fol-

lowing from (7) only [7]. It is necessary to mention also that tho

vertex function JTJTV must turn into zero at <p =0 ia accordance

with our discussion on nature of the vector field in the theory

haired on the lagrangian (7). Such property would be impossible in

the case of the substitution (19).

For all these reasons, following the authors of the

refs.[13-15] (proceeding, however, from somewhat different consi-

derations), we introduce the interaction of /- and 0" fields

with the aid of the effective lagrangian



the part of which describing J>7i J?~ and A л J/ vertexes has the

form

J7

/ Jf~ fa

In the momentum space we obtain:
t2

It follows from (21), that our definition of the constant g coin-

cides with the ordinary definition of the J>7rjr constant because

of our expression for the vertex y
7
^
7
"-^ turns into usual one at

q
2
" = /^p . In connection with our rejection from the substitution

(19), a question may arise, how a splitting between the masses of

Z
7
* and /~ mesons appears in our scheme. In the schemes explo-

iting the substitution (19) such a splitting arised from

But this (rejected by us) mechanism really is not the only

mechanism of splitting between the masses of /^ and /"" mesons,

because of besides term having the form

I • *
 %

 ' ' *
 Л

 ' " (22)

one can add another global-invariant but gauge non-invariant term



Really, the transformation properties of the fields A and A/t

coincide with the ones for the quark structures ^7 fr f
L
 and

~q у (?
я
 under the global transformations (9). Namely, the fields

л
 L
 and A* transform as

A * ** £*/> (*c J
As a result, in combination with the transformation (8), the
construction (23) turns out to be invariant under the global chi-
ral transformations.

So that

_ * (Ы)

The described mechanism of mass splitting is in accordance with

the general idea that the only source of arising all masses is a

break (spontaneous or explicit) of the chiral symmetry due to

non-zero vacuum expectation values of 6^ and 6"# fields.

Taking into account the mass terms (22) and (23), we get the

new expression for strangeness-changing vector current

у
v
'
l
'
s
= -/A^-V-x'fy77у-/№<&>$,^

 {25)

As a result, the new diagram drown in fig. 3 is added to the

diagrams of fig. I and the form factors become of the forms

У-



From the formulae (26), one can see that X and y _ obey the

relation (3), because of

and in the limit ^~О\.Ы formula (2?) coincides with the rela-

tion (3), also obtained in the limit / ^ =0.

Expanding our expressions in powers of f and neglecting the

terms of order of #^and higher, we obtain ior the parameters Л +

and А о '. -z Л,
2
-

\
+
 = Л*>/^> =• 0.0328 (28)

Xo = /^jr//^. _ 0.0128

The parameter \(o) has the value

The experimental data [16] for these parameters are:

0.028 i 0.004 from Ke3 decays
\e*P _ 0.030 10.0016 -from Ke s decays

*~ ~ 0.033 ± 0.008 from K ,̂3 decays
0.034 1 0.005 from K^3 decays

0.004 t 0.007 from К^ 3 decays
0.025 i 0.006 from K^3 decays

=r = -0.35 t 0.15 .

From comparison of these data with our predictions (28) and

(29) we conclude that our chiral model is available one for des-

cription of K£,3 decay.
A peculiarity of our model consists in that it gives a pictu-

re of exact vector dominance only in the case of j? meson. For К
the vertex К K* is proportional to f^-/^ instead of f/c*/'^^*

required by the model of vector dominance (VDM). It is just a re-

ason that our result (28) is in more consent with th« data (30)

then the result of VDM predicting ^•t~
tii
jr/^'

1
 =0.0245.

A complete check-up of our predictions needs more accurate
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data, in particular, for A o .
This work was started when the author was in Roma University

"la Sapienza". The author is very grateful to Professor L.Maiani
for stimulating conversations and discussions which played a deci-
sive rolo in search of the new ideas proposed in the present pa-
per. The1 author also thanks the members of the Physical Department
of tbo University "la Sapienza" for their hospitality.



10

Figures

Fig. I

к ж

/
/v / \e

Fig.2

к *0 '*

М

Fig.3



11

References
1. Aderaolo M., Gatto R. // Phys.Rev.Lett., 1965, vol.13, p.264.

Bouchiat C., Meyer Ph. // Nuovo Cira. 1964, vol. 34, p.II22.
2. Callan C.G., Treifoan S.B. // Phys.Rev.Lett., 1966, vol.16,

p.153.
Suzuki M. // Phys.Rev.Lett., 1966, vol.16, p.312.
Mathur V.S., Okubo S., Pandit L.// Phys.Rev.Lett., vol.16,
p. 371.

3. Gaillard M.K., Chounet L.M.// "K form factors" CERN 70-14,
May 1970.

4. Shabalin E.P. // Yadernaya Fiz»
5. Shabalin E.P. // Yadernaya Piz,
6. Shabalin E.P. // Yadernaya biz.
7. Matsuda S., Oneda S.// Phys.Rev.
8. Bourquin M.et al. // Z.Phys., 1982, vol.12, Ser.C, p.307.
9. Paschous E.A., Turke V. // Phys.Lett., 1982, vol.116.
IO.Bhargava A.K., Dass T. // Phys.Rev., 1970, vol. I, Ser.D,

p.149.
II.Majumdar D.P. //Phys.Rev., 1970, vol.1, Ser.D, p.684.
I2.Gasiorowiez S., Geffen D.A.// Rev.Mod.Phys., 1969, vol.41,

p.531.
I3.Ivanov A.M. // Yadernaya Piz. 1981, vol. 33, p. 1679.
I4.Gasser J., Leutwiller H. // Ann. of Phys., 1984, vol.158,

p.142.
K.Ecker G. et al.Preprint CERN-TH.5185/88.
16.Particle Data Group // Phys.Lett., 1988, vol.204, ser.B,

April 1988.

1989,

1985,

1988,

1969,

vol.
vol.
vol.

vol.

49,
42,
48,

185,

P
P
P
P

.588.

.260.

.272.

.1887.



Е.П.Шабалин
Киральная теория формфакторов К^3 -распада.
Работа поступила в ОНТМ 2Г.Об.89

Подписано к печати 27.06.89 Т07864 Форглат 60)6)0 f/[6.
Офсета.леч. Усл.-печ.л. 0,75. Уч.-изд.л. 0 ,5 . Тираж 220 экз.

Заказ 122 Индекс 3649. Цена 7 коп.

Ойючатано в ИГЗ&, II7259, Москва, Б.Черемушкинская, 25 i



ИНДЕКС 3649

Ш | |
• 4 н • тшГщШт • k т *\ » т * • * шЧ

t • • * • с • • •.

::ж
в ! i i i n i t i t I • * * Я ^ * В Я • I

[., Preprint 1ТБР, 1989, N 122, p,1-12


