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CHIRAL THEORY OF THE X;,~PECAY PORM PACTORS: Preprint ITEP
89-122/ :

E.P.Shabalin ~ M.t ATOMINFORM, 1989 = 12 p.

The form factors of Ky, ~decay are evaluated in the frame-
work of theory with effective chiral lagrangian incorporating O%
and I+ fields. In the model under considetation, a renormalization
of mass of pseudoscalar mesens, arising in the standard approach
due to mixing aﬁﬂ‘ with axial-vector field, is absent. We argue
against the schemes with such a mixing. Our theory predicts for
the parameter ;(O) = £-(0)/1+(0) the value ¥(0) = -0.235.

Pig, ~ , ref. - 16
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In the standard theory of weak interaction, the mairix ele-
meni of thel{£3 decay has the form

it = Esind LIRSSV (P

[ AN BB), + £ 9 er), ]
where s - oty = PP

From the general properties of the theory, wc have the next

information on f+:
© - 3
I. In the case of K - H E VY decay, accordiing to the Ade-

molo-Gatto theorem [I]

\7{,/0): /‘f' 0/65) (2)
where & the is parameter of SU(3) symmelry breaking. /&/~0.1.
2. The form factor f-(gq*) must be equal to zero in the limi-
mit of SU(3) symmriry. Consequently, it must be properticnal  to

£ -

it

3. The algebra of currents and soft-pion technies give a re-
lation between f+ and {- at q* :rn; {21:
t+(n% ) + f-(n ) = F,/Fy , (3)
where F, and Fy are the constants of K ~-> v and 31 —-> pv
decays respectively.
In the experimental works, the form factors of [{83 decays
usually are approximated by a tinear functions of qz :

Fi (99 = Ffofo)] 7222 9Pz ] "

The other parameter usually measured is

300) = £-19) S L) (5)

In the last papers, the results are expressed often in the terms

" of the form factor

F19%) = S e) [ 1A, 95 ) (6)

where

2 2 -7
FU7) = f209%) 297 7&-73) £ 9% .
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There are many works devoted to evaluation of f4+ 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 jﬁ [7t/- A preference of the models with Oi mesons was
demonstrated in the recent paper [4], where the origin of diffe-
rence between the experimental magnitude of le, decay probability
and the theoretical magnitude, calculated by soft-pion technies,
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 nlﬂ- {(in the variable
( ﬁgffy. ), correspnding to soft-pion 1imit, to the point 4mr ,
where physical region begins.

Formeily, 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, , my and R=Fy /Fy .

In present work we calculate the form factors ong3 decay
using above mentloned model with O" fields and extending it by
incorporation of 1% flelds.

The lagrangian of O fields is of the form

L(09= $R(0D 30 -c B JPFL AL
e} [T fTTT Az/),‘ 3 7'//‘7/”*-’//](2

U1
+ 5Ly

where ﬂ:/@‘g *“}3’)2‘8,‘ Gg and Jg are members of scalar
and pseudoscalar nonets (8=0,1,2 ... 8) Mxdiag //{;;//7;; 201;—/{!7
EhEE 93 MeV and

Z2.=V15" 7 , Z'!gz,...z?ff/z );,z,...s.

The term ALV/}

sons.
The parameter A introduces the spontaneous breaking the chi-

ral symmetry by the quark condensate. At M=0 the lagrangian (7) is
{nvariant wnder global chirat flavor transformations

solves the U(I) problem in the sector of 0 me-



N e

3

i _)‘e,rf/&'a‘g'ég) y ex,O/t'aﬁ ic.), (8)

Because of Z“'z? ;Zin our mcdel (that is, the secalar and pse-
udoscalar mesons are treated as the bound states of quark-an-
tiowark paii's), such an invariance is equivalent to the invariance
of the fundamental QCD lagrengian in respect to independent global
transformation under the left and right components of the quark
fields -

g > g explibite) o Fo > GO ChH). 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 G, and 63 fields, which can be expressed {4-6] through 4,
and F

2R

£ -
{S,> = y——_;_f—f—/&?f/) , <83>= 23 [;P—/) (10)

where
R=F./Fyr .
In the model (7}

-7 -7
Me =M} +(PE-1 )[R0 (28-7) (1)

| _
4 _ 2 Z_Ml _
Mo = Mg + (775 ) (R-7) (12)

where G, and 61, are the scalar partners of the 7~ and K mesons.

The relation (I2) coincides with the result of evaluation of
M & by Matsuda and Oneda [7] outside the chiral effective lagran-
. gian theory. They used unsubstracted dispersion relations for Kd;

form factors and the hypotheses of PCAC and PCVC.

An identification of 6, with the known resonance &2, (980)

gives
R=1.1I7. (13)

Sach & magnitude of R lays in the middle of the experimental .

values changing from R - I.I1601 0,017



[e]l to R = I,220%0,015 [9].
The details of determination of R may be found in ref.[6].

The lagrangian (7) gives the next expression for the current
generating the k-?e»ﬂ”e")/ decay:
y-os St A7) - V326> D, B+
VA Lo sfQr T, ’) 63> 9, 64 (i)
Using it for caleculation of the amplitude described by the diag-

rams of [ig.l, we could obtain

f+ (q*) = I and ;-(7‘)://772—/"7;;) //77'62-?2/_ (15)

In caleculation, the relation [4,6] was used

;6;- it T //”/:'/”;)/ﬁ A (R-7))

following from the lagrangian (7).

Note that form factors (I15) satisfy to the relation (3), but
the sign of 3 (o)} is positive and f + (q*)=const 1n contradiction
with the observations. "

The situation will change if we consider Z/ﬂ—/as not ontly
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 ?z to £, and
correction of order of /'P,f—'/"}) to /£, which has the value of
order of /’?7_2'/77} itself. Then, the value of \/_‘,/;7 can change
considerably. It is not a simple task to carry out a program of
evaluating many-locp 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 ailows
to caiculate £z /9%)if the model (7) will be extended by adding a
part Z.//‘*/ incorporating the vector and axial-vector fields.

A procedure of this kind was realized in many papers (see,
for example, the references [I0,II]) where theé-//‘t/ was taken in
the form of the chiral-invariant Yang-Mills lagrangian written in
terms of

(16)

Z P
A =Z:4’4f' ’ ’4/’ =K—Aﬁ (I
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=% 772/% AT I L YA
73 /9P % A B YA A ) 1

In papers [J10-12], an interaction between I’ ana O" fields
arised as result of replacement of the derivative E; 2/ by the co-
variant derivative _Z)/,U :

(19)

A A —/\ ",?/\ . ——A AL
:%q 74 =%>,22v297:= 2%” 697*‘;;?141h " f—<§j7éQr,£zﬁ )

Though such s substiitntion seems to be ordinary and going
without saying, we have serious objections againsl using it in the
theory based on the effective chiral lagrangian.

First of all, the substitution (I9) leads to the scheme of
theory possesing (at M-0) more decp local fiavour chiral svmmelry
in comparison with the basic QCD lJagrangian possesing only the
global flavor symmeiry because of existence of the non-invariant
Kinetic term ;Téiggyfi_ For ihis reason, the substitutien (I19)
wonld !ead to scheme of theory with properties different from onss

~of QCD and consequently it seems to be unreasonable.

Besides, the substitintion (I9) causing the transitiocns 22q57—>
> /4 [12] would break the relations (II) and (IR) which are in
accordance with the experimental data {5].

It shonld be reminded that these relations are not ones fol-
lowing from (7) only [7). It is necessary to mention also that the
vertex function 77V must turn into zero at ;%; =0 in accordance
with our discussion on nature of the vector field in the theory
baced on the lagrangian (7). Such property would be impossible in
the case of the substitution (I9).

For all these reasons, following the authors of the
refs.[13-15] (procceding, however, from somewhat differcnt consi-
derations), we introduce the interaction of /:t and 671 fields
with the aid of the effective lagrangian
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A 4
"’"‘// 2) = / / DI % (20)
~Z> 29’ .Z> Z{;Z + //cr
the part of whlch descrlblng_jaﬂ v and /? /4/J7 vertexes has the
form

- ") i
/7%/@/ /9 770,72, 7 2,7") #
+ Z /(”"/Z’A"’ny 2, 77" 9, ,e/_/
2

In the momentum space we obtain:
Z2F 3
A [PII5) =) a 1P2) <=8 7E (A2, €] 1)

/A’ /7/a/< 50)*]//%)/ ﬁg //72 (2 ,,) (21)
o (PEPIIIE (PetPrdy T4 0

It follows from (2I), that our definition of the constant g coin-
cides with the ordinary definition of the p77 constant because
of our expression for the vertex 72 turns into usual one at
q? = /53 . In connection with our rejection from the substitution
(I9), a question may arise, how a splitting between the masses of
7* and 7/~ mesons appears in our schemé. In the schemes explo-
iting the substitution (I9) such a splitting arised from

£ 72 fD, 72,0 > ey A+ 0

But this (rejected by us) mechanism reaily is not the only
mechanism of splitting between the masses of 77 and 7~ mesons,
because of besides term having the form

A A A A A A A
by Ay NL Sy R 2‘;r f)7
2T A AT+ AA T

(22)

LI

> -ﬁ-’l /V/,1+A;/(VU*}+

one can add another global-invariant but gauge non-invariant term
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4
A2 2z z #
> 2V ) v
Really, the transformation properties of the fields /i” and /%ﬂ
coincide with the ones for the nuark structures ;§ 7 9, and
E;‘f; 17 under the global transformations (9). Namely7 the fieids

,qL and /af transiorm as

(23)

N L

/Q/’ <> exyo[C-(‘qg f;>),/{ﬂ4 <?A;o[4?égzﬁbc)

,j: = exp (4 Z) ’4; exp (- ez ).

As a result, in combinzation with the transformation (8), the
construction (23) turns out to be invariant urder the global chi-

ral transformations.
So that

75 = S 4 b )T

MAZ = ‘»’/ ,f/z)(—y-—ﬂ__f).

(24)

The described mechanism of mass splitting is in accordance with
the general idea that the enly source of arising all masses 1is a
break (spontaneous or explicit) of the chiral symmetry due to
non-zero vacuum expectation valuess of G, and Gy fields.

Taking into acecount the mass terms (22) and (23), we get the
new expression for strangeness-changing vector current -

Y-S o 2 , . -
Ve KT KT V32 <G5> % Cer ()
# Snd P2
As a result, the new diagram drown in fig. 3 is added to the
diagrams of fig. I and the {orm factors become of the forms

L 9= 7+ 2L (797 )]
F- (72)= (-1 ) 15" ~(FePs )ty 2 oo
£ 7= 10 2217,
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From the formulae (26), one can see that j[-r and /, ohey the
relation (3), because of

-1 /‘Zu#
/) r///zz)-—/?r‘/ﬂ/[” //”’ /J o

and in the 1imit #75=Cthe formila (27) coincides with the rela-
tion (3), alsc obtained in the limit /7, =0.

Expanding our expressions in powers of fz‘ and neglecting the
terms of nrder of f’ and higher, we oblain for tle parameters .X

and )\p . .
A= /"’ﬂ/fp = 0.0328 (28)
kX 2
A, = MJ/’%; = 0.0I28
The parameter }/b) has the value

J/a) =~ k- /?;,,)//‘7 /77,,1,/ = -0.235

The experimenial data [16] for these paramclers are:

0.028 ¥ 0.004 from Kzs decays

Y€ 0.036 * 0.0016 irom K%, decays
T 0.033 + 0.008 irom K'ys decays
0.034 * 0.005 from H}m decays

+
;\eKP _ 0.004 X 0.007 from K 4 decays
e T 0.025% 0.006  from Ky, decays

}(o)""".—_- - 0.3t 0.15.

From comparison of these data with our predictions {(28) and
(29) we conclude that our chiral model is available one tor des-
cription ot Kg , decay.

A peculiarity of our model consists in that if gives a pictu-
re of exact vcctor dominance only in the case of € meson. For K*
the vertex K“K¥ jg proportional {o fe"/ﬂ instead of f,c*//vk-r
required by the model of vector dominance (VLM). 1t is just a re-
ason that our result (28) is in more consent with the data (30)
then the result of VDM predicting A=/, /Mo« =0.0245.

A complete check-up of our predictions needs more accurate



data, in particular, for /\o.

This work was started when the author was in Roma University
"La Sapienza”. The author is very grateful to Professor L.Maiani
for stimilating conversations and discussions which played a deci-
sive role in search of the new ideas propesed in the present pa-
per. The author aiso thanks the members of the Physical Department
of the Iiniversity "la Sapienza®™ for their hospitality.
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