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Pacnan K“ B KBaHTOBOH KHpAa/lbHOH TeOpHH

B pamkax KBaHTOPO# KHpaIbHOH TeOpHH IO ONMCAHDI dopmbakTops
pacnana Kp,. Axcuanwuvie ¢opmbakTopnt BeIMMCIeHB B ApeBeCcHOM Npu6Gin—
MeHHH, ONpefe/siolleM OCHOBHLle BKJ&AL B ITH Be/lMYHHbEl, BeKTOPHHIf
$opMbaKTOp BLIYUC/IEH B OAHONMETVIEBOM MpHBMMXeHHH, HalileHHbie 8HAueHHS
$opMPaKTOPOB HAXOASTCS B YAOB/IETBOPHTENLHOM COMVIACHH C WBBECTHBIMH
3KCNMepHMeHTallbHBIMA OaHHbIMH,

Pa6ora srinondesa B JlaGopatopun Teoperuueckoi duanku OUHAU,

penpusr O6henuHeHHOTO HHCTATYTA SNEPHBIX HCClenoBaHH. Dy6ua 1978
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K¢y Decay in the Chiral Quantum Field Theory

Form factors of Ky, -decay are described in the framework
of chiral quantum field theory, The axial form factors are calcu-
lated in the tree approximation which defines their main contribu-
tion. The vector form factor is calculated in the one-loop approxi-
mation, The results are in satisfactory agreement with the avai-
lable experimental data.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR,
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1. Introduction

There exists already a large amount of experimental and theo-
retical works on the kéq decay/1-e/. This process is interesting
by itself and due to the fact that one may draw from it informa-
tiony on many other important physical quantities (e.g., the scat-
tering lengths of the 77-7 system), This is also the reason why it
has been discussed so often in the literature., Among the four form
factors appearing in the amplitude of the Kﬁ; decay the three axial
form factors may be treated relatively simply. Information on

the behaviour of these form factors may be obtained, for instance,
from the standard current algebra approach/4’7’8/ or the simplest
tree approximation of the chirasl theory/g/.

Or: the other hand, the description of the vector form factor
is considerably more difficult. The standard soft pion techniques
of the current algebra are now useless because the vector part of
the amplitude vanishes for vanishing pion momenta‘). Also the tree
approximation of the chiral theory does not provide any information
on the vector form factor, However, the one-ioop approximation now
begines to play a dominant role, We recall that a similar situation
took place for decays of the type 7°-yy , Z—ag’{ sy Ffl’d’,r{;*//,
and K -3t Y /10-11/ 4a in the latter cases the calcula-
tion of the vector form factor of the kkq decay requires the

congideration of the so-~called anomalous diagraméz12-13/. These
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his argumentation does not refer to special models with
vector meson dominance,etc.



diagrams contain the main information on the processes which they
refer to. They are thus of principal importance even if there were
no other arguments in favour of a reasonable perturbation theory
within chiral quantum field theory.

Therefore, we hope to obtain reasonable results for the vector
form factor of the kky decay by using the one-loop approximation,

Other more rough theoretical estimates of this quantity have
been performed within models with vector meson dominance /5'6/.

The respective results are in complete agreement with the estimates
of the chiral quantum theory.

The calculations within the latter model are interesting,
because they help to complete, from a unique point of view (SU(3)x
x5U(3) chiral invariant quantum theory), the description of all
leptonic, semileptonic, and radiative decays of the fundamental
meaon octet/14/.

In the following section we shall quote the different parts of
the chiral Lagrangians which are needed for the calculation of
the k%; decay, In Sec. 3 the axial form factors are calculated
in the tree approximation, whereas Sec. 4 contains the one~loop
calculation of the vector form factor, In Sec. 5 we calculate the
probability of the k%kdecay and compare our results with the

experimental data,

2, Chiral Lagrangians

A detailed discussion of SU(3)xSU(3) chiral invariant Lagran-
gians can be found in rcfl./9'10'15'16/. In the following we shall
quote only those parts of these Lagrangians which are needed for
describing the k@; decay in the tree spproximation (axial form

factor) and one-loop approximation (vector form faetor).

The Lagrangiens which characterize the strong interactions of

the mesons and baryons have the form
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where Yﬁ' and 4%. are the fields of the baryon and meson octets.
A’ is the pion decay constant (P =~ 95 MeV), 9‘ is the renormali-
zation constant of the axial current (éh x 1,25), M is an averaged
mass of the baryon octet and ¢[ is the mixing parameter of the
f£-d couplings (d=2/3),The total Lagrangian contains yet a term
quadratic in the meson fields without derivative coupling, However,
this term does not contribute to the vector form factor and has
therefore been omitted, This is analogous to the case of thezﬁiﬁ]/
decay.

The interactions of the pseudoscalar mesons are described by

the chiral lagrangian éz; 'f 'f
_ F? ‘ -

L =4 ,51“0{9,.6 a,e ]) (3)

where §= %i?\;‘h—
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get a finite mass by adding a symmetry breaking term to eq.(3)

(A, — Gell-Mann matrices). The mesons

which, in the scheme of Gell-lann, Oakes and Renner /27/, takes the

form
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M,oie the mass of the K meson and @, 1s the Cabibbo angle.
Finally, the weak interactions of the hadrons and leptons are

described by the product of two charged currents

‘fsc %[Jp} J: +L"°~] (5)
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where G-= ,0'7'1: is the Fermi constant. The lepton current reads
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where )4)3) l)(,,'e) are the fields of the muon, electron and neut-

rinos, respectively. The hadronic current is given in the usual

Cabibbo form
g = cos Oc (V-Ay +smB. (v-A) s 1)
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where VKﬂ'.C TVt ‘/e N Ahic =Ak 40 A e are the vector or
axial vector currents, respectively. The hadronic current contains
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baryonic and mesonic parts, Jl\:J& +J: » The baryonic currents
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whereas the mesonic currents are defined by the formula 79,14/
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Using the Lagrangians (1-5) we are now able to calculate the form

factors of the Ke“ -decay.

3, Axial form factors of the Keg -decay (tree approximation)

Let us consider the process K't"”*fﬂ-f-é_f V . The corres-

ponding decay amplitude is usually written in the form
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where P*) P- and P,< are the momenta of the IT'f) o and K
mesons, respectively, and e;-)- Si\nec%u—,(l-K’)K"ue. {— .

and T are the axial form factors, h is the vector form factor,
The calculation of the latter is the main purpose of this paper.

As the axial form factors get their main contributions from
the tree approximation we shall consider here tree graphs only.

The relevant diagrams are shown in fig, 1.
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Diagram 1a can be calculated by taking into account the

following part of the Lagrangian ofs-
_ N2 [+ ’ #ot -7,
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where L(_)
Y
This diagram determines nearly the whole probability of the

= $n 6, % v(-ys)xre

decay and the magnitude of the form factors f and j . It gives
nse to the amplitude
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where q_—_ Pk-P*-P— » In order to get also a reasonable expres-
sion for the third form factor T one has further to investigate
the important diagram 1b, It can be calculated by using the Lag-

rangians
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which are parts of the Lagrangians OZ; and 52; , aZi . This diag-

rem contributes the following expression to the amplitude
2 - -
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By adding the contributions CT’M, 77@)we obtein the following exp-

ressions for the axial form factors
, i * O p'=0
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The results (17) are ir complete agreement with earlier calcula-

tions using current algebra (see ref./7’8/).

4, Vector form factor of the Ka@ decay (one~loop

approximation),

The calculation of the vector form factor L) may be done in
complete analogy with the calculation of the decay amplitudes for
the processes Z—)FUI‘X and K, = ¥'r-Y /10’11/.

These amplitudes are contributed by the box dimgrams with strong

vertices given by 4 and triangle diagrams with one vertex of

the type .ZZ and one vertex of the type ;f: (comp, fig. 2a,b,c,d).
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Fig. 2a represents schematically three types of box diagrams where
the lepton pairs are emitted from a baryon propagator between the
K* and ﬂ'uweons, the K7* and F—mesons, and two neighbouring
pions. The Lagrangians associated to the vertices of this diagram

are given by
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2= B bl 0TIy,
(1) (Zo27-215)] + b
@) . Moo — - -
fi =Lr23A =K [(2d~l)h-z + %F-Z'c-—%ﬁo/\f[.’z".

o -
- 2 4+ -3 K"TJ (19)
\¥; \l3 LJ,



T2 Fon O B ir T

oI
We have used the notation: Exs =~\r 0) and x = 2(" .
Retaining in the integrals only those terms which do not depend

on momenta we get from fig., 2a the following contribution to the
Jff N] -
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amplitude
T =
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where

The diagrams 2b-d contain vertices of the type \f; » The corres-

ponding Lagrangia.ns read
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We again retain only constant terms in the integrals for the baryon

triangle diagrams. As a result, we obtain the following expression
for the coefficients C

oy

A
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A . A
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(24)

Summing up all baryon loop diagrama the total contribution to the
vector part of the Kf,, 'decay amplitude reads
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¢ = 6&—3}[1+ d-1)] = 2.4 *

.

(26)

Eq. (25) provides the following expression for the vector form
factor |, (comp, eq.(11))
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5. Discussion of the results

In order to compare the above results with the experimental
data (see ref./1'3/) we ghall give first of all a rough estimate
of the probability of the /(54 decay. To this end we consider
only those parte of the amplitude (11) which contain the form fac-

tors f and 3

This yields the formula

S 1 SO, m '
~ o7'° F ] (28)
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7 Note that this value of ¢ is equal to the value of an
analogoua coefficient arising in the description of the decay

¥ ;'3' /. The amplitudes 7’ and 72"_,,,,-( are connected by
7"' r%“"f&" following from tho ‘i:a.grangian f.t , when K field is
replaced by Z




where is a phase space integral given by
@-,)*
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To get eq. (28) we have used the values for ‘f and g obtained in

the tree approximation (eq.(17)). With the value ®,= 0.26, eq.(28)
yields *)

th 3
Wl:e.,zi‘?"/o s~ (29)

The experimental value is (see ref./1/)

exp

kol = (3.26 2 0.i8) 1075 (30)
Y

Keeping in mind that the tree approximation is rather crude the
theoretical value (29) may be considered to be quite satisfactory.
The numerical estimates for ‘f, and L\ give

f:g:‘: , h=-33, (31)

We recall that the main task of this paper was to estimate
the vector form factor k of the K}W decay. In this case, as
already mentioned, the one-loop approximation is of principal
importance. On the other hand, the form factors } and ‘9 get
already a large contribution from the tree approximation, The one-
loop approximation should then only slightly modify this estimate
(formulae (17), (31)). A egimilar situstion has been met for the
case of the /-7 S-wave acattering length 79118/ mhere the esti-

) w

e use always the approximate relation F,'-!FL: F'-F'-_-SS MeV.

In this case, with ¢, x 0,26, the theoretical estimates £br the decay

rates of the decays “yt- o#) and g% ] are in good agreement
with experiment (see ref.ﬂ*/14/). o "/d :

mates for df in the tree ard one-loop approximation are as

*)
follows
ag

a;
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In the case of the axial form factor the number of the baryon
loops considerably exceeds the number of the baryon loops for the
vector form factor, and many of the loop diagrams even diverge,
Usirg special regularization methods which are characteristic for
nonpolynomial theories (e.g.,superpropagator methods/19/) we may
calculate also these diagrams, They will give a more complete infor-
mation on the form factors f . g and T and determine, in par-
tioular, the slope parameter A of the form factor f » (The expe~
rimental value of A can be found in ref.h/).

In the present case our calculations of §)3 and 1,**) have,
however, been performed within the tree approximation, In order to
compare with the experimental data we consider the ratio k/§ ,
quoted in many experimental works, Using for }' the recent results

of ref./1/ and for h our theoretical value, we get

T £4] -, T
h'=-33; ferp 6152015 LAY (33)
‘ Tarp
) In ref./18/“the pion mﬁsa terms have been introduced by a

scheme proposed by Gursey., In this case one obtained Ylee® Oo12mg! .
The above value (32) refers, on the other hand, to the mas¥ term (4).

**) Prolininu-{ calculations taking into account convergent
i

box diagrams only (in general the main contributions) yield an
increese of { andg of sabout 308,



The experimental values are

1) rer /1 b =-295:035) by =-0432Q12) A% -(oetzeodme

y,
3) rer,/3/, Wi=-097L0¢6 .

-1
2) ret,/?/, W&=-o¥lt023' Q¢ =(01320i3) my

For completeness, let us also quote the theoretical estimates

for h obtained in a mnodel with JD ~dominance /5,6/
15 kl=5,
Thus, the above calculated. value of L is in good agreement with

both the available experimental data and other theoretical esti-

mates,
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