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AXIAL FORM FACTORS OF K ¢, DECAY
M.K.Volkov

The box diagrams and the diagrams with an intermediate axial-vector
meson K are shown to be important in estimating the axial form factors
of the Kp, decay. Calculations have been made in the framework of the
quark model of a superconducting type, but conclusions are rather
general, valid for any linear sigma-model.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

AxcnanpHble GopmdakTopst Ky, pacnana
M.K.Bonkos

IMoka3aHa BaxHaAa poNb, KOTOPYI0 HIpaloT KOHTAKTHAA JHATpaMma
H IHArPaMMbI C IPOMEXYTOUHBIMH aKCHAITBHO-BEK TOPHBIMH Me3OHAMH
NpH ONpeNeNeHMH: BeJIMYHH aKcHanbHbIX (popmdakTopoB K¢, pacnapa.
PacueThi NpoBeficH! B KBapKOBOH MOJMEM CBEpXIIpOBOOALLETrO THNA,
OffHAKO BBIBOMBI HMEIOT JOCTaTOuHO OOIUMi XapaKTep, CNpaBe/UIHBbIH
H B IPyTrHX KBapKOBBIX H (eHOMEHONIOTHUECKHX MOIENAX.

Pabora BbmonHeHa B JlaGopatopmu Teopernueckoit duankn OUAN.

In ref.’! | we studied the Ky, decay form factors in a nonlinear
chiral theory, and it was just vector form factor that was there calcula-
ted. Estimations made for the axial form factors coincided with the
values obtained earlier in current algebra /2/, which was explained by
the mere use of the tree approximation. It is known that the total pro-
bability of Ky, decay computed with those values of the axial form
factors appears to be one-half the experimental value. In ref/ 1 it is
pointed out that inclusion of the box baryon diagrams can increase
these form factors by 30-40%.

In this note, a more thorough analysis will be given for all the
diagrams that significantly contribute to the axial form factors of Ky,
decay in the framework of a quark model. The results do not pretend
to a high quantitative accuracy (it amounts to within 30% for every
diagram and is typical of the results of an approximate chiral SU(3)x
xSU(3) symmetry ). However, a comparative analysis of contributions
from various diagrams provides us with a rather confident picture that
may be considered to be weakly dependent on a particular model.
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The Ky, decay amplitude is of the form
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where pg, p, and p_ are momenta of K, #* and 7~ mesons, respecti-
vely, gft-) = % sin6, l-l-vy# (a +y5)ue is the leptonic current, 6, is

the Cabibbo angle, f, g, r are axial form factors, and h is a vector form
factor. The Ky, decay probability depends essentially on the form
factors f and g to be calculated in this note.

To compute the probability of the decay K's n'tn ev, we take
advantage of the approximate formula /37,
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Then, with the standard values of the form factors f and g
1

VZF,

following from current algebra’?’ and from nonlinear chiral theo-

f-¢g =

(F, = 83 MeV), (3)

ries’ 1/ , we arrive at the Ky, decay probability*
3 -1
wx+-.1r+n-€v = 1,4.10° sec (4)
. . /4/

that is lower than the experimental value s
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exp = (8.,15+0.,12) .10 c .
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Once these preliminary remarks are made, we may proceed to
analyse those diagrams that produce dominant contributions to the
form factors f and g. We will estimate these diagrams using the Lag-

*In ref./ l/, a somewhat higher value was obtained with (3)

3 -1 ’
e = 1,7.10" sec . (4°)
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rangians of a superconducting-type quark model/5 :
- g - A
als (4
f:qhgiys)\idzi + 8,Mo + "2'”)‘1(V1+’75A1)]q° (6)

Here q = (u,d, s ) are quark fleIds with three colours, A; are Gell-Mann
matrices (0<i <8), ¢, ¢ Vi and A‘ are nonets of pseudoscalar,
scalar vector and ax1al-vector fields, gp is a vector coupling constant
(g /4n = 3),

2
g - ém_ -1
gi=_ﬁ_(15153), gi.—_g‘Z% = —— (2= (1——-!—) = 1.4),
) F'
¢i '1

m, are masses of constituent quarks, ma, is the mass of the axial-vector

meson (the constant Z is a result of inclusion of ¢; - a; transitions),
Er2,3 = My/Fy, 8g = (m,+ mg)/2Fg, Fg =116 F, , m, = 280 MeV,
mg = 460 MeV. Divergent quark loops are cut off at an energy of A =
=1.25 GeV that characterizes the region where spontaneous chiral sym-
metry breaking occurs and constituent quarks appear with the above-
indicated masses (together with a quark condensate). Inclusion of di-
vergent quark diagrams leads to phenomeneological chiral Lagrangians of
mesons. Finite quark loop diagrams give futher contributions that are
not contained in the basis chiral Lagrangians (for instance, the Wess-
Zumino terms describing decays 7°- yy,w -+ 37, ..},

First consider the diagrams with intermediate sealar mesons o,
and oy (see Fig. 1a,b). Each of these diagrams consists of two dlver-
gent quark loops, therefore the con'espondmg vertices enter into the
phenomenological chiral Lagrangians 75,8/ .4

El= "%‘Klv(”+4/ O'K —Uxayﬂ+) + "g—KIV(K+aV0u -auaVK+)9 (7)

- —_— 1 + -
32 = 4m gﬂz%aun*n +2v2 msg"Z’éoxﬂ K . (8)

In (7) the vertex with an ax1al-vector meson is included instead of the
vertex with a lepton pair ev. To come back to the lepton current,

‘These Lagrangians may be obtained from (6] by the method given in /8/
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8p - e :
we should make the change: 2—\/2— K,,» £, 7. As a result, we obtain
the following contributions to the K¢, decay amplitude

ms
X

(9)
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From (9), in the limits mgu‘-m and mg.K ~eo , expression (3) can easily

be obtained for the fonn factors f and g. For this purpose it suffices to

make use of the formulae m?;u =4m? +m%, m ‘2’1( =4m m +m% and tend

the masses m; and mg to infinity (my=mg=0e_ 7 =1), So it may be
verified that for the results of current algebra only those diagrams are
responsible which are drawn in Figs.1a, b (for the form factors { and g).

Estimation of the contribution of amplitude (9) to the form factor
f requires consideration of a large width of the scalar meson g, , we will
identify with the scalar resonance ¢ (700). Its width is close to the mass
of the meson. The width of the meson g which may be identified with
the resonance «(1350) (or K’:,(1350) in new terms) can be neglected.
The effective values of momenta, (p, + p_)% = 0.45 m%( and (pg-p. )i
= 5.5m,2,, can be found from phase integrals. With all that taken into
account we get for the form factor f *

*Similar estimations were successfully used for the description of the decays
Kg~2y,K 27 and interpretation of the rule AT=1/2 {see reﬁ/7/ J.In ref./ 8/ an
attempt was made to take account of the one-loop meson approximation in such
estimates.
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The width I,  ,,(q®) is calculated by the formula
u
sz m22f eup?
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Till now only standard contributions were considered to the form
factor f studied by many authors and, in particular, in recent paper’ 4
Let us now apply to the study of those diagrams which are usually bey-
ond the field of vision, but, as will be shown below, are rather impor-
tant in the determination of the form factors f.and g.

In ref.”? it is shown that the experimentally observed inequality
h, <hy in the decay n~-» evy may be associated with an extra diag-
ram with an intermediate axial-vector a, meson between a lepton pair
ev and vertex mya, (hy andh ,are vector and axial-vector form factors .
of the decay n~- evy). Without that diagram, quark models gave equal
values for the form factors hyand hy (hy=h,= 1/822F, ). The diag-
ram with the intermediate a; meson induced an extra factor z-1207
in the form factor h, (h, = hZ 1) \

Making analogous calculations for the K¢, process it can be shown
that the inclusion of diagrams with an intermediate K| meson (Figs.1c,d)
also results in the extra factor Z—! in expression (10) for the form fac-
tor 1) Asa result, we get*

(o) _ @5t _ 0B (12)
V2 F,

Aside from the diagrams with intermediate scalar mesons, also im-
portant for the computation of the form factor f are box diagrams de-
picted in Fig. 2 (contact terms). Diagrams of that sort are always taken

»
We assume that the factors Z—for both strange and nonstrange particles are

m
approximately equal to each other, Z; 1. Zq l-a- o -

) =0.7. If the mass diffe-
84

rence in this expression is taken into account between strange and nonstrange quarks,

one should also take account of the quark-mass difference in loop integrals, and

there will occur compensation of both the effects (see /9/).
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into consideration when describing #7 and 7K scattering, meson pola-
rizability, etc.” 5/ . In all those processes the box diagrams are connected
with divergent integrals, therefore the corresponding terms enter into
the basic phenomenological Lagrangians of the sigma-model. In case
of the K¢y decay, the box diagrams are related to convergent integ-
rals; therefore no analogous terms are present in the phenomenological
Lagrangians, and estimations of the form factors made in current algebra
or in nonlinear chiral Lagrangians do not usually take account of those
contributions. These diagrams also have not been taken into considera-
tion in ref.’8/ , although they give rather significant contributions to
the form factors we are interested in. With Lagrangian (6), we may
obtain the following estimate for diagram, Fig.2a:

@ Sm(m +m ) v v v, (=) -
T =]—_‘!—-u_—-—1_.[( + ) + -p )+a -p —p) K+"+ﬂ .
TZentpep P @R e -po )k (13)

The diagram with an intermediate K, meson (Fig.2b) diminishes the

amplitude (13) Z times, and for these diagrams the form factors {

and g take the values:

7O _ ;O 3m,(m, + m,) _ 0.8
———— —
V28n F F, Z V2F,

y (14)

It is easy to see that this value is consistent with estimate (12)*,

*We do not here evaluate the corrections to (14) for the qz-terms. They
may produce an increase of value (14) within 30% (the K meson mass taken into
account).

25



Fig.3

Now let us proceed to estimation of contributions to the form
factor g from diagrams drawn in Fig.3. These diagrams are again con-
nected with divergent infegrals, therefore the corresponding vertices
can be found in the phenomenological chiral Lagrangians/ 5.8 .

2 =)
£4= ~18,Fx ZplK*VRL,

£,= igpp(‘;(n*avn"- nd, nt) = gp(p+ - p_)"p;’n . (15)
Asa result; the diagram 3a leads to the following amplitude:
T® -iy2 g?F 2 fop, p-)%) (p. —p YU K ata™
| A TS e T e
ey =1 - 2E22)
82" F,

Here fp(qz) is form factor of the p -2 decay (see”19/ ), Upon inclu-
sion of diagram 3b with the intermediate K ; meson the factor Z in (16)
disappears, and the form factor "g'(p Y is defined by the expression:

V2 giFy mj -0.45m§ 0.49
(1 - = . )

g(p)z — —
m2 - 0.45m% 8r2 FF V2 Fy

Using the results of ret’? we may estimate the contribution of ¢® terms
to amplitude (16). They produce a 30% increase in g(p ) . On the other
hand, the contribution of the p meson width will decrease this value.
Assuming that all these effects lead to mutual compensations and their
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contributions amount to about 30%, we shall not take them

into consideration,
Combining all the obtained estimates, we arrive at the following

results

t = 1@, @ _ 0.82 + 0.5 = 1_'3 , (18)
VEF, VEF,
g =g@ 1 g, g _ 0FBr08 408 13 g,
VEF,. VEF,

Then, from formula (2) for the total probability of the decay K* -
> ntf &y we get

3 -1
WK+ B = 2.7.10" sec ’ ’ (20)
which is within the limits of our accuracy, consistent with the expe-
rimental value (5).
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