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Scalar form factor in K3 decay
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The (3,3)+(3,3) model of chiral-symmetry breaking is used to investigate the leading terms in the expansion
of the scalar K,; form factor fi(t) in powers of t. The results are compared with those of Dashen and
Weinstein and a modification of the work of the latter due to Dashen, Li, Pagels, and Weinstein.

A theorem concerning the expansion of the scalar
K, , decay form factor f,(f) in powers of t[=—¢*
=—(pg —p,)?] was derived by Dashen and Wein-
stein’ some time ago. f,(¢) is defined by

my®=m ) fo(t) = (my® =m 2) £(O) +tf.(), (1)

where f, (t) are the usual form factors describing
K,; decay. Dashen and Weinstein showed that
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This theorem was subsequently modified by Dash-
en, Li, Pagels, and Weinstein® in order to take

account of threshold effects.?
The corrected result showed that

>z‘+0(t2). (2)

where ¢ is evaluated at the unphysical point ¢ =m1,2
+m % The leading term on the right-hand side of
Eq. (3) is of order ¢ Ine where the parameter ¢ sets
the scale of chiral~-symmetry breaking. This term
was shown? to be independent of the structure of
the chiral-symmetry-breaking term in the Hamil-
tonian. The correction term of order ¢ is model
dependent and was claimed?® to be an order of mag-
nitude less important than the leading term within
the framework of the (3, 3) +(3, 3) model of chiral-
symmetry breaking.*

In this note® we adopt this model to find an ex-
pression for the expansion of the scalar K, ; decay
form factor fo(t) in powers of f£. It is found that
there is a not insignificant correction to the result?
expressed in Eq. (3). We begin by defining the
three-point functions I'(k%,p?, ¢%), < (k% p% 4°):
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X (R% p%, ¢%) and T (k% p?, q°) may be defined similarly.

On multiplying Eq. (5) by ig,=i(k —p),, the following relation between the various three-point functions is

obtained:
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The current-divergence relation®
3, Vit ™0) =ifm ¢+ (0) (7

has been used together with the commutation re-
lations derived from the (3, 3) +(3, 3) model of
chiral-symmetry breaking. z, and z, are the
wave-function renormalization constants.
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It is well known” that if we impose the smooth-
ness assumption that I'(k%, p2, ¢°) be no more than
a quadratic function of the momenta, together with
the assumption’ that f* (k% p?, 0) be a constant
equal to f¥(0,0,0) (f for short) over a certain
range of k2 and p2, then it follows that A, "*(¢®) is
no more than a quadratic function of momentum.
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Likewise if we impose similar constraints on
F5(0,p% ¢%) and 1% (k% 0, ¢%), then it follows that
Agx"M(k?) and A, "(p?) are no more than quadratic
functions of momentum. In addition, we have the
usual results’

fz(fK2+f1r2-fK2)/2fo1r’ (83.)
8= =12 =132 S s (8b)
f+:(fK2_f1r2+fK2)/2foK' (BC)

Setting £+ m =0, p®+m _*=0, and ¢°=0 in Eq.
(6) we find
FElmg®=m 2) =f Tmy?,m 2 0). (92)

Similarly, we may conclude from equations which
are cyclic permutations of Eq. (6) relating 7% (&2,
pz, qz) arldf”i‘:'(/ez’pz’ q2) to I‘(szpz, qz) that

fEm 2 =m ) =f T(O,m 2 m,?) (9b)

and

fTm 2 =mg?)=f,Tm, % 0,m.?). (9¢c)

In order to apply these results to the scalar form

factor in K, ; decay we recall that

(1o, Vit (O) | K™) =i [ £, (@®)on,” =m ,*) = ¢°F(¢°)]
:i(anz—anz)fo(qz)’ (10)

where the on-shell form factors f, (¢*) are related

to the off-shell form factors f% (k2 p?, ¢*) by setting

the pion and kaon on the mass shell in the latter.
We may also write

(] 8, Vit #%0) | K7) =if m *(7°] ¢+ (0) | K7)
:ifx‘mszK (q2) F(ml{z’ 7771r27 qZ) s
(11)

making use of the current divergence relation Eq.
(7). Combining Eqs. (10) and (11) we have
2 2 2 sz 2 2 2
mg®=m. ?)fo(a®) =f, mK2+q2 T(mg ,m 2% q ).

(12)

The constant term in the expansion yields the re-
sult

(mKZ“mnz)fo(O) =fy r(sz’mﬂz, 0) (13)
=m2-m ) ft, (14)

making use of Eq. (9a). From this we get the
standard relation

sz +f1r2 ~fr< z
2f g fr ’
assuming there is a nonsingular behavior of f_(g%)

at ¢®*=0. The constant term [Eq. (14)] in the ex-
pansion is correct® to order €® This may be com-

fo(0) =£,(0) = (15)

pared with Ref. 1, where appeal to the Ademollo-
Gatto theorem was used to discard the order ¢2
contribution.

Next we evaluate the derivative of the scalar
form factor at ¢{(=—¢?) =0 and the unphysical point
t=m_%+m,? in order to compare our result with
Ref. 2. Differentiating Eq. (12) we find

2
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The on-shell vertex function I'(m > m %m ?) can
be well approximated by I'(m? 0,m ?) because of
the small pion mass [approximate SU(2)xSU(2)
symmetry]. In this approximation, we may use
Eq. (9¢) to rewrite Eq. (16) as

m 2
(e =m ,*) fo(0) = %ff(mf-mﬁ) T

(17
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making use of Eq. (8¢). From Eq. (18), the above-
mentioned derivatives are

e ® =m . 2) f(t) |t:0 =

2y fy m*
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and
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where we have neglected m . on the right-hand side
of Egqs. (19) and (20) in order to be consistent with
the earlier approximation.

From Egs. (19) and (20) we may make the follow-
ing observations:

(a) To order ¢,® the derivative is the same at
£=0, t=m_*+m,? namely

-4

(b) There are correction terms of order ¢ and
higher which differ at the two points. This means
that the slope of the scalar form factor will not be
uniform in the physical region.

(¢) Taking® f,/f,=1.26 and £, %/f,%=0.09 and*
m ,=1250 MeV, we find numerically

mZ=m 2)fit)|,.,=0.23 (197)
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and

(sz_mnz)fz)(t) ‘t=m,”2+mK2:0‘32’ (20,)
whereas

L(fe _Sv)_

2<fw--fK>—0.23, (21)

in (presumably) fortuitous numerical agreement
with the slope evaluated at £=0 [Eq. (19’)]. Note,
however, that the value [Eq. (20’)] we find for the
slope at the unphysical point ¢ =m 2+ m,*® is about
409 larger than the modified® Dashen-Weinstein
result [Eq. (21)]. This is at some variance with
the statement in Ref. 2 that model-dependent cor-
rections within the framework of the (3,3) +(3, 3)
model of chiral-symmetry breaking are an order
of magnitude less important than the leading term

1(12_&)
2 f’ﬂ" fK )
A similar conclusion was reached by Auvil and
Pritchett!! using different arguments from this
paper.

The constant term in the expansion, Eq. (14),
differs numerically very little from the Dashen-
Weinstein result. We find®

K__fK2+f1r2—fK2
f+"' szf’”

which is very close to the SU(3) result used by
them.
In terms of the usual slope parameter A, defined
by
Xo=m 2f ), (23)
we find 1,=0.019 at £ =0 and 1,=0.027 at ¢ =m °

=0.99, (22)

+m . ? indicating roughly the extent of the variation
of the slope of the scalar form factor to be ex-
pected in the physical region 0 <f <(m, —mw)z. The
current experimental situation is unsettled’® with

X, ==0.009+0.007 (K },)
and
1,=0.021£0.006 (K ;).

The value of )\, determined from X 3, experiments
is in good agreement with theoretical expectations
in contrast to the value of A, determined from K,
experiments.

In summary we have used the (3, 3) +(3, 3) model
of chiral-symmetry breaking together with the
usual hard-meson treatment of vertex functions to
investigate the leading terms in the expansion of
the scalar K, , decay form factor f,(¢) in powers of
t:

2 =m ) fo(t) =_f.ﬁifwz‘_ff(mkz_m"z)

2 fn
(ng_fnz"'sz)(mkz_ml(z)mkz
Zfo'n' (sz—t)z

The constant term differs from the original Dash-
en-Weinstein® result in order ¢® (about 1%). How-
ever, the derivative of f,(f) evaluated at the un-
physical point ¢ =m_?+m,? differs from the modi-
fied® Dashen-Weinstein result by about 40%.

The author would like to thank Professor K. J.
Le Couteur for the hospitality of the Theoretical
Physics Department I.A.S., at The Australian
National University, where part of this work was
carried out,

*Permanent address.

IR. Dashen and M. Weinstein, Phys. Rev. Lett. 24, 1337
(1969).

’R. Dashen, L.-F. Li, H. Pagels, and M. Weinstein,
Phys. Rev. D 6, 834 (1972).

SL.-F. Li and H. Pagels, Phys. Rev. Lett. 26, 1204
1971).

%3. Glashow and S. Weinberg, Phys. Rev. Lett. 20, 224
(1968); M. Gell-Mann, R. J. Oakes, and B. Renner,
Phys. Rev. 175, 2195 (1968).

In an earlier paper [B. G.Kenny and M. Kac, Phys. Rev.

D9, 826 (1974)] a similar expansion was carried out
making an unrealistic assumption of equality of wave-
function renormalization constants.

®This partially conserved vector current (PCVC) rela-
tion for the strangeness-changing vector current

follows naturally from the assignment of the chiral
symmetry-breaking term to the (3,3)+ (3, 3) represen-
tion of SU(3) X SU(3) in the model of Glashow and
Weinberg, see Ref. 4.

’s. Glashow, in Hadvons and Theiv Intevactions, edited by
A. Zichichi (Academic, New York, 1968).

8 this calculation, we may adopt the usual naive power-
counting approach in the parameter €. The reason for
this is that our assumption of a zero width m-K (k) re-
sonance forces us to neglect threshold effects. See
footnote 7 in Ref. 5 cited above.

°B. G. Kenny, Phys. Rev. D7, 2776 (1973).

Wparticle Data Group, Rev. Mod. Phys. 48, S1 (1976).

p. R. Auvil and P. L. Pritchett, Phys. Rev. Lett. 34,
555 (1975).



