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the simple-SU (3) relations between the vertices (in a
pure pole model) to predict the p;; and do/dt for the
reaction Ktp— KOA*+ from those of reactions (i)
and (ii).

We believe that the experimental evidence favors the

BANDER AND E.

GOTSMAN 2

“Argonne”® recipe for generating cuts, in which the
absorptive correction only causes moderate changes
from the pure pole term and where the dips are a result
of the ghost-eliminating factors present in the pole
amplitude.
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The possible dynamical enhancement of the second-order symmetry-breaking corrections to a recently
derived expression for the K3 form factors is investigated.

ECENTLY, Dashen and Weinstein! derived a
theorem for the form-factor ratio £(0) in Kj;
decay. It states that

mK2—m,,2 1 fK f7r
M T )= —(~ - _~>+O<e2>, W
m,,z 2 f1r K

where £(0) and A\, are defined in the usual manner, viz.,
£(0)=7-(0)/1+(0),
A is defined by
@0 =71+0) A4-Nt/m:?)
and the f; are defined by
0] 4,57|K*)= frpu™,
O], [7t) = frpu™.

The O(e?) terms are those of second order in the
SU3XSU; symmetry-breaking parameter e.

If one uses the values A\, =0.06 and £(0)~—0.9+0.4,
given by the latest X, collaboration experiment,? and
the value fx/f»=1.23420.054-0(¢?), then the left-hand
side of (1) is ~—0.1640.4 and the right-hand side
~0.2340.05, so that the theorem is indeed satisfied,
but just within the quoted errors. It may thus be
important to obtain an estimate of the neglected
O(€?) terms, for if they are for some reason dynamically
enhanced and of such a sign as to spoil the agreement of
(1) with experiment, then the procedure of doing per-
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turbation theory around an SU;X.SU; symmetry limit
may be rather suspect.?

The purpose of this investigation is to make an
approximate calculation of the O(e?) term in order to
get an indication of its sign and magnitude. We find
that the dominant corrections contribute in such a
manner as to improve (through only marginally) the
agreement with experiment.

In order to proceed, we first make an assumption
about the form of the symmetry breaking. We make the
usual ansatz? that the hadronic Hamiltonian is

H=H0+€(%o+6u8) ’
where H, is invariant under SU;3;X.SU; and the u; are
elements of the representation (3,3)-+(3,3) with <1

and c+v2 =9<K1.
In this model, we have the divergence equations

[0477(0),044,%°(0) J=2,7%(0) = f () 8*V+E™(0),  (2a)

[04%°(0),0#4,7" (0)]=2,%~(0)
=[f(e)—1]9*V,.K*(0), (2b)

[047(0),0#4,%°(0) ]=2_%(0)
=—f(0)*V,57(0), (20)
[Q4%,04 4,7 ]=2_57(0) =[1—f(c)J6*V,.~7(0), (2d)

where f(c)=(2v2—c)/3c. Also.
[0™(0),2-7%(0)]=944,%°(0) )

and

S_E7(0)—Z_*K(0) =8V X~ (0). (4)

This last equation is, of course, true independently of
the form of the symmetry breaking.

3 This procedure is discussed in detail in R. Dashen, Phys. Rev.
183, 1245 (1969); R. Dashen and M. Weinstein, zbid. 183, 1261
(1969); 188, 2330 (1969). For an application to K4 decay, see
S. P. de Alwis, Phys. Rev. D 1, 2131 (1970).

4 M. Gell-Mann, R. J. Oakes, and B. Renner, Phys. Rev. 175,
2195 (1969).
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Let us make the following definitions:

WK ()= [ty e-vms 0| (AL DA )S A0 ), (59)
W)= [dtadty im0 T A AN 03O} 0), (5)
fimetas(p)= [ a5 0] (A7 24,70} 0), (50
Ietmts®(g)= [t e a0] T(@ @A) 0), (50)

As(k) = / dix e*+(0| T{M\E(2)a4V,K(0)}|0)

= / :S_(Z)z dx, (5¢e)
WrE(p2,g%k?) = fam*Ar(p) fxmi*Ax () F 5 (p%¢2 k%) (6a)
Wu™8(p,9) = —ipufala(p) fxmu Ak (QF ™5 (p2,6% k%) + fxmu > AR (Q)F »™ (p,q) - (6b)

From the current divergence equations (2a)-(4), using Egs. (8a) and (8b) and (4),
we have, using the definitions (5a)-(5c), the Ward

identity Fs(k?) = (x| 9#V K | k) =<Zlme2_ ﬁm,r2>
PEE )+ F = p)A (P)FS (4% Jooo Ix
= (1/ femg®) AR (Q){[f () PAsX (k) PR [ ps(x)
+HiRMEAR (). () = / e O

Defining also the amputated 4;-k-K vertex I'x (k being
the scalar K= state) by

where P(K?) is a linear combination of p*T', and

¢*T, and
Fu"K(P;‘Z)=Au>\A1(P)AsK(k)I'>\(P,Q): CS= /pS(x)dx
where A4t is the A; propagator, we have, taking ¥
p*=m.* and ¢*=mg’ in Eq. (7), So far, we have made no assumptions about the small-

ness of the chiral symmetry breaking (only about the

FrE(R) = — _fme2 AT (p0) / ps(x) dx, (Sa) form) or equivalently a partially conserved axial-vector-

where

f= .
FET(R?) = — P e +Cra [k~ p*Tu(pyq)

K

B2 current-type assumption, nor any smoothness assump-
x— . .

tions about the amputated vertex functions. Thus

Eq. (9) is correct to all orders in the symmetry breaking.

CA=/ pAl(x)dx. Now since
® f5(0) = (mx*—m,?) f.(0),
we have
Similarly, we can derive an equation for FE7(k?): fx s
P(0) = (mg®—m2) f(0) ——<~—sz— —m,2> .
f1r fK
Also the theorem of Dashen and Weinstein gives®
ps(x)
X[, @) Sslntm) = Ont - /{0,
x— -

5 See Eq. (6) of Ref. 1. The parameter ¢ of Ref. 1is our e and e

where ', is the amputated K 4-k-r vertex. Thus we have, s our ye.
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This enables us to write

P(0) =(§’f —f+(0)>+0(62n)-

T

Hence we may write Eq. (9) for small t=4? as

: +Cs“[(mx2—mw2)f+ ©)

75(0) ~<—%sz— im )
- f’fmxz—r f;m +(§— —f+(0)>t+0(et2)]

()

ps(x)
X dx.

x—i
This gives us an approximate iterative method for
evaluating the O(e?) corrections to the Dashen-Wein-

stein theorem. In particular, it enables us to investigate
the possible dynamical enhancement of these O(e?)

terms.
Let us first look at a simple x-dominance model in

which
Ps(x) =fx25 (x""mx2) s

where « is a scalar Kr state; f, is defined by
OVal)=fupu*.

Then, we have from (9)

)+£(0)

=(f7r]{f(0) —l> (1 - m%ni) !

where we have neglected the small quantity

(f&/fr— f/ [R)MA*~O ().

Thus, for low values for the mass of the x, the
second-order [O(e*)] terms can be fairly significant,
contributing about —0.11 for m,~700 MeV, but they

s

f+(0)

become negligible for « masses above 1000 MeV (as,

seems to be the case experimentally).

As an improvement on the simple k-dominance model,
let us use the model of Amatya ef al.% in which the
scalar two-particle continuum contribution to p, is
evaluated using two-particle unitarity. We rewrite

¢ A. Amatya, A. Pagnamenta, and B. Renner, Phys. Rev. 172,
1755 (1968); A Pagnamenta and R. Renner ibid. 172, 1761
(1968). This ‘method has recently been applied i in a modified form
by J. Brehm, E. Golowich, and J. C. Prasad, Phys. Rev. Letters
23, 666 (1969) Two more papers using this modified form of
Brehm ef al. are P. V. Collins, Ca.mbrldge Report No. DAMTP
'17(1)4(3) (}370 (unpublished); D. A. Nutbrown, Phys. Rev. D 2,
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Eq. (9’) neglecting the small terms (fx/fr— fx/f&)M>:

fK 2 2 " ~1 — f_K
(0= "=+ C <f+(0) ; )

ps(t)

(= ms?) —(] / N

where we assume also that since P(¢) is essentially an
amputated vertex, its momentum dependence is small
so that we neglect the O(#) terms in P (¢) even for large
values of #.

Keeping the Kr contribution to pgs(x), we have

3
i) ete(a) = —, é fs@lE, (10)
with
P2(x) = (1/4x) (x> +mg~+m.t—2xmg?
—2um2—2mgm,2). (11)

Now define a function D(¢) in the usual manner by

fK mgZ—my’

s(f)=— 12)
Is(0) D0 (
Then
fx
ImD(t) = — —[(mx>—m>) —t](mx*—m4?)
" &\ 3 p@®)
(f+(0)— }:)161# v . (13)
Also since we must have®
D(mg®—m,?) =1,
we find
D) =1~ (mx*—my?)
><(f+(0) ~ %)Cs‘%[(mxz-mﬁ)—l]
A
1672 J (mgimm)® V& x—1

where we have cut off the integral at x=A, since the
two-particle approximation is not expected to be valid
up to arbitrarily high energies.

Let us define

4 p(x) dx

IA(L‘) = .
(mE+ma)? \/x x—1

1672
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Evaluating the integral, we find for large A

3272
Ta(?)
3

A MEE—M2 Wy
n—
mr

@) | mx+ma’—t—2(\/0)p()
n

V4 2mg My

=In
MEMr ¢

-2

for (<(mg—mng)?

A mri—mz>  ms
n—
mg

=In
MEMr ¢

— A2 1/2
+ Lﬂ[%ﬂ. —tan~t _]
N4 4/ 0)p(1)
for (mg—m.)2<t<(mg-+tm,)?

mK2_m1r2

(16)

A mrZ—m2 My
In—
mg

=In

ME M ¢
2p(z){ [Z(Vz)p(z)ﬂ—m,{?-m,,?:l }

— In +ir
V4

2mgmy

for t=Rettie, Ret>(mx+m,)2.

The normalization condition

D(0) = fx/ f=f+(0)

fixes
Cs=f+(0) (f&/ f=) (mr*—ma*)*15(0), 17)

and following Brehm ef al. (Ref. 5), A can be determined
in terms of the mass of a scalar K= resonance k, by
requiring that

ReD(m?) =0. (18)
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Thus

“”"Lm"z);% O =<fjf(0) —lxmff(w)_l

x(l—(mKZ—mﬁ)“'(O)), (19)

1,(0)
where
3272 mgt—mt-dm2me? In(m/mx)
IAI(O) = )
3 2(mg2—m,2)3
3272 A mg2+m.2  m,
14(0)=In + In— —1,
3 MMy  MEREZ—M2 Wy

where A is given in terms of m,2 by (18).7

The term (mx?—m.2)14'(0)/14(0) (=4, say) has a
maximum value of 0.6 for 7,2~1000 MeV. For larger
values of m,, say m,~1500, we have A~0.3, and for
m,2700,A~0.28. Thus, for the experimentally observed
#’s (i.e., in the region of 1000 MeV), this model pre-
dicts a rather significant enhancement of the second-
order effects, giving for the right-hand side of (19) a
value ~0.08. (The experimental value for the left-
hand side, as we noted at the beginning, is —0.164-0.4.)
Of course, the errors are too large for us to make a good
quantitative comparison to our model, but it seems to
us that the second-order terms do indeed contribute
with the right sign.

I wish to thank Dr. Leaf Turner for reading the
manuscript.

7 As by-products of this model, we can of course obtain the
width and the K7 phase shifts. These calculations are, however,
tedious, of no direct interest to our present problem, and not
particularly illuminating, in view of the present unclear experi-
mental situation regarding the x, and the nonexistence of any
data on Kr scattering.



