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the simple-SU(3) relations between the vertices (in a
pure pole model) to predict the p;, and do/dh for the
reaction X+POX'6++ from those of reactions (i)
and (ii).

We believe that the experimental evidence favors the

"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 %~3 form factors is investigated.

�

ECENTI.Y, D ashen and Weinstein' derived a
theorem for the form-factor ratio $(0) in E~3

decay. It states that

mK' —18~' 1 fK f~
+f.(0) = ——— +O(~') (1)

m2 2 f. fK

where f. (0) and X+ are defined in the usual manner, viz. ,

k(o) =f (o)/f+(o),-
5,+ is defined by

f+(&) =f+(o) (1+l &/~-'),

and the f; are defined by

I&')=f P. ,

I
'&=f-P. .

The O(e') terms are those of second order in the
SU3XSU3 symmetry-breaking parameter 6.

If one uses the values X+
——0.06 and t(0)~—0.9&0.4,

given by the latest X2 collaboration experiment, ' and
the value fK/f =1.23&0.05+0(e'), then the left-hand
side of (1) is —0.16&0.4 and the right-hand side

0.23&0.05, 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
0 (c') 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 SU3)&SU3 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 iinprove (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 ansatz4 that the hadronic Hamiltonian is

H =Ho+ e (uo+cus),
where Ho is invariant under SU3)&SU3 and the I; are
elements of the representation (3,3)+(3,3) with e((1
and c+V2 =q« i.

In this model, we have the divergence equations

kg +(0),B"A„(K0)5=ZK(0)—=f(c)BI"V"K+(0), (2a)

I:Q~ '(0),~"~."(0)5=&+ (o)
= I:f(c)—15~"V. '(0), (2b)

LQ~ (0),~"~.~'(0)5=~- (o)
f(c)~'V K (o),—(2c)

LQ K', ~"~. 5=~- (o) =L1—f(c)5~"V. (0), (2d)

where f(c) = (2&2 —c)/3c. Also.

LQ-'(0),~-- (o)5=~ ~."(0) (3)
aiid

Kw(0) g nK(0) —gpV K (Q) '(4)
This last equation is, of course, true independently of
the form of the symmetry breaking.

This procedure is discussed in detail in R. Dashen, Phys. Rev.
183, 1245 (1969); R. Dashen and M. Weinstein, gad. 183, 1261
(1969); 188, 2330 (1969). For an application to Ef4 decay, see
S. P. de Alwis, Phys. Rev. D 1, 2131 (1970).

4 M. Gell-Mann, R. J. Oakes, and B. Renner, Phys. Rev. 1'75,
2195 (1969).
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Let us make the following definitions:

W„s(P,q) = d4xd4y e '"*+*' (Ol T(A„+(x)O'Azs'(y)Z x'(0)) l0), (Sa)

W'x(p', q')k') = d'xd'y e '"*+"&(OlT{BiA&,~+(x)8"A„x'(y)Z ~s'(0)) l0) ) (5b)

f 'm 4' (p) = d4xe'&*(Ol(B'A), ~+(x)8&A„~ (0))l0), (Sc)

fx'mx4hx(q) = d'xe "'(OlT(8 Ay '(x)8"A„"(0))l0), (Sd)

' (&)= d'* "'(0IT('"'. ()~"~. (0))10)

ps(*)
dS)

g —k' (Se)

Wyrd(p2q2$2) —f m 2' (p)f ms''x(q) pwx(p2 q2$2)

W.'(p, q) = e.f.~-(p-)fxmx''s(q)F"(p', q', &')+fxmx'~ (q)&: (p, q)

(6a)

(6b)

From the current divergence equations (2a)—(4), using Eqs. (Sa) and (Sb) and (4),
we have, using the definitions (5a)—(Sc), the Ward

fidentity

ppp wK(pq)+f (m 2 p2)Q (p)pele(p2q2$2)

=(&Ifxmx')~ '(q)(l:f(e)j's (&)

+fx'cVx2hx(q)) (7)
zp')»(*)

+ — dx, (9)
x—k'

DefiningalsotheamputatedAi-'-&vertexl'z(~being ~h-~ jl(+2) is a l'n'a' co-b~nat~on of pthe scalar K~ state) by

(p,q) =~.i"'(p)~s (&)r'(p q), ps(x)
dg.

where h„q"& is the A~ propagator, we have, taking
p'=m 'and q'=mx'in Eq. (7),

P x(k') = — mx'+Cg f —'p"F„(p,q)

where

p",(x)
dS.

g fs(0) =(mx' —m ')f+(0),
we have

Similarly, we can derive an equation for Fx (k'):

So far, we have made no assumptions about the small-
ness of the chiral symmetry breaking (only about the

»(*) form) or equivalently a partially conserved axial-vector-
current —type assumption, nor any smoothness assump-
tions about the amputated vertex functions. Thus
Eq. (9) is correct to all orders in the symmetry breaking.
Now since

Px~(k2) = ——m 2+C~"f» )p~f' (p q)

ps(x)
--dx, (Sb)

x—k'

Also the theorem of Dashen and &einstein gives'

fs(mx' m. ') =(mx' m. ')fx—/f. ~o—(e'n).

' See Eq. (6) of Ref. 1.The parameter e& of Ref. 1 is our e and e2where I'„is the amputated Eg-K-'7l vertex. Thus we have,
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This enables us to write Eq. (9') neglecting the small terms (fK/f f—/fK m '.

&'(0)= — f+—(o) +O(~'~).
fK

f- fs(t) = —(INK' —m. ')+Cs—' f~(0)——
lr

Hence we may write Eq. (9) for small 3 =k' as
ps(&)

&&2(IIIK'—IN. ') —Ij — — ~h, (9")
S

fs(r) = —mK' ——III ' +CS ' (IIIK' III.'—)f+(0
fw fK

w crc wc RssulTlh assume also that since P(t) is essentially an
amputated vertex, its momentum dependence ls sma
so that we neglect the O(P) terms in I' (t) even for arge
values of $.

Keeping the EIr contribution to ps(h), we have

——mz'+ —m 'j ——I+(0))i+0( t')
f fK f

~s(h)—dh. (9')
S—t

3 p
us(h)=PS" (*)= — —

I fs(h) I
',

16Ir2 +h
(10)

ps(h) =f„'8( hI)I„'),

IQls glvcs us anan RppI'oxlInRtc ltcx'Rtlvc method for
evaIuating the O(e') corrections to the Dashen-Weln-
stcln thcorcln. In partlcularq lt enables gblcs us to investigate

m' —2' 'thc posslb e ynRIIllca cnbl d cal enhancement of these O(e') p2(h)
—2hIII '—2&N 'III ') (1l)tcrIQS.

~ ~ ~

Lct us first loo R pk at a sirn le ~-dominance model ln

Now define a fullctlon D(/) 111 thc usual IIIRnllcl' bywhich

where K ls R scalRI' XII state; fg ls defined by
fK tgK IÃgp

(~)=-
f- D(&)

ImD(() = ——L(nIK' —III.') —tj(IIIK —III.
fK

—-- f '(0) = -(III '—III ')+$(0)
f+(0) m '

3 p(~)
XCs-' f+(o)—— (13)

f 16m' Qt

where we have neglected the small quantity

(fK/f- f-/fK)I)l-'-O—("n) .

Thus, for low values for the mass of the ~, the
second-order $0(e')j terms can be fairly significant,

seems to be the case experimentally).
As an improvement on the simple It-dominance model,

lct us use the model of Amatya et a$. ' in which t e
scalar two-particle continuum contribution to p, is
evaluated using two-particle unitarity. Kc rewrite

A. A t A P gnamenta alld B. Renners Phys. Rev. 172Ima ya) . a
1~55 (1968); A. Pagnamenta and R. Renner, gbgd. 72,
(1968).This method has recently been applied in a modi6ed form
by J. Brehm, E. Golowich, and J. C. Prasad, Phys. Rev. Letters
23, 666 (1969), Tvm more papers using this modified form of
Brehm e5 gl. are P. V. Collins, Cambridge Report No. DAMTP
70/3, 1970 (unpublished); D. A. Nutbromn, Phys. Rev, D 2,
1140 (1970).

wc fin(3.

D(t) = 1 —(IIIK' —m„')

fK fK
+0 ——C8 ~—m~2 —m 2 —t

fw

3 ~ p(h) dh
(14)

16Il (~K+~~)2 Qh h

where we have cut OQ the integral at x=A, since the
t%'o-particle RpproxlIQatlon ls not expected to bc vR 1

up to arbitrarily high energies.
Let us define

3 ~ p(h) Ch
1~(&)=

16II ((~K+~~)~ Qh h
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=ln
m+m~

m~ —m~ m~
+ ln

m~

Evaluating the integral, we 6nd for large A

32%2
Ig(t)

Thus

(ws
' —ns. ') +((0)=( — ——1)( -)

Ig'(0)
1—m~' —m~', 19

IA(0)

p(&) mx'+m. ' —
~
—2(g&)p(~)—2 - ln

2m+m~

for t& (mrs —m.)'

where

327r2
Ig'(0) =

3

mJr' m—'+4m 'mx' ln(m /mIr)

2 (mrr
'—m. ') '

=ln
m+mg

m~ —m~ m&
+ ln

m~

2p(t) -2(g&)p(&)+&—ma' —m '
ln

2mxm

for t=Ret&ie, Re/) (mrr+m )'

The normalization condition

mx' —m ' m1 ln-
m~

[—p'(r) j"'- mrr' —m '
+ - —,'x —tan —'

4(+t)p(t)

for (mrr —m.)'&&&(mx+m. )' (16)

h. mx'+m ' m„
Ig(0) =ln— — + ln —1,

3 m~m m~ —m m~

32m. 2

where A is given in terms of m„' by (18).~
The term (mIr' —m ')Iz'(0)/Iz(0) (=5, say) has a,

maximum value of 0.6 for m„2~1000 MeV. For larger
values of m„say m„1500, we have 0 0.3, and for
m ~700,6~0.28. Thus, for the experimentally observed
x'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 —0.16&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.

fixes
D(o) =fIr/f. f+(0)

Cs= fy(0) (fIr/f ) (mIr' m')'I~(0—), (17)

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

ReD(m„') =0.

and following Brehrn ef ul. (Ref. 5), A. can be determined
in terms of the mass of a scalar Ex resonance ~, by
requiring that

(18)

' As by-products of this model, we can of course obtain the K

width and the ICx 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 K, and the nonexistence of any
data on E~ scattering.


