
VOLUME 16, NUMBER 21 PHYSICAL REVIEW LETTERS 2$ Mxv 1966

New York, 1959), Vol. I, p. 315; Nuclear Forces and
the Few-Nucleon Problem; Proceedings of the Inter-
national Conference, Physics Department, University
College, London, July 8-11, 1959, edited by T. C. Grif-
fith and E. A. Powers (Pergamon Press, Inc. New York,
1960), Vol. I, p. 233.

~V. Franco and R. J. Glauber, Phys. Rev. 142, 1195
(1966); V. Franco, thesis, Harvard University, 1963
(unpublished).

6D. R. Harrington, Phys. Rev. 135, 8358 (1964); 137,
AB3(E) (1965).

~E. S. Abers, H. Burkhardt, V. L. Teplitz, and
C. Wilkin, Nuovo Cimento 42A, 365 (1966).

This property does not hold in the limit of infinite in-
cident momentum. However, it is true for presently
available energies. At 20 BeV/c, yG(0) for a Gaussian

charge distribution with a range of 1 F is only 0.06.
~Equation (10) in M. J. Moravcsik, Nucl. Phys. 7, 113

(1958).
F. F. Chen, C. P. Leavitt, and A. M. Shapiro, Phys.

Rev. 103, 211 (1956); D. V. Bugg et al. , to be published;
L. F. Kirillova, V. A. Nikitin, and M. G. Shafranova,
Joint Institute for Nuclear Research Report No. P-1674
(unpublished); A. R. Clyde, private communication and
University of California Radiation Laboratory Report
No. UCRL-16275, 1966 (unpublished).

V. A. Pantuev, M. N. Khachaturyan, and I. V. Chu-
vilo, Yadern. Fiz. 1, 134 (1965) f.translation: Soviet
J. Nucl. Phys. 1, 93 (1965)].

W. Galbraith et al. , Phys. Rev. 138, 8913 (1965);
A. Ashmore, G. Cocconi, A. N. Diddens, and W. M.
Wetherell, Phys. Rev. Letters 5, 576 (1960).

K)3 FORM FACTORS*

V. S. Mathur, f L. K. Pandit, j and R. E. Marshak
Department of Physics and Astronomy, University of.Rochester, Rochester, New York

(Received 28 March 1966)

Great interest attaches to the prediction of
the form factors F+(s) and F (s) for the K)3
decays since experimentalists are finding quite
a variety of energy dependences and $ values
for the neutral and charged decay modes. '
Recent calculations of these form factors on
the basis of the algebra of currents' have ei-
ther related' [F+(mK')+F (mK')] to K&2 de-
cay, or have predicted a value of F+(0) in terms
of the K*, p, and w meson widths. In this note,
we apply the current algebra and dispersion
techniques' to a direct calculation of F+(s) and
F (s), and fix the absolute scale as well as
the energy dependence.

We introduce the Kt3+ form factors as fol-
lows':

to satisfy unsubtracted dispersion relations:

1 ~" d, ImF, (s')
1 zz I(M +MK)2 s'-s-ze ' (3a)
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F (s)=G G /(M „'-s), (4a)

Following the standard method' for calculating
the absorptive parts and using the K*(891)pole
for F,(s) and &(725) for Fo(s), one obtains
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where s =—-(qq')2. We next define

F1(s)=F+(s),

F (s) =F (s)+[(M 2-M 2)/s]F (s),

(2a)

(2b)

with the following definitions7:

&0I(l' (o)) 'IK*+(P, ~)&=[G „/(2P ~)"']s, (5a)

&K*+(p, s) I j,(0) IK+(q)&

where now F,(s ) receives contributions only
from the J= 1 states and Fo(s) only from J
=0+ states. These form factors are supposed

K +Kg

(4p q l/2)1/2 (s q»

&OI(V (O)) 'Is+(p)&=[G~/(2p V) ']p, (8a}
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& +(p) ~ j,(o) ~K+(q)&
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Up to this point, we have not gone beyond
the well-known dispersion-theoretic treatment.
But now the algebra of currents, through its
nonlinear structure, enables us to relate the

constants GK~ and GK to the coupling constants
GK+K~ and GKKz, respectively, and thereby
to fix the scale and a fortiori the energy depen-
dence of the form factors. Following the stan-
dard reduction technique and using partial con-
servation of axial-vector current (PCAC) for
both the strangeness-changing as well as the
strangeness-conserving axial-vector currents,
we obtain, in the limit of zero four-momen-
ta for the K+ and 7t',

M 'M ' (p —q)
(K+(q) I j,(0) IK*+(P,e)), = ——,&, (Ol[B '(0), (P (0)) ' (P (0—)) ']1K++(P, e)), (7)

where9

B '(0)= fd4xe(x )s (p (x)) '
1 0 v v

is the strangeness-changing axial "charge. "
Using the equal-time commutation relation

and Eqs. (5a) and (5b), we obtain the desired
relation

C C

2M 2

w K
(10)

Similarly,

C C G
w K . KKm

K M 2M 2 M 2

m K

Equations (4a) and (4b) together with Eqs. (10)
and (11) determine completely the form factors
in terms of the coupling constants GK+K~ and

GKK~, which in turn are given by the K* and
K decay widths.

Using the experimental K* width I (K*)= 50
MeV, and the values'~' C~/Mz'---0.16 BeV,
CK/MK'= 0.14 BeV, we obtain

Fi(0) = -0.60. (12)

A comparison with the SU(3)-symmetry value

F+(0) = —I/W2= —0.71, which is expected to be
correct to second order in SU(3) breaking in
view of the Ademollo-Gatto theorem, ' shows
that the K* dominance model for F+(s) is in-
deed very reasonable. If we use the form fac-
tor F+(s) = -0.6/(MK„' s) to calculate I'(K—e3),
we find for the "renormalized" Cabibbo" an-
gle ~@~=0.238, to be compared with the "bare"

and hence

F (0) = 0.12,

$ =—F (0)/F+(0) = -0.20.

(13)

(14)

It should be noted that the ratio $ is indepen-
dent of C~ and CK and so does not suffer from
any uncertainties in their numerical estimates.
The parameter $ is predicted to be negative
and can only be reduced to 0 if I'(x) = 35 MeV;
a value of $ = 1.2 as suggested by the recent
experiment of Carpenter et al."would require
an unreasonably large value of I'(K), and would

imply a substantially larger SU(3) breaking

!
value 8= 0.222+0.006. In vew of the approxi-
mations made, "this result can also be regard-
ed as compatible with the Ademollo-Gatto the-
orem. '3

It is of interest to compare our result of
Eq. (12) with a previous evaluation of F+(0)
on the basis of the current algebra. ' In the
paper of Mathur, Okubo, and Pandit, 'F+(0)
was determined in terms of the single-parti-
cle intermediate states K*, K, p with the result
that F+(0) = -0.77, in reasonable agreement
with the present evaluation. In the present
work, of course, we do not encounter the p
and the ~ states for F+(s). The difference
arises from the fact that one is really "dispers-
ing" in different variables in the two methods,
implying a "bootstrap" relation between the
two. A detailed discussion of "bootstrapping"
within the framework of the algebra of currents
will be taken up elsewhere.

To determine F (0), we must know the &

width, assuming that it exists'4; if we choose
the published value I'(~) = 10 MeV, we obtain
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=(4q q V ) (q+q ) H (s).

From the conservation of (V&(x))3', we have

H (0)=1.

Following the method already discussed we
obtain

(16)

2 Q 2 G 2

H+(s) =—,, +
K

(17)

For the purpose of a numerical estimate based
on this sum rule, we may use the &-p mixing
mode12' of broken SU(3) to obtain G~KK = G&KK/
vY. Then, from Eqs. (16) and (17), we obtain
a value for G&&&' which leads to the y width:

1(cp-K++K ) =2.0 MeV, (18)

to be compared with the two experimental val-
ues 0.9+0.2 and 1.6+0.15."
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than is indicated by other evidence. " It will
be of great interest to have an accurate mea-
surement of $.

Our results depend on the use of an I=2
strangeness-changing vector current density.
The I = —,

' hypothesis" for the strangeness-chang-
ing weak hadron current is naturally taken over
in the algebra of the octet of currents. In view
of the many successes" of this approach, it
is hard to believe the recent experimental
claims" ~' for a different energy dependence of
the form factors and a different parameter $
for K)3o and K)3+.

The encouraging result obtained for F+(0)
in terms of the observed K* width suggests
applying the same technique to the evaluation
of the widths of the vector mesons p and &.
An earlier calculation" has already been made
for the p-meson width using the conserved iso-
spin current. In the present case, we make
use of the conserved hypercharge current'
to which the y and + are coupled. Thus, we
define the matrix element of the hypercharge
current

(K+(q') i(V (0)) 'IK+(q))
3
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The peak observed for very small l (square
of the momentum transfer in the center-of-mass
frame) in the m P' and K P' charge-exchange
scatterings has been explained recently on the
basis of the contribution of the spin-flip ampli-
tude. ' ~ In the first analysis, for K p, the
ratio of the spin-flip to spin-nonf lip contribu-
tion necessary to explain the data comes out
to be large (about 1.8 at t = 0.4) and cannot be
accounted for by the mechanism of p exchange,
not even with absorptive corrections. In the
second analysis, 4 for m P, the spin-flip ampli-
tude is again assumed to be larger than the
spin-nonf lip amplitude and to have essentially
a diffraction-type behavior with a maximum
at small t. Also in v p, a p-exchange model
with absorptive corrections fails completely
to explain the behavior of the charge-exchange
sea.ttering. '

Such a large spin-flip contribution at these
very small t values and the shape of the spin-
flip amplitude would be quite startling. For
one thing, the spin-flip amplitude is expected
to become appreciable only around sin8 ~ 1 or
t = -2q' (-9.85 at 10 BeV/c) and is likely to
cause the secondary diffraction peak, also ob-
served in charge-exchange scattering. ' Fur-
thermore, the spin-flip amplitude g involves
the difference of the partial-wave amplitudes
e~ + and n~, whereas the spin-nonf lip am-
plitude f is the sum of these partial-wave am-
plitudes:

f=Q (la +(l+1)a lP,
)

g =P {a -a ]Pl'(z).
7

Therefore, we expect only a few low partial
waves to contribute to the spin-flip amplitude,
whereas all partial waves together make up
the diffraction peak of the spin-nonf lip part
of the scattering. In fact, the elastic scatter-
ing on the whole range of momentum transfer
and the secondary diffraction peak near sin8 =1
can be well explained by a single, constant
and small, p-wave spin-flip amplitude in the
case of K P and by a few partial waves in the
case of n p scattering. ' Thus, the spin-flip
amplitude alone is not expected to show a dif-
fraction behavior.

We want to point out that the charge-exchange
scattering, being the difference of two isospir.
amplitudes, is very sensitive to the changes
in the relative phase, as a function of t, of the
two isospin amplitudes and accounts in a sim-
ple way for the behavior of the charge-exchange
scattering. The elastic scatterings are not
sensitive to this relative phase. Thus, it would
be important to measure the relative phase in
the charge-exchange scattering. A small spin-
flip contribution may be introduced which ac-
counts for the secondary peaks, as in the case
of elastic scattering. Furthermore, the param-
eters of the charge-exchange scattering can
be related to those of the elastic scattering.

K P scattering. —We assume that each of the
I= 0 and I = 1 amplitudes has a diffraction-peak
behavior, for small t, of the form

0 -', at 1 —,'nt
A =ae', A = gae

where q contains a relative phase y(t) between
the two amplitudes [q = lq le'&(l)]. For simplic-
ity we have assumed the same exponent n in
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