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gANKgS K+gY0*(1405)NKgY0 (1405) K"

+f)(mF (1520))gY *(1520)NKgF *(1520)EK

gZNKgX K+73(mYy*(1385))gF4*(1385)NXgF1*(13S5)"K

+f' (mF4*(1660))g Y) (1660)NKg Yr*(1660)EK 0 )

where

dependent calculations. From decay" we can estimate

(18) gY,*(1660)NK/g (47r) = —2.64. If we use these values, we
find that relation (24) is reasonably well satisfied be-
cause the right-hand side comes out to be —3.11 (Ref.

(19) 9), —4.33 (Ref. 10), —1.99 (Ref. 11), or —1.68 (Ref.
12). We further find

Here the m's denote the masses of the particles.
We take the following values for the coupling

constants5:

and

g)4NK = —(1/&3)g(1+2(r) &

gs=-K= (1/v3)g(4~- 1),
gzNK g(1 2(2) p

g-=-& = g )

a(x) = f (*—2mz) t:mz' —Sx'+ SmNm=-+-', (EpmN

Elm )+SE1E25 2mN(mK 2x +SE1E2)
', $—(E-, mN—) (mKS x2+—,'mN-mz)+12E2mN25),

A (x) = (—(x+ ,'m -)[m-. K2 -'x—2'+ m18Nm +--. (18Eim

EpmN)—+ 'E1E25+-mN (mZ'-'x'+ 'E—1—E.)—
', [(E—i+-mN) (mz' x'+ S—mNm--. )+.'„E2mN-'5},

b (x) = —-,'(3mz' —-'x'+2E,E,
+Eim-. +EpmN —mNm-. ),

B(x)=-', (—3mK'+ ', x' —2E-1ES

+Eim-. +EpmN+mNmg),
with

Ei——(x'+ mN' —mK2)/2x

E2 (x'+ m-. ' —m——K2)/2x.

gF,*(1405)=-K/4 (47r) = 0.23,

gYp*(1520) K/4 (44r) = —0.57,

gF44(166p) K/Q (47r) = 21.55.

(26)

(27)

(28)

We would now like to have some idea how reasonable
are our predictions (26)—(28). For example, we can
calculate I',+(&4p» ~ Zm decay width. Using

g Yp*(14pg) zm. m V0*(Z4P5)
X-'r,

kg(mg+Eg)
(29)

IV. DISCUSSION

where kz (Ez) is the momentum (energy) in the rest
frame of the I"p*(&4p5) and F=50 MeV is the decay width
of F 0*(1405)~ Zvr, we get g Y,4(1405) -.K/g (44r) =0.25. This
is of the same order as predicted by us. For Vp ($52Q)™+
the exact SU3 value will require information on the
mixing parameter which is not known. However,
Graham et u/. "have given a model-dependent estimate
which is 0.46 or —0.042. As the magnitude is very small,
the difference in sign is not very significant. Thus, our
predicted value is near the current estimates. Graham
et al. ' find that gF,*(1660)=z/4 (44r) -4. Our predicted
value is five times larger than this.

with'
g gNNm ~4 ~X4&

o.=0.29.

(20) The plausible results of our superconvergent model
at u=0 lend support to the following assumptions
which we have made:

Substituting these values in sum rules (16)—(19), we
obtain

gY4 (1405)NKgY0*(1405) K/4 40r17
p

gY4 (1520)NKgi'0*(1520)" /4Ksr

g Yy*(1385)NKg Yy*(1885) K/42r

gYy*(1660)NKgF4*(1660) "K/4 2r

(22)

(23)

(24)

(25)

We have information on g Yp*(1405)NK/Q (44r) (=0.74,
7) gY "(1520)NK!4 (44r) ( 6 23 Ref 8) gY (1385)NK

(Refs. 9—12), and g Y,e(1385) K (Refs. 9—12) from model-

' J. J. DeSwart, Rev. Mod. Phys. 35, 916 (1963).
4 H. Piliruhn, The Interactions of Hadrons (Wiley-Interscience

Inc. , Neer York, 1,967), p. 220, (n=1—o,'=1—0.71=0.29).
7 W. Kittel, G. Otter, and I. Wacek, Phys. Letters 21, 349

(1966).
8 A. W. Martin, Nuovo Cimento 32, 1645 (1964l.
9 K. C. Wali and R. Warnock, Phys. Rev. 135, 81358 (1964);

F. Ernst, R. Warnock, and K. C. Wali, ibid. 141, 1354 (1966).

(a) The asymptotic behavior of the scattering ampli-
tude for the process KN —& E at u=0 is determined

by the Reggeized u-channel trajectories of A and Z.
(b) The superconvergent relations are well approxi-

mated by taking contributions from low-lying inter-
mediate states.

We would like to make a remark. about the saturation
of the sum rules. If we do not include I'0*(1520) and
I"1*(1660),we get contradictions in Eqs. (16) and (18)
because of the exclusion of the former and in Eqs. (17)
and (19) because of the exclusion of the latter. Similar

'0 P. G. O. Freund and Y. Nambu, Phys. Rev. Letters 13, 221
(1964)."E. Johnson and E. R. McCliment, Phys. Rev. 139, 3951
(1965).

'2 R. Dashen, Y. Dothan, S. C. Frautschi, and D. Sharp, Phys.
Rev. 143, 1185 (1966); 151, 1127 (1966)."We have used F(YI*(1660)—+ EE)=7.5 MeV; see Ref. 14.

~4 R. H. Graham, S. Pakvasa, and K. Raman, Phys. Rev. 136,
1774 (1967).
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contradictions were found by GriKths and Palmer'5
in their sum rules for 1=0 pion-nucleon scattering. Our
results, although based on SU(3)-breaking model-de-
pendent calculations, do not show any obvious incon-
sistency. Therefore, we feel that calculations based on

5 David GrifBths and William Palmer, Phys. Rev. 161, 1606
(1967).

the superconvergent model with these assumptions de-

serve further study.
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Asymptotic Behavior of Form Factors and Possible Free-Field
Behavior for the Electromagnetic Current*f
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It is shown that the assumption that the electromagnetic current behaves at infinity like a free vector-
meson Geld implies that elastic form factors should vanish at infinity faster than would have been expected
from vector-meson dominance (VMD). In fact, it is'shown that VMD for forin factors at infinite momentum
transfer is violated with increasing strength as the spin of the particle concerned increases. Under some
further speculative assumptions, correlations between the mass spectrum of very heavy particles and the
asymptotic behavior of their form factors are found.

L INTRODUCTION
' 'T is widely known that the electromagnetic form
- - factors accessible to present day experiments (e.g. ,
pion and nucleon form factors) cannot be explained by
vector-meson dominance (VMD) in the region of
medium and large momentum transfers. Specifically,
VMD can explain the nucleon form factors' only for
squared momentum transfers smaller than about 1.2
(BeV/c)', and only under the assumption that strange,
totally not understood, cancellations are taking place
among the p, ~, and y contributions. For squared
momentum transfers larger than about 1.2 (BeV/c)'
in the spacelike region, VMD cannot explain the
nucleon form factor. With respect to the pion form
factor, VMD can very well explain it for small timelike
momentum transfers' but it seems to fail more or less
quickly in the spacelike region.

On the other hand, there have recently been some
speculations that the electromagnetic current behaves
like a free vector-meson field at infinity. ' To explain

*Work supported in part by the U. S. Atomic Energy Com-
mission.

$ Submitted to the Department of Physics, The University of
Chicago, in partial fulfillment of the requirement for the Ph.D.
degree.

f Present address: Department of Physics, Brookhaven
National Laboratory, Upton, N. Y. 11973.' L. H. Chan, K. W. Chen, J. R. Dunning, Jr., N. F. Ramsey,
J. K. Walker, and R. Wilson, Phys. Rev. 141, 1298 {1966).

J.E. Augustin, J. C. Bizot, J. Buon, J. Haissinski, D. Lalanne,
P. Marin, H. Xguyen Ngoc, J. Perez-Y-Jorba, F. Rumpf, E. Silva,
and S. Tavernier, Phys. Letters 28B, 508 (1968).

J. J. Sakurai (to be published). Speculations along this line
seem to have been made Grst by S. Weinberg, Phys. Rev. Letters
18, 507 (1967).

this more specifically, let us define the "current
propagator" by4

D„„(q)=i d'x e ' '(0—
l
T*(J„™(a)J„™(0)) l 0&

where

p(~ ) qoqv)
ld~s, (1.1)

q'ynt' —t'e tn')

p( J') —= s (2sr)' 2—ft(J'- I)—
n

&&«l J ' (0) ln&&tali. ' (o) Io& (1 2)

The assumption that the electromagnetic current
behaves like a free field at infinity now means that

q„q„p(trt')
h„,(q):— p(ttt')dttt'+ — dttt', (1.3)

Q2~oO q2 q m
where

and

p(m')
dm2 =finite

m2
(1.4)

p(ttt')drtt'= finite. (1.5'l

Evidently, since p(tn) is positive definite, Eq. (1.4)
should be satisfied if (1.5) is satisfied. Notice that
relations (1.3)—(1.5) are expected, if it is possible to
approximate the spectral function by a finite sum of
&unction terms (e.g. , at p, co, and y).

4 By T*we mean the covariant part of the time-ordered product
of the two currents.


