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ue to n. (NNP) = 0.6 as yielded by SU(6) consid-
erations»» and by the analysis of baryon-bary-
on-pseudoscalar meson interactions" must
appear remarkable. "
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The numerical values of the p-meson coupling constant estimated from a variety of
processes are shown to be in excellent agreement with each other.

I'(p —w+s) = —',(f '/4w)Ip P/m '.
p 1t"|T p

The currently accepted p+ width of 128.7+ 7.7

(2)

Assuming universal coupling of the p meson
to the isospin, '~ we attempt to determine the
p-meson coupling constant in a number of ways.
Throughout the paper we follow the normaliza-
tion convention defined through the effective
Lagrangian density

Z. =f j ~ [iN(7'/2)y N 7T X 8 i+ ~ ~ ~ ]. —
int p p,

We may first obtainj' 2/4s from the decay
width of the p meson into two pions using the
for mula3

MeV corresponds to f&'/4m = 2.4+ 0.2.
The p-meson contribution to the low-energy

pion-nucleon scattering amplitude measures
the product of the pm@ and the pNN coupling
constants. It was proposed six years ago' that
the whole of the isospin-flip amplitude at the
pion-nucleon threshold is given by p exchange,
a conjecture which has recently received some
theoretical support' from current algebra [sup-
plemented by partial conservation of axial-vec-
tor current (PCAC)7]. With this assumption
and the universality principle, we have the scat-
tering-length for mula

a -a =3(f 2/4~)[m m (m +m
1 3 p m w N p

'
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f '/4m=m '/(8m'c ),
p p 7T

where c may be determined directly from the
pion decay rate

I'(m+- p, ++ v)

(5)

=(c '/4m)G'cos'8 m m '[1—(m /m )']', (6)
V m p p, m

with G cosHV ——(1.00 &10 5)/m from O~~ de-
cay. From (5) and (6) we get f 2/4w =2.66 in
excellent agreement with fp'/4m determined
in other ways. '

Since there have been considerable fluctua-
tions in the "best value" of the p width, ' it
may be of some interest to determine the p-
meson coupling constant from the decay width
of K*(891)which is related to the p width in
the unitary-symmetry limit. When SU(3) is
broken, however, we must have a reliable meth-
od for estimating symmetry-breaking effects.

from which we deducee fp'/4m = 2.8+ 0.1. In the
dispersion-theoretic approaches of Bowcock,
Cottingham, and Lurie' and others no attempt
is made to calculate a,-a, itself, but the p-
meson contribution is estimated from the en-
ergy dependence of the s-wave phase shifts.
A careful analysis along this line carried out
by Hamilton, Spearman, and Woolcock" leads
to fp'/4m = 2.1 + 0.3. Attempts have also been
made to deduce the p-meson coupling constant
from the T = 2 P-wave phase shifts by Bohm
and Rashid" whose results appear to be quite
consistent with the two values quoted above.

The pNN coupling constant appears also as
one of the parameters in dynamical calculations
of the nucleon-nucleon scattering amplitude.
Bryan and Scott" give f '/4m = 2.7 (in good agree-

p
ment with universality) while Scotti and Wong's

obtain fp '/4m = 5.1 (in poor agreement with the
univ er sality pr e diction) .

One of the most extraordinary consequences
of the current commutation relations (CCR)
of Gell-Mann' is that, when combined with the

PCAC assumption7

8 j ', =ic m 'w'(x),
p, 5p,

[where j5&i is so normalized that j5& =iq(vi/
2)y&y5q in the quark model] and the p-meson
universality, we are led to a nontrivial rela-
tion between f and the pion decay constant

cz, as first pointed out by Kawarabayashi and
Suzuki' (and independently by Riazuddin and

Fayyazuddin"):

so that

/m,
p7T w p

(7)

I"(K*-K+w) = (4/9)(f '/4m) tp t3/m '.
p Km p' (8)

Note that mpm (rather than mKq') appears in
(8). The observed K* width4 of 50+ 1.4 MeV
corresponds tofp'/4~= 2.7+ 0.1.

It is well known that the ratio of the m'y mode
to the 3m mode of the ~ meson can be calculat-
ed using the p-dominance model of Gell-Mann,
Sharp, and Wagner' and Hori et al. Accord-
ing to Yellin's numerical work, "
I'((u —ny)/I'((u-3m) = [(e'/4m)/(f 2/47t)2](98+ 6) (9)

p

with e'/4w = 1/137. Experimentally this ratio
is reported to be (9.0+ 0.4)/90, hence fp /4m
= 2.7+ 0.2.

Finally the leptonic decay modes of the p
meson also measure fp. We have"

F(p -l++l )

= [(e'/4m)'/(f '/4m)](m /3)
p p

x[1+2(m /m ) ][1-4(m /m ) ]'
l p l p

(10)

where l may stand for p, or e . The Cam-
bridge Electron Accelerator experiments of
de Pagter et al. '~ have resulted in (0.44+,",,')
&&10 4 for the branching ratio of p into a muon
pair~~; this corresponds to fp'/4~ = 2.5+', ,'.
It may be mentioned that when more precise
data on p'- p++g-, e++e (or the cross sec-
tions for the colliding beam process e++e-
—p') become available, Eq. (10) may as well
be used to "define"f since I'(p'-l++l ) is

p
essentially the square of the amplitude that
the isospin current annihilates the p meson
(polarized in direction p, ),

iOI j '(x)lp') =(m '/f )(I/2u!)'"e exp(iP x). (11)
p p p

In any case agreement between the values of
fp'/4m determined from (2) and (11) is expected
when the p meson dominates the electromag-
netic form factor of the charged pion.

Our results are summarized in Table I. The

Recently it has been argued both from the field-
theoretic point of view' and from the current-
algebraic point of view" that the broken eight-
fold way leads to

21/2 g
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Table I. Determination of the p-meson coupling constant.

Process fp 2/4w Theoretical ideas tested

1 (p —7t. +7t.)
mN scattering (a~-a3)
mN scattering (energy dependence)
NN scattering
I'(7t+ —p++ v)/I'(Oi —Ni4+e++ v)

I'{Ksgg* K + 7t')

I'(~ —w + y)/I'(a —Bv)
I'(v'-I ++a-)

2.4 +0.2
2.8 +0.1
2.1 +0.3
2.7, 5.1
2.7
2.7 +0.1
2.7 y0.2
2 5+0.8

-Oo8

p dominance, universality
Universality
Universality
CCR, PCAC, universality
"Mass-corrected» SU (3)
p dominance
p dominance {or "definition»)

various ways of determining the p-meson cou-
pling constant are seen to be in excellent agree-
ment with each other despite the fact that we
have ignored off-mass-shell effects in many
cases. It has sometimes been criticized that
the universality principle of Ref. 1 cannot be
subject to rigorous experimental tests since
it refers to vector mesons having zero momen-
tum and zero total energy. The success of Ta-
ble I, however, suggests that the coupling-con-
stant relations implied by the universality prin-
ciple can be used with confidence in practical
calculations in strong-interaction physics with-
out worrying too much about off-mass-shell
corrections.
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The field theory for higher spin proposed by Tung is examined. It is shown for S) 2

that this theory describes a system which is the superposition of two spin-8 fields with

opposite parities. The energy of this system is no longer positive definite. Possible al-
terations of the theory are discussed.

This communication is stimulated by a Let-
ter of Tung. ' In his paper, Tung has invented
a general method for constructing the field equa-
tions as well as the Lagrange functions for a
system of an arbitrary spin. His method can
be summarized as follows: Let a spin-S sys-
tem be described by g, and g„which are field
variables in the (j„j,') and (j„j,') represen-
tations of the homogeneous Lorentz group.
Then g, and g2 are related linearly through
some momentum-dependent matrices T» S(P).
In order to obtain the field equations, we have
to remove the (P')'s in the denominators of
these T's by multiplying them by some appro-
priate factors. In terms of these newly defined
operators,

we are led to the field equations proposed by
Tung~

with m being the field mass, and

7/2 min(j, -i2 jl j2

(2)

It is easy to show that the lt, 2(x) satisfy the
field equation

[(8 ) "-m "]y, 2(x) =0.

One important feature of the theory is that there
are neither subsidiary conditions, nor auxili-
ary lower spin field components in this formu-
lation.

The field equations which describe a spin-S
system through the representations (S, 0) + (S
--,', —,') + (—'„S--,') + (0, S) are exceptionally sim-
ple. These equations are linear in the deriva-
tives and can readily be reduced to Klein-Gor-
don equations. It has been shown for S = —,',
0, and 1 that these field equations are identi-
cal to those field equations which are satisfied
by the Dirac field and by the Duffin-Kemmer
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