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A primary universal vector and axial-vector interaction theory is proposed for strong-
interaction phenomena. It is shown that such a hypothesis leads to a definite relation be-
tween vector and pseudoscalar coupling constants, which predict the §- and P-wave pion-~
nucleon scattering lengths, in good agreement with experiments. The ratio of r-meson
to p-meson masses is also predicted, which agrees well with the observed value.

Though a quantitative understanding of the
salient features of p-wave pion-nucleon inter-
action emerged from the work of Chew and
Low,! a systematic computation of s- and p-
wave scattering lengths has only recently been
undertaken within the framework of current
algebra.? It has been noted that many of the
results deduced from current algebras could
be derived from simple Lagrangian models
involving vector mesons,® particularly as far
as the s~wave computation is concerned. On
the other hand, for p-wave scattering it is nec-
essary to have an effective pseudovector Yu-
kawa coupling of the pion. It is therefore of
interest to develop a theoretical scheme in
which both vector and axial-vector couplings
play equally important roles. This is partic-
ularly of interest since the V—A universal weak-
interaction structure is suggestive of a prima-
ry universal vector-axial-vector strong inter-
action structure. One of the authors* has con-
structed such a theory of primary interactions
which seems to be able to correlate a vast body
of particle phenomena in electromagnetic, weak,
and strong interactions. In this Letter we show
that such a hypothesis leads to a definite re-
lation between the vector and pseudoscalar
coupling constants which predict s- and p-wave
scattering lengths in agreement with experi-
ments. The ratio of the rho-meson and pion
masses is also predicted in good agreement
with the observed value.

Interaction structure.—The primary strong-
interaction structure involves the direct cou-
pling of the vector V* and the axial-vector A
fields to the hadrons. As far as pion-nucleon
scattering is concerned, the relevant hadrons
are the nucleon and the (/=J=3) nucleon res-
onance. The vector-meson field is divergence
free and is therefore associated with vector
particles only. But the axial-vector field has
a divergence which may be taken to be propor-

tional to the pion field. We may write

A A A
A =B +(£/mn)8 q’ﬁy

Ao
9 BA~O. (1)

The field B, describes a pseudovector parti-
cle of mass my. If it is identified with A; me-
son we have

mAﬁx/Z_mp. (2)

The dimensionless parameter ¢ is character-
istic of strong interactions and can be deter-
mined either from the p-wave pion-nucleon
coupling constant or from the observed ratio
of the 7 and p meson masses.

We postulate that the primary hadron weak
interaction is given by a direct coupling of the
vector and axial-vector meson fields with the
leptons,

o222
G(mAA+mpV)

X[ey, (L+ygv, +Ty (Leyglv ] ()

Then, by considering the effective nuclear be-
ta decay, we get the relation

&y =f/g, (4)

where g4 ~(25/18)'2 is the ratio of the axial-
vector to vector coupling constants and f and

£ are the axial-vector and vector coupling con-
stants for strong interactions. The relevant
strong-interaction coupling to the baryons is
given by

—r Ay AV, >
3eN{y (7-V,)+(g'/g)o #-2v, )

/el yg (7 K) +(7/g)d (3K, I, (5)
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with

f=f'=g'/v2=(25/18)'2g. (6)
This includes the coupling of the vector-iso-
vector p meson to the isospin current of the
nucleons. There is a pseudovector coupling

of the pion to the nucleon which, according
to (1) and (5), is

(7, /m DNy 57 -2, N,
fy=28,8%. )

We must also consider a coupling of the vec-
tor mesons with pions and the pseudovector
mesons. The pion-vector meson coupling is
given by

-~ A .
&b, (379 %9 )
wgr/m D5 05 x5, (@)
p "

where g is the same coupling constant as in
(5) and g” is a new dimensionless coupling
constant. These couplings induce an effective
(nonlocal) s-wave meson-nucleon coupling®

of the form

P Aer
=(fy/m ) Ny TN-8°¢ x¢ , 9
with the dimensionless coupling constant
2_1. 2 2, =gl 0
Scattering length for s waves.—We are now

" in a position to calculate s-wave scattering
lengths. This gets contributions from vector-

meson exchange and nucleon-resonance exchange.

We obtain
- - -1
a ~2()\1 Ao +xp)(1 +mﬂ/m) ,
- -1
ag= ()\1+27\0+)\p)(1+mﬂ/m) , (11)
with

A= (f12/47r){2--‘é(f*/f)z}mﬂ—l,
Xy =(f12/477)(m/mﬂ)
x{2=-4(m */rn)(f*/f)z}m”‘l,

N =(&/an)m, fm Y 7, (12)
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where my, mp, m, and m* are the masses

of the 7, p, N, and N*. To get the numerical
value of the scattering lengths we must spec-
ify the ratio (f*/f) of the coupling constants

of N*N7 and NN7. This can be determined from
the width of the N* and is in good agreement
with the “unitarity prediction”®

(F*/?=3. (13)

With this choice ), vanishes and the remain-
ing terms lead to the prediction

aa/al :_%; (14)

which has been known to be fairly well satis-
fied experimentally. With the choice

&/41=6.5, f,=0.85, (15)

we predict

a =+O.20mﬂ'1,

- -1
aq O.lOmﬂ . (16)

These are to be compared with the experimen-
tal values

ey =+0.183m77'1,

a3=—0.109mﬂ‘1. 1)
The value (17) for the vector coupling is some-
what larger than the value estimated from the
width of the p meson with g” in (8) put equal

to zero. But with g” =g, the value (15) yields

a p-meson decay width of ~120 MeV in agree-
ment with the experimental values. It is to

be pointed out that our computation of the s-
wave scattering length is not affected by such

a term.

Scattering lengths for p waves.—The p-wave
scattering length gets contributions from the
nucleon and nucleon-resonance exchange. It
is simplest to calculate this in the static lim-
it. It has been noted that in this limit, indepen-
dent of the absolute value of the coupling con-
stant, it is possible to show that

A13=05, =30y, (18)

which is in reasonable agreement with exper-
iment.” The nucleon and nucleon resonance
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exchange together give

f

With the values given by (13) and (15), these
expressions give

aq = —0.0glmﬂ'l,
4 4=aqg,= ‘0'022”"71—1’

dgq =+0.133mn_1. (20)
These numbers are to be compared with the
observed values

ay =-0.101mn‘1,

a 4= —0.029mn",

agy = —0.039mn'",

asq =0.215mw"’. (21)

With the exception of the scattering length a,,
for the resonant channel, the predicted scat-
tering lengths are in good agreement. It is
to be expected that a theoretical calculation®
of the scattering length for a resonant chan-
nel may not be satisfactory.

Given the values of the universal strong (vec-
tor) coupling constant g and the p-wave coupling
constant f; we can calculate the pion strength
parameter ¢ according to the formula

£=2f,/f=0.16.

This value of £ could be related to other strong-
interaction data, particularly meson mass ra-
tios.

Nucleon-nucleon interaction.—Consider the
nucleon-nucleon interaction obtained from the
exchange of the pseudoscalar, vector, and pseu-
dovector mesons. The resultant nuclear force
consists of components with three distinct rang-
es. The longest range contributions come from
pion exchange which provides both tensor and
central potentials. The vector-meson terms
yield the intermediate-range potentials; and
this includes the leading contribution to the

(22)

*\ 2 m
f> .
f m*—m+mn

(ol 2
= = = — — —— [, — -1
a11—4a13 4a31 yo }\ 8/3+16/9 7 m*—m+mﬂ5(l+m) m ",

_<f£>5f (:)2__;”z__+i
%337 \ar J13*\ 7 mr—m+m_ "9

(19)

I spin-orbit potential. It has been realized that
the spin-orbit potential has a shorter range
than the central or tensor potentials. The short-
est range contributions come from the pseu-
dovector-meson exchange.

Within the framework of the universal pri-
mary interaction theory all the strong-inter-
action coupling ratios are uniquely determined.
Hence, given the value of the vector coupling
constant the absolute nuclear force can be com-
puted. A detailed study of the two-nucleon in-
teraction and its comparison with experiment
will be discussed elsewhere.

Ratio of 7 and p masses.—It is well known
that the tensor force from pseudoscalar exchange
is singular as 7?2 at the origin and that such
a singularity is not acceptible in a Schroding-
er potential. We should therefore seek a can-
cellation of these singular terms® (by a prop-
er choice of the meson masses) by contribu-
tions from the vector and pseudovector meson
exchanges. With the interaction structure (5)
and (6) the pseudovector contribution vanish-
es; and we obtain the restriction

(fi/mﬂ)z—(g/mp)2 =0.

(23)

Using the value (22) for £, we could predict the
the ratio of the 7 and p masses to get

(m /m )=0.188. (24)
™ p

This is in remarkable agreement with the ac-
tual mass ratio

(mn/mp) =0.182. (25)
Discussion.—We have shown above how the
pion-nucleon scattering lengths can be obtained
using a single coupling constant. The fundamen-
tal idea is that the primary interactions of the
hadrons are the couplings of the vector and
axial-vector fields with hadrons or with lep-
tons. The strong-interaction scheme itself
should be capable of predicting the correct
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nucleon-nucleon force. In the present theory
all coupling constants and coupling types are
already specified; hence there are no unknown
parameters in the theory. Elsewhere® it has
been shown that this scheme is able to relate
the three universal vector couplings in strong,
electromagnetic, and weak interactions, and
to predict the electromagnetic properties of
the nucleons.

We would like to emphasize that the present
work provides an explanation of s and p-wave
pion-nucleon scattering lengths in terms of
a single input parameter, the universal cou-
pling constant of the isospin current. The de-
cay width of N* is not a free parameter of the
theory, since it can be related to the pseudo-
vector pion-nucleon coupling constant by the
requirement of unitarity (see Ref. 6). The re-
sulting pion-nucleon scattering lengths are
seen to be in good agreement with experiment.
The s-wave sum rule, though known for some
time, was recently derived by several authors
using current algebra. The cancellation of
the 1/#% term in nuclear potential gives rise
to a ratio of pi-meson to rho-meson mass which
agrees very well with experiments.
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That the AT = 3 rule® cannot be a strict selec-
tion rule for nonleptonic weak decays is man-
ifested by the presence of the pure AT= 2 de-
cay Kt - 77+ 7% Recently, there have been
experimental indications? that A7 = 3 amplitudes
are also present in other, predominantly AT
=3, nonleptonic decays of K mesons. In this
Letter, we present a simple theoretical mod-
el, which satisfactorily correlates all these
observed AT =3 amplitudes. The implications
of this model will be briefly discussed in the
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latter part of this Letter.

In addition to a dominant AT= 3 term £,,,,
we assume?® that there is in the phenomenolog-
ical weak Lagrangian another term, which is
of the currentXcurrent form:

(K+)+A

(K*) () (77)
£ N N I-lv +A, ]

=Clv N

3
2

o=

+adjoint, (1)

where C is a parameter to be phenomenolog-



