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The proposition made earlier that there exists a basic nonelectromagnetic interaction at the
level of electromagnetism, which violates isospin, C, CP, and T invariance "maximally, " is
reconsidered. It is found that the notion of this new interaction acquires several desirable
features in the framework of the three-triplet model. They are: (a) the construction of par-
tially conserved b8 =~ =0, C-even and C-odd vector currents entering into the interaction;
(b) the suppression of CP violation relative to isospin violation due to the new interaction;
and (c) the possibility of a large contribution from the new interaction to the bI =1 mass dif-
ferences without an appreciable contribution to the M =2 mass differences. The q 3m prob-
lem does not seem to have any simple solution in the present model if we insist on a vector
form for the new interaction. The possible advantages of a scalar form for the above inter-
action with respect to the p 3m decay and the signs of the Zd =1 mass differences are noted.
Regardless of the vector or scalar form for the interaction, the suppression of CP and T vio-
lation in the present model will have the consequences that the asymmetry parameter for the

7t +7( +7( decay should be of the order of 2% and that the electric dipole moment of the
neutron should lie in the region of 10 -10 e cm, both of which estimates are an order of
magnitude lower than the previous ones. It is emphasized that in addition to the above mea-
surements, a search for the vector meson V or alternatively the scalar meson S (which
mediates the new interaction) in the two-pion mass spectra would be most desirable to judge
the existence of the new interaction.

where J„ is a gs = bQ =0 hadronic vector current
with mixed isospin and charge-conjugation proper-
ties. Thus,

where

J(+) + J(-) (2)

CJ"'C-' = ~J"'.
The strength gv'/4v (barring more detailed con-
siderations) is taken to be of order 10 '. The neu-
tral vector meson V' {represented by the field V„)
is presumed to be involved in no other basic inter-
action except the above and gravity. The physical
mass of the V' is required to be greater than 3m„
(say) from considerations based on binding-energy
calculations for mirror nuclei (as mentioned in l).

I. INTRODUCTION

Recently it was proposed' that there exist a
basic nonelectromagnetic interaction of strength
similar to that of electromagnetism, which vio-
lates isospin, charge conjugation, and time-rever-
sal invariance "maximally, "while conserving
parity and CT Specifica.lly it was suggested (in
partial analogy with electromagnetism) that the
new interaction (called the V' interaction) is of
the form

The general motivation for proposing such an inter-
action and the experimental possibilities arising
from the isoschizon character of V', as well as
the C-, CP-, and T-violating consequences of the
V' interaction, have been discussed in the earlier
paper. The purpose of the present paper is to con-
sider a number of questions which naturally arise
in connection with the above idea. Some of them
were raised without any solution in I. These are
listed below:

(l) All currents of physical interest (vector and
axial-vector) seem to be distinguished by the fact
that they are either exactly conserved or con-
served in the limit of a symmetry, which allows
an unambiguous generation of such a current from
a given Lagrangian. It is clearly desirable to de-
mand the same of J„, or separately of the C-even
(J„'~) and C-odd (J~ ~) pieces of J„. However, it
is not possible to construct a C-even ~ = AQ=0
vector current in terms of spin- —,

' and or spin-0
fields in most models, which is conserved in any
limit. Such is the case, for example, of a simple
quark or gluon model with or without spin-zero
fields. ' One may therefore ask, what is a desir-
able model, if any, which will allow the construc-
tion of at least a partially conserved' J„' ?

(2) The V interaction, as proposed, is expected
in general to lead to CP violation as well as iso-
spin violation (without CP violation) in order gv'/4v
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in the amplitude. However, experimentally,
isospin violation is known to be of the order of a
few percent in the amplitude and a significant por-
tion of this ought to be attributed to the V' inter-
action (in view of our assumption' that the said
interaction ought to make important contributions
to the n-p and the K'-K mass difference, among
other things). On the other hand, CP violation in
the K'-K complex is known to be of order 10 ' in
the amplitude. Unless the K -K complex happens
to be a special case, ' one must therefore ask' if
there is a natural mechanism to suppress. C, CP,
and T violation relative to isospin violation due to
the p' interaction.

(3) We have suggested that the V' interaction
could contribute significantly to the n-p and the
K'-K mass difference; on the other hand, simple
calculations of the M = 2 mass differences' (such
as the w'-n mass difference), based on photon
emission and absorption and low-mass intermed-
iate-state contributions are quite successful. One
may therefore ask if there is a natural way by
which the V' interaction may make a significant
contribution to the ~= 1 mass differences without
a similar contribution to the ~I= 2 mass differ-
ences.

It appears intriguing that all of the above three
questions receive a satisfactory answer in the
three-triplet model. " By making use of the sec-
ond SU(3) degree of freedom available in this mod-
el, it is possible to construct C-even and C-odd~ = AQ = 0 vector currents in terms of spin--',
fields, which are conserved in the limit of a high-
er symmetry of the model (to be specified). Fur-
thermore, by adopting the Han-Nambu' classifica-
tion scheme, according to which the low-lying ob-
served mesons and baryons are SU(3)" singlets,
it is possible to provide an answer in the affirma-
tive to the last two questions raised above.

In Sec. II we discuss the necessity of a multi-
triplet model for the construction of conserved or
partially conserved C-even ~ = aQ = 0 vector cur-
rent and in Sec. III we present a general form for
the choice of J„' in the SUB model' due to Cab-
bibo, Maiani, and Preparata. ' The qualitative
aspects of CP and isospin violation due to the
choice of J„' in the SUB model are discussed in
Secs. IV and V. In particular, it is pointed out
that CP violation is expected to be a fourth-order
effect in the new interaction for the low-lying
states, while isospin violation could take place,
in general, in second order. It is furthermore
argued that the new interaction is likely to make
a significant contribution to the aI= 1 mass differ-
ences without making appreciable contributions
to the ~=2 mass differences. The problem of
the g-3g forbiddenness in the framework of cur-

rent algebra and partial conservation of axial-vec-
tor current (PCAC) is considered in Sec. VI. It
is found that no simple solution to this problem
exists in the present model if we insist on the vec-
tor form for the new interaction. The possible
advantages of a scalar form from this point of
view and others are briefly mentioned. In Sec.
VII we consider some of the special features for
the production and decay mechanisms of the V
meson, which arise due to the SU(3)" symmetry
of the model. Similar comments for the scalar
meson S' (which mediate the new interaction if it
is scalar) are also included. Section VIII presents
a summary with some remarks.

II. NECESSITY OF A MULTITRIPLET MODEL

In order to construct a conserved or partially
conserved ~ = ~Q =0 C-even vector current with
spin--,' fields, the following observation is useful.
While diagonal vector combinations of the form
: p,y„g, : are automatically odd under C, the anti-
symmetric nondiagonal combinations of the form
i(P,y„g, —g~y„g, ) ( cab) are even under C (for
the same intrinsic charge parities of a and b).
Furthermore, the divergence of either combina-
tion can be made to vanish under a variety of cir-
cumstances. For example, consider a simple
case in which the Lagrangian is composed only
of fields g„g„p„g,and a neutral vector-
meson field 4„. Let m, =mb, and let 4 „be cou-
pled symmetrically to g, and g, in the form
g(g,y„&, p,+y„g,)4„. Such a Lagrangian clearly
leaves the three currents py„r, p conserved (i =1,
2, 3), where g is treated as an isodoublet with
components tt), and g, and 7,. are the usual Pauli
matrices acting on the (a, b) indices. The currents

0 y pea+ 0p'p0 ) gyp 20(=t(W yp0y
—Tt,y„g,)j necessarily carry opposite charge-con-
jugation properties. This is of course well known.
The point that is worth noting is that in order for
the currents gy„T,g and gy„z, g to be LS= ~@=0
currents, it is necessary to allow the presence of
more than one fermion field (such as a and b with
a c b) carrying the same charge, strangeness, and
other conserved quantum numbers in the Lagran-
gian. This is evidently not possible in a single-
triplet model (such as the quark model). We must
therefore resort to a multitriplet model or a quar
tet model Ias in SU(4)] in order to construct a con
served or partially conserved C-even current J '

~ I. ~

saith sPin--, fields. The latter model does not
seem to be preferable, in view of other consider-
ation to appear in this paper.

We therefore choose to construct the currents
J&„'& in the three-triplet model, ' which appears to
be the most elegant one in the former class. It is
worth noting that there appears to be sufficient
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@=I~+2 7+ 3C, (4)

where C = 37" and has the eigenvalues 1, 1, and
-2 for the triplets (S, i), (U, i), and (B,i), respec-
tively.

Representing the nine constituents by the '36-

component spinor field tt), one may define, in gen-
eral, vector currents in the above model by

J„"'"'(~)= 2(4(&))(,, ,&y „(-p~),8(~„),,(q(x))(g, ,) (5a)

,'g(x)y„(p, x-~, )g(g}
—= (pq(&) x~„(&)}~,

(5b)

(5e}

mhere the A. „'s are the Gell-Mann 3 x 3 matrices
(@=0, I, ..., 8) acting on the SU(3} indices of p and

motivation in favor of this model: It not on.ly pre-
serves the usual successes of the quark model,
but is favored over the quark model inasmuch as
it allows one to preserve the Pauli principle for
the 56-piet of SU(6), it yields the right sign and

magnitude for the n'-2y decay amplitude" (the
quark model does not), and it helps to understand
the M=-,' rule' for the nonleptonic hyperon decays
together with current algebra and PCAC. In Sec.
III, we mention briefly for completeness the main
features of the SUB model due to Cabibbo, Maiani,
and Preparata, 9 and the construction of J„" in
this model

III. THE SUB MODEL AND CONSTRUCTION

OF J~»

The SUB model consists of nine fundamental

spin-2 particles each with baryon number —,
' de-

noted by (n, i), where the Greek label runs over
the indices (S, U, and B}and the Latin over the

indices ((P, K, and X). This allows one to define
the usual SU(3) group (with the familiar operators
I, and 7 among its generators) acting on the index

i and a second SU(3} group [called the SU(3)"
group] acting on the index n It is. presumed that
the maximum useful symmetry (in the internal
space) for the classification of hadrons is the
SU(3)xSU(3)" group, even though neither SI (3)
nor SU(3)" are exact symmetries. In particular,
the fundamental nonet (n, i)'s are presumed to
transform as the (3, 3) representation of the above

group with (S, i) and (U, i) transforming as mem-
bers of an SU(2)" doublet and (B,i) of an SU(2)"
singlet. Furthermore, the low-lying baryons and

mesons are assumed to be bound states of ((n, i);
(p,j); (y, k)} and ((n, i); (p, j)"), respectively, both
corresponding to SU(3}" singlets"; the SU(3)" non-
singlet states are presumed to lie higher starting
with, say, the 2- to 4-BeV region. The consti-
tuents (n, i) are allowed to possess integral elec-
tric charges by a modification" of the Gell-Mann-
¹ishijima formula to the form

= ~ia(SA,yqU . —UX,yqS), (6)

where a is a constant of order unity and A., is an

appropriate linear combination of Ao, A.„and A

matrices (that need not be specified for the pre-
sent). The C-odd current J~~ l may be chosen, in
general, to be a sum of terms of the form

J„'
~ = b (p„xA, )„+(pc, x P.,) „+d(p x A ~) „+e(pox X,) „,

where b, c, d, and e are constants (in general of
order unity, although some of them may be zero)
and A.„A.„A,„and X, are again appropriate linear
combinations of P.~, a„and A (to be specified by
further considerations).

It is important I,o note that botfz a and b must be
nonhero in order for the / interaction to lead to
observable C-violating effects. If, for example,
b mere zero, one may simply choose the intrinsic
charge-conjugation parities of the S and U trip-
lets to be opposite; in that case, the J„' term
[given by Eq. (6)] will correspond to a C-odd cur-
rent, and so will the J„ term; thus no C-violat-
ing effects could arise due to the V' interaction.
Qn the other hand, if both a and b are nonzero,
their interference term will lead to C violation re-
gardless of the choice of intrinsic charge-conjuga-
tion parities of S and U.

We may now remark about the conservation. of
J~~'~. A simple possibility, which will lead to the
conservation of J„' is the following. Let the only
fields entering into the Lagrangian be g&
and a neutral vector-meson field 4'„with strong
interactions between them. It is then clear that a
sufficient symmetry of the above Lagrangian,
which will guarantee the conservation of J~~'~, is
the symmetry under the group U(9) consisting of
all unitary transformations on the nonets g(„.}(a. i&

and T|&,.&. If the term d(p, xz,)„were absent in

g, and the p&'s () = 0, I, ..., 8) are the analogs of
the a„'s acting on the SU(3)" indices. Note that
we have introduced (5c) as a shorthand which we

will use later. By may of restricting the choice
of the currents J„' let us assume that the V in-
teraction conserves charm'~ C (or Y"). Thus J~'~

ought to involve only" the charm-conserving ma-
trices which are p„p» p„p„and p, . Further-
more, they must involve only AD, X„and g ma-
trices in order that J„' should satisfy M = LQ=O.

As a first step towards the choice of J„",let
us choose the intrinsic charge-conjugation pari-
ties of all the nine fields to be the same (see, how-

ever, remarks below). In this case, following the
remarks of Sec. II, we may choose [using the
shorthand (5c)]

J„"=a(p, xz )„
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Eq. (7), the corresponding sufficient symmetry
would be the group U(6) consisting of all unitary
transformations on the above fields for e=S, U

and i = 6', X, A.. The latter symmetry will in fact
ensure 36 conserved currents J„"-'" for $ =0, 1, 2,
3 and @=0,1, ... , 6. However, both the U(9) and
the U(6) symmetries must be strongly broken (re-
gardless of the above model) in order to conform
with the observed particle spectrum. ' In fact
the highest useful symmetry for the classification
of hadrons, as mentioned before, is considered to
be the SU(3)xSU(3)" group, '9 which of course may
be extended to the U(3)xU(3)" group. Such a sym-
metry will allow the conservation of only the 18
currents J„"and J„",but not of the currents
J„'"~ (where iw0 and jw0).

Thus the currents J&' for the P interaction can
only be partially' conserved" even in the absence
of terms that violate the SU(3) and SU(3)" sym-
meAies in the Lagrangian. Nevertheless, as they
are conserved in the limit of the higher symmetry
[say the U(6) group], they may be generated un-
ambiguously from the symmetric Lagrangian (to
which one of course must add the symmetry-vio-
lating terms). This is not only desirable aestheti-
cally, but is useful in deriving the commutation
properties of the currents J„' with each other
and other currents of interest. Apart from such
algebraic considerations, we will never need to
use the concept of the U(6) group as a higher sym-
metry.

In Sec. IV we explore the consequences of the
above model for isospin and CP violation.

IV. ISOSPIN AND CP VIOLATION

IN THE MODEL

Let us first consider, in general, isospin viola-
tion due to the V interaction without CP violation.
These will, in general, arise in second order
from matrix elements of the form

g ' d'pb, „,p d'xe'~" f T(J„"x J,' 0)) i .

The point to note is that the above matrix ele-
ments do not vanish, in general, due to any sel-
ection rules, even for ~i) and ~f) being composed
of the low-lying SU(3)" singlet states, since the
products J„'(x)J„'(0)and J„(x)J„(0)contain SU(2)"
and SU(3)" singlet pieces in them. Thus we ex-
pect that the V interaction will lead, in general,
to a CP-conserving, isospin-violating amplitude
(even for the low-lying states) of order g„m/4w.

The same is not true, however, for the CP-vio-
lating amplitudes. In this case, for reasons men-
tioned before, we must examine whether the fol-
lowing matrix element is nonvanishing:

g t &)f& p~, (p).f& *~"

x (f ~
T(J„" '(x)J" "(0))

~ i),

which is equal to

g, '( b))d'l a„tP)f d.

(9a)

x (f I T[(p,(x)Z,(x))„(p,(0)Z,(0)) ] It),

(9b)

where we have made use of the shorthand notation
defined in (5c). It is easy to see that the operator
T(J„""(x)Jo (0))does not contain either an SU(2)"
or SU(3)" singlet piece in it. Thus if ~i) and ~f)
involve only low-lying states, the above matrix
element must vanish, unless we allow for appro-
priate SU(2)" nonsinglet "admixture" in the states
~i) and

~f). To the extent that SU(2)" is presumed
to be a good symmetry, the above may serve to
explain the suppression of CP violation, in gener
al, compared to isospin violation due to the p in-

teractionn.

We still need to consider the mechanism for
SU(2)" violation, which could lead to nonvanish-
ing matrix elements (9a) or (9b). At this point it
appears natural to assume that the SU(2)" sym-
metry is broken by the V interaction itself (and
not by the strong or medium-strong interaction),
even though SU(3)" may be broken by, say, the
medium-strong interaction. This is partly mo-
tivated by analogy with SU(2) versus SU(3) sym-
metry: The former is broken only at the level of
electromagnetism" (and V' interaction, if it ex-
ists), while the latter is broken by the medium-
strong interaction. Under the above assumption
one may allow SU(2)" nonsinglet admixtures of
order gr'/4w in the states ~i) and

~ f). One may
still ask: Do these render the matrix elements
(Qa) nonvanishing? In other words, can the V0 in-
teraction lead to CP violation for processes in-
volving low-lying states in the fourth order of per-
turbation theory? The answer is in the affirma-
tive only if we impose certain restrictions on the
structure of J„"'. This is discussed below.

It is useful to introduce the symbolic notation

p„(x)—= q(x)(p, xZ, ) g(x)- [$,'(x)+ g, (x)]/~2,

(10)

p, (x)=P(x)(p x& )P( )-xi[],'(x) —&, (x)]/v2,
where the - symbol designates that the operator
on its left and right transform the same way un-
der the SU(3)" group. The operators $'(x), ( (x),
and (w(x) are defined to transform under the SU(2)"
group as w'(x), w-(x), and wo(x) do under the SU(2)
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group. Thus the SU(2)" transformation of the

operator in the matrix element of (9a) or (9b) is
given by

&(p,.(~)p„(0))—-'f&(h.'(x) &,'(0) —(.(x) $, (o)

+ l~.'(~) ~;(0) —~.-(x) ~;,'(0))).

(i) ab e0,
(ii) x, ex, ,

(iii) ce v0.
(12)

Thus, the present model provides a natural mech-
anism for the suppression of CP violation com-
pared to isospin-spin violation. One may account
for the observed magnitudes of both by choosing
to satisfy (12) together with

(13)gv 4 I
80

The suppression of CP and T violation as men-
tioned above will have the following qualitative
consequences. The charge asymmetry in the g-
n'w-m decay is expected to be lower than what
one may have expected without the present model
for the V interaction by about an order of magni-
tude. Thus the rough estimate (as discussed in
Ref. 1}will suggest that the g-Sn asymmetry may

The first two terms on the right-hand side of
(11) transform as I"= 2, I,"=+2 operators and thus

their matrix elements between SU(2)" singlet
states is zero; even if we allow for SU(2)" non-
singlet admixtures in the states

~
i} and

~ f) (aris-
ing from a second-order V interaction in a CP-
conserving way), the net contribution of the first
two terms is still zero because of the relative neg-
ative sign between them. On the other hand, the
two terms inside the square brackets of (1l.), when

inserted into (9b) also cancel each other provided
A.,= A.,; this follows by noting the symmetric na-
ture of the integration, the property of a„,I,'p}, and

the symmetry property imposed by the time-order-
ing operator in (9b). If A, cX~, however, the can-
cellation does not work in general. In this case,
the two terms inside the square brackets of (11)
together transform as an I"=1, I3" =0 operator.
The matrix element of this operator will be non-
zero, if one admits SU(2)" nonsinglet admixtures
in the states ~i) and ~f) transforming as above.
These could arise (in a CP-conserving way)
through a second-order V interaction provided
that the coefficients c and e in Eq. (r) are nonhero.

To summarize, CP violation cannot arise under
any circumstance in second order of the V" in-
teraction for processes involving low-lying states,
but it can arise in fourth and higher orders, pro-
vided that

lie in the region of approximately ~~ (in the pre-
sent model). For the same reason, the electric
dipole moment of the neutron will be expected to
lie in the region of 10 '3 —10 ~ e cm, which is
about a factor of 10 lower than the previous estim-
ate '

We next consider the problem of the ~I=1 ver-
sus the ~I= 2 mass differences arising due to the
V' interaction.

V. THE dd=1 VERSUS THE
M=2 MASS DIFFERENCES

Harari's" argument based on Regge asymptotic
behavior shows that the forward scattering am-
plitude for the process m+h-m+h (where m

stands for either the photon or the V' meson and
h for the hadron target) satisfies a subtracted
dispersion relation in the energy variable for I= 1
and an unsubtracted dispersion relation for I= 2,
both in the t channel. Since the above amplitude
directly determines the mass shifts due to second-
order perturbation in the photon and V' interac-
tions, one may conclude from the above that the
~I= 2 mass differences ought to be well approxi-
mated by low-mass intermediate states (h') con-
tributing to m+h-(h')-m+8, whereas the AI= 1
mass differences must receive substantial con-
tributions from high-mass intermediate states.

As we assume all low-lying states are SU(3)"
singl. ets, if h is a low-lying baryon or meson, the
V interaction can give rise to low-mass inter-
mediate states h' only through the SU(3)" singlet
term in Z„". This is true if either (i) SU(3)" is
a good symmetry [as good as SU(3), say] or (ii)
at least SU(2)" is a good symmetry" and the

d(p, xA~)„ term in Eq. (7) is absent. The only
SU(3)" singlet term in J~'~ is the e(p, xX,)„ term
in Eq. (7). If we choose, however,

A., = A.o )

it follows that the V interaction (in second order)
cannot contribute to mass differences through low-
mass intermediate states, it can only do so
through the high-mass SU(2)" nonsinglet inter-
mediate states. By Harari's arguments this will
imply that the V' interaction may make a substan-
tial contribution to the AI= 1 mass differences;
however, it will not make a significant contribu-
tion to the aI= 2 mass differences.

As emphasized in Sec. I, this is a very desirable
result. With the choice X, = Xo (and perhaps d=0) '
the introduction of the V' interaction does not
spoil the successes of the present ~I= 2 mass-
shift calculations' and creates a definite scope to
remove the shortcomings of the ~I=1 mass-shift
results. ' We next consider the problem of the
g-3m decay in the model.
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a'„= (2')' 'g(x)r„y, (p, x .'&, )0(x) .- (16)

The equal-time commutator relevant for the q-3n
decay is given by

[a'(», t ), J „'t' " (y, t) ]

'[al(», t), 0(y-, t)Y„(p, ~„)4(y, t)]

=&f;„$(x)w„w,(p &-~ )P(x)& (» —y).

(17}
Because of the f, „coefficients, t.he isospin struc-
ture of these commutators is the same as that of
the eommutators of Qo with vp It therefore fol-
lows that the contribution of the V interaction to
the g-Sp decay is forbidden" for the same rea-
sons" as that of electromagnetism. It is possible
that the solution to this problem may lie in giving
up some of the traditional assumptions for the
treatment of the q-3z decay. For instance, it
may arise through the hypothesis of weak PCAC"
and/or through the dependence of the off-shell
g-3n matrix element on squares of four-momenta

VI. THE PROBLEM OF @~3' DECAY

It had been proposed in Ref. 1 that the contribu-
tion of the V interaction could resolve the prob-
lem of the forbiddenness of the q-3n decay based
on current algebra, strong PCAC, and the usual
electromagnetic interaction. A model of the &-
even vector current, built out of spin-0 meson
fields, had been proposed in the framework of a
generalized Gell-Mann-Levy" model to demon-
strate that the g- 3p forbiddenness could indeed
be avoided in this case. However, the main ob-
jection one may have (from an aesthetic point of
view) against such a choice of J'„ is that it is not
conserved in any limit' (not even in the limit of
free fields}. From this point of view, we of
course do prefer the choice of J„' as presented
in this paper. However, the present choice of
these currents does not remove the forbiddenness
of the g- 3p decay without giving up some of the
traditional assumptions" (i.e. , current algebra. ,
PCAC, and linear extrapolation of the off-shell
matrix element). This may be seen by first mak-
ing an appropriate choice for the axial-vector cur-
rents a'„. We choose them to be SU(3)" singlets
as is suggested by our initial assumption that
pions are SU(3)" singlets and the hypothesis of
PCAC. It, of course, is also the simplest possi-
ble choice, ' suggested by analogy with the struc-
ture of the vector currents v'„, which are re-
quired" to be SU(3)" singlets. Thus in the three
triplet model v'„and a'„may be chosen to be

v'„= (-,')'~'g(x)y„(p, x,'~, )g(x). (16)

and

of the pions, etc.
As an additional interesting possibility, how-

ever, we are tempted to mention that there is a
simple solution to the q-3z problem through the

new interaction if we do not insist that it be vec-
tor or axial vector in nature. For instance, let
us assume that it is a scalar Yukawa-type inter-
action of the form

Z, = -g, Z(x)S'(x),

where

Z(x) = Z C,„q(x)(-,'~, ~-,'p, )q(x).

(16)

(19}

$'(x) denotes the field of a scalar meson, which

plays the same role as the V meson in all re-
spects" except that it has spin zero. The coeffi-
cients g&, are chosen in accordance with the cor-
responding choice for J„"' [Eqs. (6) and (7)] so
that the scalar interaction g~ has the same C, P,
7', SU(3), and SU(3)" properties as the vector in-
teraction g~. Thus the discussion on C, gP, and

isospin violation of the previous sections are un-
altered by choosing the scalar form of the inter-
action. It is easy to see, however, that the rele-
vant equal-time commutator for the q-3n decay
treated in second-order perturbation in the scalar
interaction g~ has d, , coefficients instead of the

f, ,„coefficients of Eq. (17). This allows" the
g-3m decay under the usual assumptions men-
tioned before.

There appears to be an added motivation for the
scalar form of the new interaction as opposed to
the vector form. The self-energy due to the form-
er treated in second-order perturbation theory is
negative" and opposite in sign to that due to the
latter. This may have interesting implications on
the signs of the ~=1 mass differences, for which
the photon contribution seems to be inadequate.
These considerations as well as the consideration
of the g-3m decay based on the scalar interaction
will be taken up in a subsequent note. In Sec. VII
we consider the production and decay mechanisms
of the V' meson; the major differences in these
respects for the scalar 5' meson are also men-
tioned.

VII. PRODUCTION AND DECAY OF THE Vo

MESON IN THE PRESENT MODEL

The selection rules arising from the SU(3)" sym-
rnetry of the present model lead to certain impor-
tant differences as regards the production and
especially the decay mechanisms of the V meson
from those discussed in Ref. 1. First we note that
the V meson may be produced in a variety of re-
actions with cross sections of order g~'/4v com-
pared to that of the ~' meson (say) provided that
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the SU(3)" singlet term e(p, x A,,) „ is present in

Zt ~ given by Eq. (7). It is already asserted from
considerations of Sec. IV that e0. Thus we ex-
pect production of V in order g~ in the amplitude

by reactions such as (see Note added in proof)

(a) w+N-N+ V,
(b) K +p-A+V',
(c) p+p-w'+w. +V',

(d) d+d-He'+V',
(e) e-+e' - V, etc

(20)

Since the e term in Eq. (7) is required to be iso-
scalar [see Eq. (14)], a real V' cannot effectively
be coupled to the two-pion system to first order
in g» and zeroth order in electromagnetism (as V'

has spin 1). Thus V cannot be produced peripher-
ally (unlike the p meson) in reaction (a); however,
it can be produced via two-pion exchange in (a)
and by a host of other mechanisms similar to
those for the SU(3) singlet component of the mo or
the f' meson.

The + may decay to a variety of hadronic sys-
tems depending upon its mass. Some of its im-
portant decay channels are (see also Note added
in proof)

(a) V'- w'+ w-

(b) —w'+ y

(c) -w'+w +w'
(21)

(e) -K~+Kw

(f} -w'+w +y, etc.
In general, the amplitude for the above decays are
of order g„, because of the presence of the SU(3)"
singlet term e(p, xx,)„ in Eq. (7). However, the
above term being isoscalar [see Eq. (14)] can lead
to the decay mode (a) in Eq. (21) only through ef-
fective isospin violation. Thus we expect that the
matrix element for the decay mode (a) to be of
order"

M(v -w'+ w )-O(g )[O(e /4w)+O(g '/4w)].

(22)

This will clearly lead to a rather small partial
width for the V —p'+ p- decay. We may estimate
this width on the one hand from the observed. width
of the p'- p'+p- decay with an appropriate phase-
space factor. This yields

M( V —w' + w ) - O(g»d)O(e), (24)

where e denotes a parameter to characterize med-
ium-strong SU(3)" breaking [similar to that for
SU(3) breaking]. If d-1 and e- —,'„one may ex-
pect I'(Vo- w'+ w-) to be about an order of magni-
tude higher than the estimates (23). In either case,
the width is considerably smaller than that men-
tioned in Ref. 1. Because of this the radiative de-
cay V -z'+ y is expected to be a competing mode
compared to the p'+ m mode. The amplitude for
the radiative decay is of order g~e; its width may
thus be estimated from that of the observed ~
-n +y decay to yield

r(V'- w'+ y) - (g„'/4w)r(~'- w'+ y)

where we have used g»'/4w=3x10 ' and I'(p'-w'
+m }-120MeV. Alternatively, one may estimate
the above width from that of the isospin-violating
co - n'+ z- decay with the appropriate phase-
space factor Y, as in (23a). This yields

r(V'- w'+ w ) -O(g„'/4w)r(uP- w'+ w-) x Y

-(2.5 keV) x(1-3) (for m» =4m, ),
(23b)

where we have used r(ru'- w'+ w-) —(0.15 MeV)
x (1-3).'7 More appropriately, one may estimate
the above via the intermediate step 7 - ~ - g' + p-
with allowance for the lack of enhancement" of
the off-mass-shell ~'- p'+ m- amplitude. This
leads to'9

2

r(V'- w'+ w-) -g, '
mp m

x( —,',}I((u'-w'+w }xY

—(3 kev) x (1-3} (for m» = 4m, },
(23c)

where the factor —,'0 takes account of the said en-
hancement factor. '8 The estimates (23a)-(23c)
are sufficiently close to each other for our pur-
pose and suggest that the partial width I'(V'- w'

+ w-) is expected to be of the order of several keV.
Note that the above estimate is incorrect if the
term d(p xA.~)„ is present in Eq. (7) and X~ con-
tains A., in it. In this case the amplitude for V-m'+n decay is expected to be of order

r(V'-w'+w )-(g '/4w) r(p w'+w )- -9 keV (for m» =4m }. (25)

-2 keV (for m» =4m, ), (23a)

The V —z'+ n-+ n' decay is of order g~ in the am-
plitude; we estimate its width from that of the
co- z'+n-+z decay to yield
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I ( V'- »' +»-+»') - (g»' j4») I"(~ —»' +» -+»')

m~ —Sm, m~ W m~)

- (-'„2,300) ke V

(for m» =m», m„,m„), (26)

where W(m) is an integral arising in the phase-
space factor [W(m, ) = 3.56, W(3m„) = I]. The
modes (d) and (e) in (21) are of order g» in the
amplitude. They are expected to be impor tant de-
cay modes (compared to the three-pion mode) for
sufficiently heavy V (m» &1400 MeV say). The
radiative mode +-p'+ p-+ y decay is of order
g~e in the amplitude. It is, however, expected
to be suppressed compared to the g y mode due to
angular momentum barrier and phase-space fac-.
tors.

In summary, the present model suggests that
for sufficiently light V' (3m, &m» & 500 MeV, say),
the radiative mode (b) in (21) as well as the»'+»-
mode are expected to be its dominant decay modes.
(See, however, Note added in Proof )In this .case
the V' width is expected to be of the order of, say,
10 —100 keV. For moderately heavy V' (700 &»a»
&1400 MeV, say), the v'+» +»' mode is expected
to be the dominant decay mode; the associated
width should lie in the region of 100 keV to sever-
al hundred keV depending upon its mass. For still
heavier V, the KR modes begin to be as impor-
tant as the three-pion mode.

Thus, in the low-mass region, a search for a
very narrow peak in the z'+z- mass spectrum
(with no accompanying peaks in the charged two-
pion and 2»' system) is still the best way to look
for the Vo meson. We emphasize (as mentioned
in the note added in proof in I) that an excellent
candidate consistent with the above properties
does exist in the 480-MeV mass region. ~ A care-
ful search with high statistics and high resolution
in this region will indeed be very desirable to shed
more light on the existence of this object.

We next remark on the possibility that the new
interaction is scalar rather than vector in form
(as suggested at the end of Sec. VI). In this case
the basic features for the production of the scalar
meson S are the same as those for the V meson.
However, there are marked differences in their
decay mechanisms, assuming that the same com-
bination of p& xi.„matrices enter to the scalar
density Z(x) as to the currents d„'~(x). The S'
meson can decay to both z'+ w and m + n' systems
in the S state and therefore with I= 0 in order g~
for the amplitude (rather than g„'). Thus the par-
tial width I'(S'- s+») is expected to be of the or-
der of an MeV rather than several keV. Further-

more the 3n decay mode is forbidden by parity.
Hence the two-pion mass spectrum ' is again the
best way to look for S as it is for V . The pre-
sence or absence of a peak in the 2»o system and/
or spin-parity determination based on angular dis-
tribution could of course easily distinguish be-
tween the S' and V .

Finally, an additional remark is worth noting.
The choice of the interaction as suggested in the
present model has the interesting consequence
that the V meson (or alternatively the So meson)
would act effectively as an isoscalar 'in its pro-
duction and decays involving the low-lying SU(3}"
singlet states, even though it is coupled to mixed
isospin densities. In other words, the isochizon
character of the V or the S meson cannot expli-
citly be revealed without involving the high-lying
SU(3)"' nonsinglet states. This makes the identifi-
cation of the V or the So meson slightly less ap-
parent than what is expected in general (see Ref.
1). However, they should be distinguishable from
the normal strongly interacting mesons by virtue
of their extremely narrow widths, as discussed
here.

VHI. SUMMARY AND REMARKS

In summary, we note that the notion of the new
interaction proposed earlier' acquires several
desirable features in the framework of the three-
triplet model. They are (a) the construction of
partially conserved currents J„' with spin--',
fields, (b} the suppression of CP and T violation,
and (c) the possibility of a large contribution from
the new interaction to the ~= 1 mass differences
without appreciable contribution to the ~= 2 mass
differences.

While we were motivated to consider the three-
triplet model to provide a basis for the new inter-
action primarily by the question of conservation of
the vector currents J„",it was noted in Sec. VI
that a scalar form could be preferable to the vec-
tor form from considerations of the g-3z decay
and the signs of the M=1 mass differences. Thus
the consequences of the scalar interaction appear
to be ~orth studying in more detail. One must of
course still adopt the three-triplet model, first,
in order to have ~ = ~Q = 0 scalar densities with
spin--,' fields having opposite charge-conjugation
parities and, second, to maintain the desirable re-
sults on CP and isospin violation of Secs. IV and V.

The strength of the new interaction as suggested
here appears to be intermediate between the so-
scalled medium strong and the electromagnetic
interaction. This suggests that isospin violatioa
may be dominated in general by the contribution
from the proposed new interaction except in those
cases where the long-range nature of the photon
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interaction is an important consideration. That is
the case, for example, for binding-energy differ-
ences between mirror nuclei. The same is also
true for the ~I=2 mass differences if we adopt a
basic quark or SUB picture. This is because the
latter can arise only from the exchange of the pho-
ton and the V (or the S meson) between the

quarks; by contrast the ~I= 1 mass differences
can arise also through self-energy diagrams of
the quarks. The latter diagrams are not sensitive
to the range of the interaction, while the for mer
are. We believe that such considerations could be
useful to suggest whether the photon is the only
isoschizon or not (ignoring the weak schizons).

From the point of view of experimental tests,
the suppression of CP and T violation in the pre-
sent model will have the consequences that the
asymmetry parameter for the g- z'+n-+ z' decay
should be of the order of —,'/p and the electri" dipole
moment of the neutron should lie in the region of
10 "-10"e cm, both of which are an order of
magnitude lower than the previous estimates. ' We
wish to emphasize that in addition to these rnea-
surements a search for the meson V' (or alterna-
tively for the scalar meson S' in the two-pion
mass spectra through extremely narrow peaks
would be most desirable to judge on the existence
of the new interaction.

N'ote added in Proof. In the text we have missed
emphasizing that if the term d(p, xX,)„ is present
in J„and if A., contains A.o in it, then the leptonic

modes [i.e. , e-e' and p. g' modes] could turn out
to be the important decay modes of the V meson,
especially for low-mass V'. This is because, in
the above case, the V' can be coupled directly to
the charm part of the photon [see Eq. (7)] in order
e(grd). Denoting the effective Vo-y interaction
by the gauge-invariant form E„„(s„V,' -s,V„') with
a strength e(g„d)j2, the partial width I'(V -e'e )
is given by ~(u'mr)(4vg„'d') = d (25 keV) for mr
=4m, and g„2/4v =—'. Thus the leptonic modes
would compete favorably with the z' p- and p'y de-
cay modes [see estimates in Eqs. (22)-(25)] and

may even be the dominant modes for low-mass V .
By the same consideration, the V' may be pro-
duced easily by the e e' colliding-beam experi-
ments with appropriate e e' invariant mass. As
an additional consequence, the effective V'-y
interaction, as mentioned above, will make a sig-
nificant contribution to the anomalous magnetic
moment of the muon, if the V is light. The above
considerations are, of course, not relevant for the
scalar S meson.
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