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Recently I.ee suggested that the field-current
identity procedure, ' successful for a number
of applications in the case of the usual electro-
magnetic current of hadrons J&, be extended
also to the CP-nonconserving electromagnet-
ic current K&.' The assumption is made that

E& is an isosinglet as well as a unitary singlet
under SU(3). Application of the field-current
identity to K& leads to the identification

(x) = 1 meson field.

It would be natural to expect the existence of
one (or more) corresponding strongly interact-
ing meson, which may be called the A meson,
with the following properties:

spin 1, parity -1, C=+1, G.=+1, isospin 0,

unitary singlet, and charge Q&=QK=0, (1)

where C is the particle-antiparticle conjuga-
tion operator, while Qg and QK are the charg-
es associated with J& and K& (with Q=Qg+QK).
It is the purpose of the present note to exam-
ine the salient properties and the implications
of the existence of the h meson.

General discussion. —The most striking fea-
ture about the h meson is that, in terms of the
properties delineated in (1), it is not coupled
to the hi+ N configuration th~rou h strong inter-
actions. In the same way, virtual transitions
h-A+A, Z+Z, etc. are forbidden in the lim-
it of SU(3) symmetry Thus t.he h meson is an
abnormal particle in the sense of Gell-Mann. s

Note that other examples of abnormal particles
(with opposite transformation properties under
particle-antiparticle conjugation C to those
of the normal meson isospin or octet multiplets)
have been suggested for the z(725)' and the 6(963),
the latter in connection with a possible nonchi-
ral SU(2) Igw SU(2) symmetry. 4

In an entirely analogous fashion, the h me-
son is not coupled to the quark-antiquark (qq)
system with L excitations, ' nor with the S-wave
states formed out of the (qqqq) configuration.
The associated K& current's commutation rules,
therefore, cannot be inferred by analogy with
the currents built up from the quark model,
but must have some other raison d' etre. '

The current-field identity leads explicitly
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to relations of the type

K (x)=-(m '/g )h (x), (2)

where mI, is the mass of the h meson, and gg
= (0 IK& Ih). Fourier decomposition of the prop-
agator (0 I 7'[K&(x)K~(0)] IO) may have more than
one complex pole corresponding to possible
resonances, h, h', ~ ~ ~, of different masses
but with quantum numbers given by (1).

Since h is a unitary singlet under SU(3), its
existence raises the interesting speculation
that other abnormal particles may exist with
SU(3) classifications 1, 8, 10, 10*, 27, ~ ~ ~,
etc. For instance, compounding h. with the
normal mesons can lead to other abnormal
mesons. If 6(963) should be abnormal' with
quantum numbers I=1, J =0 +, then p5 —h,

would suggest that the 5 meson is a member
of an abnormal octet.

Production of h. —The lack of direct coupling
between h and the systems NN, 2n, 3n, KK, to-
gether with the absence of virtual transitions
to the hyperon-antihyperon configurations in
SU(3)-symmetry limit, suggests that the h me-
son is likely to have low production rates in
many processes. This can be attributed, at
least partially, to the absence or smallness
of many pole terms (one-particle exchange)
that are fully allowed in the case of normal par-
ticles. Typically, suppression of the matrix
element of production by one order of magni-
tude from the norm is not unreasonable. Thus,
if the strong-production cross section for nor-
mal mesons is of order 100 p.b, that for h and
other abnormal particles7 can be at the 1-pb
level!

Restricting our discussion to the more prom-
inent one-particle-exchange processes for pro-
duction of h, it is evident that the reaction

I(3)

with K* exchange represents a favorable pro-
cess; here I" can be any member of the com-
plex of (hypercharge zero) hyperons or hyper-
on resonances. Both (3) and the reaction

w p -h'I"(N, (2, N~12*)s

with I" any member of the complex of I= 2 nu-
cleon or nucleon resonances, can proceed via
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N», * exchange [e.g. , N», *(1525), N», *(1688),
etc. ]. However it is known empirically' that
resonance production which cannot be direct-
ly attributed to one-meson exchange is usual-
ly suppressed by at least one or two orders
of magnitude. Finally, k' can be observed from
the reaction PP -h' p' with p' in the direct chan-
nel presumably dominating the process.

Decay of h. —The h meson is forbidden to de-
cay' into 2w, 3w, 2rf', and I7K. The 2w mode
is forbidden by isospin conservation and also
by Cst symmetry. The other modes, 3w, 2',
and KK, are, respectively, forbidden by G par-
ity, Bose statistics, and Cst symmetry.

If the mass of h is sufficiently high, the pos-
sible strong decay modes are

h-2p, 2m, vp, 2p, K*K*, K*K+K*K,

nwp, nwg, KKm, 4w, etc.

The electromagnetic modes are

&-2&, '9y, '0 y, p y, y,

y'y, mwy, goy, etc.

(5)

Typically, a rough phenomenological estimate
for the decay widths of h [assuming a radius
of interaction (m@) ' and setting strong coupling
constant g /4m-1] yields the following for a
1-BeV h meson: h-gy, 0.2 MeV; p y, 0.24
MeV; &'y, 0.06 MeV; and yy, 0.04 MeV. The
qy mode is suppressed by SU(3) considerations
and hence may be substantially smaller than
the given estimate; three- and four-body strong
and electromagnetic decays are not competi-
tive here. For nag-2 BeV, the strong two-body
decays dominate: h-pp, 75 MeV; &&, 65 MeV;
K*K*, 20 MeV; K*K+KK*, 250 MeV. It is
important to note that since h has relatively
low spin (and hence low barrier factors), its
strong decays into the more familiar two-body
channels can have large widths —especially if
it should turn out to be a massive boson. In
short, if the h meson is light, its decays will
be predominantly electromagnetic and it will
have a narrow width; if the h meson is suffi-
ciently heavy, it will decay strongly and show

up as a very broad resonance.
Implications for CP nonconservation. —The

experimental consequences of the existence
of an isosinglet (and unitary singlet) K& cur-
rent for the CP problem have been summarized
in detail by Lee.'~' They are compatible with
the currently available data.

It must be emphasized that an I=0 unitary

singlet K~ can also be constructed from a bi-
linear a -particle description. '&'&' The gener-
al case of a K~ with isotensor components has
been constructed by Adler" from the known
nonets of vector and axial-vector mesons.
However, to the extent that field-current iden-
tity is relevant, the existence of a K& current
should guarantee in principle at least the ex-
istence of the associated physical meson field
or fields (e.g. , the h meson). The hypothesis
that Kp is an isosinglet is particularly appeal-
ing, since this can be readily incorporated into
the algebra of fields' in which the group exten-
sion is just from, say, chiral SU(2) S SU(2)
to U(1) NI SU(2) Q SU(2) —thus retaining most of
the successful results derived previously.

L'envoi. —From the discovery that Kl'- 2m,

one knows that CP is not conserved. If CPT
invariance is assumed, then it follows that the
time-reversal symmetry is also violated. How-

ever, at present it is not clear whether the
origin of this CP nonconservation is due to the
electromagnetic interaction or due to the weak
interaction. What is evident is that there must
be some additional current which together with
the known electromagnetic or weak currents
generates CP nonconservation. If the violation
of time-reversal invariance is due to the elec-
tromagnetic interaction, then the type of K~
hadronic current discussed above is relevant.
Field-current identity then leads naturally to
the physical manifestation of the h meson. If
the violation of time-reversal invariance is
due to the weak interaction, then there should
exist a T (= Tst-)no-nconserving weak inter-
action. As an example, such a nonconserva-
tion could be due to the existence of a 7'=+1
and CP = CstPst=+1 hadronic current Kp
which, for instance, may violate the &S = &Q

rule. "~'2 Application of field-current identi-
ty here would lead to other exotic particles!

Recent survey of meson resonances" suggests
that abnormal and exotic particles which can-
not be accomodated in the simple quark model'
must have very low production cross sections.
Nevertheless, the very existence of CP noncon-
servation which can imply their physical real-
ity should provide sufficient incentive for fur-
ther experimental efforts in this direction.

We are greatly indebted to Professor T. D.
Lee for his lectures at the Second Hawaii Top-
ical Conference which stimulated the present
investigation.

Note added in proof. —In trying to clarify the
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Regge behavior of scattering of unequal-mass
particles, Freedman and Wang' introduced
the notion of daughter trajectories. The first
daughter trajectory of the Pomeranchuk has
p= T=o, 0=+1, and odd signature. So the
lowest physical particle on this trajectory (which
has J = I ) has the same quantum numbers
as the h meson (see, e.g. , Low").
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The K& -X2 mass difference is calculated to lowest order in the intermediate-boson
model, using Weinberg's first sum rule. A finite result is obtained without requiring
equal coupling of strange and nonstrange mesons to the corresponding currents.

The R, -E, mass difference has recently been calculated by Biswas and Smith from the current-
current form of the weak Hamiltonian, convergence being obtained by the use of the Weinberg sum
rules' for the spectral functions of the propagators of vector and axial-vector currents of chiral
SU(3) Cgw SU(3). Doubts have been expressed' concerning the '~alidity of Weinberg's second sum rule
applied to SU(3). In this note we point out that a convergent result may be obtained without this sec-
ond sum rule, if we assume the existence of an intermediate vector boson of finite mass. An es-
timate can be made of this mass from the observed K, -E, mass difference, but depends on some
poorly determined parameters.

We follow the method' used by Biswas and Smith. ' The mass difference is'

AM = AZQC ')-AE(rC ') =Re(2~)'f fd'z(If'1 T(H (Z)e (0)f l&').
1 2 'N SU

The second-order weak coupling will be taken as

T(H (z)a (0)j=2G M fd xd y 6 (y-z)L (z)&p (y)J (z)~ 4)~ (0)), (2)


