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A phenomenological description proposed by Schwinger to avoid 5, Y = 1 neutral currents predicted
particles much akin to the J/Q variety prior to their experimental recognition. When supplemented with a
hypothetical magnetic-dyon model of matter, a natura1 setting is provided for the newly discovered Q
particles. We extend Schwinger's earlier suggestions to cover more recently discovered states (D,D~, F,F~,Y)
and their baryon analogs, using the magnetic- U-spin approach. A key test which diRerentiates the present
description from charm theory is the existence of a relatively narrow I = l, J = l Q" nearly mass
degenerate with the established Q'(3.684). Could it be the recently discovered state Q"(3 772).7

I. INTRODUCTION

Stimulated by the recent plethora of experimen-
tally discovered new particles, quantum chromo-
dynamics and weak-electromagnetic gauge theories
have of late received a great deal of attention.
However, it remains of the utmost importance to
continue the search for alternatives to gauge the-
ories —if only to reassure ourselves that we are
on the correct track through the lack of a satis-
factory alternative after much study. Bjorken' ex-
amined the subjective and objective evidence for
quantum chromodynamics and weak- electromag-
netic gauge theories and proposed an alternative
phenomenoiogical (but necessarily nonrenormal-
izable) approach which appears to reproduce the
presently known data. However, the approach
keeps intact such concepts as the charm- (Glas-
how-Iliopoulos-Maiani) mechanism' and the ques-
tion has been ra.ised' whether it is meaningful to
incorporate these concepts in an alternative the-
ory, unless one knows in principle how to control
higher-order corrections, e.g. , in renormalizable
gauge theories. Here we comment on a pheno-
menological description proposed by Schwinger'
on how to avoid 4Y= 1 neutral currents, which at
least formally dispenses with the charm-GIM mech-
anism. Such a description predicted particles
much akin to the Jjg variety prior to their experi-
mental recognition' and when supplemented with a
hypothetical magnetic-dyon model of matter, ' pro-
vides a natural setting for the newly discovered
t/r particles. We extend Schwinger's earlier sug-
gestions to cover more recently discovered
states (D, D*,I', E*,Y) and their baryon analogs,
using the magnetic-U-spin approach. A key test
which differentiates the present description from
charm theory is the existence of a relatively nar-
row I= 1, J~o= 1 g" nearly mass degenerate with
the long established g'(3. 684), and we speculate on
whether this predicted state could be the recently

discovered P"(3.772); other predictions are de-
lineated in the text. It is clear that partly because
of the phenomenological orientation of our (con-
servatives) attempt, we are not in a position at
this stage to address ourselves to all the issues
pertaining to this general area, e.g. , the structure
of the lepton spectrum or the detailed fitting of
neutrino neutral-current data. However, we are
aware of phenomenological alternatives to charm
gauge models, which give, for instance, a not in-
adequate description of neutral-current data. '

The Schwinger phenomenological approach ' de-
scribes a, family of unit-spin particles which have
normal electromagnetic couplings but much atten-
uated "strong" couplings to hadrons in a unified
description of electromagnetic and weak interac-
tions, one that was designed to account for the em-
pirical absence of 4Y=1 neutral currents by aban-
doning the Cabibbo rotation that creates the the-
oretical problem. It was replaced by a mixing be-
tween two types of unit-spin mesons that is pro-
duced by the SU(3)-symmetry-breaking interaction,
combined with the hypothesis that the second
primed set is only "weakly" coupled to the familiar
low-lying hadrons. One consequence of this inter-
pretation is the anticipated existence of lorn@-lived
counterparts of the (p, &u, Q) of the first set. Since
the $(3.095) is predominantly an SU(3) singlet'
while the decay P'(3.684) - $(3.095)+ ri' is rather
large [as is consistent with P'(3.684) assigned pre-
dominantly to an SU(3) octet], it seems reasonable
that they correspond to the P and u&, respectively
(note that the Schwinger notions have little to say
about the relative position of singlet and octet
among the primed and unprimed sets). In the usual
classification, the p, ~ near mass degeneracy is
understood by assigning them to SU(2) [while P to
U(1)] subgroups of the Us symmetry. Hence it'is
reasonable to expect the I= 1 g" partner of $(3.684)
to be in the vicinity of 3.7 GeV. Again the picture
raises, but does not settle, the interesting question
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Of whether all of the hadronic decays of the psion
can be attributed to electromagnetic mixing. Noth-
ing in the original conception excludes a residual
hadronic coupling. But, even then, there is the
possibility that such coupling could be an indirect
consequence of electromagnetic interaction. ' Part-
ners of the psion with J"=0', 1', etc. , can, of
course, be accommodated in this picture. Finally,
we are aware' that in line with this orientation,
a prescription exists for understanding the
R((e'e —hadrons)/(e'e - p, 'p )) ratio vs E, in
terms of just one parameter —the p mass.

II. THE DYON MODEL OF HADRONIC MATTER

1 2

"1/3D2/3 A -1/3D1/3 A 1/3D1/3
1 2 3

1/3D2/3 g 1/3D 1/3
1 2

- 1/3D-1/3
3

where the nine objects. are all regarded as distinct

However, phenomenology is not enough; a
speculative model is considered superior or at
least more interesting'; hence we combine this
description with the dyon model based on a predom-
inantly electromagnetic picture of the subnucleonic
world. The dyon model is based upon the concept
of symmetry between electric and magnetic fields
as embodied in certain hypothetical spin- & Fermi-
Dirac particles, called dyons, that carry both
electric and magnetic charge. These charges in-
dependently occur as fractional multiples 3 3,
—3 of the corresponding units of pure charge. A11.

hadrons thus far known are considered to be mag-
netically neutral composites of dyons. The neutral
combination of three dyons, with the respective
magnetic charges 3 3 3 is a Fermi-Dirae
particle and a baryon, while the pairing of dyons
with antidyons of equal and opposite magnetic
charge produces Bose-E instein particles identified
as mesons. It is also imagined, paralleling the
electric-charge exchange mediated by weak inter-
actions, that magnetic charge is rapidly exchanged
among the dyon constituents of a magnetically neu-
tral hadron in such a way that even the quite short
time average of a particular dyon's magnetic
charge will be zero. Conflict with the Fermi-Dirac
statistics of dyons is avoided for the low-lying bar-
yon states, which seem to be symmetrical in space
and spin variables, by invoking the physical degree
of freedom of magnetic charge and placing these
quantum numbers in a totally antisymmetric state.
The magnetic degree of freedom in this respect
thus plays the same role as "color" in the ortho-
dox quark-model description of hadrons. "

Specifically, the dyon structure which will ex-
plain the normal hadron spectroscopy is

particles, and the super scripts ref er to the fraction-
al magnetic (presuperscripts) and electric (postsu-
perscripts) charges. Basic questions such as the ap-
proximate but significant symmetries associated
with isotopic spin and hypercharge are to be under-
stood as dynamical manifestations of the spectra
of the low-lying magnetically neutral states. For
instance, the mechanism for magnetic-charge ex-
change' will tend to suppress those effects of order
ego/hc (where g, is the smallest magnetic charge
residing on a particle) that were called fine struc-
ture. The exchange mechanism itself produces
mass splittings, however. Among the conse-
quences of these couplings is a displacement in the
masses of the individual dyons. There is a plaus-
ible expression for the exchange interaction that
produces a mass splitting of a threefold electric
multiplet into a doublet and a singlet, which gives
an elementary account of the empirical properties
of isotopic spin and hypercharge and may meet the
challenge posed by the regularities observed in. the
properties of hadronic strong, electromagnetic,
and weak interactions. However, it should be
clearly understood that as the indirect influence
of magnetic charge becomes more predominant at
higher energies (presumably the physical dyons
are quite massive), we can reasonably anticipate
alterations to such relations as Q =I,+ —,

'
Y, even

for magnetically neutral states.
In describing the meson spectrum in terms of

dyon-antidyon states, we note first that we can
form a magnetic-U(3) nonet from the three mag-
netic states G, A, and 8 and their antiparticles.
This nonet can be decomposed into a singlet and
octet of magnetic SU(3). It is natural to associate
the singlet with the low- lying ordinary mesons.
The octet, on the other hand, contains magnetically
charged members, which we must assume to be
very heavy. In fact, we assume that the splitting
of the octet along the magnetic-charge direction
is very large, so that the states are best charac-
terized by magnetic charge, and the orthogonal
SU(2), which is magnetic U spin. The magnetic-
charge 3 dyon, G, is taken. to be amagnetic-U
spin singlet in this picture, with the two magnetic-
charge ——,

' dyons, A and 8, regarded as members
of a magnetic-U-spin doublet with U, =+ & and -2,
respectively. (In the remainder of this discussion,
the term U spin will always refer to the magnetic
degrees of freedom, and the qualifying adjective
omitted. ) The octet will have a pair of magnetic-
ally charged U-spin doublets, by our assumption
very massive. The octet also includes magnetic-
ally neutral states which can be classified as a U-
spin triplet and a U-spin singlet. The U-spin-
singlet member of the octet is, of course, quite
distinct from the low-lying meson states which
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are also classified in the U-spin singlet repre-
sentation. We speculate that this second singlet
may be associated with the Y states observed by
Lederman. " This leaves the U-spin triplet as a
possible classification for the psions and those
mesons identified in the orthodox model as
"charmed. " In Sec. III we will explore this pos-
sibility more thoroughly and consider an extension
of the basic ideas to baryons.

HI. DYON DESCRIPTION OF THE NEW PARTICLES

Within the meson U-spin triplet, each state of
a given U, = 0, +1 is further split into nine different
states distinguished by their electric quantum
numbers. In contrast to the orthodox model, where
the quarks are assumed to belong to an exact color
SU(3), the magnetic SU(3) which classifies dyons
is expected to be badly broken. The electric-
SU(3) quantum numbers of dyon-antidyon states
are not so obviously formed by assigning SU(3)
quantum numbers to the constituents and adding
them in the usual way. This i.s because the indices
distinguishing the electric states of the different
dyons G, A, and B will transform separately in-
sofar as those dyons retain their identity. How-
ever, we know that, phenomenologically, the low-
lying magnetic-singlet states can be account for
by the addition of quantum numbers assigned to
the constituents, and the usual nonet resulting
from the direct product 3(33 describes the ob-
served states quite well. Below we will attempt
to infer from the phenomena what the appropriate
classifications of the new particles should be in
our scheme, and follow this with a rationale which
suggests that these classifications are not unnat-
ural.

A. The psions and the X family

We assume that the J/g(3. 095), P'(3.684), and
g" {3.772)('?) states belong to the U, = 0 member of
the U-spin triplet. Such states are linear com-
binations of AX and BB, orthogonal to linear com-
binations of the same states which contribute to
the U-spin-singlet ordinary mesons. We assume
that they belong, as do the ordinary J =1 me-
sons, to a nonet of electric U(3). Possibly the y
states y(3.415), y(3.510), and y(3.550) are U, =O

U-spin-tripletstates with J =0++, 1", and 2",
respectively. However, since it is difficult to con-
ceive of a mechanism which will place all of these
different spin-parity multiplets (especially J~c
=2") at masses between those of two members of
our 1 nonet, we prefer to identify the bulk of
these states with the narrow resonances predicted
by Brayshaw. " The X(2.800), if it becomes firmly
established as a J~~=0 ' state, would be a candid-

ate for a pseudoscalar member of the U, = 0 U-
spin tr iplet.

~ D

- lq

~ D'

(a)

~D

&&F

~D'

(b)

Q =-I Q=O

FIG. 1. Meson multiplets with U» =+1. (a) the U» =+1
states with @=+2/3. (b) The U» =-1 states with Q=-2/3.
(c) The &» =+1 states with Q=-1/3.

B. The D{1.870) doublets and the F-' sinslets

The experimentaily observed I= 2 (D",D') and
(D', D ) doublets with J~=O; together with the
F'(2.03) singlets, "pose the greatest challenge to
any alternative description of the new particles.
First, it is known" that D' decays predominantly
into the K'+ (n m*) exotic channels with a 90VO ex-
perimental confidence limit on the ratio of non-
exotic [e g , D.'.-M+ (n'w )] to exotic decays of
less than 5k. Second, parity violation is estab-
lished in the decays of D to Ken final states. As
for the I, experiment suggests that it is pair pro-
duced with a heavier F*(2.14), which subsequently
cascades to F+ y in e'e annihilation; the F decays
into an gm final state.

Qualitatively, the presence of parity violation
in D decay into Knm can be understood in the pheno-
menological picture. " This presumes that the
"strong" decays of psions are indirect conse-
quences of the electromagnetic interactions sup-
pressed by nonconservation of U spin in our
scheme, but U, -conserving, and hence, naturally
parity-conserving. However, in the decays of the
D system (and perhaps the F), the strong interac-
tions are further suppressed, so that we are see-
ing the genuine parity-violating weak interaction.
In our scheme, this further suppression is nat-
urally obtained by assigning the D and I to U, = +1
members of the U-spin triplet. Decays into nor-
mal hadrons must violate not only U-spin conser-
vation, but U, as well. To account for the fact
that D decays are predominantly into exotic chan. —

nels, we propose classifying the I", D, and D in
an (electric) SU(3) 3, as shown in Fig. 1(a). To as-
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sign the correct integer charges, we assume that
the Gell-Mann-Nishijima formula is modified to

Q —Q=I, + 2 Y, (2)

where q is the average charge of the multiplet
(in this case, + —,). Furthermore, we define the
relation between strangeness and hypercharge to
be

for multiplets with nonzero Q. For all the usual
SU(3) multiplets employed in classifying normal
hadrons, Q=0, and Eqs. (2) and (3) reduce to the
conventional relations. We assign U, =+1 to this
3; the antiparticles F, D, and D then belong to
a 3 with U, =-l as illustrated in Fig. 1(b). Pair
production of DD and F' in e'e annihilation (and
indeed any other initial lepton or hadron config-
uration with U, = 0) is now required by conser-
vation of U, . This notion is extended in the ob-
vious way to the J~c= 1 states such as D*(2.007)
and F*(2.14). The definition of strangeness in Eq.
(3) reflects an assumption that the dynamics obeys
a

C. The T(9.5) state

Recent experimental work" on the dimuon spec-
trum in proton-nucleus collisions at 400 GeV sug-
gests a dimuon peak enhancement in the general
region of 9.5 GeV. The braod Y -enhancement re-
gion can be understood in terms of a structure
composed of three separate peaks Y(9.4), T'(10.0),
and Y"(10.4). In the present model, this would
cor'respond to another set of relatively narrow 1
states corresponding to the (p', ~, P) and the (4/
g, P', P"). Qualitatively, we would not expect the
Y states to be as narrow as the psions, since we
tentatively assign them to a U-spin singlet. How-

ever, their decays into ordinary hadrons are sup-
pressed by violation of magnetic SU(3), since this
U-spin singlet is part of the (magnetic) octet con-
taining the U-spin triplet to which the psions are
assigned. Decays into the psions are suppressed
by U- spin conservation.

To provide a rationale for the assignments sug-
gested above, we start from the phenomenological
fact that the ordinary hadrons, which we take as
magnetic-SU(3) singlets, can be classified in elec-
tric-SU(3) multiplets on the basis of the addition

rule, "and assigns S =-1 to the D system, and S
=+1 to the D system. Thus the "exotic" decays are
naturally predominant in our scheme, since they
actually involve AS=0. Similarly, F' decays into
(rim'), an I,= +I final state.

(~)
'a

in order to recover the usual relation when Q= 0.
Applying Eq. (5) to the 6 with Q= -„we find that
the isotriplet with charges (++,+, 0) has S= 1,
the isodoublet with charges (+, 0) has S=-2, and
the neutral isosinglet has S=-3. The doubly
charged particle in this representation is an ob-

S+8= Y —Q,

of SU(3) quantum numbers assigned to their con-
stituents. We interpret this as due to the fact that
the rapid exchange of magnetic charge provides a
mechanism in which the dyons in these states es-
sentially lose their identity, so that it is reason-
able to regard the dyon-antidyon state as trans-
forming as the product of a 3 and a 3. We further
assume that this property is retained, although
with perhaps larger mass splittings within an SU(3)
multiplet, for all states having the degree of mag-
netic symmetry implied by U, =O. Thus we assign
the psions and Y states to electric-SU(3) octets
and singlets. States with U, =+1 (-1) are composed
of AB (BX), on the other hand. The dyons here
must retain their identities in order that the state
have a well defined U, . We believe, therefore,
that it is more appropriate to classify these states
under SU(3)„SU(3)e, where each SU(3) refers to
the group under which the electric indices of a
particular dyon, A or 8, transform. The U, =+1
states are thus to be taken as belonging to the re-
presentation (3, 3) of this group. To reproduce the
assignments given above, we assume that the sym-
metry is broken first by a relatively large mass
splitting along the dimensions of SU(3)„, leaving
essentially three 3's with average charges Q = —,',

3 and —3. The first of these produces the clas-
sification previously assigned to F', D.', and D'.
We expect an additional pair of 3's, each of the
type given in Fig. 1(c). In these multiplets, the
isosinglet member will have S=+1, and the iso-
doublet will have S = 0, applying the rule given by
Eq. (3).

The above rationale allows us to extend our spec-
ulations to the baryons. The normal baryons are
assigned to the U-spin singlet, and we expect
their electric quantum numbers and those of the
U, =O member of the U-spin triplet to be classified
in the usual multiplets. We can look for unusual
properties in the U, = +1 members of the U-spin
triplet. The U, =-1 states will be GBB com-
posites, for example. Under SU(3) ~@SU(3)e these
will belong to the (3, 3S3= 683). Guided by our
rationale for mesons, we predict that these 27
states will be grouped into a 6 and a 3 with Q = 3,
and pairs of 6's and 3 's with Q= —&, These repre
sentations, with charges assigned using Eq. (2),
are illustrated in Fig. 2. For baryons, we must
modify Eq. (3) to read
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vious candidate for the (A's's'v's ) state observed
recently" at 2426 MeV. Using Eq. (5) for the 3
with Q= 3, gives S=-1 for the positively charged
isosinglet, and 8= -2 for the isodoublet with
charges (+, 0). The antiparticle of the isosinglet
in this representation may be identified with the
observed" antibaryon state (Aw w v') at 2260 MeV.
Relatively strong decay of the 2426-MeV state into
the positively. charged isosinglet at 2260 MeV (ac-
companied by a v") is expected in our scheme (as
well as in the orthodox model which takes these
states to be charmed baryons) since U spin and

U, are conserved.

IV. EXPERIMENTAL CONSEQUENCES

The notions we outline here would receive enor-
mous encouragement if an I=1 g" is found in the
vicinity of P'(3.684). The experimentally found
g"(3.772) could be such a state. This state decays
dominantly" (99%) into DD despite very limited
phase space and is an. allowed decay in our frame-
work since the (DD) configuration has U, =O. How-

ever, the Clebsch-Gordan coefficients for the ex-
perimentally accessible P" -O'D and D'D' decays
do not yield information on the I spin of g". The
decay g" (3.772) - J/tjt+ w' is allowed in our scheme;
however, it must be stressed that the yield of 8/P
is surprisingly small not only at P"(3.772) but al-
so" at the e'e annihilation peaks $(4.028) and
g(4. 4) a, problem we share in large measure with
the orthodox charm picture. The lepton. ic width
I', = 0.37 keV for g"(3.772) does not accord with
the famous 9:1:2ratio approximately valid for
(p, u&, Q) when taken in conjunction with the leptonic

(c)

Fpo. 2. baryon multiplets with Ug =-1. (a) &he 6
representation with q = 3. (b) the 3 representation
with@ =m. (ci The 6 representation with@ =-s. (di The
3 representation with Q = -3.

widths of g'(3. 684) and J'/$(3. 095); this need not be
surprising in view of our limited understanding of
the dynamical influence of the virtual magnetic ef-
fects due to dyons. The charged members of an
I=1 g" cannot be easily identified in e'e annihil-
ation, though they may in principle" be 1.ooked for
in PP- (g")'+X, g"-O'O', D D' [or g"-J/P,
(-iL'p )+ v'] by a study of the appropriate mass
plots. Since our understanding here is a radical
departure from the charmonium picture, "where
the g" (3.772) is believed to be' an I= 1, 'O, state,
we urge increased effort towards resolving the iso-
spin of this state. We cannot, of course, rule out
the (less attractive) possibility that the I= 1 ((I" lies
below the DD thresho1d but in the vicinity of
g'(3.684). This may become easier to uncover in
e'e annihilation, as well as Pt) production, should
the g"-J/g+w decay be as naively expected Th.e
3.772 state would then be regarded as a moleculax'
resonant state' of DD in either I=O or I= 1. The
assignment of the psions to U, = 0 allows for the
possibility of (I,J ) = (-„1), S =+1 partners to com-
plete the electric nonet; these are, however, un. -
likely to be seen at SLAC-SPEAR energies since
they need to be pair produced in e'e annihilation.
The X (2.8) with U, = 0 is also likely to belong to
an electric nonet, hence the spectrum in the vi-
cinity of 3 GeV should includetwoI=OandoneI=1
pseudosc alar states.

We would expect the Y peaks to contain two I= 0
and one I= 1 4 ~= 1 states. This is in contrast
to orthodox theory, "where the peaks in the 9.5-
GeV region are interpreted as I= 0 states formed
from bound states of a new b quark. It would be of
interest, therefore, to search for the charged
partners of the I= 1 member in, proton-nucleus col-
lisions" at 400 GeV.

Concerning the baryons, the following remarks
are appropriate. Nothing in the magnetic model'
precludes the existence of a class of a new baryons
which decays slowly into the known hadrons of rel-
atively'low mass. For instance, baryon states
which are symmetric in magnetic charge but anti-
symmetric in electrical charges again give the
correct spin-statistics relationship, but are, of
course, "orthogonal" to the low-lying baryon
states which are symmetric in electric but anti-
symmetric in magnetic charges. Transitions be-
bveen them are necessarily slow though parity
conserving as befit "suppressed" strong interac-
tions with an ultimate electromagnetic origin. An-
alogous to the psions, we classify these states as
the U, =O member of a magnetic-U-spin triplet,
while consigning the usual baryons (A, N, A, etc).
to U, = U= 0. These new baryons (which have no
analogs in the orthodox charm theory) have con-
ventional isotopic-spin and strangeness assign-
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ments but have attentuated strong decays (and hence
narronr widths) into the usual baryons and mesons,
e.g. , n'"-p+(AS=0 mesons)', etc. If these new
baryons should lie in the same mass range as the
(A'w'w'm'w ) state" observed at 2426 MeV, or the
antibaryon state" (A'~ w w') at, 2260 MeV, the open-
ing of these nevi chan. nels could possibly account
for the rise in the ratio of PP'/AA production in
e'e annihilation reported recently. "

The baryons with U, = -1, U=1 are also substan-
tially richer than their charm analogues. " The
(GBB) combination with Q= —, includes not only the
set given by Fig. 2(a) and Fig. 2(b) which appears
(but, of course, with the different strangeness as-
signments) in the charm scheme, but two additional
sets with Q= ——, [Fig. 2(c) and Fig. 2(d)] which do
not appear in the orthodox theory. Another set
with the same quantum numbers is required for
the combination (GAP) with U, =+1.

Last but not least, it must be clearly emphasized
that the magnetic model will have no real meaning,
unless ultimately massive magnetically charged
hadrons are found.

V. CONCLUSION

The reader will readily agree that the proposal
sketched out above is at best a skeleton of a theory.
In contrast with the advances made in the orthodox
quark model with four, and now perhaps five, fla-
vors hand three colors, we have made no attempt
to deal systematically with the interesting question
of the weak interactions or with a specification of
the dynamics of dyon interactions. That the land-
scape of this theory should appear so barren com-
pared to that of the fashionable theory is not sur-
prising, however, given that a large fraction of
the world's theoretical physics resources in re-
cent years has been devoted to the latter, while
the former has been largely neglected even by its
author. What we hope to have demonstrated, by
this modest attempt to remedy that neglect, is that
the dyon model may be a viable alternative to the
conventional approach.

Having thus admitted to the obvious deficiencies
of the present state of the theory, we would like to
point out a major virtue. The results we have pre-

sented are achieved without the need for new con-
stituents; i.e. , the same dyons required to explain
the ordinary (precharm) hadrons appear capable
of combining to form states with characteristics
like those of the newly discovered particles. The
same basic degree of freedom, magnetic charge,
that was introduced to solve the statistics problem
for baryons, has been extended here to provide a
framework for particles which in the orthodox the-
ory requires the proliferation of quark flavors
from three to five.

Note added in Proof. (1) It has been pointed out
to us by J. D. Bjorken that another way of checking
an I= 1 assignment for the P"(3.772) wouldbe via
the decay

i.e., mass recoiling against m to look for peak in
the momentum spectrum of the pion (two-body de-
cay). The problem here is that we do not know the
branching ratio for this decay (which might well
be small), since the analogous yields at 4.1 for
J/g, g' members of the family are known to be
small. However, if the g" (3.772) is not a Schwin-
ger state, but a molecular charmonium state with
I=1 say, then $(4.1)-g" (3.772)+v' is expected
to be large and indeed might well be faily accu-
rately estimated using phase-space arguments for

the DDm final-state interaction.
(2) The Y peaks as a magnetic-U-spin singlet

can be expected to decay faster than the psions
(I'~ 100 keV). This is to be contrasted with the
orthodox h or t quark. picture [K. Gottfried, in
Proceedings of the International Symposium on
Lepton and Photon Interactions at High Energies,
IIamhurg, I977, edited by F. Gutbrod (DESY,
Hamburg, 1977), p. 667], where typically for
T(9.4) say, I'635 keV.

ACKNOWLEDGMENTS

We wish to thank Professor Julian Schwin. ger for
several stimulating discussions concerning this
work. This work was supported in part by the U.S.
Department of Energy under Contract No. E(04-
3)-511.

J. D. Bjorken, in Proceedings of the Ben Lee Memorial
Conference (1977) (unpublished).
J. D. Bjorken and S. L. Glashow, Phys. Lett. 11, 225
{1964);S.I . Glashow, I. Giopoulos, and L. Maiani,
Phys. Bev. D 2, 1285 (1970).

3S. Weinberg, in Proceedings of the Ben Lee Memorial
Conference (1977) {unpublished).

J. Schwinger, Phys. Bev. D 8, 960 (1973).
J. Schwinger, - Phys. Bev. Lett. 34, 37 (1975).

6J. Schwinger, Science 165, 757 (1969);ibid. 188, 1300
(1975).

~S. L. Adler and S. F. Yuan, Phys. Bev. D ll, 129
{1975).

See, for instance, J. D. Jackson, CERN Report No.



302 P. N. DOBSON, JR. AND S. F. TUAN 18

CERN TH.2351, 1977 (unpublished).
J. Schwinger (private communication). This suggests
a smooth rise in R from 2 to 5. Superimposed over
this background are the molecular resonant states of,
e.g. , DD, II which account for the sharp increase
in R at 4-GeV c.m. energy.
In gauge theories and quantum chromodynamics, this
is labeled color.
W. B. Innes et al. , Phys. Rev. Lett. 39, 1240 (1977).
D. Brayshaw, Phys. Rev. Lett. 39, 371 (1977); SLAC
Report No. SLAC- PUB-1994 (unpublished). Here
narrow X states are predicted with a nonchgrm origin.

~3R. Brandelik et al. , Phys. Lett. 70B, 132 (1977).
4G. Goldhaber, in Proceedings of the Seventh Haseaii
ToPical Conference in Particle Physics, ~9~&, edited
by R. J. Cence, P. N. Dobson, Jr. , S. Pakvasa, and

S. F. Tuan (University Press of Hawaii, Honolulu,
1978), p. 227.

5Selection rules governed by dynamics are, of course,

familiar' in particle physics, e.g. , suppressed decay
of K x'x over K & x 7t is embodied in the AI
= ~ rule.
E. Cazzoli et al. , Phys. Bev. Lett. 34, 1125 (1977).

~B. Knapp et al. , Phys. Bev. Lett. 37, 882 (1976).
S. Pakvasa (private communication); see also S. Pak-
vasa et al. , Phys. Rev. D 13, 156 (1976).
K. D. Lane and E. Eichten, Phys. Rev. Lett. 37, 477
(1976).
L. B. Okun and M. Voloshin, Zh, Eksp. Teor. Fix.
Pis'ma Red. 23, 369 (1976) fJETP Lett. 23, 333 (1976)];
A. De Rujula et al. , Phys. Rev. Lett. 38, 317 (1977).
See, for instance, D. B. Lichtenberg, J. G. Wills, and

J. T. Kiehl, Phys. Rev. Lett. 39, 1592 (1977). Refer-
ences to past literature are given here.
M. Piccolo et al. , Phys. Rev. Lett. 39, 1503 (1977).

~ A. De Rdjula, H. Georgi, and S. L. Glashow, Phys.
Bev. D 12, 147 (1975); M. K. Gaillard, B.W. Lee,
and J. Rosner, Hev. Mod. Phys. 47, 277 (1975).


