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That no multiplets appear here is due to the sim-
plicity of the group. In more complicated examples,
it is possible to pick inhomogeneous operators that
commute with all operators of subgroups and thus al-
low the existence of multiplets.
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The persistent forward asymmetry' in the

decay of the peripherally generated neutral p
suggests that the I= 0, J= 0 mn phase shift is
near an odd multiple of m/2 at energies close
to the p mass (770 MeV). On the other hand,
most experiments have shown no peaks other
than the p (I= 1, 2 = 1) and the f (f=0, J =2) in
the mw cross section, ' so (if this absence of
peaks is confirmed) it may be concluded that
the I =0, J=0 phase shift varies slowly through
an interval ~/2 in going from threshold to the
region of the p. ' It is difficult to construct a
dynamical model that would lead to an increas-
ing phase shift (with increasing energy) of this
character —although such behavior might at
first sight be associated with an extremely broad
resonance. The trouble is that the responsible
pole of the S matrix would ha, ve to be so far
from the physical region (to avoid producing
a peak) that there would remain no reason for
it to dominate the a,mplitude and generate a
large phase shift. On the other hand, there
is no difficulty in achieving a decreasing phase
shift that changes by a large total increment
without producing peaks. In fact, peaks never
result from decreasing phase shif ts, as was
pointed out long ago by Wigner. ~ This Letter

explores various aspects of the possibility that
the I =0, J=0 7tm phase shift is a decreasing
function of energy. The establishment of such
behavior would be a vital development in the
physics of strong interactions. There would
then exist persuasive evidence for the "ghost
states" that play such a curious and controver-
sial role in Regge-pole theory.

Assuming that the forward and backward an-
gular peaks observed in all reactions at very
high energies are dominated by Regge poles, '
one is led to the conclusion that the "top-rank-
ing" trajectories have the quantum numbers
of the va, cuum. This conclusion is reinforced
by bootstrap dynamics, in which the strongest
attractive forces appear for the vacuum quan-
turn numbers, ' but the puzzling feature emerges
that the J=0 intersections of the two leading
trajectories in this class seem likely to occur
at negative values of energy squared. That is,
the Pomeranchuk (P) trajectory is already
crossing J= 1 at zero energy, while the Pom;
eranchuk primed (P') trajectory here is in the
neighborhood of J=0.7.' Unless these trajec-
tories approach limits greater than zero as
the squared energy approaches minus infinity,
they must therefore cut J=O in an unphysical
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energy region.
Certain dynamical models do indeed lead to

trajectory asymptotes above zero, ' but the ob-
served behavior of PP elastic scattering at
large momentum transfers' makes the existence
of such limits seem unnatural. In any event,
let us proceed here on the assumption that at
least the I" trajectory crosses J=0 at a finite
negative value of squared energy. The assump-
tion of a roughly linear trajectory behavior
and the association of the J= 0 intersection
of the P' with the f'(1500 MeV) particle' leads
to an estimate of the square of the "ghost mass"
as -1.2 GeV . Were we instead to make the
association with the f(1250 MeV) pa. rticle, the
estimate would be -0.8 GeV', not significantly
different for the purposes at hand. We leave
open the question of where (if at all) the P tra-
jectory cuts J=0; a single ghost is sufficient
for the argument here.

Let us now recall Mandelstam's generaliza-
tion of the Levinson theorem, which equates
the number of bound states to the negative change
(in units of v) between threshold and infinity
in the sum of the eigenphase shifts. " In other
words, bound states tend to produce decreas-
ing phase shifts. Since there is an infinite num-
ber of eigenphase shifts, however, one must
make a supplementary assumption in order
to achieve useful conclusions. We believe that
the following assumption, based both on mod-
els and on experience, "is reasonable: If the
bound state closest to the lowest threshold is
substantially coupled to the lowest channel,
then the first eigenphase shift is likely to de-
crease by an appreciable fraction of m when

the energy is increased above threshold by
an amount comparable to the binding energy
—provided that no resonances occur in this
interval. This is no more, really, than the
familiar assertion that the pole nearest to a
particular region tends to dominate that region.
Thus, if the I" ghost were a true bound state,
it would be quite natural to have the leading
I=0, J=O eigenphase shift decrease by a large
amount in going from the ream threshold to an

energy squared m&'~0. 6 QeV'. Since only the
m~ channel is appreciably open in this inter-
val, there is no practical distinction between
the mv phase shift and the leading eigenphase
shift.

It is necessary, of course, to remember that
in fact there is no pole at the ghost mass, and

in this connection one must examine both how

the Levinson theorem is proved and what, pre-
cisely, is meant by a ghost. To begin, one
must realize that Gell-Mann's conjecture"
—explaining the absence of J=0 particles on
the Pomeranchuk trajectory through a dynami-
cal dominance of high-spin channels unable
to possess zero total angular momentum —does
not correspond to the existence of ghosts in
the sense employed here. The Gell-Mann phe-
nomenon occurs already in nonrelativistic po-
tential scattering of spinning particles and is
unrelated to the peculiarly relativistic require-
ments of crossing. It would lead to "ordinary"
behavior for the I=O, J=0 mm phase shift, cor-
responding to the absence in low-spin channels
of forces sufficiently attractive to produce bound
states. On the other hand, estimates of the
forces in such channels show them to be more
attractive than in the I = 1, J=1 mm configura-
tion where the p appears prominently. Dynami-
cally speaking, therefore, it would be unsur-
prising to find one or more low-lying I=O, J=O
states that communicate strongly with the vm

channel. The Regge-trajectory arguments
(already explained) suggest that the binding
is so powerful at least one of these states will
appear at negative squared energy.

Simple bootstrap models based on zero-spin
channels bear out the foregoing picture; when

the N/D approach is employed in an approxi-
mation that yields a p of correct mass, zeros
are found at negative squared energy in the
determinant of the I = 0, J= 0 D matrix. At
the same time it must be admitted that these
models are defective in failing to guarantee
unitarity in crossed reactions —a constraint
that will not tolerate a pole inside the latter
physical regions. Crossed unitarity, in other
words, requires that if the determinant of the
D matrix vanishes at negative squared energy
then every element of the N matrix must van-
ish at this same energy. Although such a re-
quirement is not met by existing models, it
must prevail even if a large share of the net
attraction occurs in zero-spin channels like
mv. (Note that in the Gell-Mann mechanism
the determinant of the physical J=0 D matrix
does not vanish. It is only the determinant
of the larger dimensional D matrix, including
the high-spin channels for which J=0 is phys-
ically impossible, that vanishes for Gell-Mann. )

It can be proved for nonrelativistic potential
scattering tha, t (for physical J) elements of the

N matrix are incapable of all vanishing simul-
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taneously at a -zero of detD. ~ No relativistic
proof of such a theorem has appeared, however;
on the contrary, we have argued that if detD
actually has a zero at negative squared ener-
gy, all elements of N must vanish at the same
point. Hopefully, when models are construct-
ed which are unitary in both direct and crossed
reactions, one will discover the mechanism
to produce this apparent miracle. '4

Having established what we mean by a ghost,
let us proceed to the Levinson theorem. The
most general proofs of the Levinson theorem
employ the matrix N/D decomposition of the
partial-wave amplitude, assuming that neither
N nor D has poles and associating bound states
with zeros on the physical sheet of the deter-
minant of the D matrix. The theorem, on the
other hand, makes no reference to zeros of
N; it relates the net decrease in the phase
shifts directly to the zeros of detD. ' Thus
Regge ghosts are to be counted exactly like
physical bound states in using the Levinson
theorem.

If the I = 0, J = 0 m7t phase shif t turns out af-
ter all to be an increasing function (as energy
increases) at low energies, the existence of
Regge ghosts is not disproved. The explana-
tion could be that there exists one or more
low-energy mm resonances in addition to the
ghosts. If, however, the vm phase shift de-
creases by a large amount, it will be hard to
find a more natural explanation than a ghost.
(The forces, remember, are strongly attrac-
tive. )

We mention, in closing, one argument beyond
that of our opening paragraph in favor of a
decreasing I=O, J=0 phase shift. The latter
would mean a negative threshold value of the
I=0, J=O amplitude and thus presumably a
negative value at the energy (';)'"m~, slightly
below threshold. At this latter point, cross-
ing symmetry dictates that the I=2 and I=0
amplitudes ha, ve the same sign (standing in the

ratio 2:5),"and a nega. tive sign for the I = 2,
J=O amplitude has long seemed likely. The
theoretical reason is that the I=2 forces seem
predominantly repulsive, while experimental
support for a negative sign has been given by
the direction of the asymmetry in the decay
of the charged p produced in peripheral colli-
sions. "

We are aware that a number of indirect meth-
ods have been used in attempts to deduce the
7t~ 1=0 scattering length, and that positive val-

ues for this parameter have been inferred more
often than negative. " Most such methods have
tacitly assumed an absence of ghosts, however,
and would have to be re-examined if ghosts
exist. ' We urge that experimenters give the
highest priority to this matter of sign in experi-
ments such as- K- e + v + 2v, ' where an unam-
biguous conclusion is possible. A negative
I= 0 scattering length would constitute a dis-
covery of major import.

I am indebted to Dr. David Atkinson for dis-
cussion of a number of the points considered
here.
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The replacement of the quarks or aces, pro-
posed by Gell-Mann and Zweig as the basic
triplets for the SU(3) representation of bary-
ons, by two different, integer-charge triplets,
has been discussed by Van Hove and others. '
As pointed out by him, this implies the appear-
ance of a new quantum number in addition to
spin, isospin, hypercharge, and baryon num-
ber in the description of baryons, which in his
representation of the triplets appears in an ad-
ditional term to the Gell-Mann-Nishijima charge
formula, thereby motivating the name super-
charge.

The first triplet T, in the notation of Van Hove,
is obtained by adding -,

' to the charges of the
three quark states and —,

' to the baryon number,
while the other triplet 0 is obtained by subtract-
ing —, from the charges and —, from the baryon
number, thereby leaving the isospin and hyper-
charge assignment unchanged. Thus the charge
formula is written as

Y D@=I +—+—
3 2 3'

where I, and Y are the third isospin component
and the hypercharge, respectively, while D
has the value +1 for T and -2 for 0.

Now the first triplet may just as well be de-
scribed by the same assignment of quantum
numbers as was used by Sakata in his pioneer
work, ' where he tried to regard the three bary-
ons P, n, and A as a basic triplet for all bary-
ons and mesons. This means adding -,'to the
hypercharge of the quark, thereby removing
the term D/3 from (1). In a similar way the
triplet 8 is related to the triplet of leptons (v,
e, p, ) whose analogy with the Sakata triplet
was emphasized by Gamba, Marshak, and Oku-

bo, ' and myself. ~ It may be described by sub-
tracting 43 from the quark hypercharge, which

again makes the term D/3 disappear. This is
identical with the description proposed by Mar-
shak et al. , namely, to write the charge for-
mula as

Q = (N -N +S)/2+I,B L (2)

N =n1-n1, N = n2-n2,

Hence,

D =n, -n, -2(n, -n, ).

D =N -2, 1V =N-N

(3)

where NB is the ordinary baryon number and

NL the corresponding lepton number, +1 for
a lepton and -1 for an antilepton. Introducing
a fermion number N, which is +1 for a baryon
and -1 for a lepton, (2) takes the usual Gell-
Mann-Nishijima form. Thereby 8 is the same
for both triplets and the quark (defined as F N, -
i.e., --', for the latter), namely 0, 0, -1 in the
order P, n, A, etc. If, instead of maintaining
the Y assignment of the quark, the S assignment
had been used, the quantum numbers of the two

triplets T and 0 would automatically have been
described in the same way as the Sakata and

the lepton triplet, respectively, thereby mak-
ing the D term superfluous. However, the new

quantum number remains, as has been strong-
ly emphasized by Van Hove. ' As is easily seen,
it is now replaced by the lepton number NL.
In fact, in a compound consisting of n, triplets
T, n, triplets T, n, triplets L9, and n, triplets
6I, we have


