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It is shown that a parity-doubled {at t = 0), I = 1, odd-signature trajectory is favored by
a simple dynamical mechanism. A set of experiments is described whereby one could
settle decisively the question of which (if any) of the possible 0(4) conspiracies at t = 0
is realized.

(1) There has been considerable interest re-
cently in the possibility that the exchange of
a pion Regge trajectory could give rise to a
forward peak in reactions such as n+p-p+n,
y+N-m+¹' Such a contribution of an odd-
parity trajectory to forward processes must
necessarily involve conspiracy between trajec-
tories degenerate at t ~0, of the kind predicted
by O(4) symmetry. ' ' If one of the leading con-
spirators is to be the pion trajectory, the con-
spiracy must be of class III, in the terminol-
ogy of Ref. 8. This is the parity-doubled class,
in which the pion [G =P = (-1) +1] conspires
with a trajectory for which G ~ P= (-1) +-1

(at the same leading point, 8= n).
However there is a grave theoretical difficul-

ty with this idea, as can be seen from the sim-
plest O(4) consideration. The two angular mo-
menta (j„ja)which characterize class III dif-
fer by unity. (j,+j,=P, the index in which the
amplitude is to be analytically continued; Ij,
-j a') =M, which is to remain fixed. '&') For M
=1, the minimum physical angular momentum

in a representation is unity. Thus, if the pion
trajectory were bound with J=0 at zero mass
and were in class ID, we would necessarily
conclude that the pion was unobservable. Of
course, away from zero energy the T matrix
will no longer be diagonal in the O(4) labels,
but the pion mass is so small that the class-ID
trajectory should be nonsense choosing at 4=0.

(2) It may nevertheless be of great interest
to look at the possibility that a class-III, I= 1
conspira. cy does exist, with intercept n(0) =0,
but giving rise to no 4= 0 particles. We would
then speculate about possible J=1 or 7=2 in-
tersections, depending on the signature. Note
that which of the possible meson pairs can cou-
ple to the trajectories depends on the signature.
Remembering that the distinctive feature of
class-III exchange in forward scattering is the
fact that the s& contribution is pure spin dou-
ble flip, m we see that observing which (if eith-
er) of the forward reactions m+N-p+N or m

+N- v+ N shows large spin double flip would
indicate the signature of the trajectory. "
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(3) There is a dynamical consideration which
encourages taking seriously the class III, I=1,
odd-signature possibility. Consider mv scat-
tering: We can obtain either a P = (-l)~ or a
P = (-1) + 1 type oi trajectory. The latter may
be class II with a J =1+, Io=l+ meson such
as the (tenative) 8 as the leading particle. How-
ever a trajectory with P = (-1) is necessarily
in class ID. If w~ is bound to form a J =1
meson on a trajectory, this trajectory is nec-
essarily parity doubled at t =0.'2 The argument
is elementary, ' there are just two ways of corn-
bining the m particle's O(4) spin (2, r) with the
orbital angular momentum (2P, zP). One leads
to the 1+ trajectory (p + 2, P + 2); the other of
the mixed parity case (P+-,', P-&) (P-2, P+ —,').

There are any number of candidates for our
1 particle among the experimental bumps;
8 is a prime candidate for the 1+ companion. '~

Of course, the trajectories need not have the
same slopes. They merely must intersect at
t=0.

(4) In an earlier note" we speculated on the
implications of a class-II odd-signature, or
class-OI even-signature conspiracy, for some
of the same processes that we consider here.
Now let us allow class II or III of either sign-
ature. The leading quantum numbers of each
of the four possibilities are given for I=1 as'

J+1
II even P=-G=(-1), G(meson)=(+);

II odd P = -G = (-1), G(meson) = (-);J+1

III even P =+G = (-1), P = -G = (-1),J+1 J
G(meson) = (-);

III odd P =+G = (-1), P = -G = (-1),J+1 J

G(meson) = (+).

Recalling that the s™term in class III is pure
spin flip and in class II, pure nonf lip, we sum-
marize in Table I the possible reactions off
nucleons in which the detection of the meson
polarization, or the mere presence of the for-
ward peak, can give information as to which
conspiracies are realized. It should be noted
that class I (even-parity, nonconspiring) tra-
jectories do not contribute to any of the first
five forward reactions of Table I.

One simplification in the possible analysis
of data results from the fact that in checking
the predictions of Table I, all considerations
on the existence of the peak or on the spin change
in the meson system are independent of inelas-
ticity at the nucleon vertex (provided always
that the momentum transfer remains less than
a pion mass, more or less).

(5) A clue as to whether both leading mem-
bers of a class-IG conspiracy should be observed
as neighboring resonances, that is, whether
both trajectories rise at about the same rate,
would come only from detailed considerafion
of a theoretical model. For example, the m~

model (with a Bethe-Salpeter equation and p
exchange as the force) could be pursued as the
possible source of our "B"conspiracy.
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Table I. Contributions of order s~ from various I =1 conspiracy classes to various forward reactions off nucleon
targets. By 0 we mean a J =0, I =0 particle. Class III is pure double spin flip; class II, pure spin nonf lip.
Even or odd refers to signature.

III (even)
(m conspiracy)

III (odd)
(J3 conspiracy) II (even)

II (odd)

(A& conspiracy)

~+N-p+N
~+N-~+N
y+N r+N
7t+N 0+N
p+K~A|+N
N+N N+N

yes
no
yes
no
yes
yes

no

yes
yes
no

yes
yes

no
yes
no
no
yes
yes

yes
no
no
yes
yes
yes
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what unconventional. The given dependence of Q on J
is for the nucleon-antinucleon system. In N+N N+N
there is no connection between charge conjugation and
signature. (The st spectral region remains the st spec-
tral region under the operation C.) But for the process
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SUM RULES FOR THE SPECTRAL FUNCTIONS OF SU(3) 8 SU(3)*

S. L. Glashow
Harvard University, Cambridge, Massachusetts

Howard J. Schnitzer
Brandeis University, Waltham, Massachusetts

Steven

Weinberger

University of California, Berkeley, California
(Received 15 May 1967)

The spectral-function sum rules are given for a general Lie algebra, and then applied
to the vector and axial-vector mesons coupled to the currents of SU(3) SU(3).

The spectral-function sum rules' for chiral
SU(2) S SU(2) have been used to relate the p
and A1 masses, and to calculate the m -m mass
difference. ' In this note we shall state the cor-
responding sum rules for a general Lie alge-
bra, and will then show that the sum rules for

the SU(3) S SU(3) spectral functions can be used
to make sense out of the masses and couplings
of the observed vector and axial-vector mesons.

Ne will first consider a general multiplet
of currents which satisfy the commutation re-
lations

[8' (x;t),J (y, t)] = ic 5 (x-y-)J (x, t)+s.T.,

where C
p

is the structure constant of a simple Lie algebra, ' and S.T. denotes a Schwinger term. '
The spectral-function sum rules are

Jp "'(p )p dp +Jp (p )dit =$5
ap ap ap'

fi "'(u')du'=&~
ap ap'

(2)


