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CURRENT ALGEBRA AND THE PION TRAJECTORY

R. F. Sawyer*
University of California, Santa Barbara, California
(Received 1 July 1968)

It is shown that one conventional interpretation of the success of current-algebra re-

sults requires the pion Regge trajectory to choose the Toller quantum number M =0 at

zero energy.

There has been speculation that the Toller
[0(8,1)] classification of the pion Regge trajecto-
ry gives restrictions on the Regge residue func-
tions which can be compared with certain predic-
tions of current algebra.!»? The purpose of this
note is to show that one conventional interpreta-
tion of current-algebra results requires the pion
trajectory to choose the Toller quantum number
M =0.® The converse is not true; the M =0 as-
signment enforces no constraint, current algebra-
ic or otherwise, on amplitudes involving pions.

We consider first the possibility that the pion
trajectory belongs to an M=0 or M =1 conspiracy
class.* The P=(-1)*1 (pion) member of the
conspiracy contributes to the f{-channel reac-
tions, NN -~ om,5 or NN — pm with zero-helicity
p’s, through an amplitude which we denote in ei-
ther case by £/, 1/2 0,0 As t approaches zero in
either reaction there is a conspiracy condition,®
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One can easily see that in either the M =0 or the

M =1 case the term involving fuz,_m 0.0 has no
a . . . &8/

s contrlputloil.7 Thus, the amplitude f,/; ;/5 0,0

behaves like t2s? for large s, small {. This

leads to a behavior of the residue function for
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small ¢ of the form
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At the equal-mass NN vertex the normal cou-
plings are known from O(3, 1) consideration for
the P=(-1) *1 part of the M=0 and M =1 trajec-
tories:

M=1: By/p,1/, ~cOnSt;
M=0: Bl,z,l/2~ft. (3)

Thus, we read off the maximal behavior of the
residue function in the o7 (or pm) system as
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M=1: By o(t)~ 27 2%,
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Next we imagine a limit in which the pion mass
approaches zero. In the limit a(0)=0 and =0
the B functions in (4) become the actual ampli-
tudes for mm~o and 7w —p, in our world in which
(at least) one incident 7 has zero mass. We see
that for the M =1 case the amplitudes vanish as
the pion mass; for the M =0 case they remain

M=0: B, o(t)~t
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finite. One can now take the position that cur-
rent-algebraic results are to be read as exact on-
shell results in a world with vanishing pion
mass, and that pion scattering amplitudes (with
certain pole terms excluded) in this world are
approximately those in the real world. From
this standpoint what we have proved is that for
the M =1 case there is no zero-mass pion-pion
scattering (at any energy, since the o or p mass-
es in our example are variable), and thus that
whatever pion-pion scattering there may be in
the real world with finite My is absolutely uncon-
strained by current algebra.

The result can be generalized to any process
involving pions through the following theorem:

If the pion trajectory is one member of an M >0
conspiracy, and if this trajectory couples to any
single equal-mass channel with nonvanishing res-
idues,® then kinematical constraints, plus O(3, 1)
relations for the residues in the equal-mass
channel, plus factorization of residues, lead to
the vanishing of all residues in sense states at
t=0 in the limit & -0, even for unequal-mass
channels.® For the equal-mass case this result
follows from the Toller residue relations; it is
the extension to the unequal-mass case which we
need for the results of this paper.

One thus concludes that if the pion trajectory
were of class M >0, all reaction amplitudes for
pions in the zero-mass limit would vanish.}* We
emphasize once more that although one cannot
prove that such decoupling does not in fact take
place in the M4 =0 limit, the decoupling would
annihilate the interpretation of current-algebra
results as being exact on-shell results in the
fictitious world with M;=0. If the entire ob-
served pion scattering amplitudes (poles exempt-
ed) come from the effect of finite pion mass,
then they are unconstrained by current algebra.
Thus, the success of Weinberg’s scattering
length predictions is a compelling reason for re-
jecting the M >0 assignment for the pion.**

We can put the conclusion in another way, fol-
lowing Mandelstam. In Ref. 1 it was shown that
the Adler self-consistency condition (the ampli-
tude for emission of a pion vanishing as the pion
four-momentum approaches zero) leads to the
universality prediction: If z€48,T,A (1) is
the isoantisymmetric forward-scattering ampli-
tude of pions from a target (with isospin matrix
T), the coefficient of v in an expansion of A “=’(v)
in powers of v is a constant C independent of the
target. This is shown to be true in the zero-
pion-mass world if pole contributions are ex-

cluded. The problem with the M=1 pion ampli-
tude is the vanishing of the pion amplitude as
k-u2 approaches zero, where & is the pion four
momentum. Linear vanishing as &, approaches
zero (which is all that is demanded by the Adler
self-consistency condition) is required in order
to have a nonzero C. Thus, the constant C in the
M =1 theory is zero in the limit Mz—=0. Experi-
mentally it is not equal to zero.?

If we desire to preserve a pure Regge-pole
theory and we have admitted that the pion cannot
be a member of an M >0 conspiracy, then some-
thing else must give the forward amplitudes in
pn—=np and YN = aN. Consider as an example the
process np =~ pn with the exchange of an M =0 pion
trajectory and an M =1 even-signature unmixed
trajectory, all three leading Regge trajectories
coinciding for simplicity. The near forward con-
tribution to pn —~np will look like!®
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The first term comes from the exchange of the

M =0 pion trajectory**; the second term from the
M =1 trajectory with an «o(f) factor removing the
particles at J=0, in accord with the remark in
footnote 12. If we tried to think of the combined
contribution of the two P =(=1)J *+1 trajectories
in (5) as the contribution of a single trajectory,
we would obtain a rapidly varying residue, bq¢
+bg(t=My?), of exactly the type used in the data
analysis.!® Thus, the proliferation of trajecto-
ries is not really objectionable; with constant re-
sidues we can get what required rapidly varying
residues in the single M =1 conspiracy fit; the
M =1 trajectory would make particles first at J
=2 in the 2-BeV region. Furthermore, the M =0
pion can be used to obtain a forward amplitude in
the reaction 7+ N —~p(helicity zero) + A.

It should be emphasized that all the foregoing
considerations are dependent on the existence of
the limits My =0 [or a4(0)=0] and =0 for the
amplitudes under consideration. Of course the
limits might well be very singular, as conjec-
tured by Omnes.!* However, to us the actual
arguments given by Omnes in favor of such be-
havior are entirely unconvincing.

*Work supported in part by the National Science Foun-
dation.
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By measuring the branching ratio of K“3+ relative to Kg3* we have arrived at a value
of £(0)=f_(0)/f,(0)==0.08+0.15. This is in good agreement with the Callan-Treiman

relation.

We describe a measurement of the branching
ratio of Ku3+ relative to Ke3+- We deduce from
this a value of the parameter £, the ratio of the
form factors for vector coupling in K;3 decay,
where

£(0)=1_(0)/7,(0),
f,@=f, 1+ (@%/m 2,
and

2= - 2 - 2_'-_ 2_
q (PK pﬂ) m2im meEﬂ.
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There is a discrepancy between the values of
¢ deduced from branching ratio and polarization
methods.! Apart from a result given some time
ago,? investigations of the relative muon and pos-
itron semileptonic rates indicate a comparative-
ly high K |;3:K,3 ratio, and hence a positive val-
ue, ~0.3, for £.° On the other hand, polarization
experiments have shown a systematic shift to-
wards negative values for £, averaging £(0)
=-1.25+0.32.4

We have carried out a K+ experiment at Nim-
rod in which positron- and muon-decay rates



