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sion comes from a recent study of baryon-ex-
change production of various A and T states.'®
The ratio of cross sections for a backward
A(1405) to A(1520) production was observed to
be less than

A(1405) production < 3upb 1

A(1520) production 75 ub 25° (6)

The ratio of coupling strengths of the A(1405)
and A(1520) to KN deduced from the Argand dia-
gram shown in Fig. 2 is consistent with ratio (6).

In conclusion, the data presented here suggest
the possibility of dirvectly studying the below-
threshold KN — Y7 amplitude using virtual nucle-
ons in the deuteron. A partial-wave analysis in-
dicates that the S, channel has a large repulsive
background that can be described by a negative
scattering length and the coupling of the A(1405)
to the KN — Zm amplitude is very small relative
to A(1520). This latter conclusion is in agree-
ment with the data on baryon-exchange production
of the A(1405) and A(1520).
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We propose the measurement of reactions of the type py+p,—>q +q,+anything at high
energy in the region in which the produced particles ¢, and g, can be regarded as “frag-
ments” of the incident particles py and p,, respectively. Dependence of the cross sec-
tion on the angle between transverse parts of the vectors (L and 62 would indicate that
the Pomeranchuk singularity contains Regge-cut contributions.

A central problem in the theory of strong inter-
actions is the exact nature of the Pomeranchuk
singularity which governs the asymptotic behav-
ior of high-energy collisions. Various forms of
Regge cuts for the Pomeranchuk singularity have
been suggested,' while the hypothesis of approxi-
mate dominance by a simple pole still has many

supporters.? We present here a possible experi-
mental probe of this question, which involves
measurement of two-particle inclusive distribu-
tions of the type p, +p, ~q, +q,+ anything (Fig. 1)
at high energy. The measurement at a conven-
tional accelerator would require detection of a
fast, nearly forward particle in coincidence with
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FIG. 1. Variables describing the two-particle inclu-
sive production process.

a slow particle. At a colliding beam facility,
both particles would be fast and nearly collinear
with the beams.

The test we propose concerns the Toller® M~
quantum-number properties of the Pomeranchuk
singularity. This quantum number, as we shall
discuss later, can be related to possible Regge-
cut contributions to the Pomeranchukon. The
development follows previous work by Mueller*
on single-particle distributions. Extending the
Mueller technique, we express the two-particle-

distribution cross section as the appropriate dis- ‘

do B
(@q /w0 )@y 0y °

where @,(0) is related to the leading singularity
in the Lorentz quantum number A and coincides
with the leading vacuum angular-momentum sin-
gularity. The process depends upon six indepen-
dent variables, five of which are defined as fol-
lows (see also Fig. 1):

ty= (pl_ql)zy ly= (Pa"'qz)zv
W=(P1+Pz'41"42)2, 31=(P1+P2_q2)2a
$,=(p1+po=q))% (2)

The sixth independent variable ¢ has its origin
in the O(3,1)-group analysis and has a simple
physical description. It is, in fact, the angle be-
tween the transverse components of §, and g, in
any Lorentz frame collinear with the beam. The
variable s is not independent and can be written,
in the limit of Eq. (1), as

s = (s,/IM?)(s,/IMP)IM?, (3)

In terms of the fractional longitudinal momenta
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FIG. 2. A generalized optical theorem which relates
the two-particle inclusive cross section to a disconti-
nuity of an eight-point function.

P, P, P

continuity of an eight-point function as indicated
in Fig. 2. Single- and multiple-Regge behavior
for the eight-point function of Fig., 2 is assumed.
It is further assumed that the Regge behavior
remains after the appropriate discontinuity in the
variable J? is taken. Our fundamental limit for
the two-particle distribution is obtained by taking
the leading high-energy limit implied by the ex-
change of the Toller-Lorentz plane singularity
(see Fig. 3) designated by the two quantum num-
bers A,M of the symmetry group O(3,1). This
is the relevant symmetry of our eight-point func-
tion since we are in the forward direction.

The formula, in this case, is, in the limit of
large M?, with ¢,, ¢,, s,/M?, and s,/M? finite,

Y (O cosM@F(ty, by, 5,/ 5,/90), (1
M=o

| (in the c.m. system),
x,=2q,,/W, %,==2q5/W,
s,/M2=(1=x,) 7, s,/MP=(1-x,) ",

s/M2=(1-x,) "(1—x,) "L (4)

P q, qz P2

P q, Q2 P2

FIG. 3. Exchange of the leading Toller singularity
in the eight-point function.
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The following comments are made in explaining p,
the derivation and interpretation of Eq. (1):
(1) The formula follows immediately from the
asymptotic expansion of the O(3,1) representation
functions given by Toller.® The relation between
0O(3,1) group parameters and measured variables
is particularly simple if the group analysis is
referred to the rest frames of the beam and of
the target particles with z axis in these frames
fixed along the beam direction. (2) From Eq. (1)
it is evident that the leading singularity «,(0)
must have a nonvanishing M =0 component since
otherwise the cross section has negative values FIG. 4. Regge and Toller singularities in the eight-

for some ¢.° In the case of a simple pole, the point function which determine the high-energy limit
sum over M reduces to a single term which must in Eq. (5).

therefore have M =0.% (3) If the leading singulari-
ty is a cut, then in Eq. (1) «,(0) is the location

of the branch point, and there will be 1nI? fac- a cut component to the Pomeranchuk singularity
tors present. In addition, the entire sum over or some singularity configuration more compli-
the quantum number M (including zero) will con- cated than a simple pole.®
tribute, since, in general, cuts do not possess a A further limit can also be taken in (1) by doing
well-defined M." a multiple Regge decomposition of the type shown

From remarks (2) and (3) above we have the in Fig. 4 corresponding to a “double-triple” Reg-
interesting consequence that if the Pomeranchuk ge limit. This limit may be calculated using an
singularity is a simple pole, then the high-energy 0(2,1) expansion and helicity poles® or by an ex-
limit (1) will not depend upon the sixth variable tension of the techniques of Misheloff.’® The re-
@. On the other hand, a dependence on ¢ implies | sulting formula is

do - -1i(mz)av(o) cosMo(s /M2t (s, /IM2)2 2t (1. 1) (5)
(dsql/wl)(dsqz/wz) s e s, S, M\l La)y

with ¢, and ¢, fixed, and s,/M?, s,/M?, M2~ o,

i.e., 1=x, -0, 1-x,-~0, but (1-x,)(1-x,)s large. ‘ Brook, N. Y. 11790.

Here again, if the Pomeranchuk singularity is a 'H. Cheng and T. T. Wu, Phys. Rev. Lett. 24, 1456
simple pole, only the term M=0 will survive. (1970); J. H. Schwarz, Phys. Rev. 167, 1342 (1968);
The presence of a cut would require =0 and R. E. Mickens, Nuovo Cimento 56A, 799 (1968); R. C.

. . . Hwa, Phys. Rev. D 1, 1790 (1970).
M #0 as well as logarithmic corrections to the ? =
o g %G, F. Chew ef al., Lawrence Radiation Laboratory
simple power laws.

Annual Progress Report, 1970 (unpublished).

Finally we observe that if ,(0) is a simple SM. Toller, Nuovo Cimento 534, 671 (1968).
pole both Egs. (1) and (5) scale when divided by ‘A. H. Mueller, Phys. Rev. D 2, 2963 (1970).
or(s) which goes asymptotically as s®(? ! Fur- 5This argument can also be made for the elastic scat-
thermore, if Regge-pole factorization occurs in tering of particles with spin. The spin-averaged for-
the relevant discontinuities, then, in Eq. (1), ward two-body scattering amplitude couples only to
Lorentz singularities with M=0 (Ref. 3). Therefore, if
Fy =0y f1(ty, s,/M)f,(t,, s,/M) (6) the leading singularity did not have an M=0 component,

at least one specific helicity total cross section would
and we would expect f; and f, to be proportional be negative. pe v

to single-particle inclusive distributions in the 8For multiparticle exclusive amplitudes, the connec-
fragmentation region. tion between the quantum number M and cosM¢ depen-

dence on a Treiman-Yang angle has been discussed by
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U. S. Atomic Energy Commission under Contract No. (1970).

AT(30-1)2098. "We have estimated the M= 0 amplitudes in forward
TAlfred P. Sloan Foundation Fellow. Permanent ad- elastic scattering from two-particle unitarity, as in

dress: Department of Physics and Institute for Theore- C. Amati, S. Fubini, and A. Stanghellini, Nuovo Ci-~

tical Physics, State University of New York, Stony mento 26, 6 (1962). We find an energy dependence like

1199



VOLUME 26, NUMBER 19 PHYSICAL REVIEW LETTERS 10 May 1971

(Ins)™' relative to the leading M=0 cut contribution for
two particles of spin > 3.

This test is reminiscent (although different from)
that proposed for factorization by H. D. I. Abarbanel

and D. Gross (to be published), to wit, the spin inde-

pendence of single-particle inclusive distributions.
%C. DeTar et al ., Phys. Rev. Lett. 26, 675 (1971).
'"M. N. Misheloff, Phys. Rev. 184, 1732 (1969).
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Motivated by scaling considerations we formulate a theory of K;; decay based on the
Kemmer equation., We find that our theory (1) has a symmetry-breaking parameter of
order 10-30 % which agrees with experiment, (2) makes a definite testable prediction
of a kinematic zero at t = (m +m ) in the “effective” scalar form factor, and (3) yields
a modified Callan-Treiman relation which improves agreement with experiment.

It is we™ known that pseudoscalar particles
can be described by at least two different co-
variant field equations, namely, the Klein-Gor-
don (K-G) and Kemmer equations.! For many
classes of processes (such as the quantum elec-
trodynamics of spin-0 mesons) calculations
based on either equation yield identical results.?
Therefore, it has often been tacitly assumed
that the two equations will yield identical results
in all cases.

We note, however, that the K-G and Kemmer
fields behave differently under scale transforma-
tions [see Eqgs. (2) and (3) below]. Since sym-
metry-breaking effects are sensitive to the scale
dimensionalities of the respective fields,® it fol-
lows that in principle the corresponding field
theories could lead to qualitatively different re-
sults in processes, such as K,4 decays, involv-
ing two or more pseudoscalar mesons of differ-
ent mass.
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To date this possibility has not been studied in
a formal field theory owing to the difficulties in-
volved in treating the strong interactions. None-
theless, the scaling argument suggests that even
in a phenomenological treatment of such a pro-
cess, the same assumptions could yield qualita-
tively different results from analyses based on
the K-G and Kemmer equations, respectively.

If different results were obtained, we could then
ascertain which equation gives the better phenom-
enological description of the particular process
in question.

We present in this Letter the results of just
such an analysis of K,;, decays. Our main con-
clusions are the following:

(1) When compared with experiment, our theory
yields a symmetry-breaking parameter p (ana-
logous to the K-G parameter £) whose experi-
mental magnitude is p=0.28+0,20. Since SU(3)-
symmetry breaking is expected to be of this



