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Regge-pole and strong-absorption (diffractive) models are based upon fundamentally
different physical postulates. Although both reproduce available do/df and polarization
data, profound differences are evident in basic amplitude structure. We show that mea-
surements of the spin-rotation parameters R and 4, for any high-energy exchange pro-
cess, will determine structure of amplitudes and thus provide unambiguous tests of es-
sential assumptions in the models. We examine explicitly the experimentally feasible re-
actions tN—K(A,Z), EN—7(A,Z), and yp—K(A,Z), as well as multiparticle processes.

In this Letter, we stress the importance of
new measurements designed to determine in-
dividual helicity amplitudes. We propose a set
of experiments which will decisively test models
of strong interactions. These experiments are
both feasible and directly interpretable.

There are profound differences between cur-
rent models® which are not merely the result of
alternative parametrizations. For example, dip-
bump phenomena in do/dt are interpreted in com-
pletely different ways in traditional Regge-pole
theory and in the strong-cut Regge-absorption
model (SCRAM).?'3 Although both models repro-
duce available data on differential cross sec-
tions and polarization (P), the basic structure
of helicity amplitudes differs greatly. More
precise data on do/dt and P will serve primarily
to determine better the parameters within mod-
els. However, progress in testing underlying
assumptions and in distinguishing among models
demands a more complete set of experiments.
In meson-nucleon scattering, measurements of
the spin-rotation parameters R and A are es-
sential.* It is also important to realize that
structure in the R and A distributions, them-
selves, are unambiguously characteristic of the
models. Indeed, by a simple glance at the ex-
perimental distributions for associated produc-
tion, without detailed fits, one will be able to
determine immediately whether assumptions
underlying SCRAM are correct. As far as we
are aware, this has not been pointed out before.

It certainly gives great impetus to work with
polarized particles.

In this note, we concentrate on reactions with
hyperons in the final state; examples are Kp
- 72, yp—=KA, np—KnZ, If these are done
with a polarized target (and/or with polarized
photons), the weak decay of the hyperon can be
used to determine the crucial spin-rotation pa-
rameters. In paragraphs which follow, we first
summarize distinctive features of models which
should be tested; secondly, we discuss relevant
experimental observables for meson-baryon
scattering; and finally, we treat photoproduction
and multiparticle processes.

Models! are characterized by quite different
positions and interpretation of zeros of ampli-
tudes. The zeros of Regge-pole theory are the
wrong-signature nonsense zeros. In the exchange
degeneracy form of the Regge-pole theory, these
occur when the signature factor (1+e ™) van-
ishes—i.e., at values of ¢ such that the trajectory
function a(#) =0, -2, «++ (odd signature), or -1,
-3, +++ (even signature). We emphasize that (i)
the location of a given zero is the same in all
spin amplitudes; (ii) the location is determined
by the trajectory function and signature of the
exchanged particle, and thus it will occur at
different values of ¢ for processes dominated by
different trajectories; (iii) the real part of the
amplitude has double zeros at 1+cosma =0,
whereas the imaginary part has single zeros at
sinma =0. By contrast, (i) the zeros of SCRAM?
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are not correlated at all with the trajectory func-
tion or signature; (ii) the locations of zeros are
the property of the spin amplitudes, e.g., for all
reactions,® for helicity nonflip the zero is at
t==0.2 (GeV/c)?, and for single-flip amplitudes
the zero is at =-0.6 (GeV/c)?; (iii) both real
and imaginary parts of amplitudes have the same
(single) zero structure.

At present, there are only a few features of
data which test the zero structure of models.
Evidence from do/dt, P, and finite energy sum
rules is indirect and ambiguous. A zero in the
imaginary part of the p nonflip amplitude near
t~-0.2 (GeV/c)? is established through the cross-
over effect in m*pdo/di. This is a success for
SCRAM and, correspondingly, a difficulty for
pole models. On the other hand, if we assume
that the Pomeranchukon is purely imaginary,
measurements of polarization in pp, pp, K*p,
and 7*p elastic scattering® are in agreement
with the ¢ dependence predicted by the signature
factor of p and A, Regge-pole models. In SCRAM,
the same assumption leads to the incorrect pre-
diction of a change of sign in polarization for all
elastic precesses at {~~0.6 (GeV/c)?. This and
other evidence suggests a curious picture in
which the pattern of zeros agrees best with
SCRAM expectations for the imaginary part, but
with the Regge-pole model for the real part of
amplitudes. Fortunately, as we now discuss,
determination of R and A will resolve these am-
biguities.

Meson-baryon scattering. —We begin by dis-
playing amplitudes obtained from fits” to meson-
nucleon data with traditional Regge-pole theory
and with SCRAM, For definiteness, we show
results for KN—7Z; however, these amplitudes,
in fact, are typical of a wide class of exchange
processes. We use s-channel helicity amplitudes
H_, and H,_, normalized so that

do/dt=|H,,|*+|H,.|* mb/(GeV/c)>. (1)

In Figs. 1(a) and 1(c), real and imaginary parts
of the SCRAM spin-nonflip H,, and spin-flip A, _
amplitudes are shown. Corresponding quantities
from the exchange-degenerate (EXD) Regge pole
fit are given in Figs. 1(b) and 1(d). The EXD
Regge-pole amplitudes are purely real; however,
that fact is not important per se. As described
above, the pattern of the zeros in amplitudes is
the essential difference between the SCRAM and
pole models. Indeed, as shown in the figure,
the SCRAM amplitudes H,, and H,_ are zero
near t=-0.2 and ¢t =-0.6 (GeV/c)?, respectively.
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FIG. 1. Amplitudes (Ref. 7) for K" — 7 "Z% at 4.07
GeV/c. (a),(c) Real and imaginary parts of H,, and
H,., respectively, for the SCRAM model; (b), (d) ReH
and ReH, . for the EXD Regge-pole model.

e+

This property is not shared by the Regge-pole
amplitudes.

There are experimental quantities which re-
flect directly the presence of absence of struc-
ture in the basic amplitudes. These are the spin-

rotation parameters R and A, which we define
as

R=2Re(H, H, *)/(|H, |?+|H, |?), (2)

A:(IH++|2—|H+-‘2)/(IH++P+|H+-l2)~ (3)

At high energy these are essentially equal to the
corresponding traditional* quantities R and A4,
given by R =R cosf,-A sinf, and A =R sinf, + A

X cosf,, where 0, is the s-channel c.m. scattering
angle. For completeness, here, we note also
that

P=2Im#H, . H,.*)/(H,,|?+|H,_|?. (4)

In Figs. 2(a), 2(c), and 2(e) we show values of
P, R, and A for K p~7n"2% at 4.07 GeV/c.
These curves are obtained from the amplitudes
given in Fig. 1. We note that the Regge-pole
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FIG. 2. Observables (a) P, (c) R, and (e) A for KN
— I at 4.07 GeV/c; (b) P, (d) R, and (f) A for m7p
backward elastic at 9.85 GeV/c. The dotted line comes
from a Regge-pole model [Ref. 7 for (a), (c), and (e)
and Ref. 10 for (b), (d), and (f)]. The solid line is the
prediction of SCRAM [Ref. 7 for (a), (c), and (e) and
Ref. 8 for (b), (d), and (f)]. The dashed line in (a) is
the SCRAM prediction for TN— KZ at 14 GeV/c; R
and A distributions for TN— KZ are essentially identi-
cal to those given for KN— 7Z.

model gives singularly featureless distributions
in R and A; by contrast, SCRAM provides dra-
matic structure near both /=-0.2 and £ =-0.6
(GeV/c)?. Simple inspection of Eqs. (2) and (3),
together with the amplitudes of Fig. 1, shows
clearly that structure in R and A reflects pre-
cisely the canonical zero pattern of SCRAM am-
plitudes. By contrast, P and do/dt are fairly
smooth and give little hint of the activity in the
underlying amplitudes. As indicated by Egs. (2)
and (3), the SCRAM structure shown in R and A
distributions for K 'p-7"Z" is actually a general
feature of all exchange processes. For example,
structure in R (and A) is essentially identical for
both 7*p ~K*Z* and K p~n"Z*, whereas polar-
izations differ substantially [see Fig. 2(a)]. The
generality of our results is illustrated further in
Figs. 2(b), 2(d), and 2(f). These latter curves
pertain to 7 'p backward elastic scattering at 9.85
GeV/c.® For both the pole model and SCRAM, we

note that structure in the R and A curves is quite
similar in both 7"p backward elastic and forward
KN-7Z, even though the exchanges in these two
reactions are quite different. Again, in SCRAM,
the magnitude and structure of R and A are an
immediate consequence of the postulated pattern
of zeros in SCRAM amplitudes; on the other
hand, P is sensitive to small parameter variation
and could be very much smaller than the curve
we show in Fig. 2(b), without significant changes
inR and A.®

We recommend that high priority be given to a
precise measurement of all observables (do/dt,
P, R, and A), as a function of ¢, for any meson-
baryon exchange process, at an energy of 5 GeV/
¢ or greater.

Discussion and other applications of R- and A-
type measurements. —We generalize our results
somewhat and then treat photoproduction and mul-
tiparticle processes. First, we note that Egs.

(2) and (6) show that R and P are the real and
imaginary parts of the same quantity., All pres-
ent models predict both spin amplitudes to have
essentially the same phase near £ =0; thus, to
first approximation, R is maximal (for given siz-
es of the two-spin amplitudes) and P is zero
[compare Figs. 2(a) and 2(c)]. Correspondingly,
R tests the dominant features, and P the small
corrections to models. This is the basic reason
why R is so much more valuable than P for test-
ing models. Not only in meson-baryon scattering,
but in other processes, as well, it is particularly
valuable to measure observables which corre-
spond to real parts of bilinear products of ampli-
tudes. These observables include the x and z
components of final baryon polarization for scat-
tering from a polarized target. In the helicity
frame, with relevant factors removed,’ we denote
these by T, and T,, if the target is polarized per-
pendicular to the beam, and by L, and L,, if the
target is polarized along the beam. For the sim-
ple case of meson-baryon scattering, Tx:Lz:/i
and T,=L,=R. In any process the equalities T,
=L, and T,=L, follow from the presence of only
natural-parity exchange. More generally, the
four quantities carry independent information.

In a Regge-pole model, factorization of pole
residues predicts that each of these four quanti-
ties is essentially the same in all reactions domi-
nated by a given Regge trajectory. By contrast,
in SCRAM, L., L,, T,, and T, are characteristic
of s-channel spin structure, not of the exchange
quantum numbers. We illustrate these differenc-
es with our fits to yN—KZX. We have obtained
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FIG. 3. Observables for yp— KZ at 16 GeV/c. The
dotted line is the pole~-model prediction and the solid
line is the SCRAM result.

Regge-pole model and strong-absorption model
fits to all available data on yYN—-KY, We include
contributions of K, K*, and K** exchanges.
Above 5 GeV/c, however, data are dominated by
the K* and K** trajectories, the same trajecto-
ries which mediate TN~ KY and KN-~ 7Y, dis-
cussed above. In Figs. 3(a)-3(d), we give L,, L,,
T,, and T, from both our pole model and our
SCRAM fits. By comparing Fig, 2(c) with Figs.
3(a) and 3(d), or Fig. 2(e) with Figs. 3(b) and
3(c), one sees clearly that, as expected, the pole
model predicts essentially the same distributions
in both photoproduction and meson-baryon scat-
tering. For SCRAM, however, the corresponding
distributions differ greatly. It would be striking
evidence for SCRAM and against factorization if,
indeed, T, and T, should be so different in meson-
baryon and in photoproduction processes.
Differences between SCRAM and the pole model
are exhibited clearly in the final-baryon polariza-
tion for an experiment with circularly polarized
photons (unpolarized target). We denote these ob-
servables® by C, and C,; they are, again, real
parts of bilinear products of amplitudes. The
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pole model predicts C,=0 and C,=0. For SCRAM
curves, the structure shown in Figs. 3(e) and 3(f)
reflects the distinctively different absorption ef-
fects in the spin-nonflip and doubie-flip ampli-
tudes.

As a final example, we emphasize the novel im-
portance of R- and A-type measurements in mul-
tiparticle processes. We imagine (r,K)N- MM
+Y in a kinematic region such that it can be in-
terpreted in terms of the exchange of some tra-
jectory at the NY vertex. In the pole model, fac-
torization predicts the same ratio of spin flip to
spin nonflip at the NY vertex as in two-body data.
Just as in photoproduction, this assertion may be
tested by examining L,, L,, T,, and T,, dis-
cussed above. Furthermore, important new in-
formation is now carried by the y component of
final-baryon polarization. This observable con-
tains a term which measures directly the amounts
of natural- and unnatural-parity exchange, en-
tirely independently of whatever system of parti-
cles (MM) is produced in the final state, along
with Y.

In summary, then, we have shown that a new
class of feasible experiments, at energies of 5
GgV/c and above, will provide crucial new in-
sight into strong-interaction phenomena and re-
solve decisively outstanding ambiguities among
existing phenomenological models.
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Equation (3) should be written

S TO
N [:tAf(wc_wl) +B]2-
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