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We study in detaQ the s-channel partia1-wave amplitudes for vector- and tensor-exchange
amplitudes by comparing the results of seven different, quantitatively successful phenome-
nological analyses. We consider separately the partial waves in the peripheral region, where
Regge poles alone should dominate, and in the central region, where Regge cuts may also be
important. We show that these regions separately show interesting regularities which are
not evident when the amplitudes are plotted as functions of t. We point out difficulties with
individual analyses which help explain the discrepancies between their findings. We show that
the existing analyses are consistent with the assumption that the Regge poles are approxi-
mately exchange-degenerate and that exchange-degeneracy breaking occurs mainly at small
impact parameter.

I. INTRODUCTION

It is clear from any recent review of two-body
inelastic reactions that, while much progress has
been made, we are still far from a detailed, quan-
titative understanding of all the amplitudes in these
processes. ' ' The only inelastic amplitudes that
have been determined in a model-independent way
are the p-exchange amplitudes in g p g n.' The
experimentally determined amplitudes did not
agree with any existing theory. Since then, no new
simple theory has been proposed which ean explain
the p-exchange amplitudes and can also fit the less
restrictive data on A„KP(890), and EP~(1420) ex-
change. Many models' "have been proposed
which can fit the data; however, they constrain
only some parts of the amplitudes and freely para-
metrize other parts. Thus they have little pre-
dictive power. Examples of such models are the
dual absorption model, ' which does not, in general,
specify the real parts of amplitudes. Other ex-
amples are the many different extensions of the
absorption model' "which do not specify in de-
taQ the absorption corrections. Similar in spirit
to the above-mentioned models, but not formulated
in the language of any specific model, are the phe-
nomenologieal analyses of Chiu and Ugaz" and of
Irving, Martin, and Barger, "who assume that
the helieity-flip amplitudes are exchange-degener-
ate and then solve for the helicity-nonflip K„* and

K~ amplitudes. Still other analyses have freely
parametrized all the amplitudes in terms of Regge-
pole-exchange amplitudes, and then tried to de-
termine the many parameters by using both the
high-energy data and, via finite-energy sum rules,
the low-energy data. ''" While all these theoreti-

cal models and phenomenological analyses agree
on the p-exchange amplitudes and fit the available
high-energy charge and hypercharge-exchange
cross section and polarization data, they give sig-
nificantly different results for the individual am-
plitudes for A„K„*, and K~ exchange. A particu-
larly dramatic illustration of the discrepancies
between the different analyses occurs in the de-
termination of the E~ and K~~ amplitudes in gN-KA
and ZN- vA at 4 Gev/c The .results of Refs. 5,
1V, and 19 bear praetieally no resemblance to each
other (see Fig. 1V of Ref. 1).

In this paper we attempt to gain some additional
understanding of the vector- and tensor-exchange
amplitudes and to resolve some of the discrepan-
cies among the earlier analyses by looking in de-
tail at the s-channel partial-wave amplitudes found
in seven rather different, quantitatively successful,
phenomenological, analyses of charge- and hyper-
charge-exchange reactions (the seven analyses
chosen are listed in the beginning of Sec. H). The
utility of looking at the s-channel partial waves
lies in the fact that different regions in impact-
parameter space are governed by different dynam-
ics. Division of impact-parameter (5) space into
3 regions is particularly natural: the small-5 re-
gion, 5s0.5 fermi (F), the peripheral region, 0.5
&b41.4 F, and the very high partial-wave region,
5&1.4 F. Only m exchange, if allowed, can contrib-
ute significantly for b&1.4 F;" Regge-pole ex-
change should dominate the peripheral region, and
both Regge poles and cuts may be significant at
small b. %'e show that each region of impact-
parameter space separately shows interesting reg-
ularities which are not evident when the ampli-
tudes are plotted as functions of t.
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The small-b region is, in principle, very com-
plicated. This region is affected by the existence
of competing channels (unitarity or absorption cor-
rections) and by other rescattering effects (i.e.,
Regge-Regge cuts). No one yet has devised a reli-
able theory, or even recipe, for calculating these
effects. Many models have been proposed which
assume that, in practice, the low partial waves
behave in a simple manner, i.e., that the s-wave
is totally absorbed, "or that the low partial waves
can be calculated from simple geometrical consid-
erations, '~~' or that only elastic rescattering cor-
rections are important. "" All these simple mod-
els have failed, and new theories for unitarity and
rescattering corrections are needed.

A possible first step in constructing new theories
is the determination of the systematics of the low
partial-wave amplitudes that is required by the
data. Extensive phenomological analysis using a
variety of theoretical assumptions is one way to
try to establish the systematics in the absence of
a complete set of experiments. Many such analy-
ses exist and some systematics have been pro-
posed. There are inconsistencies, however, and
we study these and try to reconcile the various
results.

Knowing the systematics of the low partial waves
is important, also, for judging the credibility of
the amplitudes found in any particular model-de-
pendent analysis. In the absence of a complete
set of experiments, a model which assumes in-
correct behavior for the low partial-wave ampli-
tudes may still be able to fit the data by having
other partial-wave amplitudes compensate for
this error.

The peripheral region, 1.4&ba0. 5 F, is dom-
inated by the exchange of Regge poles, without
the complicating effects of cuts. Our comparisons
show that there is a strong tendency in most of the
analyses considered for the peripheral partial-
wave amplitudes to be exchange-degenerate for both
helicity Qip and helicity nonflip. The helicity-flip
amplitudes have been known to be exchange-degen-
erate as a function of t for some time, ' ' for p and

A, at least, and so this result for the Qip ampli-
tudes is no surprise. The nonQip amplitudes, for
p, A, and K~~, K~~, have been found, in all previous
analyses, not to be exchange-degenerate when con-
sidered as functions of t. Our detailed comparison
of the existing analyses suggests that breaking of
exchange degeneracy in nonQip amplitudes occurs
mainly in the low partial-wave amplitudes and that
the peripheral Regge-pole amplitudes are, in fact,
approximately exchange-degenerate.

Before we turn to the vector and tensor partial-
wave amplitudes, which are the main subject of
this paper, we wish to review briefly the status of

our understanding of the s-channel partial waves
of two other exchanges: m exchange and Pomeran-
chukon exchange.

Only m exchange can contribute significantly for
b&1.4 F. The presence of this long-range m tail
has been firmly established. ""This contribution
is real, behaves like e " ~/(p'b)'~', where p'
=(m, '-t~)'~', and has a strength given by known

coupling constants. " Thus, we regard the partial-
wave amplitudes for b~1.4 F as well understood
and do not consider this region further.

Reactions with w exchange are not, in general,
useful for studying partial-wave amplitudes with
b &1.4 F. All that has been established so far
about the low partial-wave amplitudes in g-ex-
change reactions is that they are much smaller
than those given by n-exchange Born terms. Ab-
sorption is usually invoked to explain this effect.
However, different models for the absorption can-
not be distinguished at present because the ex-
perimental low partial waves give only a relatively
small correction to the dominant high-partial-wave
contributions. " Due to this difficulty we have ex-
cluded reactions with n exchange from our con-
siderations of the b ~1.4 F region.

The status of Pomeranchukon-exchange partial-
wave amplitudes is that their gross features are
well known. The bulk of elastic cross sections
can be explained by assuming that Pomeranchukon-
exchange partial-wave amplitudes are predomi-
nantly imaginary in phase, Gauisian in shape,
centered at b=0, and helicity-nonQip. Both the
break ' in the Pp cross section Bt t=-0.1
(GeV/c)' and the dip" at t= -1.2 (GeV/c)' at
CERN ISR energies can be explained by small de-
viations from the Gaussian form.

II. COMPARISONS OF MODELS

Of the seven analyses included in our compari-
sons, four are based on s-channel approaches.
These are the dual absorption model (DAM) as
applied by Loos and Matthews, ' the strong central
absorption prescription (SCAP) of Chiu, "and two
of the latest versions of the conventional absorp-
tion model(AM). While numerous versions of the
absorption model, or the Regge-pole-plus-cut
mode1 exist, for simplicity we include here only
the analysis of Hartley and Kane' in which the
Regge pole is "simplicity-choosing" (AM-SC) and
that of Martin and Stevens ' in which the Regge
poles have exchange-degenerate form (AM-ExD).
Vfe also include in our comparisons the s-channel
partial-wave amplitudes that have been found in an
extensive phenomenological analysis by Desai and
Stevens using the complex-pole model (CPM).' The
CPM is based on t-channel dynamics, and in it



UNDERSTANDING s-CHANNEL PARTIAL-NAVE AMPLITUDES. . . 142'T

p Exchanqe, ~I b
= 6Gev/c

Ill IVI I I I I
f

II I I
i

I II I I I I I
i

I I I I [I I I I
/

II I I

Models: . BP
CPM

----DAM——AM —ExD
0.02— ———AM —SC

~ Imf+ (b}

0.01

0.00

-OOI -/

0.03 —~

0.02— Ref (b) Re& (b)—

0.0I—

I I I I i I I I I I I I I l~~
0.5 I.O I.5

b (F)

IlI, II IIIIIIIV.
0.5 I.O 1.5

FIG. 1. The partial-wave amplitudes for p exchange at
p~ = 6 GeV/c in five different analyses. The analyses
used are described in the text.

the s-channel partial-wave amplitudes are derived
rather than fundamental quantities. Finally, we
also include the results of Barger and Phillips"
(BP) on p and P' and the work of Irving, Martin,
and Barger" (IMB) on KP and Kg. These last two
analyses do not assume any specific theoretical
model but rather have attempted to determine the
amplitudes, in the case of BP, by constraining the
amplitudes by finite-energy sum rules or, in the
case of IMB, by making reasonable assumptions
about helicity-flip amplitudes and then solving for
the nonflip amplitudes using the data directly.

The latter three analyses give as good fits to the
data as any of the s-channel models without im-
posing any particular structure on the s-channel
partial-wave amplitudes directly. These analyses
therefore provide an independent check of which
of the structures assumed in s-channel models or
expected from geometrical arguments are really
necessary to explain the data, and which are
merely consistent with them.

In Fig. 1 we present the s-channel partial-wave
amplitudes for p exchange (pole plus cut) at 6 GeV/
c." The p-exchange amplitudes as a function of
t are unique in the sense that they have been de-
termined in a model-independent way' at 6 GeV/c
in the t range from 0 to -0.6 (GeV/c)'. This, how-
ever, is not sufficient to determine the partial-
wave amplitudes uniquely as can be seen in Fig. 1,
since all the models shown agree with the model-
independent amplitude analyses. Certain gross
features are common to all the analyses. The
imaginary parts are peripheral, i.e., peaked
around b=0.8 F, while the real parts are central,
more like the input Regge-pole amplitudes.

For the imaginary parts, the discrepancies be-
tween models are readily understood. The high-b
tail in Imf„(b) in the Barger-Phillips analysis
and in the complex-pole model comes, most likely,
from 2w exchange. " Its inclusion, which is in-
direct in both analyses, results in slightly better
fits to ImE„(s, t =0) in these models than in the
other three in which this effect is not allowed for.
The small negative excursion at small b seems to
be a real effect, since not one of the models specif-
ically imposes such behavior, while the only mod-
el not showing it, the DAM, specifically excludes
it.

For Imf, (b), the small negative excursions at
small b in the AM-SC and AM-ExD analyses are a
consequence of the assumption of helicity-indepen-
dent rescattering and the previously shown need
for a negative excursion in the nonflip amplitude.
If such behavior is present it would provide some
evidence that the new absorption models with the
above assumptions are essentially correct. The
small-b effect may not be real, however, since
the BP and CPM analyses find no such behavior
even though they do not exclude it.

The greatest disagreement in Fig. 1 is for
Ref„(b) While a.ll models give nonperipheral pro-
files, they disagree greatly about details and so
no real understanding for these partial waves can
be claimed. It is interesting to note, however,
that while the input Regge amplitudes for AM-SC
and AM-ExD are very different, i.e., ReE,"~(t)
has a single zero for AM-SC and a double zero for
AM-ExD near t= -0.6 (GeV/c), the addition of a
large cut contribution produces quite similar re-
sults for the total amplitude. The Ref, (b) show
more similarity in the various models for two rea-
sons. First, cuts in flip amplitudes are smaller
in models and also, apparently, in the data. Sec-
ond, ReE, (t) is strongly constrained by the elas-
tic gP polarization. " The AM-SC and AM-ExD
partial waves imply a shallow double zero for
ReE, (t) near t = -0.6 (GeV/c)' and explain the
elastic polarization by ascribing considerable
phase and t dependence to the Pomeranchukon.
The other three models have Ref, (b) correspond-
ing to ReE, (t) with a strong double zero and can
explain the elastic polarization with less structure
in the Pomeranchukon.

We return to the p-exchange results and their in-
terpretation after discussing the A„KP, and K~
exchanges.

In Fig. 2 we present the results for A, exchange
(pole plus cut) at 6 GeV/c in four different analy-
ses. The data included in the analyses were mainly
differential cross-section data for m p~n for P „lab
from 4 to 18 GeV/c and for It

~
s2.0 (GeV/c)'. Very

few polarization data are available and do not con-
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FIG. 2. The partial-wave amplitudes for A2 exchange
atp»b = 6 GeV/c in four different analyses. See text for
description of the analyses and for normalization used.

strain the models very much. Since the differen-
tial cross section for m p-qn is dominated by
ReF, (t) for t&1.5 (GeV/c)', it is not surprising
that the models agree reasonably well on Ref, (b).
The data have a dip for t=-1.4 (GeV/c)' which is
best fit with an unabsorbed Regge-pole amplitude
of slope 1, intercept 0.5, and exchange-degenerate
form. The AM-SC and AM-ExD analyses, with
more parameters than a simple pole model, do not
fit the data as well. " In the absence of a complete
set of experiments, it is also not surprising that
there is considerable disagreement about the other
amplitudes: Imf„(b), Imf, (b), and Ref„(b).

For AM-SC and AM-ExD, the mechanism that
produces the negative excursion in Imf „(b) and

Imf, (b) for p exchange produces the central
Imf„(b) for A, exchange and also the double-peaked
structure in Imf, (b}. The double-peaked behavior
of Imf, (b} seems to be unique to these absorption-,
model treatments and not forced by the tensor-ex-
change data, as can be seen from the other model
results. The positive peak at small b for A, ex-
change is larger than the negative excursion for
p exchange because the real part of the A, -Regge-
pole amplitude, by reason of its signature factor,
is more central than the real part of the corre-
sponding p amplitudes. The central Imf„(b) is con-
firmed by the CPM analysis and seems to hold for
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FI&. 3. The partial-wave amplitudes for Kp exchange
in the reaction x+p —K+X+ at 4 GeV/c as found in four
different analyses (see text) .

other tensor exchanges also (see below). The ap-
parent failure of DAM to describe Imf„(b) for ten-
sor exchange is significant and will be discussed
further below. The very different behavior of
Ref„(b) in the various models is easy to under-
stand but sheds no light on the correct description.
Because DAM assumes Imf „(b) is peripheral,
Ref„(b) must also be peripheral if the polariza-
tion in w p-qn is to be small. Since all other
analyses give Imf„(b) nonperipheral, this deter-
mination of Ref„(b) is very unreliable. In both
AM-SC and AM-ExD, Ref„(b) is suppressed at
b=0 if the rescattering used for tensor exchange
is the same as for vector exchange. Finally,
Ref„(b) in the CPM has the behavior shown be-
cause in this analysis the nonflip A, amplitude was
assumed to have Regge phase to reproduce the
small m p-qn polarization. In summary, the CPM
and DAM make no prediction for Ref„(b) while the
AM-SC and AM-ExD models predict Ref„(b)=0 for
b =0.At present there are insufficient datato reach
any conclusions about Ref„(b) for A, exchange.

In Figs. 3 and 4, we present the s-channel par-
tial-wave amplitudes for Kp(890) and Kg(1420) ex-
change (pole plus cut) at 4 GeV/c. The magnitudes
and relative signs of the amplitudes shown corre-
spond to the reaction w'p-K'Z+. The analyses in-
clude also the line-reversed reaction K p-w Z'
and other isospin related reactions. The CPM and
DAM analyses include data from 4-18 GeV/c,
while the IMB and the SCAP analyses use data
mainly at 4 GeV/c. Absorption models such as
those of Hartley and Kane (AM-SC) and Martin
and Stevens (AM-ExD) give KP and KP amplitudes
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similar in shape to those of p andg„and we have
not included these in Figs. 3 and 4.

In Fig. 3, we see that the gross features of the
E~-exchange amplitudes are similar to those of
p exchange; namely, the imaginary parts are
peaked at 6=0.8 F, while the real parts are cen-
tral and seem to have a double-peaked structure
characteristic of amplitudes with a double zero
as a function of t, i.e., Regge-pole amplitudes.

The E~-exchange amplitudes shown in Fig. 4
also have the same gross features as the A.,-ex-
change amplitudes discussed earlier; namely, the
Imf„(b) are central, except for DAM, the Imf, (b)
are peripheral, the Ref, (b) are polelike, while
the Ref„(b) vary considerably from model to mod-
el.

III. THE SMALL-b REGION
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FIG. 4. The partial-wave amplitudes for K$ exchange
in the reaction ~+p —K+X+ at 4 GeV/c.

As clearly shown in Figs. 1-4, the small-b par-
tial-wave amplitudes are not systematically sup-
pressed, as would be expected in naive geometri-
cal pictures or in the original absorption mode1s.
Unitarity corrections and other rescattering ef-
fects are clearly not simple.

The new absorption models which use an effec-
tive rescattering amplitude with significant real
part instead of the predominantly imaginary elas-
tic rescattering alone (such as AM-SC and
AM-ExD) have had some success in explaining
the complicated systematics of the small-5 region.
For vector exchange, those models provide a
xeady explanation of the sign change in the low
partial waves of Imf „(b) and the more polelike
behavior of Ref„(b). In these models, the same
assumptions for tensor exchange lead to nonperiph-

eral Imf„(b). Tying together these three rathe~
well-established features of the small-b region
represents a significant impxovement over earlier
absorption models. The treatment of the small-b
region in these models is still not satisfactory,
however, for several reasons. First, these mod-
els predict various complicated structures for
other partial-wave amplitudes, such as other sign
changes at small b and the double-peaked struc-
tuxes discussed above. While there is no strong
evidence against these structures, the other inde-
pendent analyses do not show them. " Second,
these models are quite arbitrary in the sense that
the effective rescattering is not well defined, so
much so that models with extremely different input
Regge-pole amplitudes can give rather similar
output amplitudes. Third, the amplitudes that re-
sult bear no resemblance to the amplitudes ex-
pected in the geometrical picture which inspired
these pole-plus-cut approaches in the first place.
Fourth, the effective rescattering is found in all
the analyses to vary strongly with energy. This,
%orden34 has shown, results in amplitudes which
do not satisfy finite-energy sum rules.

As far as describing the small-5 region is con-
cerned, the dual absorption model as formulated
by Harari" and as implemented by Loos and
Matthews fails completely. The most important
failure is its prediction that Imf„(b) for tensor
exchange is suppressed at small b. This predic-
tion is contradicted by all other analyses. Less
significant is its inability to reproduce the nega-
tive excursion at small b in Imf„(b) for vector
exchange. Finally, the inability of DAM to specify
Ref„(b) for either vector or tensor exchange se-
verely restricts its usefulness.

The strong central absorption prescription
(SCAP) .of Chiu' " is a theoretical conjecture for
the systematic behavior of the small-impact-para-
meter partial-wave amplitudes. The SCAP as-
sumption is that for central collisions the two col-
liding hadrons momentarily form a "droplet, "
which can be in any of a large number of states
described by some statistical distribution. In this
view the probability for the droplet to correspond
to some simple two-body state is small, resulting
in the suppression of the low-partial-wave ampli-
tudes in two-body channels. There are two ver-
sions of SCAP, i.e., "strong SCAP" in which c-
waves are assumed completely absorbed in all
two-body inelastic reactions and "weak SCAP" in
which total absorption of the s waves is expected
only if the droplet corresponds to the usual "non-
exotic quark state. " Since helicity-flip amplitudes
are constrained to vanish at b=O, these hypotheses
are relevant primarily to the behavior of nonflip
amplitudes.



1430 PAUL R. STEVENS

TABLE I. Comparison of the weak-SCAP hypothesis
at b =0 with the results of various phenomenological
analyses. See the text for criteria used to define sat-
isfactory agreement.

p +A,2

lmf++ Ref++ lmf ++

CPM
DAM
AM-EXD
AM-SC
IMB
SCAP

Yes
Yes
No
No

No
No
No

~ ~ ~

Yes
Yes

No
Yes

Not one of the seven analyses we have displayed
in Figs. 1-4 shows the systematic suppression of
the low-partial-wave amplitudes for all exchanges
that is predicted by "strong SCAP."

Chiu and Ugaz" have performed a model-depen-
dent determination of the nonflip amplitudes in
w'P-K'Z' and K p-s Z' at 4 GeV/c. Their re-
sults, labeled SCAP in Figs. 3 and 4, agree well
with the weak-SCAP hypothesis, i.e., Imf„(5=0)
=0 and Ref„(5=0)=0 for (Kg+Kg). The analysis
of Irving, Martin, and Barger" involves the same
data and very similar assumptions, yet a check
of the appropriate curves in Figs. 3 and 4 for the
IMB analysis shows that the weak-SCAP predic-
tions are not satisfied hy Ref„(5=0}and only ap-
proximately satisfied by Imf„(b); i.e., Imf„(5=0)
is not very small but does seem to be suppressed
relative to its value in the peripheral region.

To get a more complete picture of the evidence
for or against the weak-SCAP hypothesis, we list
in Table I how well all the analyses we have con-
sidered satisfy the hypothesis. To allow for the
uncertainty in the determination of the low partial
waves because the models fit only over limited
t regions, we consider the weak-SCAP hypotheses
successful if Imf„(5=0)/Imf „(5=0.8) s0.5, with
a similar condition for the real parts,

From the Table we see that only the Chiu-Ugaz
analysis shows weak-SCAP behavior for both real
and imaginary parts. Several other analyses show
suppression near 5= 0 of Imf „(5), i.e., CPM,
DAM, and IMB. No analysis except SCAP shows
suoh suppression for Ref„(b).

To see how conclusive the various entries in the
Table are, we consider each analysis in turn.

In the CPM analysis the most uncertain quantity
was Ref„(b) for tensor exchange. In that paper
the arbitrary assumption was made that the tensor
nonflip amplitude has approximate Regge phase.
The assumption was made for simplicity, mainly,
and affected the fits very little, since the data
which constrain ReE„(t) for tensor exchange, for

example the polarization data in n p-gn, are
rather meager. Thus weak SCAP is not excluded
by the CPM analysis nor is it inconsistent with
the theory of complex poles in general.

Neither of the new absorption models, AM-SC
or AM-ExD, seem to satisfy the weak-SCAP hy-
pothesis. Since the p-exchange amplitudes are
quite well determined, we look for the discrepancy
in the treatment of the A, -exchange amplitudes.
We have already noted that the use of the same
effective rescattering for tensor exchange as for
vector exchange gives poorer fits to the w p-qn
data than a pure pole model or than a model in
which the rescattering is given by elastic rescat-
tering alone. If the conventional absorption cor-
rection were applied to A, exchange (hut not to
p exchange} the resultant amplitudes would fit the
data better and would differ in the following ways
from the A.,-exchange amplitudes shown in Fig. 2:
Imf„(5=0) would be smaller, while Ref„(5=0)
would be larger. Such amplitudes would come
close to satisfying weak SCAP. Of course, use of
different rescattering for vector and tensor ex-
change is against the spirit of the original absorp-
tion models and the extensions we have discussed. "

Finally, as we remarked earlier, the low-par-
tial-wave amplitudes in DAM disagree with all
other treatments so that the DAM analysis is not
useful for testing any hypotheses of low-partial-
wave systematics.

In summary, evidence for weak SCAP is weak
and evidence against it is inconclusive.

IV. THE PERIPHERAL-b REGION

The peripheral-b region, 1.4aba0. 5 F, is dom-
inated by the pure Regge-pole amplitude. The
most interesting question to ask here is: Is there
any evidence for the exchange degeneracy of the
Regge poleax' The imaginary parts of the p- and
A, -exchange amplitudes, helicity-nonflip and -flip,
are replotted in Figs. 5 and 6, model by model, to
answer this question.

In Fig. 5 we see clearly the tendency for ex-
change degeneracy in Imf„(b) in the peripheral
region. In the CPM analysis exchange degeneracy
of the p and A, was imposed at k = 0 in the fitting
so that the weighted areas of the p and A., curves
were constrained to be equal. In the other three
analyses no such constraint was imposed.

Fig. 6 shows the corresponding comparison for
the helicity-flip amplitudes. For the CPM and the
DAM the agreement with exchange degeneracy is
again excellent. For the flip amplitude exchange
degeneracy was not imposed in CPM. The two
absorption models agree with exchange degeneracy
only in some average sense, since the b depen-
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FIG. 5. Comparison of Imf++(b) for p and A2 exchange
in four different analyses.

dence of the two exchanges is rather different.
Again, the double-peaked structure for A, and the
small negative excursion for p are consequences
of using the same effective rescattering for the
flip amplitude as for the nonflip (helicity-indepen-
dent rescattering) and using the same rescattering
for p and A, As noted earlier there is no evi-
dence for these structures. In fact what little evi-
dence there is, i.e., the elastic np polarization,
the energy dependence of the m P-m'n differential
cross section, and the t =-1.4 (GeV/c}' dip in
w P - gn, would suggest that the cut in flip ampli-
tudes is smaller than in these models. In sum-
mary, the analyses shown are consistent with ex-
change degeneracy for the flip amplitudes of p

and A, exchange.
Fig. I compares Imf„(b} for Kg and Kg in w'P

-K'Z' at 4 GeV/c. Here there is evidence for
exchange degeneracy only in CPM and SCAP, and
not in DAM or IMB. Several points should be
made. First, in the CPM analysis exchange degen-
eracy at t=0 was imposed during the fitting. The
fits are excellent and no improvement was found
when this constraint was removed in the final
stage of the fitting. Second, - the CPM results are
consistent with simple breaking of SU, as found in
other analyses. " SCAP approximately satisfies
similar simple SU, breaking, while the DAM and
IMB violate SU, by large factors. Furthermore,
these latter two analyses disagree as to whether
vector or tensor exchange dominates. Third, we
note that the SCAP and IMB analyses are very
similar and based on the same data. In view of
these points and the results for (p, A, )-exchange
discussed above, we tend to favor the CPM and
SCAP results and conclude that there is some evi-
dence, not very conclusive, that the K„* and K~
nonflip Regge-pole amplitudes are exchange-de-
generate in the peripheral region, and that the.
breaking of exchange degeneracy occurs mainly
at small impact parameter for these exchanges
also.

In Fig. 8 we compare Imf, (b) for KP and Kg ex-
change for the CPM and DAM analyses. The SCAP
and IMB curves are not shown because they were
assumed exchange-degenerate. Again we discount
the DAM results because they violate so strongly
SU,. The CPM results pose an interesting prob-
lem. This model was formulated in terms of t-
channel amplitudes. The s-channel amplitudes
vary from reaction to reaction depending on the
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FIG. 6. Comparison of Imf+ (b) for p and A2 exchange
in four different analyses.

FIG. 7. Comparison of -Imf++(b) for KP and Kf ex-
change in m+p

' K+X+ in four different analyses.



1432 PAUL R. STEVENS

vr P ~ K+g+ Imf+ (b), ~I~g = 4 GeV/c
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FIG. 8. Comparison of Imf+ (b) for Ep and Ef ex-
change in z+p E+Z in the C-PM and DAM analyses [the
Imf+ (b) for the IMB and SCAP analyses were assumed
exchange-degenerate j.

flip, nonQip ratio of the t-channel amplitudes.
Since w'P -E'Z' has a larger nonflip contribution
than K P-A'4, the KP and Kg s-channel flip am-
plitudes have a somewhat different profile th~
the corresponding p- and A, -exchange flip ampli-
tudes. R and A parameter measurements are
needed to determine whether the various exchange
amplitudes have a common profile in the s channel
or in the t channel. For our purposes here, the
CPM results are roughly consistent with exchange
degeneracy of the helieity-flip amplitudes.

number of different, quantitatively successful
phenomenologieal analyses. While the amplitudes
often differ significantly from analysis to analysis,
we have found some interesting regularities by
considering the peripheral region, which is Regge-
pole dominated, separately from the small-b re-
gion, b&0.5 F, which is strongly affected by
Regge cuts.

In the small-b region three features seem well
established: Imf „(b) for vector exchange changes
sign at small b, Ref„(b) for vector exchange has
a central component much like that of a Regge
pole, and lmf„(b) for tensor exchange has a cen-
tral component of the same sign as its peripheral
component. This behavior is inconsistent with
exchange degeneracy of the vector- and t'ensor-
exchange amplitudes in this region.

The DAM cannot explain any of the small-b
features. The new absorption models explain
them all by the same mechanism: the presence of
a little understood real part in the rescattering
amplitude. The weak-SCAP hypothesis for the be-
havior of the small-b partial-wave amplitudes is
not confirmed by any analysis other than that of
Chiu and Ugaz, but neither is it ruled out because
Ref„(b) for tensor exchange is, for all practical
purposes, not restricted by the data.

Most analyses find the p- and A, -exchange par-
tial-wave amplitudes to be exchange-degenerate

V. RESULTS FOR RELATED EXCHANGES

Other vector-, exchange partial-wave amplitudes
that have been determined from the data are
Imf„(b) for &u exchange in KN and NN elastic scat-
tering. " These results are very similar to those
quoted here, with the minor quantitative difference
that the m-exchange low partial waves seem to
have a larger negative excursion than the p-ex-
change amplitudes.

The isolation of the P' amplitude has been the
subject of considerable controversy. '" The struc-
ture of Imf„(b), i.e., whether it is peripheral or
has a central component, depends greatly on what
is assumed for the slope of the Pomeranehukon.I" is found to have a central component if the
slope of the pomeranehukon is less than O.V.' In
Fig. 9 we compare Imf „(b) for P' as found by
Barger and Phillips" with the corresponding quan-
tity for A, in the various analyses we considered.
The I" seems quite similar to the A, .

0.04—
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O.OI—

O.OO—

Imf++(b), PI b
=66e'I/'/c

p esyesoo ~ o Bp
A~ CPM-----DAM

-—AM-ExD—-—AM-SC

l I I I

0.5 I.O l. 5
b (F)

VI. CONCLUSIONS

We have compared the s-channel partial-wave
amplitudes for vector and tensor exchange in a

FIG. 9. Comparison of Imf++(b) for A2 exchange in
four different models with Imf++(b) for &' exchange as
found by Barger and Phillips.
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in the peripheral region, both for the flip and the
nonflip amplitudes. The K~ and K~ amplitudes
are not as well determined, but the more reliable
analyses show a similar exchange degeneracy in
the peripheral region for these amplitudes also.

Our study of existing analyses therefore sug-
gests that Regge poles are approximately exchange-

degenerate and that exchange-degeneracy breaking
occurs mainly at small impact parameter.
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