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It is shown that the combination of a “bare Pomeron” with intercept &p(0) = 0.85 in conjunc-
tion with a reasonable set of secondary Regge trajectories and a canonical absorption prescrip-
tion is capable of providing a good global fit to practically all 0"4* —0~1* meson-nucleon
scattering data up to lab momenta of 30 GeV/c. The bare Pomeron with intercept lower than
1 has a large real part which greatly facilitates the description of the data. At higher energies,
“renormalization” effects can be expected to be important as inelastic diffraction events, and
these lead to a renormalized Pomeron intercept very close to or equal to one. The value
& p(0) = 0.85 used throughout this intermediate-energy fit is in agreement with current inclusive
triple-Regge data and maximum-rapidity-gap distributions. It is also in agreement with
certain strong-coupling ABFST (Amati-Bertocchi-Fubini-Stanghellini-Tonin) multiperipheral
model calculations. For secondary effects, we have used a family of vector Regge trajectories
(0, w,K*) with a degenerate intercept of about 0.45, and tensor trajectories (4,, K**) with an
intercept of about 0.25. A second vacuum pole emerges with intercept close to 0. The P’ (f)
trajectory, not included here, can perhaps be expected to appear in conjunction with the re-
normalization of the Pomeron. Although no wrong-signature nonsense zeros are included in
the parametrization, the p-A, and K*-K** pole couplings are nevertheless very nearly ex-
change degenerate. SU(3) is used to relate most of the other couplings. The (pole + cut) helic-
ity-flip p-A, and K*-K** amplitudes also show considerable exchange-degenerate character-
istics. We have used a standard absorption prescription to calculate the second-order bare
Pomeron (P)@Reggeon cuts and P®P cuts. An unusual result emerges—the ‘“enhancement”

A; factors for all cuts are less than one. This indicates the presence of higher-order cuts
which thus dominate over inelastic intermediate-state production in this approach. The data
used in this fit are a representative selection of 0”1*— 071* data (including 7N amplitude
analysis, hypercharge-exchange differential cross sections and polarizations; 7*p and K%
total and differential cross sections, polarizations, and ¢= 0 real-to-imaginary ratios; and
7N and KN charge-exchange differential cross sections and polarizations) up to p,,= 30 GeV/c
and [t|=1.5 (GeV/c).

I. INTRODUCTION has been traditionally suggested by the near con-

stancy of the total and elastic cross sections and

A universal feature of all phenomenological
Regge descriptions of two-body scattering data
of the last ten years has been the use of a vacuum
pole trajectory with intercept of (or very close
to) 1.0, and a finite slope. This particular choice

the behavior of the real-to-imaginary ratios of
the forward elastic amplitudes. Thus, a simple
Pomeron pole with intercept at 1, together with
a restricted set of leading secondary trajectories
and supplemented by an absorption prescription



10 GLOBAL DESCRIPTION OF 0 3*-03* REACTIONS... 2103

for generating cuts, has been effective in describ-
ing differential and total cross sections and some
features of the elastic polarizations and forward
real-to-imaginary ratios. However, these ap-
proaches have never been entirely successful.!
Certain troublesome features not easily cast in
this rather restrictive mold exist. Typical of
these have been the difficulties with charge- and
hypercharge-exchange reactions, line-reversed
reactions, and the shrinking of the diffraction
peak at high ¢.

Many attempts have been made to remedy these
difficulties. These attempts have focused on com-
plicating one or another of the inputs to the sim-
ple absorption model with exchange-degenerate
secondaries and a simple Pomeron pole at one.
One approach, similar to ours in spirit, is to
change the nature of diffraction to some phenom-
enological form suggested by the data themselves?®
or by, e.g., an optical model.®> This enables the
absorptive cuts to be rotated in a manner which
must otherwise be done by hand,* and which ap-
pears crucial to the fitting of certain data. Another
approach is to neglect any explicit parametrization
of cuts but modify the input secondary poles, e.g.,
by making them complex® or including nonleading
poles.® Another approach’ gives up all hope of
directly connecting J-plane physics with phenom-
enology and concentrates on duality instead, mak-
ing assumptions for the imaginary parts of am-
plitudes through assumptions about the residue
structure of s-channel resonances. In this ap-
proach the real parts are a priori determinable
through dispersion relations, but the most com-
plete phenomenology® has been done without this
constraint, at least for the helicity nonflip am-
plitude. A final approach, including nonleading
Reggeon-Reggeon cuts possibly combined with
nonleading poles, is certainly conceivable, but
due to a high degree of ambiguity seems unattrac-
tive.

The most complete treatment of two-body scat-
tering of any approach has been carried out by
Hartley and Kane,? hereafter called HK. HK intro-
duce a phenomenological Pomeron which is more
complicated than a pole—indeed it has an essential
singularity at J=1 for ¢{#0. Its main feature lies
in its substantial real part at ¢ #0 which allows a
successful “global” fit to all the 073*~ 073" data.
This is achieved with a certain breaking of ex-
change degeneracy, but without an insulting num-
ber of free parameters. The phenomenological
Pomeron of HK has some theoretical justification
in terms of s-channel unitarity, mainly concerning
its ¢ dependence at fixed s.°

In this paper we shall take a somewhat different
viewpoint. Following Chew'® we shall argue on

s-channel unitarity grounds that the energy de-
pendence arising from a probably greatly com-
plicated set of leading J-plane singularities in
the usual Froissart-Gribov positive-signatured
partial-wave amplitude A ; can be well described,
at least for intermediate energies (p,, =30 GeV/c),
by the energy dependence due to an isolated pole
in an auxiliary partial-wave amplitude A s> Whose
intercept lies substantially below one. This sin-
gularity in A, which we call the “bare Pomeron”
(P) is then responsible for the leading behavior
of the full isoscalar amplitude M’=%(s, {) at inter-
mediate energies, and as such enters into the
absorptive corrections of the model, which are
taken here as P® P and P®R cuts. As the bare
Pomeron intercept we use in this fit has an inter-
cept of 0.85, it naturally has a sizable real part
even at =0, and thus achieves most of the phe-
nomenological objectives of HK’s Pomeron in an
economical way. Furthermovre, there is a divect
connection of our parametrization of diffraction
in two body phenomenology with multiparticle
physics.”*™* This, in our view, is the most sig-
nificant point of our approach.

In this paper we present a global fit in the same
spirit as HK’s fit to most of the 0"3*~ 073" data,
and we show that a quite successful description is
possible within the framework of this model.'* We
of course make no claims to the uniqueness of our
fit, and therefore, the only inference we can draw
from it is that the scheme as proposed is indeed
one of the (perhaps) many different ways of ac-
counting semiquantitatively for the same experi-
mental information. However, the fact that the
fit seems to be a fairly graceful one, without too
many outrageous features, and the fact that it does
have some theoretical underpinnings encourage
us to believe that there may be some truth buried
in it.

Section II of this paper contains a brief theoret-
ical discussion of our model and Sec. III describes
the parametrization used. Section IV is devoted
to a discussion of the results with emphasis on
the amplitudes obtained. Our conclusions are
contained in Sec. V. Details of the formulas and
the values of the parameters are consigned to the
Appendix.

II. THEORETICAL MOTIVATION

The approach taken in this paper is based on the
generalized two-component multifireball models
for high-energy scattering proposed by Chew,'®
Ter-Martirosyan,'® and others, but taking into
account the results obtained by one of us in the
study of inclusive reactions,!’ maximum rapidity
gap distributions,’? and modified ABFST (Amati-
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Bertocchi-Fubini-Stanghellini-Tonin) models.!3* 1
The discussion centers on unitarity and the con-
sequent connection between two-body processes
and inelastic processes. We shall assume that
inelastic processes up to intermediate energies
(b, = 30 GeV/c) are dominated by events with no
large rapidity gaps (NLRG) in the distribution of
their secondaries. Thus elastic and quasielastic
processes are not to be included in Oinet . Through
unitarity these inelastic events give rise to a total
NLRG (single fireball) cross section 04 which is
taken to have a leading power behavior of the form
(s/s,)% %1 where &p(0)<1 is the intercept of
what we shall call the unrenormalized or bare
Pomeron. If one uses a multiperipheral model'3: 4
for oy, this leading power dependence has no loga-
rithms, and its coefficient factorizes.

To describe the next leading term in o4 one must
assume the existence of unitary absorptive cor-
rections to the multiperipheral production ampli-
tudes which were used as the mechanism for gen-
erating the P."” These corrections do not affect
the P pole, but instead affect the PxP cut. In
principle, they are responsible for changing the
sign of the P xP cut from its positive value in the
unabsorbed multiperipheral calculation to negative,
as required by ¢{-channel unitarity. Without explic-
itly treating production-amplitude unitarity these
corrections cannot be calulated. To the extent
that the magnitude of the P xP cut is small com-
pared to that of the P pole, one may still hope to
use the unabsorbed multiperipheral model as a
reasonable approximation in performing phenom-
enology on inelastic processes at intermediate
energies, at least at a qualitative level. The re-
sults of our two-body phenomenology indicate that
the P xP cuts are smaller than the P pole.

We should mention at this stage that the multi-
peripheral model we have in mind as a first ap-
proximation to oy is a multiperipheral subcluster
resonance model, the prototype of which is the
ABFST strong-coupling resonance model, with
phenomenologically determined off-shell behav-
iors.!®: This is a reasonable choice insofar as
o4 has no large rapidity gaps by definition.

At intermediate energies, then, of% ~0%
~74 758 (91 to leading order. The elastic and
those quasielastic cross sections where vacuum
exchange is possible fall as s28P(9-2 jp this region,
and the leading-order behavior of total cross sec-
tions is the same as that of the inelastic cross
sections.

At energies beyond the intermediate range, some
inelastic events begin to develop large rapidity
gaps (LRG). Since the subenergy s; spanning the
large rapidity gap is still largely in the interme-
diate region except at astronomical energies, we

can expect that in these diffractive inelastic events
the leading subenergy behavior will have the form
(s4/5,)% .11 The appearance of these inelastic dif-
fractive LRG events can be expected to modify
(“renormalize”) the energy behavior of the total
inelastic cross section. This renormalization can
be studied in a multifireball model with o given
by the ABFST resonance model, and indications
are that a renormalized Pomeron intercept very
close to 1 is consistent with our approach.!! The
parameter A defining a large rapidity gap is of
course tied up with &,(0), and a determination of
the relationship between these quantities rests on
examination of inelastic data. A good guess is

A =1.5-2. In particular our approach implies
additional contributions to the diffractive com-
ponent of the inelastic cross section to thgse which
are easily accessible to experimental analysis.*
The NAL data are not in contradiction with the
presence of a substantial inelastic diffractive
cross section, and the plots of maximum-rapidity-
gap distributions in fact suggest it.'?

In J-plane language, we introduce an auxiliary
partial-wave amplitude A, which at ¢=0 is the
Froissart-Gribov projection of the NLRG (single
fireball) cross section. Its leading pole (P) and
cut (P x P) singularities at J = ap(t) and J=2a,(t/
4) - 1 provide a simple parametrization of the in-
elastic cross section at intermediate energies,
where it is nearly equal to 0. If the renormalized
singularities present in the usual Froissart-Gribov
partial-wave amplitude A ; are used to parametrize
the inelastic cross sections at intermediate en-
ergies, a complicated set of them must be in-
cluded. These can involve, e.g., a myriad of
complex poles close to J =1 (see Ref. 18) and even
the full complexity of a Gribov calculus'® which,
if it simplifies at all, does so only at much higher
energies.?® The energy dependence of the sum of
these complicated effects at intermediate energies
is simply expressed by the energy dependence
arising from the leading singularities in 4 in
our approach.

The process of renormalization of the Pomeron
can reasonably be expected to give rise to the
P’ (f) singularity via the “schizophrenic Pomeron”
mechanism.?! We therefore do not expect to find
the f as a singluarity in A s» and in fact we do not
include the f here, although a vacuum singularity
at J=0 is included.

As has been discussed by several authors, the
acceptable values of ap(0) [or &p(0)] are con-
strained by inclusive x =1 data and the resultant
value of the renormalized triple-Pomeron coupling
gp(t) [or the unrenormalized triple-Pomeron cou-
pling 25(t)]. Very-high-energy two-body data of
course require ap(0) ~1. The more usual inclusive



10 GLOBAL DESCRIPTION OF

parametrizations® involve the renormalized Pom-
eron pole (neglecting cut corrections) and obtain a
small renormalized triple-Pomeron coupling.
This in turn implies that the bare Pomeron inter-
cept is close to 1. Since triple-Regge subenergies
are in intermediate regions even at CERN ISR
energies, our philosophy requires the bare Pom-
eron to be used, along with the bare triple-Pom-
eron coupling. The latter turns out to be quite
large in this approach,'' and the sizable renormal-
ization effect implied is sufficient to renormalize
the bare Pomeron at 0.85 to 0.99 in the ABFST
multifireball model.!

Further results obtained in strong-coupling
ABFST resonance models with off-shell modifica-
tions consistent with the intermediate-energy
description of certain multiprong inelastic cross
sections® indicate that &p(0)=0.85 is reasonable.™

Finally we wish to make some remarks about
rising total cross sections at high energies in this
approach. Due to the fast falloff of the single-
fireball cross section, one cannot simply invoke
low-mass diffraction as being responsible for the
rise®; indeed the whole of the diffractive cross
section in model calculations'' goes into main-
taining the total cross section at a constant value
at high energies. However, absorptive (renor-
malized) P ® P cuts are then perfectly capable of
generating the rise in total cross sections, al-
though the magnitudes of these cuts is at present
incalculable, being related to unitarity of the pro-
duction amplitudes.”

We close this section with a simple mathematical
illustration of our preceding remarks which should
illuminate the discussion. We shall write an elas-
tic amplitude T (s, ¢) as an integral over the
Sommerfeld-Watson contour in the following man-
ner (see Ref. 12):

c+io d] (e—‘"/"’s/s )!
- e’ A\ S e « LA
Tel(s; t) ,[_‘Q 2m Sm(ﬂ]/z)
e—bl

mam-goe - W
The parameter b reflects the existence of in-
elastic diffractive thresholds and g is closely re-

lated to the triple bare Pomeron coupling. The
exponents e~%/ follow from the Froissart-Gribov
formula. They state the fact that thresholds in
Ins are reflected in the asymptotic behavior in j.

Now, the unrenormalized partial-wave ampli-
tude A (¢) in this simple model is

Aft)y=e/[j-a&t)]. (2)
The renormalized partial-wave amplitude A (t) is

Aft)=e™/[j- alt) - g%(t)e™] . ®3)
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This can be rewritten as

B e-b! o0 §.2 e—b:’)l
A =750 Z%(; &) @

Now we can discuss the unrenormalized bare
Pomeron P and the renormalized Pomeron P. The
bare P is a pole at j=a(¢) in A,(t). We should
note immediately that &(¢) is a function of ¢ only.
It does not depend on s, and it cannot depend on s,
since the s dependence of amplitudes enters
through the factor s’ in the Sommerfeld-Watson
projection [Eq. (1)]. Therefore the B pole at
j=a(t) in A(t) is not an energy-dependent pole,
and it is not to be thought of as such. The renor-
malized Pomeron is, strictly speaking, the lead-
ing singularity of A (t), a different function from
A(t), in Eq. (3). However, if there are other
singularities of A (¢) near j=1, at finite energies
we will not be able to isolate them from a pole at
j=1, so that effectively, the renormalized Pom-
eron will consist of many singularities near j=1.
Now, we shall evaluate Eq. (1) in two ways. First,
we will use the expansion of A () in Eq. (4). At
finite s, because of the exponents in j, only a fi-
nite number of terms in Eq. (4) will contribute to
the integral in Eq. (1). We first restrict our at-
tention to the intermediate-energy region

b<In(s/s,)<2b . (5)

* We see that, in fact, only the £ =0 term will con-

tribute to the imaginary part of T,(s,t). This is
because for all other terms we can close the con-
tour to the right to get zero. Hence, we obtain for
b<In(s/s,)<2b, the exact expression

ong(o)(s/so)&o—l ’ (6)

where $(0)=e™*%/s,. The phase of T, in leading
order in this region is just that of the bare Pom-
eron; i.e., for b<In(s/s,)<2b

_ -6(t) -in/2 S &)
Ten(S,t)-m—)(e / ;0'> . (7

[We have had to neglect real terms of 0(§%) in
Eq. (7) coming from the inelastic diffractive am-
plitudes below their thresholds, but since this is
an effect we have no handle on, we neglect it.]

Now we can also evaluate Eq. (1) by simply mov-
ing the contour ¢ - - . If we do this, we obtain
the expression exact at all s in this model,

Ot =3 Bal0) (8 /5 )P (8)

where j,, is the position of the mth singularity in
A ,(0) with residue g8,. (We have neglected log-
arithms.)

Now we notice several things:
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(1) The energy dependence of 0,,, expressed
using the bare P in Eq. (6) is a lot simpler than
that using Eq. (8) with the renormalized P in
the intermediate-energy region b<In(s/s,) <2b.
Setting b =2, a reasonable estimate, leads roughly
to the same definition of intermediate energies as
used in our fit.

(2) The f does not appear as a singularity of
A {t). In principle it must appear as a singularity
of A,(t) at j=a(t). Thus, if one wants to use the
f trajectory in performing phenomenology, one
must also use the correct renormalized Pomeron.
Actually, A (t) might have included an “unrenor-
malized f,” and in fact we shall employ a vacuum
pole at =0, which will play a minor role in the
fit.

(3) At higher energies, In(s/s,)>2b, Eq. (6) is
no longer valid, since explicit terms of O(g?*)
enter from the expansion in Eq. (4). Either we
must add these in explicitly or else use the exact
expression, Eq. (8). We always require In(s /s,)
<2b; hence we need not worry about this problem.

(4) Absorptive cuts and secondary (p, ...) tra-
jectories used in the fit are added in by hand, and
have not appeared in our little model above.

IIIl. PARAMETRIZATION AND RESULTS

We now summarize the parametrization used for
this fit. The results are given in Tables I and II,
and full details are to be found in the Appendix.
The slope of the bare Pomeron was determined
phenomenologically, and the slopes of the sec-
ondary trajectories were fixed at 1 GeV~2. These
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were taken as SU(3)-degenerate vector (p, w, K*)
and tensor (A,, K**) trajectories with possible
renormalization effects ignored. We also included
a low-lying vacuum pole at J =0,2* which we call
P’’. The residue functions in all cases were para-
metrized with simple exponentials and without
wrong-signature nonsense zeros. The isoscalar
flip amplitudes were set equal to zero. SU(3) was
used to relate the contributions of a given sec-
ondary pole to all reactions, and two SU(3)-break-
ing parameters were introduced for the bare Pom-
eron pole. The cuts used were the simplest pos-
sible and are described in the Appendix. They
involve two X factors, which turn out to be less
than one. This has the significance of implying
the dominance of higher-order cuts over inelastic
intermediate-state cuts, neither of which was
explicitly included.

In all, our parametrization of the intermediate-
energy 0~3*— 073" data involves a total of 34 pa-
rameters for about 1000 data points, but at least
some of these turn out to be highly constrained.
The P intercept of 0.85 is fixed at the value al-
ready used in triple Regge fits.!' Further, the
p-A, and K*-K** pole couplings are nearly de-
generate, both for helicity flip and helicity non-
flip, and the w coupling is near its SU(3) value
relative to the p. Effectively, we have 26 inde-
pendent free parameters, compared to about 20
for HK.?

The global fit shown in Figs. 1 to 15 was ob-
tained by a weighted least-squares minimization
program. As could be expected, better looking
curves could be obtained by doing a “local” fit

TABLE I. SU(3) coefficients [see Eq. (18),Appendix]. In the last two columns 7{*) =12 2F

and F has two values (nonflip, flip).

i (Reaction) P P w p A, K* K+

1 rp—1p S, 2 -2

2  Tp—Tp S, 2 2

3 p— 1 —-2V2

4 T1p—m 2(3)12

5 Kp—Kp Sk 1 1 1 1

6 Kp—Kp Sk 1 -1 -1 1

7 Kn—Kwn Sx 1 1 -1 -1

8 Kn—Kn Sg 1 -1 1 -1

9 Kp—R% 2 2
10 K'n —K% -2 2
11 Klp—KQp -1 1
12 rp—K°Z Nog ) vz )
13 np—k'Z’ 2n(") 2n(™)
14 Kp—nz* —2n(? 2n(=)
15 1 —KO'A —@) g+ —@)i2g)
16 Kn—1A @)12n® @2
17 Kp—rA 1INF —9IN3
18 K™p—ngA (+) ,’(+)/3
19 K™n—ngZ” 67 ~(V6/3) )
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TABLETI. Parameters obtained in the fit.?

of o BB oo

p 0.85 0.304 10532 0 1.625

Pr  -0.033 1 93.63 0 3.957

w 0.441 1 6122 0 5.0

p 0.441 1. 13.02 66.1 5.036  4.024
A, 0.254 1. 13.42 71.3  6.147 —0.144
K* 0.441 1 6.68 57.07 3.514  2.052
K ** 0.254 1 7.84 58.68 0.992  1.57

2Other parameters are sy=1 GeV?, F =(}$3¢2} for {"gafte},
§,=1.383, §=1.176, A 5, =0.476, A px=0.676,
I'(n—2y)/T(n—all)=0.38.

to a limited subset of the data without great
changes in the parameters.

Figure 1 contains the results for the 7*p and
K*p total cross sections®® and Fig. 2 shows the
forward real to imaginary amplitude ratios.?® The
most notable features of these data include the
flat shape of o%;® and the positive K~p real to
imaginary amplitude ratio, both of which are re-
produced. Figure 3 contains the 6-GeV/c 7N am-
plitude analysis results.?” The crossover zero at
t=~-0.2 in ImM/;"! and the “Regge-pole-like” char-
acteristics of the double zero and single zero at
t=-0.5 in ReM!"! and ImM’=! are a consequence
of our absorption procedure, as in HK’s approach.?
ReM’>! has less absorption due to the P than does
ImM!=! and is therefore less peripheral. Figures
4-T show the results for the elastic n*p (Ref. 28)
and K*p (Ref. 29) differential cross sections and
polarizations,® and the corresponding results’!:3?

30
END OF INTERMEDIATE
i ENERGY REGION

jotal (Mb)

. ] . s
5 10 20 30 50
Prob (GeV/c)

FIG. 1. Total 7*p and K*p cross sections. The fit is
shown only up to P, ~30 GeV/c, which marks the end
of the intermediate-energy region in which the fit is
expected to be valid.
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FIG. 2. Real to imaginary amplitude ratios at £ =0
for K™p (open circles), mp (open triangles), 7" (closed
triangles), and K¥p (closed circles).

for n°p ~ 1°n and 7”p - nn are exhibited in Figs. 8
and 9. All features are satisfactory except for the
large-t m"p -~ 7°n data. (Slight changes in the global
parameters afford a better description of these
data; an example is shown by the dashed curves.)
The 7~p - 7°n polarization results are good, the
absorption model dip at around ¢ ~- 0.6 being quite
mild here. Figure 10 contains the results for the
“rotating” and “real” reactions®'3 K~p -K°z and

FIG. 3. 7N amplitude analysis results at 6 GeV/c. The
notation is that of Ref. 27.
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FIG. 4. Elastic 7*p differential cross sections.
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FIG. 5. Elastic K *p differential cross sections.
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FIG. 6. Elastic 7*p polarizations.

K*'n—K° which are also reasonable, as is the de-

scription of the recent K~p —K°: polarization data.3®

Figures 12 and 13 show the results for hyper-
charge-exchange differential cross sections. We
have plotted the same hypercharge data as in
HK,% "% except that more recent experimental
low-energy results*! for 77p —K°2° and 7~ p - K°A°
are plotted in Fig. 13(b). The description of the
hypercharge polarizations®37:3% 42 ghown in Fig.
14 is adequate. Finally, Fig. 15 shows the de-
scription of the reaction K p ~Kp, recently mea-
sured at SLAC.*®* Our model is also consistent
with these data.

K*p—K*p K'p—Kp
0.5 + 5 Gev/c | {' 5 Gev/c
P OF"065 =10 15[ L5

-t [(GeV/c)z]

0.5 10

t 1+

0.5 14.0

T

FIG. 7. Elastic K *p polarizations.
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FIG. 8. Differential cross sections for 7p — % and
mp —nn. The dashed lines are the results from another
global fit with slightly different parameters.

We should mention the motivation for choosing
the specific cutoff of 30 GeV/c for the intermedi-
ate-energy region. In principle, this should be
done by a direct determination of the threshold
for appreciable inelastic diffraction effects. While

T-p— 7°N T-p —7n

05
{; 3.5GeV/c } 247

-05

-1.0
FIG. 9. Polarizations for 7 — % and 77 — 7n.

K™ p —Kk°n

. 100 5.5 GeV/c
~
>
Q
e
3 10
=S
Sl 10.0
|
| 120
|
L uaa caade Lo ual
o 10 15

L T | P |
O 05 10 150 O,
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FIG. 10. Differential cross sections for Kp —K% and
K'n—K%.

30 GeV/c is not an unreasonable a priori estimate
for such a threshold, our approach here is prag-
matic in the sense that above 30 GeV/c our de-
scriptions of total cross sections begin to break
down (particularly for K*p). A further hint is seen
in the £=0 real to imaginary ratios. Above 30
GeV/c, these presumably go to zero, whereas
our fit shows a slight reverse turnover. To re-
iterate: Our approach to two-body phenomenology
utilizing the bare Pomeron is only valid at inter-
mediate energies (<30 GeV/c). Above these en-
ergies, renormalization effects are expected to
become important, leading to constant (or slightly
rising) cross sections, etc.

In the next section we shall describe the fit in
somewhat more detail, with due attention paid to
the amplitudes involved.

IV. DETAILS OF THE AMPLITUDES AND RESULTS

We now analyze some of the more technical
points of our results. The isoscalar nonflip
7"p ~7~p amplitudes at 10 GeV/c are shown in
Fig. 16. The P pole with its sizable real com-
ponent is used to calculate the absorptive cuts.
This leaves open the question of the results that
a more ambitious cut scheme would produce in-

10~ K™p — K°n - _15.0
$ 8Gev/e L
5.0 Gev/c

-t [Gevre)?]
L K*'n—=K°p

FIG. 11. Polarization results for K p —K% and pre-
dictions for K*n —K%.
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FIG. 12. Hypercharge-exchange differential cross sections: 7 —K%20, 7% —K*Z* and K p —7n"Z*.

volving absorption with the entire isoscalar am-
plitude as is the philosophy in HK. Since our X
factors are less than 1, such a scheme should in-
clude explicit P xP xP cuts in addition to P xP xR
cuts. The P xP xP cut will partially restore the
real part of the P pole canceled by the P xP cut.

In the present description, the P +P xP amplitude
has a relatively flat phase ~ 7/2 as if it were a
fixed pole at J~ 1. However, Re(P + P xP) does
have a zero at t~ - 0.5. When combined with the
single zero of Im(p +P Xp), _ as evidenced in Fig.
17, this produces a double zero in the elastic 7*p
polarizations (see Fig. 6). The other contributing
term Im(P + PxP)Re(p +P xp), _ also has a double
zero from the second term which is due to the
absorption. This mechanism for production of this
double zero is similar to that of HK, although the
real part of the Pomeron utilized therein vanishes
because of a Bessel function zero at t~-0.5. Fig-
ure 16 also shows that the P” pole plays a role only
in the elastic phases near ¢t=0. It is conceivable
that it could be eliminated entirely (and certainly
changed) in models with slightly different assump-
tions, e.g., including PxP X P cuts or more com-
plicated pole residue functions.

The size and phase of the absorptive corrections
to secondary pole terms are illustrated in Fig. 18,
where the absorbed and unabsorbed p and A, poles
in K~p elastic scattering at ¢=-0.05 GeV?, p=10
GeV/c are plotted. The advertised features of the
absorption are clear. The imaginary helicity-non-
flip vector pole is absorbed more than its real
part (so the forward n~p - 7°z differential cross
section which samples both ReM’%! and ImM!=!
decreased faster than Ao[;*). The helicity-flip

vector pole is absorbed less than the nonflip, as

in any absorption model, so the integrated n~p

- 1%z differential cross section decreases faster
yet. Figure 18 also shows that the absorption for
the A, pole is like that of the p pole when the real
and imaginary parts are interchanged, although due
to the less peripheral A, pole the tensor helicity-
flip absorption is more pronounced than the vector
flip absorption. This is the same picture as in
HK.?

One of the most interesting points is the descrip-
tion of the flat shape of 0¥ » (see Fig. 1). Figure
19 shows the =0 nonflip absorbed and unabsorbed
K*p elastic amplitudes at 10 GeV/c. The large
negative Px P and w +P xw terms drop off faster
than the P pole and yield a flat total K*p cross
section up to our cutoff energy of ~30 GeV/c. As
we have mentioned, Pomeron renormalization ef-
fects are presumably responsible for the flatness,
or even slight increase of 0’5,? beyond 30 GeV/c.

It is also clear that the p and A, terms play minor
roles in this behavior, and the P” plays no role

at all. It is well to remember in contrasting this
rather complex mechanism with the simple mech-
anism of unabsorbed exchange-degenerate poles
plus a simple Pomeron pole with unit intercept that
the latter simple mechanism also predicts that the
t=0 real-to-imaginary K™ p elastic amplitude ratio
vanishes. Experimentally this quantity is not zero,
and appears to be in qualitative agreement with
our description (see Fig. 2).

The question of the extent to which our results do
exhibit exchange degeneracy will now be considered
As we have stated, although we have not assumed
intercept exchange degeneracy nor wrong-signa-
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ture nonsense zeros, our secondary poles do have
a remarkable exchange-degenerate set of ¢=0 cou-
plings as is evident from Table II. This is true
for both helicity-flip and -nonflip couplings. More-
over, the total (pole +cut) flip amplitudes exhibit

10000

1000

3
(pb/Gev?)

)
do
dt

Olo %8 16 °

-t feev?)]

FIG. 15. Differential cross sections for K}p —K%p.
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FIG. 16. Isoscalar helicity-nonflip amplitudes at 10
GeV/c for 1p —77p. The unabsorbed and absorbed B
pole are shown along with the J= 0 vacuum pole P”.

a large measure of exchange-degenerate behavior,
as they do in HK’s treatment. Figures 3 and 17
show the 77p - 1%z amplitudes in Halzen’s and
Michael’s notation and in our notation. The “wrong-
signature nonsense zero”-like result of a double
zero in ReM} _ and a single zero in ImM? _ at

t~ - 0.5 are reproduced in our absorbed amplitudes.
The corresponding results for tensor exchange
having no zero in ReM42 and a single zero in
ImM*%2 at t~ - 0.5 are also reproduced by our
absorption (see Fig. 20). The peripheral nature

of ImM?, with the crossover zero at t=-0.2

AMPLITUDES -
T-p—7°n (10 GeV/c)_j’

-t fGev/e)?]

FIG. 17. Amplitudes for 7p — % at 10 GeV/c.
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stronger absorption of Im(p) and Re(4,) relative to Re(p)
and Im(A,), respectively, due to the phase of the bare
Pomeron pole.

(GeV/c)? is a direct result of the absorption in the
nonflip imaginary p amplitude; ReM?, is absorbed
less and does not have this peripheral zero. The
essential exchange-degenerate character of the
secondary flip amplitudes is also apparent from

a glance at Figs. 21 and 22 in which the amplitudes
for the “rotating” K~p -~ K°z and “real” K*n-K°
reactions at 10 GeV/c are plotted. The “rotating”
flip amplitude does indeed rotate as in an unab-
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1000}
o
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FIG. 19. Helicity-nonflip t=0K"% —K" ampliP.ldes
at 10 GeV/c showing relative contributions to oX 2.
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FIG. 20. Amplitudes for 7p —nn at 10 GeV/c.

sorbed exchange-degenerate pole model. The
“real” amplitudes are indeed mainly real, but have
a 25% imaginary component. The corresponding
differential cross sections and polarizations are
shown in Figs. 10 and 11. The “real” pole term

is larger than the “rotating” pole term, and ab-
sorption brings the two closer together.?

The corresponding results for the hypercharge-
exchange reactions are similar though exchange
degeneracy is broken somewhat more than in the
A, £p reactions. Figures 23 and 24 show the
10-GeV/c amplitudes for the line-reversed pair
of reactions 7'p~K*Z* and K™p - 7"Z*. The “ro-
tating” flip amplitude does rotate to a significant
extent, but the “real” flip amplitude has compar-
able imaginary and real parts (although the “real”
nonflip amplitude is mostly real). All this is in
agreement with the hypercharge polarizations and
cross sections as shown in Figs. 12-14. It should
be remembered that these fits were performed with
the K* and K** intercepts equal to the p and A,
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FIG. 21. The “rotating” K”p —K% amplitude at 10
GeV/c. Values of ¢ in (GeV/c)? are given in parentheses.
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FIG. 22. The “real” amplitude K *» —K% at 10 GeV/c.

intercepts, respectively. Breaking this constraint
would undoubtedly lead to better results in some
of the details.

Finally, we consider the reaction Kpp-Kgp
(see Fig. 15). This reaction is controlled by
—(w+PXw) near t= 0, as shown by regeneration
phase measurements® which show this phase ¢
to be ¢~ -135°+20°. Qur results at 10 GeV/c
give ¢ =—138°. The SU(3) predictions relating to
w- and p-pole contributions are in our notation**

é:J,f=(4F+i-1)B-g,f ’
Yeor=vss -

The nonflip relation is actually well satisfied with
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B (-0.1) .
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FIG. 23. The “rotating’’ hypercharge-exchange am-
plitudes for 7'p —K*Z* at 10 GeV/c.

201~ (M+:)‘, _
L - - oy

(-1.0) o (-0.05)
0 18(-0.7) — 0= " (-0.1) —

AMPLITUDES
K p—7"Z* (10GeV/c) 4

B IR U WY
40 60 80 100

Re M

FIG. 24. The “real” hypercharge-exchange amplitudes
forK™p —n"Z% at 10 GeV/c.

our pole parametrizations and our value F,, =1.6.
The flip relation is broken since we obtain F,_=0.18
and we have set /=0, but the breaking is not
severe. We should emphasize that this SU(3) rela-
tion implies that AcX:* and Ao/ ;? fall off at the
same rate since the w and p absorptions are then
in the same proportions. This is almost the case,
the difference in the rate of falloffs being s°° %,
which varies ~10% between 5 and 20 GeV/c. A
glance at our total cross section fit (Fig. 1) shows
our results are reasonable.

For completeness, we show the b-space projec-
tions of the bare Pomeron and the 77p = 7°z and
7~ p —nn amplitudes in Figs. 25-29. We shall not
enter into any detailed discussion of these results,
as they are equivalent to the discussion already
given. Some comments are included in the figure
captions. The projections of the absorbed p and A,
amplitudes are similar to HK’s and the discussion
there is also applicable to our results.*® The b-
space bare Pomeron projection is somewhat dif-
ferent in the two approaches, but is qualitatively
the same.

L e e S R i as e
40 r+p —m+p (6.0 GeV/c)
POMERON
A
20F~<+ReP AAA -1
NG Re (P+PxP)
(o] 4 —
/4’ A A A
- ;;‘—Im(P+PxP)
-20F i A -
,/~—ImP
7/
e
-40k-~ —
1 I 1 I 1 l 1 l
[0} 0.4 0.8 1.2 1.6 2.0
b (fermi)

FIG. 25. b-space projections of the unabsorbed and
absorbed bare Pomeron pole P at 6 GeV/c. Note the
dominant central Gaussian-like feature in the absorbed
P with a significant “edge” effectat b ~1 F. (1 F~5
GeV™!or J;, ~17.5.) The “edge” appears naturally, and
is not added in by hand.
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V. CONCLUSIONS

We have succeeded in obtaining a very reason-
able global fit to a very considerable set of 0~3*
- 0-3;* data in the intermediate-energy range. We
cannot claim uniqueness, and thus the success of
our fit is no proof that the notion of an unrenormal-
ized Pomeron is a powerful one, but we believe
that the fit is graceful and not too strained, and
this gives a measure of plausibility to our idea.
In general, all of our fits to differential cross
sections are quite reasonable up to |¢|~ 0.7 (GeV/
c)?, and begin to deviate beyond that point. There
are many explanations for this. Probably the two
most obvious ones are the rather naive structure
of our residues and the primitive sort of absorption
used throughout. The polarization curves also
engage in mild gyrations at some spots, but since
they are far more sensitive to delicate phase rela-
tions the result is not unexpected. Perhaps a bit
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FIG. 27. Helicity-flip b-space amplitudes for 77
—7' at 6 GeV/c. Note the peripheral peaks at b~1 F,
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FIG. 28. Helicity-nonflip b-space amplitudes for 77p
—nn at 6 GeV/c. Note the peripheral real part of
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trasted with the case for p exchange.

more disturbing is the fact, shared with some ab-
sorption models, that the large-|¢| region shrink-
age is not accurately described. This is partic-
ularly evident in the charge-exchange reactions
and it could be due to several defects of our para-
metrization, among which the two previously men-
tioned play an important role. On the whole, how-
ever, we believe that the fit is a reasonable one.

It is clear from the description of the amplitudes
used, that we have made a number of very specific
choices with regard to trajectories including ab-
sorption prescriptions, absence of wrong-signa-
ture zeros, our form of exchange degeneracy, etc.
It is not clear to us that we have made the correct
choice in any of the above matters, and we would
not find it surprising that a very respectable de-
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FIG. 29. Helicity-flip b-space amplitudes for 77p
—1nn at 6 GeV/c.
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scription of the data could be achieved with dif-
ferent choices in many of them. We are also
aware that our description does involve many more
or less independent parameters.'* However, not
being professional phenomenologists, we do not
pretend to be settling any issues with our fit, but
rather making a particular point of view about the
nature of diffraction plausible, so we do not con-
sider this criticism excessively serious. A more
serious point is the fact that no attempt was made
to include any nucleon-nucleon data to which our
fit is intimately connected through factorization.
Nucleon-nucleon phenomenology is a science unto
itself, and at this time we lack the machinery and
manpower to carry out such an ambitious program,
but we expect it will be done in the near future,
and we have no reason to believe it will not suc-
ceed.

In assessing the results we have obtained, it is
important to keep the objectives of the exercise
clearly in focus. These are concerned with a
direct attempt to utilize multiparticle phenom-
enology and unitarity to construct the nature of
diffraction scattering in two-body processes. The
consistency of the approach in turn leads to state-
ments about the nature of inelastic diffraction in
multiparticle events. The critical point revolves
around the concept of the single-fireball cross
section oy which is assumed to comprise enough
of the total inelastic cross section at intermediate
energies to determine its leading-power behavior,
which is called the bare Pomeron intercept minus
one. It is clear that all these concepts are nebu-
lous unless substantial examination of inelastic
data is carried out. We have already indicated
the beginning of such a program, which has com-

JAN W. DASH 10

prised, among other things, examination of triple-
Regge data'' and maximum-rapidity-gap distribu-
tions*? as well as the possibility of utilizing the
resonance ABFST model as at least a first ap-
proximation to o4.'*** Further study along these
lines in parallel with further examination of two-
body data would be highly desirable.
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APPENDIX

In this appendix we give the parametrization and
formalism used in the text.
Our normalization is

0.389

Oﬁ(ﬂm)=Xtﬁ@:;;{;;glnﬂwa””@,O) (A1)
do o 0.389
dt (mb/GeV )= 167A(s, maz, mbz)
X(|M, |2+ |M, [?), (A2)
-2Im(M, M¥_)
P=—— A3
M, 2+ M, _|° (A3)

For 77p - (n=~2y)n we multiply Eq. (2) by the
1 =27y branching ratio.

Our second-order-cut formula (with x=1) for the
convolution of two poles is

=1, ~t

_ i di,dt, |: :l
(cut), , = 87 2A1/2(s,mu2, ") f I)\’lz(t, t, )l 6o + 2(”1)1/2 6,, | *[(pole), ,(pole),,] , (A4)

with »=0, 1 for nonflip, flip. Notice that our for-
mula for PXP cuts is defined not to have a factor
(1/2!). It is therefore not being treated as in the
eikonal model,! but rather with a K -matrix pre-
scription.

We write the pole terms contributing to reaction
i denoted by a; b; = c; d; as

; ; ; ap(t)
(pole)t, =7, 8% e <6““/2z—> , (A5)
]

. . ag(t)
(pole)’j‘_= I T, ﬁkaey}t<e—m/2 ;_) R )

0

where £=1,...,7 corresponds to f’, P”, w, p,

r

A,, K* and K**, and 7,={"}} for {+} signature.
The cut term for reaction ¢ for the kth pole is
calculated as the second-order P x(pole)* cut
multiplied by A factors as follows:

(] Q
o o + ap
ki _ _ s ki QPi -in/2 S \®
(CUt +‘+ = =1y Tk ﬁs Bs (2 s )
0

Xel“gt(gfi)-l , (A7)

i B . oy + o2
(eutht =6 V=T n i 347 )T
o}
R .
xels (g2, (A8)

where
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"(S) xkxP(x +xP)—1 (Ag)
T¥s)=x}x{ (x,+xP)‘ (A10)
xk s)=vE, +alln(e"i ™25 /s)) , (A11)

Fri(s) =8mA2 (s, mgi?, my2) (x* +xF), (A12)
FH(s) =81 2 (s, myi2, my,?)
X (xk +xP)2 (xF)1 (A13)

For hypercharge reactions, we replace ¢ by
t—t... everywhere. Since |t |<0.03 even at
P =3 GeV/c, this is a small effect. The ampli-
tudes M}, for reaction i are then

M. =Y [(pole)th + (cut)t] . (a14)
B=1

The parameters ¥, g%, and A,; are defined as

G

follows. For the bare Pomeron P we introduce
SU(3) breaking factors S, and S, for the P con-
tribution to 7N and KN elastic scattering so that

pRi=¢ 0 BPfori= (A15)

§ 5‘" SnN elastic
(Sk ) (KN elastic
The helicity- fhp isoscalar amphtude is set equal
to zero so that B, =0. For PxP cuts we have two
A factors, again for 7N and KN elastic scattering:

Ao, 7N elastic
Ap; = for i= . (A16)
Aok KN elastic

We set Apn; =0 (no PXP” cuts). For PxR* cuts
(R*=w, p,A,, K* K**) we take

Ay = if the beam particle for reaction i is {;} ) (A17)

(G

This corresponds to the ordering PxR. For the
ordering R xP we must replace the beam meson by
the final meson. Since g% has factors {5}, an
cuts are numerically independent of S and S
The cuts using the ordering PXR via Eqs. (A7)
and (A8) are the same as would be calculated by the
VS XR x VS Sopkovich prescription. With, e.g.,
TN—-KZ, the A factor ;' would be applied to the
initial $P X R absorption which has a factor S,
from P, and a factor S;' is applied to the final
$R X P absorption which has a factor S;. As we
have said, all the A,; parameters are less than 1
in our approach. For an eikonal unitarization of
the P the X factors for P xP cuts should be multi-
plied by 2. All other A factors remain unchanged.
The parameters g* and g% are found by multi-
plying the SU(3) coefficients in Table I by the num-
bers in Table II. That is, for reaction i and pole
k,

= (coefficient in Table I),; (8%, in Table II) ,
(A18)

where (s, f) refer to (nonflip, flip).

Finally, the transition to b space is made through
the following formula with »=(0, 1) referring to
(nonflip, flip):

2s

Mo D)= 5 o
’ ’

X [ Myyls, )0, (6 V=) V=T (V).
0
(A19)
If, as is true in our approach,

M(s,£)=) A (=) st (A20)

then we get the simple result

_»2/ 2s
M(s b)"'z (2%, )n+1( )] XS, me?, my?)

(a21)

*Work performed under the auspices of the U. S. Atomic
Energy Commission.
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