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ABSTRACT

The SU(3) structure of isoscalar, even signature meson

exchange amplitudes in elastic meson-baryon scattering is

explored.

The forward amplitudes corresponding to singlet

and octet exchange exhibit complicated energy dependences,

- neither of

Raegge pole
identified
to a Regge
terms of a

trajectory

which can be ascribed to the exchange of a single
with an energy-independent intercept. A contribution
with Pomeron exchange is isolated. It corresponds
pole with intercept above one. A description in
mostly-singlet Pomeron and an ideally mixed £°

gives an excellent account of total cross sections

from 6 to 280 GeV/c. For t < 0, the singlet amplitude becomes

increasingly dominant over the octet amplitude.
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I. INTRODUCTION

From the time it was postulated to explain the constancy
of total cross sections, the Pomeranchuk Regge pole has been
an enigma. It has always seemed mysterious that so manifestly
an s~channel phenomenon as shadow scattering should admit an
economical t-channel description. The unique role of the Pomeron
in finite-energy-sum-rule duality! still awaits explanation, and
it remains to be understood why total cross sections should be
approximately constant. Although theoretical efforts continually
have been directed toward elucidating the nature of high-energy
diffraction,? only since the discovery? that total cross sections
increase at energies of several hundred GeV has the problem of
the Pomeron generally been perceived as pressing. At the present
time, theoretical programs to combine the constraints of duality
and unitarity* appear to promise some hope of understanding
diffractive phenomena at experimentally attainable energies.

An important practical obstacle to the study of the Pomeron
has been the difficulty of extracting Pomeron-exchange amplitudes
from experimental data. Unlike the amplitudes associated with
guantum number exchange, which may be parametrized neatly as
power laws in the incident momentum, the vacuum exchange
amplitudes are complicated functions of the beam momentum.

The vacuum exchange contributions to N and KN total cross
sections, shown in Figs. l{(a) and 2(a), are first decreasing
then increasing functions of the incident momenta. The ratio

of the imaginary parts of the forward amplitudes for KN and N
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elastic scattering is plotted in Fig. 3. It shows clearly
that the energy dependence is significantly different for

N and XN c¢ollisions, so these amplitudes cannot be ascribed
to the exchange of a simple object with straightforward
factorization properties. We show these features in a
different way in Figs. 1(b) and 2(b), by plotting as functions

of incident momentum the effective wvacuum exchange intercepts

aeff(plab) = BRO‘J(A(Plab, t*—=0))/8209(91ab); (1)

where A(plab' t=0) is the imaginary part of the forward
elastic scattering amplitude. The effective intercepts rise
from about 0.9 at low energies to values above one; they are
somewhat different in N and XN ceollisions.

The conventional interpretion in terms of a Pomeron
(usually assumed to be approximately an SU(3) singlet) with
intercept near one and an f! Regge pole with intercept near .
¥ satisfactorily accounts for the experimental information.
However, it renders ambiguous the extraction of the Pomeron
contribution to any process at finite energies, and raises
additional guestions. For example, if the Pomeron and f° are
completely distinct objects, why should N and KN cross
sections behave so similarly with energy? Why are the
relative strengths of spinflip and nonflip couplings of

Pomeron and f° so nearly the same?® The f-coupled
Y
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Pomeron scheme answers the second guestion (by

construction), and predicts an energy-independent ratio of the
vacuum contributions to nN and NN scattering which is in
reasonable agreement with experiment [see Fig. 4].

Recently, Chew and Rosenzweig? have made the suggestion
that the Pomeron and f° constitute a single, chameleonic object.
Over a limited range in energy, it behaves like a simple Regge
pole, but the trajectory and the SU(3} structure of the coupling
are energy-dependent. The more numerous the degrees of freedom
which may be excited at a particular energy, the higher will be
the intercept of the vacuum pole generated by multiparticle
unitarity.® By this interpretation, if the £ trajectory
does not have a separate existence, it is no longer required
to explain why its couplings resemble those of the Pomeron.

Stimulated by this suggestion and by the recent appearance
of new data on meson-baryon scattering at high energies, we
have reexamined the evidence for two vacuum poles by performing
an SU(3) decomposition of the vacuum exchange amplitudes. In
the next section, we describe our investigation of the forward
amplitudes as measured in total cross section experiments. We
identify two elements of the vacuum exchange amplitudes, a
Pomeron which has a fixed power-law behavior and an ideally
mixed f° trajectory. This differs from the classical
solution of Regge pole phenomenology only in the intercept
(here above one) of the Pomeron. We are not able to exclude
the chameleon interpretation, but we do not find in the Chew-

Rosenzweiq proposal any natural interpretation of the
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regularities of the data. In Section III we use techniques
similar to those of Davier and Harari!? to separate the SU(3)
singlet and octet contributions to nonforward vacuum amplitudes.
For negative values of t , the singlet contribution becomes
increasingly dominant. By a similar device we extract a

"purely Pomeron" contribution to elastic scattering, and discuss
its properties. Summary remarks and suggestions for further
experimental investigation appear in a concluding section.

Our preferred interpretation of meson-baryon total cross
sections has much in common with a long succession of Regge
pole analyses. The principal novelty here is the manner in
which we have manipulated the data to make apparent the
properties of the individual contributions. As in all

phenomenology, unigueness is in the eye of the beholder.

II. TOTAL CROSS SECTIONS

This section is devoted to a study of the elastic amplitude
at £t = 0. We concentrate on mescn-baryon scattering because
the measurements in many channels permit the isolation of the
vacuum exchange amplitude and the determination of its SU(3)
composition.

The vacuum exchange amplitudes for wN and KN elastic

gscattering may be written as

S + 20

S -0 (2)

AKN

where 8 and O are amplitudes corresponding to SU(3) singlet
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and octet exchange in the t-channel, respectively, and the

optical theorem connection is
gt(p) = Im A(p, t=0)/[s—(M+u)2]%[5-(M—u)2]6 (3)

where * u(M) is the meson (nucleon) mass. We isolate the singlet

and octet contributions as

= + N
S (ZAKN AWN)/3

o = (AﬂN - AKN)/3- (4)

The singlet and octet contributions to the total cross
sections are shown in Figs. 5(a) and 6(a). Both of these have
complicated energy dependences. The effective intercept of the
singlet contributions shown in Fig. 5(b), increases from about
0.85 at 6 GeV/c to 1.05 at 280 GeV/c, while the effective
intercept of the octet piece, shown in Fig. 6(b}, increases
from 0.6 to 1 over the same range of energies.

A third linear combination of amplitudes is also of

particular physical interest. This is the combination

L=2AKN—AFN=S-4O {5)

which eliminates the contribution of an ideal mixture of octet
and singlet. According to the conventional Regge pole

phenomenology, L should be free of any contribution from the
£° trajectory: it should receive contributions only from the

Pomeron. In the language of the quark model, L 1is the
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amplitude for ¢N scattering. The contribution of L to

total cross sections is shown in Fig. 7. It rises monotonically
from 6 to 280 GeV/c,!! and is extremely well described by a
power-law in plab:12
Im L(p. , t=0) = (20.620 mb. - GeV?¥){p. _ /(1 Gev/e)|'"*"°% (e6)
lab lab

The conclusion we wish to draw from this result is that it

corresponds to a simple J-plane structure with fixed intercept.
It further indicates that any nonleading contribution to meson
-baryon total cross sections carries the guantum numbers of an

8

ideally mixed £ The power-law fit determines the Pomeron

intercept and the combination of Pomeron couplings (P, - 4P.},

1
in the context of standard Regge pole phenomenology. Its only
unconventional aspect is the intercept above one which of course
cannot persist to arbitrarily high energies. It is not natural,
according to the model of Chew and Rosenzweig, to expect any
total cross section to be increasing already below 30 GeV/c.
On the other hand, the combination (5) is of no special signi-
ficance in their model, so i1ts remarkable energy dependence
may be dismissed as accidental.

Having isolated the contribution of the putative Pomeron
by eliminating any from an ideally mixed £° trajectory, we now
carry out a two pole fit to the singlet and octet amplitudes.
We have three additional parameters, namely two couplings P,
and £, = 4f, and the intercept ©o.(0}. A x? - fit to the

data in Figs. 5 and 6 selects the values
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P, = 25.861 mb.- GeV?,
P, = 1.310 mb.~ GeV®,
£, = 43.507 mb.- GeV?,
uf(O) = 0,4081 , {7
where P, has been determined using Eq. {6). The resulting
excellent fits are those shown in Fig. 5{a) and 6(a). The

consequential parametrizations of the physical processes are

the solid curves in Figs. 1l(a) and 2(a). The quality of these

fits is superior, even over a limited energy regime, to the

one vacuum pole fits by Bali and Dash,?® which are often cited

as support for the conjecture that the Pomeron and f° are the

same object. It may be remarked that the fitted value of

the f'-intercept is in close agreement with measured values

of the w-intercept {of which more below) and with the value

deduced from the meson spectrum under the assumption of w-f°

exchange degeneracy. We are therefore justified in interpreting

the non-Pomeron component of vacuum exchange amplitudes as

that of the f%-trajectory. In the model of Chew and Rosenzweig,

the f%1like character of the nonleading contribution is,

like the energy dependence of the "¢N" cross section, unexpected.
The relative strength of the octet coupling of the Pomeron

is here determined quite reliably, principally because of the

very high energy data available to us. The ratio PB/P1 = 0.05
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is in reasonable agreement with the fraction of approximately
0.08 suggested by the f-coupled Pomeron model.’? It exceeds by
roughly a factor of two the two-pion exchange octet coupling
estimated by Kane and Pumplin.!?

The celebrated flatness of K% nucleon total cross sections
is simply explained in traditional Regge phenomenology, in which
the Pomeron exchange contribution is energy-independent. The
imaginary parts of the £f£0%- and (, -exchange amplitudes cancel, as
prescribed by duality or exchange degeneracy, leaving only the
constant Pomeron contribution. How does the description now
under discussion achieve such flatness? The w-exchange

contribution can be determined by fitting the amplitude

= %{a + A - A - A
Ktp X*n Kp K™n

= (-13.758 mb. - GeV®)(p;, /(1 Gev/c))a.aus7(
’ 8)

The fitted w-intercept 1s a reascnable one. Fits to K*d and
pid total cross section differences both yield intercepts of
0.43. From measurements of the coherent regeneration reaction
K;d > Kcd between 12 and 50 GeV/c at Serpukhov,!* the intercept
is &w(O) = 0.46 t 0.06. Preliminary Fermilab measurements ' °
of KLC > KSC between 30 and 120 GeV/c give a value of am(O) =
0.41 * 0.03. The « coupling in KN scattering is however
considerably smaller than that (32.630 mb. - GeV?) of the f°-

trajectory. Hence, while the two Reggeon exchange amplitudes

tend to cancel in the X'N channel, the cancellation is
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incomplete. The resultant description of KN total cross
sections is shown in Fig. 8. The price we are forced to pay
for fits with a Pomeron intercept above one is (predictably)
the abandonment of strong exchange degeneracy. The
phenomenological case for strong f£°9- w exchange degeneracy

18 50 this is not a radical

has always been somewhat shaky,
outcome, although it is rather ungraceful.

A more speculative check of the f9%-likeness of the
secondary trajectory can be made by relating meson-baryon and
baryon-baryon scattering by means of the CGZ ansatz.’ The test
of the £f-coupled Pomeron model given in Fig. 4 indicates that
we may obtain a general description of NN cross sections by
multiplying our parametrization of =N cross sections by a
constant. In Fig. 9 we compare the measured vacuum exchange
contribution to NN scattering with 1.70 x the N parametrization.
The most objectionable qualitative feature of the "prediction”
is its tendency to rise at energies where the NN data remain
flat. Other authors,!’ unconstrained by the f-coupling scheme,
have succeeded in fitting the ISR measurements’® of ct(pp) with
a Pomeron intercept near 1.07, but the flatness of the cross
section between 100 and 300 GeV/c is difficult to reproduce in
a two pole model.

It is important to discuss the implications of the

unconventional attribute of our two-pole descripticn, namely

the Pomeron intercept above one. The Froissart bound prohibits
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the persistence of such bkehavior to asymptotic energies, so we
must ask whether over the range of energies we have explored

a power-law growth is conceivable. The relevant criterion

for the onset of unitarity corrections is not the value of the
pole intercept, but the magnitude of partial wave amplitudes.
Preliminary analyses!® of meson-baryon elastic scattering

between 50 and 175 GeV/c indicate that the partial wave amplitudes
at zero impact parameter still lie far below the rigorous
unitarity bound, and probably also well below the effective
bounds incorporating models for diffraction dissociation.!?®
Coupled with the absence of pronounced diffraction minima for
moderate values of t , this indicates that absorptive effects
are unimportant in the meson-baryon sector in the energy interval
in which data are available.

We have also studied the effects of absorption in the
context of a theoretical model. The energy dependence of an
input Regge pole amplitude with intercept at 1.08 and with a
b=0 partial wave of the order encountered in meson-baryon
scattering is changed only slightly by application of the
Gottfried-Jackson absorption prescription.2?? The effective ¢
intercept is lowered by less than 0.01 over the entire energy
range we consider. Although this exercise is guite schematic,
we believe it explains the compatibility of an energy-independent
singularity above one with the data. For the larger partial-

wave amplitudes appropriate to NN scattering, our model
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calculation leads us to expect a somewhat larger quenching
of the Pomeron intercept (by about 0.015} which would again
be virtually independent of energy up to 300 GeV/c. These
differences in the expected unitarity corrections are likely
to complicate relationships between meson-baryon and baryon-
baryon scattering.

We note that Collins, et al., and Capella, et al.?! have
published descriptions of meson-baryon total cross sectlons
which include a Pomercon with intercept near 1.1 . While they
have not been concerned with the SU(3) structure and systematics
of vacuum exchanges as we have, their fitted parameters bear
some resemblance to ours.

Lipkin'! has made a detailed study of deviations from the
additive quark model in meson-proton and baryon-proton total
cross sections, enforcing the constraints of strong f®—w exchange
degeneracy. He found a number of remarkable connections between
meson-baryon and baryon-baryon cross sections which led him to
identify a non-singlet component of the Pomeron. The new
component was parametrized as a pele below one. Within the
meson-baryon sector and free from strong f%—w exchange
degeneracy, we see no indicatiocon that the Pomeron octet must
be assigned to a new J-plane singularity. Indeed, the
effective octet intercept displayed in Fig. 6(b} argues

against an intercept much below one.
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III. NONFORWARD ELASTIC AMPLITUDES

We report here the results of an exploratory study of the
SU(3) content of vacuum exchange amplitudes away from the forward
direction. This natural extension of our analysis at t=0 1is
given impetus by the experimental observation?? that at Fermilab
energies the differential cross sections for N and KN scattering
approach each other for +t<0 and by the theoretical suggestion??
that the SU(3) singlet part of the Pomeron amplitude should
become dominant over the octet part for t<0 . Our aim is to
begin to quantify the experimental result and to compare it with
these speculations.

In the absence of high-energy amplitude analyses it is
necessary to make a number of technical assumptions to draw
inferences about the properties of amplitudes. Our technique
will parallel the one introduced by Davier and Harari!?® to study
the structure of gquantum number exchange amplitudes. We assume

that only a single spin amplitude is important, and write

do +

ao = 2 9

I (np) |n+ £ 0| , (9)
+

99 (k*p) = |K = K[> (10)

where I and K are the C = :1 exchange amplitudes for
* +

7N and KN scattering. We form the combinations

-

%[Qi(w+p) + dg (w'p)] {|H4J2 + |H_|2}

dt dat

1

m {2 (11)
+
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and

{Ir, 17 + 1x_17}

B (12)

b [E‘E’-(K’”p) + (—i—q(K_p)]
dt

i

neglecting the odd-signature contributions compared to those of
even signature, an excellent approximation at 50 GeV/c and above.
The only even signature contribution to 7N scattering is from

vacuum exchange, so we identify

[Vw\z = g[%%(w+p) + %%(w—p)} y (13)

For Kip scattering, K+ contains both vacuum and Az—exchange
contributions. The latter cannot be eliminated without
information on X*n elastic scattering. At the energies of
interest, we know from total cross section data that the A,
contribution may safely be neglected at t=0. Although we
cannot justify neglecting it for t<0, we must do so to proceed.

Therefore, we write
|VK|2 = ;i[g%(K+p)+%%(K_p)]2 . (14)

We are now ready for the SU(3) decomposition. We write

v |2 = |s + 20]% = [8]% + 4 Res™0

n

[Vel? =8 - 0|? = |S]? - 2 ReS*O ()

where the t-dependence of the singlet and octet amplitudes S

and O is implicit.?* The combinations
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|s|? = (2‘|VK|2 + |vﬂ12)/3 (16)

and

2 2
v, [* - gl
[ 65|

0 (17)

isolate the differential cross section arising from singlet
exchange and the octet amplitude in phase with the singlet
amplitude. The smallness of O” will demonstrate that it is
consistent to neglect the [0|? terms in Eg. (15).

The singlet contribution to meson-baryon scattering between
50 and 200 GeV/c is shown in Fig. 10. It has approximately
an exponential dependence upon t , and there is a hint of
shrinkage. The octet exchange amplitude (in phase with the
singlet exchange) is plotted in Fig. 11l. It falls off very
rapidly with t , and is consistent with zero for t < -0.4
(GeV/c} ?. This shows guantitatively the increasing dominance
of singlet exchange over octet exchange away from the forward
direction. A number of interesting questions cannot be
answered with the available data. We should like to decompose
the nonforward amplitudes into Pomeron and £° contributions
as we did in Figs. 5 and 6 at t=0 by fitting the energy
dependence for each value of t . From this exercise we would
learn whether the octet part of the Pomeron amplitude is
peripheral. Similar exercises can be carried out in impact
parameter space.

Although we cannot demonstrate with data over only a

limited range of energies that
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2 —
L2 = s - 40| = 2[Vp|2 - |V |2 (18)

has single Regge pole behavior for <0, as it dcoes at t=0, it
is of interest to ask whether this combination indeed has thea
properties we expect of pure Pomercn exchange. TIts contribution
to elastic meson baryon scattering®® is shown in Fig. 12. It is
exponential in t , and shrinks in a manner compatible with a
moving trajectory with about half-normal slope. Although no
firm conclusion can be drawn from these data, it is comforting
that the trajectory appears to be a reasonable one.

Qur analysis indicates that the importance of the octet
contribution to the vacuum exchange amplitude for meson-baryon
elastic scattering diminishes rapidly away from t=0. This
behavior is compatible with the conjecture of Chew and Rosenzweig
and with the hypothesis that the octet part of the Pomeron is
peripheral. We are not able to separate Pomeron and f£°
contributions using the data in hand. We are hopeful that the
extension of this kind of analysis to lower energies, with due
attention to the problem of A, exchange in Kip scattering,
will yield more definitive results. The answer to the long-
standing question of the peripherality of tensor exchanges
may be found in this way. Additional measurements of the
differential cross section for 9N elastic scattering, which
according to the quark model is equal to the "pure Pomeron"

contribution L , will provide ancther source of information
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on the Pomeron amplitude for t#0 . The importance of such

measurements at Fermilab is already recognized.
IV, CONCLUSIONS

A two Regge pole parametrization gives an excellent description
of the vacuum exchange contribution to meson-baryon total cross
sections between 6 and 280 GeV/c. The Pomeron, which lies above
one in the J-plane, is an almost pure SU(3) singlet at t=0. The
ideally-mixed f° -trajectory and its partner the w have
approximately the same intercept, but the £° couples more
strongly than planar duality would suggest. The relative signs
of the f£° and couplings agree with the requirements of
exchange degeneracy.

In the framework of theoretical models, the structure of
the Reggeon field theory and of s-channel absorption models is
potentially very rich when the bare Pomeron intercept lies above
one. Over the currently accessible range of energies, however,
unitarity effects seem not to complicate the simple Regge pole
description in the forward direction.

The two vacuum pole model gives in our opinion a simpler
interpretation of the total cross section data than is possible
in the Chew-Rosenzweig picture. The energy dependence of the
combination 20t(KN) - Ut(ﬂN) and the ideally-mixed £° quantum
numbers of the nonleading pole are not obvious consequences of

their scheme.
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We have proposed a technique for extracting (parts of) the
singlet and octet vacuum exchange amplitudes in nonforward
elastic scattering, and used it to quantify the dominance of
singlet amplitude for t<0. This element of the Chew-Rosenzweig
model is in good agreement with the data. It was not possible,
using data at 50 - 200 GeV/c, to make detailed statements
about the energy- and t-dependence of the individual contributions
to the vacuum exchange amplitudes. We anticipate that this will

be a fertile area for further investigation.
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FIGURE CAPTIONS

(a) The wvacuum exchange contribution to 1N total

cross sections [Ot(ﬂ+p) + Gt(ﬂ—p}] . The data
are from Ref. 5. The curve is the two Regge pole
fit described in Section II. (b) The effective

vacuum exchange intercept for =N scattering as
defined in eqg. (1)}.

{(a} The wvacuum exchange contribution to KN total
cross sections [ot(K+p) + Gt(K+n) + Gt(K_p) +
dt(K_n)] . The data are from Ref. 5. The curve

is the two Regge pole fit described in Section

IT. {b) The effective wvacuum exchange intercept
for KN scattering as defined in eq. (1).

Ratio of the imaginary parts of the vacuum exchange
contributions to the forward elastic scattering
amplitudes for KN and wN collisions. In the
absence of a secondary vacuum trajectory, or if
couplings of all vacuum trajectories were
proportional, the ratio should be energy-
independent. In the f-coupled Pomeron scheme,

the ratio should approach the value

%aP(O) - sfago) + af*tO)H/[an)—uf*w)]:o.s at
high energies. The data are from Ref. 5.

Ratio of the imaginary parts of the vacuum

exchange contributions to the forward elastic:



Fig.

Fig.

Fig.

Fig.

5:

63

7

8:

-23- FERMILAB-Pub~75/81-THY

scattering amplitudes for NN and 7N collisions.
The f-coupled Pomeron scheme predicts an energy-
independent ratio. The data are from Ref. 5.

(a) 8U(3) singlet part of the vacuum exchange
contribution to meson-baryon total cross sections.
The data are from Ref. 5. The solid curve is a

two Regge pole fit described in the text. The dashed

line is the Pomeron contribution. the dotted line is

the contribution of the ideally-mixed f£° trajectory

(b) The effective intercept for the singlet part,
defined through eq. (1).

(a) SU(3) octet part of the vacuum exchange
contribution to meson-baryon total cross sections.
The data are from Ref. 5. The curve is a two Regge
nole fit described in the text. The dashed line is
the Pomeron contribution, the dotted line is the
contribution of the ideally-mixed £°9 trajectory.
Contribution of the "f-free" combination L ,
defined in eq. {5), to meson-baryon total cross
sections. The data are from Ref. 5. The curve

is the Pomeron Regge pole parametrization given

by eq. (6).

The isoscalar exchange contribution to K+N total
cross sections. The data are from Ref. 5. The
curve is the three Regge pole fit described in

the text. The dashed line is the Pomeron
contribution; the dotted line is the contribution

of £° and o Regge poles.
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Vacuum exchange contribution to NN total

cross sections. The data are from Ref. 5 and
Ref. 3. The curve, suggested by the f-coupled
Pomeron model, is 1.70 x the fitted wvacuum
exchange contribution to 7N scattering. It
deviates from the NN data above 150 GeV/c and
would lie systematically above the ISR measure-
ments of o, (pp).

Vacuum exchange SU(3} singlet contribution to
meson-bharyon elastic scattering from 50 to

200 GeV/c. The data are from Ref. 22. The
"optical points" are derived from the total
cross section analysis of the previous section.
Octet amplitude, defined by Eg. (17), for meson-
baryon elastic scattering from 50 to 200 GeV/c.
The data are from Ref. 22. The "optical pointsg"
are derived from the total cross section analysis
of the previous section.

"Pure Pomeron" contribution, defined by Eg. (18) ,
to meson-baryon elastic scattering from 50 to
200 GeV/c. The data are from Ref. 22. The
"optical points”" are derived from the total

cross section analysis of the previous section.
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