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Before beginning, let me apologize to those authors whose papers
should have been included under this title but which were omitted because
of lack of time, space, or understanding on my part. I have attempted
to be more understandable than comprehensive; inevitably a review

reflects its author's predilections and biases.

I Some General Considerations

According to the generalized optical theorem, ! the single particle
inclusive cross section is related to a particular discontinuity of the
three-body forward scattering amplitude (Fig. 1):

A[s(s-41'r12) E‘c ;iip = Disc aba F (1)
c

Assuming the three body amplitude has Regge asymptotic behavior,

the fragmentation (a:c ‘b) of particle a into particle ¢ on b will be controlled

by the dominant singularities in the bb channel z (Fig. 2):
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Here we have assumed for phenomenological purposes that the leading
singularity is an effective trajectory of intercept one. Similarly, the
secondary trajectories are assumed to have intercept aR(O) ~ 1/2. (3)
So far, nothing has been said about duality, but having obtained this
asymptotic form, one may ask, in analogy with two-body scattering,
whether these effective trajectories in the bb channel are related to
specific dynamical mechanisms in the crossed channels., For example,
is the pomeron in bb associated with non-resonant background and in
which channels? Similarly, are the Reggeons in bb related to resonances
in certain crossed channels. From the outset, these questions are more
complicated than in two-body scattering since, in the fragmentation

(a:c Ib), three channel invariants s = (a + b)Z, u=(b - c)z, and

M2 =(a+b - 0)2 all tend to infinity proportionately to each other.

[u= -xs, Mzz(i -X)sas s - o, ]

These questions have been kicked around already for a couple of
years, and good reviews already exist4 concerning the attempts to
answer them. Consequently, I feel relieved from performing a compre-
hensive review and will emphasize what I believe to be the central issue.

The main problem is that two-component dualitys (or the Harari-
Freund hypothesis) cannot be generalized to multibody amplitudes in a
straightforward, model independent way. One must consider a particular
framework for this hypothesis which is both compatible with unitarity and

generalizable to many-body reactions. Within that framework, one can
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discuss the generalization of two-component duality. With these
preconditions, the ambiguity involved in the generalization is largely
reduced. Two approaches that more or less share this philosophy have
been pursued during the past year. One by Green, and Virasoro and
rnyself6 and another by Tye and Veneziano, 7 based on earlier work by
Veneziano 8 and by Gordon and Veneziano. 9 [ For earlier proposals,
not based on generalizations of the two-component theory, see the
reviews of Ref. 4.]

At the two body level, both groups assume the hypothesis of Freund
and River-s10 for the pomeron P, viz, it is assumed that the twisted loop
amplitude (Fig. 3), having no resonances in the direct channel (s-channel),
has a pomeron in the crossed channel (t-channel). 1 However, this
duality diagram also has the P“or fo trajectory in the crossed channel.
Thus the duality diagrams suggest that in general resonances are dual
to Reggeons (including the P~) but background is dual to the pomeron
and to the P* Regge trajectory. This form of duality has been called the
"weak Harari-Freund hypothesis'' by Tye and Veneziano. This is in contrast
to the usual two-component theory which has resonances dual to Reggeons
and background dual to the pomeron but not to the P% This is called
the "strong Harari-Freund hypothesis" by Tye and Veneziano. Thus,
under the weak H-F hypothesis, one maintains exchange degeneracy among
the p-w —A2 trajectories, but the P is no longer constrained to be degenerate

with them. The set of predictions based on the weak H-F hypothesis
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is a naturally subset of consequences of the strong HF hypothesis.
Thus, e.g., weak H-F implies otot(K-p) > O'tot (K+p), but the K+p total
cross section could well be energy dependent. The strong H-F hypothesis
implies Gtot( K+p) is energy independent, as is the case experimentally.
Now, the first named group above6 attempts to generalize the
usual two-component theory. Tye and Veneziano, on the other hand,
generalize the weak Harari-Freund hypothesis, regarding the success of
the strong H-F hypothesis at the two-body level as something yet to be
explained. It is no wonder then that these two groups, starting from
different hypotheses at the level of two-body scattering, reach different
conclusions for inclusive cross sections. What I am trying to suggest
is that the rules of the game are far less arbitrary than it might seem at
first sight, and, although the generalization from total cross sections to
inclusive cross sections is not deductive and requires further assumptions,

the basic disagreements between the two results can be traced back

to basically different initial hypotheses. Tye and Veneziano's weak
H-F hypothesis is not without motivation, for the predictions obtained
by the first group from the strong HF hypothesis are indeed very strong
and, it is argued by Tye and Veneziano, perhaps even too strong to satisfy
the requirements of inclusive sum rules (See Section III below).

I have neither time nor space to describe these schemes in greater
detail; however, I have indicated something of the spirit of the two

1 s ogs
approaches. 2 Tye and Veneziano arrive at a great many predictions
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which are neatly summarized in a tabular form convenient for reference

" a very stringent

by experimentalists. They stress that many of them are
test of planar duality' for multiparticle amplitudes. Some of them are in

the form of equalities of differences of cross sections, such as

do (pp ~K X)-do(pn ~K X)=0
+ - + - - - - -
do(r p~K X)-do(r n - K X)=do (v n »K X)-do (v p - K X).

[ These relations are valid for all values of x and pl and are true of
leading energy dependent effects as well as of the asymptotic cross
sections. ]| These are essentially a consequence of the fact that exchange
degeneracy is maintained in non-vacuum channels and are important
relations to test. As these authors stress, 'the importance of doing
inclusive experiments on deuterium targets appears obvious, "

A second class of predictions are in the form of inequalities, such

as
- - + -
do(K p~ K X)> do(K p~ K X)

—+ -
dc(K+p—> pX) >do(Kp—-p X).
These I do not regard as peculiar to planar dual models and would be shared

by any model assuming the absence of interference terms (e. g., multi-
peripheral model). Loosely speaking, if one reaction is less exotic than
another, more channels will be open for it; if there is no interference,

each channel will contribute positively to the cross section and lead to
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inequalities like the ones above. Thus, these are not sensitive tests of the
particular model of Tye and Veneziano.

If, on the other hand, one tries to generalize the hypothesis that
all Reggeons (secondaries) are dual to resonances in crossed channels
(strong HF hypothesis), one inevitably concludes that for a reaction
ab - c X to be energy independent, it would certainly be sufficient to have
all channels (ab, ac, bE, and abc_:) exotic, 13 such as 1r+'rr+ - -rr_X,

K+p -K X,pp -K X, PP —~ p X. (One hardly needs a theory to arrive at
this conclusion!) However, the last two reactions have been measured
at the ISH14 and show a large increase (in the case of the p, by nearly
an order of magnitude from Piap ~ 24 GeV/c to plab ~ 450 GeV/c

(for 0.15 x £0.25)) Thus it would appear that for inclusive reactions,
there is no anologue of exoticity for total cross sections. (See however
the discussion of scale below.)

Before giving up the strong HF hypothesis, it is worthwhile to
discuss in detail some of the other theoretical assumptions which could
be wrong.

(1) Exoticity criteria are normally derived in a world of only
mesons and then simply assumed to hold even when baryons are present.
This is highly suspect, for it is equivalent to assuming a planar model
for baryons which implies a rather different baryon spectrum, 13 If one
begins with a symmetric model for baryons, such as the non-planar model

16
of Mandelstam, then the strong HF hypothesis seems incorrect even at
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the two-body level. New diagrams"l‘7 appear for meson-baryon scattering
(e.g., Fig. 4) which are exotic in the s-channel but which have ordinary
Reggeons in the t-channel. [ Unlike the breaking of exchange degeneracy
for the P © trajectory alone, these diagrams involve net quark exchange

in the t-channel and break exchange degeneracy in channels having non-
vacuum quantum numbers as well. | Notice that the difficulty appears even
with just one baryon present.

(2) The results depend crucially on the particular model for the
pomeron, universally assumed to be the twisted loop. While this is the
only candidate around for a dual pomeron, it is rather diseased in dual
perturbation theory.

(3) Regge poles may be a poor approximation. Even though absorp-
tive corrections are known to be important for two-body scattering, 18
they are not so strong as to disturb the basic predictions of the two -
component theory. It may well be that absorption is even more important
for three-body scattering, especially at large t (small x or large pl). 19

(4) Finally, it is difficult to interpret experimental results in terms
of a Mueller-Regge picture without knowing more about the energy scale o
For two-body scattering, we have learned that a useful scale is 1 GeV. 2
The energy dependence above about Prap ™ 2.5 GeV/c can be parameterized
with only a few terms and the couplings of the pomeron and of secondary
Reggeons to particles are of the same order in these units. Exoticity and
exchange degeneracy work very well. Exotic total cross sections (K+p

and pp total cross sections) show less than a 5% variation with energy



2
from Plab ™ 1.5 GeV/c to the highest energies measured. 0

How rapidly do the components of inclusive cross sections approach
their asymptotic expansions? And for what choice of scale are the
relative magnitudes of the pomeron and Reggeon terms comparable, i.e.,
for what choice of scale Sq is the ratio

R
f
x.p))

AL
*EL

of order unity? We must allow for the possibility that the answer is

dependent on x and P . i.e., the scale so may be a function of x and P, -
One might guess that all the invariants which are not held fixed

must be large compared to the external masses or other fixed invariants

(such as t). Thus we guess that, in the fragmentation (a:c ’b), one must

have
2
s,ju ’,M2>> mz, [t], i—, ~ 1 GeV',
Zml
In general, then, this would mean that for = < x £0.5. The u-channel
s

sets the scale so that,

a_(0) -1 2m, <xg5 0.5
R(x,pl)@x ,fs_‘

Such a conjecture is consistant with the pionization limit being approached

more slowly and this scale goes continuously over to the pionization result
o (0)-1

R

s 2

mass would set the scale so that R(x, pl)~(1 -x)

Similarly, we would expect that, for } < X < 1, the missing

aR(O)-i

1
s 5x<A1,
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In summary, then, the effective scale for fragmentation is expected to

be
2
%0 o 1 <x50.5
x N3
s
o
for 0.5gxg 1.
1-x

This conjecture should be investigated experimentally and, in models,
numerically.

2
Of course when s,|u [ or M are too near threshold, we expect

large .energy variations due to threshold effects. (Even exotic total
cross sections show significant energy variation when there is less than
500 - 1000 MeV kinetic energy in the center of mass. 21) It has been
suggested that the large energy variation seen in pp—~ p X, for example,
is due to threshold effects at the lower energies (plab = 24 GeV/c). At

2

this energy for x= 0.25, we find the following values for s, |u | and M,

well above their channel thresholds.

s = 47 GeVZ S>> 4m12:I

|ul= 12 Gev? >> 4m;

2
M = 35 GeV2 >> 9m12\I

(mN = nucleon mass). Consequently, from the point of view of three-body
scattering we expect there to be a sufficient amount of phase apace and a
sufficient number of intermediate states to smooth out kinematical
"threshold effects". If, indeed the energy variation is due to "threshold

: . 22
effects'!, it is probably a different mechanism than in total cross sections.



Perhaps it is related to the fact that we are not dealing with the three-
body total cross section (abc -~ X) but rather the production cross section
(ab ¢ X), but no convincing argument has been offered which suggests
that the scale of Regge behavior will change as a result of this analytic
continuation.

To summarize the problems discussed above in generalizing duality
to inclusive cross sections, I would say that progress depends on finding a
reasonable dual phenomenological model for the pomeron, consistant with
the Harari-Freund hypothesis for meson-meson, meson-baryon, and

baryon-baryon total cross sections.

II. More Detailed Dynamical Questions

Let us now turn to more detailed questions such as the form of the
fragmentation residues f(x, pl)' It is difficult to see on general grounds what
form these functions should take; even for the planar six-point dual amplitude,
B6’ their form is analytically complicated. Accordingly, there have been
a number of numerical evaluations of these residues among the papers
submitted to this conference. 23 From these papers, we may gleen the
following general features. (1) The approach to asymptopia is slower
for small x (x £0. 1) than for larger values (0. 1<x<0.9). This can be
easily understood since the non-leading trajectories in this case corres-
pond to daughters. (2) Variations in x and P, due to signature factors

persist outside the triple Regge region. The effect of daughter trajectories
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is to slowly vary the modulus of the amplitude. These oscillations will
be most pronounced in those fragmentations having t-channel exchanges
of one signature only. For this reason, the pion fragmentation (w—:wo ]p)
is an excellent place to look for them. 24 [ Notice that the doubly differential
cross section is required since an integration over x or P, will wash out
this behavior.] (3) Examples of numerical calculations are shown in
Figs. 5 and 6, taken from Biebel, et al., Ref. 23. Note, in Figs. 5(b)
and 6(b), the dips due to the signature zeros discussed above, Although
we will pass over the point here, we would like to remark that the shapes
of the distributions are quite sensitive to the masses of the particle and
its fragment.25

The strong damping of the P, distribution is generally considered
to be one of the great successes of this model and was already emphasized

. 26
in the first applications of the model.” For large P the distribution is

7
givenby2
2 2
2 3 1_QR - ——pl In 1+x 4
f(x,pl)z(i-x)ﬁ——z 15 e X 1T-x) @
(1 +x) P,
which, for x -0, gives
2
1-a -4p
R 1 1
f(X.pi)“*X — e (x - 0) (5)
p_L
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This transverse momentum distribution falls rapidly with p 1 and
so is qualitatively correct. However, experimental distributions28
tend to fall less rapidly than indicated by the preceding formula. This
should not be considered a failure of the model, since the pomeron has
not been properly described. It is possible that the twisted loop diagram
might lead to less rapidly falling distributions. A first step in this
direction has been taken by Alessandrini and Amati ,27 who calculate the
effect of a single twisted loop in the bb channel (Fig. 7a). [ For
phenomenological purposes, these authors simply adjust the intercept of

the pomeron singularity to one.] They find

_ZP 2
1 1+ x
1- + ——
2 aR 1 ZaR 1 - log (1 -X) (6)
f(x,p)~ (1 + %)  x (1 - x) e
4
Py
so that, for x -~ 0
2
1-a -4p
R 1 1
f(x,pl) ~ X 3 e (7
Py

Thus, although the power falloff is less severe, the exponential is unchanged.
Of course, the diagram leading to pionization will have pomerons in both
aa and bb (Fig. 7(b)), and these authors are working on this. There is

Zp_l_

some reason to suspect that the exponential falloff will be é— , but let

me pass over this speculation.

III Constraints on Duality Schemes from Inclusive Sum Rules.

Although inclusive sum rules will be discussed in other sessions,
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I would like to mention in passing one application of them to dual models.

From the conservation of energy-momentum and conservation of

probability, it follows thatz9

n c
o+ o)t oo E/ Pl = - (8)

dp c

This basically says that the total energy-momentum carried away by a
fragment times the probability of producing that fragment (summed over all
fragments) is equal to the total energy-momentum entering the reaction
times the total probability of interaction. It is useful to evaluate this

in the center of mass frame, The sum of energy and longitudinal

momentum components leads to

2
X 1 d% dx (9
(s) = 1/2 /f(s,x,p ) [1+ e Py
t E 1 x2+4m12/s

where we've defined f= E_ d3° , a quantity finite in the limit s - o
d'p
and also finite at x = 0. [ Howexcrer, in studying the energy dependence

of the right hand side, one must be very careful to treat properly the
regions x=0 and x=1. | Besides being a detailed constraint on any
duality scheme for inclusive cross sections, it was pointed out 30, 7that this

had some simple general consequences. If, for example, one chooses

ab exotic, the left hand side will be energy independent. This means
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that not all inclusive cross sections can ﬂ to their asymptotic values
at least not for all values of x and P, Since
some inclusive cross sections, such as pp - p X, seem to fall to their
asymptotic values, some others must rise to compensate. Therefore,
unlike total cross sections, some inclusive cross sections must rise to
their asymptotic values (at least for a range of x and pl). This feature
and other experimental data are presumably what induced Tye and Veneziano
to introduce their weak version of the Harari-Freund conjecture. However,
one should notice that the sum rules are not compatible with pure Regge
pole behavior, and that in fact, starting from Regge poles in the inclusive
cross section, one will obtain in general Regge cuts of the AFS type in
the total cross section. 31

Other similar constraints arise from other conservation laws such

as charge, hypercharge, and isospin, but I will omit their discussion.

IV Reggeon - Particle Scattering

Consider the exclusive process for a + b - ¢ + N, where N is some
definite multiparticle state. Define s = (a + b)z, t=(a- c)z, u=(b - c)z,
M2 =(a+b - c)2 =s+t+ u- 31\&2. For small t and large energy
[s, |u[>>M2, mz, So] , we expect the amplitude for this process to have

Regge behavior:
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a; (t)

DB ey &N (10)

1

where we have denoted the signature factor by gi =1 - e M apg

s-u
2

defined the crossing energy n= = b. (a + c). (All other variables
required by N have been suppressed.) Square this amplitude and sum

over all states N (consistant with energy-momentum conservation) to get

o @ (t) +a (t)

i J_ * ij .. a2
D B g Bug £y Ay (M) (11)

where (see Fig. 8(a))

AEB :Z (ib-N)(jb - N)" & (a+b - c - N)
N (12)

= Disc 2Fl‘]_ (t;MZ).
M~ bb

The quantity A:)Jt_) may be regarded as the absorptive part of the Reggeon-

particle forward scattering amplitude F}:JB This Reggeon-particle amplitude

2 .
is assumed to have Regge asymptotic behavior as M —~ o (see Fig. 8(b)).



AN k_ k
Fob (t;v) Z Pop (O gij(t,O) X

(13)
“inlay may-ay) a, (0) - a,(t) -a.(t) N
T+ e k i j ~ij
X sin 7 (e, -a.-a.) v + Fbl:-) (t;v)
k ij
. . . 32 2 2
where T = 1, -rj-rk is the triple Reggeon signature and v=M -t-m .
i
T represents possible fixed integral powers in v. If one supposes that
the Reggeon-particle amplitude F will have analyticity in v similar to
particle-particle amplitudes, then 1% (t;v) will satisfy finite energy
sum rules:
N
i oo, o+t i n
v .[Abb (t;v) + (-) Abb (t,-v)] Vo=
0 a -a.-a,+1
k kij
E Po &3 N
= Ep— (14)
@y e, aj +1

Inclusive cross sections in the limit in which Regge exchanges in the
t-channel dominate will therefore satisfy finite missing mass sum rules

3 3
(FMSR) 2,3
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(cb—~aX) vn =

av| £ 4¢ (ab-cX)+ (" T1g do
C d3 a d3
pc Pc

(15)

i_ J_py* Rk k o -a, -1
Boo® &i (ﬁac §i) Ppp (O g (t) 0 i 7 Nak+n
N ak+n+ 1 - ai(t) -a].(t) N

Let me discuss a number of potential uses of such sum rules,
(1) The triple-Regge couplings gil; are of considerable theoretical
interest, especially when one or more of the Regge poles is the pomeron
pole. However, at energies below 30 GeV/c, it is difficult to satisfy
the conditions necessary for the triple- Regge limit, via, M2 >> Sy
S 5>>1. Itis especially difficult to isolate couplings which are

MZ

thought to be suppressed, such as the triple pomeron or pomeron-pome ron-
Reggeon couplings. The FMSR enables one to use data throughout the

low missing mass region to predict the magnitude of triple-Reggeon couplings.
Thereby predictions can be made for experiments at ISR and NAL and the
large missing mass data correlated with the low missing mass spectrum.

To uniquely identify the triple-Reggeon couplings, data on the missing

mass spectrum are required at several energies with reliable normaliza-

tion and good resolution. Although such data is not yet available, fi':s34

-433-~



have been performed to existing data under a variety of assumptions as

to the important couplings,and predictions have been made for experiments
currently underway at NAL and ISR energies. (2) The Reggeon-particle
absorptive parts A,LJB (t;MZ) are interesting in themselves, for one can begin
to explore the duality properties of Reggeon-particle scattering. For
example, Tye and Veneziano7have suggested that the duality properties
will change as t becomes larger and that the P “ trajectory will become
dual to both resonances and background. As a second example, when one
of the exchanged Reggeons is a pomeron, we have suggested6 that the
duality properties will be surprisingly different from particle scattering.
(3) Analogues of superconvergence relations can be sought for Reggeon-
particle amplitudes. A recent discussion by Finkelstein leads to some
interesting relations. 35 (4) If one writes FMSRs for amplitudes of
definite signature, one obtains32 sum rules similar to Eq. (15) except

for the replacement of (<) ? by (-)® and the addition on the right hand side

(n)

of residues RiJ (t) at possible nonsense wrong signature fixed poles. The

(0)

lowest order of these, R i (t),is the fixed pole residue through which the i-j
Reggeon-Reggeon cut couples to the forward ab elastic amplitude. 36

Thus measurements of single particle inclusive spectra determine in
principle the scale of cut contributions, so the Regge pole approximation
might be checked for self-consistancy.

One of the many problems involved in actually evaluating such sum

rules from data is the problem of large cancellations between terms.
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The point can be made already for particle-particle scattering. The
simplest sum rule for the nonsense, wrong-signature fixed pole

residue in the scattering of equal mass scalar particles reads

N (0)

a +1
NE
ak(O) +1

(0)

RV = dv Im F(v, 0) -Z pi(m (16)

The first term on the right hand side is to be evaluated using data

on thetotal cross section o, , (v) and the optical theorem

tot
/2 2
In F(v,0) =Nv -4m ¢

‘ot (v). The second term involves a sum over

even signature Regge trajectories whose intercepts ak(O) are presumed
known and whose coupling to particles Bk(O) are presumably known from
evaluation of '"'right-signature' finite energy sum rules. In general,
there will be significant cancellations between the two terms. Any planar
model, such as the Veneziano model, illustrates the magnitude of the

cancellations, for in such a model, the amplitude is the sum of three

terms:

F = V(s,t) + V(u,t) + V(s,u). (17)

The first two terms have Regge asymptotic behavior and no wrong

signature fixed pole; the third term vanishes faster than any power but
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contains the wrong signature fixed pole RO. The first and third terms

contribute to the discontinuity in the s-channel needed in the sum rule.

1
Im F = [Disc V(s,t) + Disc V(s,u)]
1 S s

The contribution of Discs V{s,t) to the first term of (16) is precisely
and completely cancelled by the Reggeons from the second term of (16 )

so that, one obtains the expected result
N

RY- favmv . (18)
su

To put it another way, the difference appearing in (16) is precisely what

is needed to isolate the contribution which, in the language of the
Mandelstam representation, comes from the third double spectral function.
(Eq. 18).

This discussion leads me to believe that the accurate evaluation of
analogous sum rules for Reggeon-particle amplitudes must be extremely
difficult. In order to get this cancellation correct, one must have sufficiently
good data over a wide enough energy range so that one has confidence that
he has properlyisolated agiven Reggeon-particle cross section and the
triple Reggeon couplings. (5) There is one worrisome point about the
derivation of these FMSR which must influence their reliability when

actually applied to data. We know there are Regge-Regge cuts, and we
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suspect that the pomeron should not be assumed to be a pole, even as

a first phenomenological approximation. One can understand how ordinary
FESR for particle-particle seattering will work even if the poles assumed
are effective trajectories, which include absorptive cuts and need not
factorize. However, the derivation of the FMSR depended on an assumption
on the analyticity of Reggeon-particle amplitudes which may well not hold
for an effective trajectory-particle amplitude. It would therefore be
useful to have a derivation which depended less on the assumption of

Regge poles in the t-channel and more on the analyticity in M2 at fixed t
and s of the full three-to-three amplitude and on the generalized optical
theorem. 38 In the meantime, an iterative scheme is probably worth
trying, in which one assumes only poles at the outset and then, via fixed
pole residues, one estimates the magnitude of cut corrections., At least,
it provides us with the first real hope for a fairly model independent
calculation of Regge cuts.

In conclusion, let me say that, in retrospect, I see that my review
emphasizes more the problems we face in applying duality concepts to
data and less the successes achieved. While this probably accurately
reflects the work over the past year, only as firm a believer in duality
as I could have been so unfair as to concentrate on its failings. Perhaps,
then, these.notes will stimulate a quick resolution of its difficulties, for
I am certain that duality, in some form or other, will provide as useful
a framework for understanding the qualitative features of multiparticle

reactions as it has for two-body phenomenology.
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Fig. 1. The generalized optical theorem.
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Fig. 2. High-energy behavior of the fragmentation (a:c |b) is determined by singularities in bb
channel.
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Fig. 3. The twisted loop model for the pomeron.
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Fig. 4. A diagram contributing to meson baryon total cross sections (such as wp) which has only
exotic states in the direct channel but a non-exotic Reggeon in the crossed channel.
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Fig. 5. Typical x distributions taken from Ref. 23. (a) A + rr* -+ X; (b) A+ - "0 + X.
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Fig. 7. Pomeron contributions to inclusive cross sections. (a) A Pomeron in bb only; (b) Pomerons
in both aa and bb.
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Fig. 8(a). Inclusive reactions determine Reggeon-particle total cross sections.

Fig. 8(b). Asymptotic behavior of the Reggeon-particle amplitude.
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