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In the context of the hypothesis of the Pomeron-f identity, it is shown that the rising pion inclusive cross
section can be explained over a wide range of energies as a series of threshold efFects. Low-mass thresholds

are seen to be important. In order to understand the contributions of high-mass thresholds (flavoring), a
simple two-channel multiperipheral model is examined. The analysis sheds hght on the relation between

thresholds and Mueller-Regge couplings. In particular, it is seen that. inclusive- and totaleross-section

threshold mechanisms may difFer. A quantitative model based on this idea and utilizing previous total-cross-

section fits is seen to agree well with experiment.

I. INTRODUCTION

Chiu and Tow' have recently shown that the rise
in the inclusive pion cross section in the central
region is consistent with the increase expected
from baryon-antibaryon (BB) production at CERN
ISR energies. Using simple arguments and pa-
rametrizations of the data, they conclude that the
increase is primarily due to those pions produced
in events which also conta, in a E The energy de-
pendence is thus a threshold effect, the BB thres-
hold being delayed until high energies because of
the high BB mass and because of multiperipheral
kinematic effects. This explanation is consistent
with the Pomeron-f identity scheme proposed by
Chew and Rosenzweig (CR),' and can be contrasted
to the standard Regge sehemee which predicts an
s ' ' approach to an asymptotic limit. The pri-
mary goal of this paper is to study these effects
in the context of a specific model.

Inclusive distributions present a significant chal
lenge to the CR scheme. If we consider the aver-
age of the m' and w cross sections, then only the
vacuum trajectories contribute, and in the CR
scheme there is only one vacuum trajectory. The
conventional Regge model assumes separate
Pomeron and f trajectories, and arrives at a rising
inclusive cross section if the interference term is
negative. ' In the CR approach, when high-mass
thresholds are taken into aeeount, the Pomeron
(f) singularity consists of a leading real pole n
and a series of complex poles. The threshold ef-
fects have been termed "flavoring", and a deta, iled
study of total cross sections' has shown that
strange-particle and baryon production (as Isg and

BB pairs) can explain the NN, wN, and KN ampli-
tudes at i=0 over a wide range of energies. At
moderate energies, below flavoring thresholds,
the Pomeron is well represented by a "bare" pole
at n(0) =0.85. If we naively use a Mueller-Regge

model to describe i~elusive cross sections, then
we will find, at y=0, that do/dy-s '" below fla
voring thresholds in the subenergy s, = ~s. In
other words, if the threshold for BB production
is s,„,we do not expect a contribution to the in-
clusive cross section (at y = 0) until s, ~ s,„,which
means s -s,„'.' This means we Inight expect fla-
voring to contribute to inclusive cross sections at
a much higher energy than it contributes to total
cross sections. Experimentally the inclusive
plateau rises monotonieaQy through ISR energies,
while total cross sections do not start rising until
s-400 GeV2. Chiu and Tow found flavoring to be
important at ISR energies. Thus we are faced with
an apparent inconsistency. %e need flavoring ef-
fects to expla, in rising total and inclusive cross
sections at about the same en.ergies, yet the
Mueller-Hegge theory applied to a simple flavoring
model tells us that flavoring should not contribute
to inclusives until perhaps the highest ISR energy.

%'e can demonstrate the above problem in two

ways. First, the Mueller-Regge theory tells us
that the inclusive cross section is roughly

do. ~Y Y
+y A

dy &2 2 ]
where A. is the Pomeron amplitude a,nd Y= lns. At
y= 0, we must evalua, te A at —,

'
Y, and if A includes

more than one Regge pole, then A'(-, Y) oA(Y). In

the CR scheme, A is represented by a series of
poles (one real, the rest complex), which is well
approximated at moderate energies by a single
real pole with d(0)=0.85. Thus, if Y is "large"
and ~ Y is "moderate", we will have A (—,

'
Y) =s

= so'8', while A(Y) =s' —= s'O'. Thus, do/dy will
decrease as energy increases while cr„tis in-
creas ing.

A second way of looking at this may shed addi-
tional light on the problem we wish to address.
High thresholds for BB pairs mean essentially that
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the BB pair consumes a lot of rapidity. Near BB
threshold, most of the rapidity interval is con-
sumed by the BB pair. If pions are produced as
well, they can be produced only at the ends of the
interval (y = s 2 Y). Central pion production occurs
only when the rapidity interval is large enough to
allow a BB pair whose rapidity gap does not over-
lap y = 0. This assumes, of course, that the BB
pair is treated as a unit.

The authors of Ref. 1 overcame this difficulty in

part by convoluting the pion distribution with that
of the BB's. Furthermore, their thresholds for
NN production in a„,and do/dy, which they take
from data, are not consistent with one another.
They assume a rapidity gap of ins„s=1.6 (s in
GeV ), when analyzing the inclusive distribution.
This will lead to a threshold of s-25 GeV for pp
—pfpNÃ, if one uses s =s~s~~~. The experimental
threshold for XÃ production (which they use since
they take do ~/dy„ from data) is around 150 GeV'.
This explains why they do not detect the problem
we have described. This is not to be considered a
serious criticism of their work, however, as
their results depend only weakly on the assumption
that the N and Ã appear as an XÃ unit. For in-
stance, if we take their 1ns„-„andcall it lns„, the
rapidity gap of a single nucleon or antinucleon,
then their philosophy will be identical to that to be
described here, and their phenomenology wi11

proceed essential. ly intact.
Chiu and Tow did not attempt to formulate an

explicit model for generating both o„,and do/dy,
concentrating instead on the systematics of the
data interpreted in multiperipheral terms. We
have found in fact, as shown above, that a consis-
tent description of thresholds in o„,and d&r/dy can-
not be achieved using the explicit model. of Ref. 4,
and that more general models that assume the
Pomeron and f to be identical might have difficulty
confronting inclusive data. Examining our argu-
ments, we see that the second applies to simple
one-dimensional (or "strong-ordering" ) models
which assume NN production as a unit. The first
is more general, but can be shown to apply pri-
maril. y to one-channel models. We have found that
if the problem is properly treated as a multichan-
nel problem incorporating N and K exchanges, '
then the above difficulties disappear. In particu-
lar, N and Ã no longer need to be produced as a
unit. Consistency with the Mueller-Regge theory
derives from the fact that Eq. (1) becomes a ma-
trix equation with nonvanishing off-diagonal con-
tributions. The model retains the basic philoso-
phies of Refs. 1 and 4, and does not seriously af-
fect the phenomenology in these papers, if the ap-
propriat:e reinterpretation is made. We believe
the arguments given here to be quite general, and

apply to any multiperipheral model which identifies
the Pomeron with the j and utilizes flavoring
thresholds to renormalize the Pomeron intercept.
Since such models must be consistent with the
Mueller-Regge theory, it is hard to see how one
can assume the N and N are produced as a unit
and still correctly describe inclusive data.

We have been abl.e to achieve consistency by
showing that thresholds in subenergies need not
be the same as thresholds in total energies.
Specifically, since new flavors (or baryon num-

ber) must be produced in Pa& s of particles (KI7,
BB,DD), the threshold for such production is
roughly proportional to twice the mass of the
particle (2mr, . . . ). (Kinematic effects in peri-
pheral models cause the effective thresholds to be
higher than the literal masses. ) However, when
we consider inclusive pion production, the thres-
hold in the subenergy v s, is only the mass of a
single particle (ms, . . . ), since we can have
strange-particle exchange with the pion emitted
from this exchange. Thus, the threshold in the
subenergy is less than the corresponding thres-
hold in the total energy. We can see that flavoring
mill then contribute to inclusive cross sections at
very nearly the same total energy as it contributes
to total cross sections.

At first glance the above description may seem
still to conflict with the Mueller-Regge picture.
This is not the case, however. We will show that
the Regge poles are precisely the same in both
inclusive and el.astic amplitudes, but that the
Mueller-Hegge couplings are not simply related
to the Regge-external. -particle couplings. This
difference reflects the different thresholds and al-
lows consistency of the flavoring scheme.

In the following section. , we describe a two-chan-
nel model which incorporates the effects discussed
here, and illuminates the relation of flavoring
thresholds to the Mueller-Regge model. In Sec.
III, we attempt a quantitative description of the in-
clusive cross section, adapting for this purpose the
model of Ref. 4. We must make some additional
assumptions, based on the ideas presented in Sec.
II, but are still. able to find rough agreement with
inclusive data without significantly affecting the
total. -cross-section fits of Ref. 4. We close with
some remarks on. additional effects not considered
her e.

H. THRESHOLDS AND THE MUELLER-REGGE MODEL

We consider now a simple multiperipheral model
which will incorporate the effects described quali-
tatively in the Introduction. We wish in particular
to demonstrate that subenergy thresholds need not
be the same as total-energy thresholds, and that
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this is realized in the Mueller-Regge model as
new contributions to the Mueller-Regge coupling.
As discussed in the Introduction, one can achieve
these results by incorporating strange-particle
exchanges in the model.

Our model therefore contains two input trajec-
tories, one carrying a heavy-quark flavor (say,
strangeness), called generically K in this discus-
sion. The nonstrange trajectory will be called the

p. We could as easily consider baryon exchange'
instead of (or in addition to) strangeness, but we
limit ourselves to the one flavor for simplicity, as
we are only concerned with qualitative effects at
this point. We will allow p production from either
a p or K exchange. It is here that the model differs
from that of Ref. 4. We will ignore considerations
of isospin and other quantum numbers, except, of
course, strangeness, which is crucial to our dis-
cussion. Our amplitude can then be written in ma-
trix form (in the J-plane) as (we suppress J de-
pendence where it is obvious)

A(J) = V(J)P(J)v(J)+ VPGPV+ VPGPGPV+ ~

FIG. 1. The four terms in the kernel GP, diagramma-
ticaljy. Dashed lines are p's, solid lines are K's.

to verify that this will be the case, and that in. fact
the expansion (2) does incorporate strangeness
conservation. Figure 1 shows the four terms (dia-
grammatically) in the kernel K= PG Fin.ally, note
that the overall threshold for strange-particle pro-
duction is lns= 2b~.

The amplitude (2) will be determined in the s
plane by its poles in the J plane. These poles are
the zeros of the determinant of (1 —PG), and will
have residues P,. = P(o,) P, wil.l be a matrix, of
course, in our model. If we write

Here,

= V(1 —PG) 'PV. (2) (1 —PG) '= g ' +nonpole terms,
f

J—n(

then we find

A(Y) = .A(J)e~r

Since we allow only the p to couple at the end, the
full coupling of the ith pole is

and

(4)

V is the coupling to external particles, and we
assume that only the p exchange couples, for sim-
plicity. The derivation to follow becomes more
complicated if we allow a. coupling V» (correspond-
ing to associated production), but the conclusions
are not changed qualitatively. P(J) represents the
propagators, with P,. —= 2n, —1. The couplings in

G(J) are g, =-g„,and g~=—@~X.„assumed to be the
same for Reggeons and particles. We include a
t,hreshold term e '& for production of K's, On
transforming back to Y= lns, we will get: a term
proportional to 8(Y- hx) from this exponential.
Note that a term in the expansion (2) which goes
as g~~ does not imply production of N K's. In-
stead, the term proportional to exp( —Nb~) repre-
sents production of N strange particles (N/2 K's
and N/2 J7's). Clearly, N must be even. It is easy

where (PP)„is the pp component of the matrix PP.
I,et us next consider the inclusive cross section.

We are interested in p production in the vicinity of
flavoring thresholds. The first term of interest
will be that containing a single produced p, and a
KK pair. If we are interested in central p produc-
tion, the pertinent diagram is that in which the p
is produced between the K and K, as shown in Fig.
2. We see that this term will have a threshold at

S)

FlG. 2. The lowest-order term in the expansion of
Eq. (1) which contains Qavoring effects and contributes
to p production in the central region.
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—=—2(Y/2)X( Y/2),
dy s (8)

then the threshold for K production in A(y) is at
y = h~, not y =26~.

The inclusive cross section is determined by an
amplitude (in Mueller's generalized optical the-
orem) which depends on two angular-momentum
variables in the J plane. If we let

do
F(Y y, y) —= s——(Y),

dg

then

lns =2br, and lns, =br. (There is no threshold for
p production in this model. ) Thus, the subenergy
threshold is less than the corresponding threshold
in the total energy. In the models considered in
Ref. 1 and 4, the K and K (or B and B) had to both
be produced on one side of the n, so the subenergy
threshold would be the same as the flavoring thres-
hold in the total cross section. If the inclusive
cross section is written (at y= 0 in the center of
mass) as

F(j„j,) = e " "e "'F(Y—y, y)d(Y- y)dy

= p'(j, )fl PG(j, )f 'K (I,)
&& II —PG(j.)i) 'P(i, )Y(I,), (10)

where

K', , =(PG),,b,,
represents the p-production components of the
kernel PG. Note that F(j»j,) has the same poles
as A(J), since the kernels are identical. Equiva-
lently, A(J), whose transform appears in (8), has
the same poles as A(J).

We have already seen explicitly that the pertinent
thresholds in A(y) and A(Y) are different. We now

wish to show how this is reflected in the pole de-
composition of these amplitudes. In this model
there will be in general two real poles (the f and
f'), and associated complex poles arising from the
thr eshold exponentials. The detailed pole struc-
ture is un. important for our present considerations.
Since the poles in. A Bnd A are the same, differ-
ences in thresholds must arise from residue ef-
fects. Referring to Eq. (5), we can write the in-
clusive amplitude F as

F(Y —y, y)= g V(o, )P, K'(a, )P, P(n, )e'~'. " ". c i'.

Q, P(o'J)j +(P K'), IPJP(o', )J„)Y,(o' )&,(&,)e " (12)

The important aspect of Eq. (12) is the presence
of the off-diagonal terms in the residues (the se-
cond term in the brackets). The first term is just
g,A(Y —y)A(y), since (PK')»=g, (PP)». The se-
cond term, however, represents the contribution
from events where the p is emitted from a K ex-
change. This term is the manifestation in the
Regge-pole expansion of the different threshold
structures for the total and inclusive amplitudes.
The significant feature is that the Mueller-Regge
residues are not simply related to the ordinary
Regge residues. If there were just a single pole,
of course, the difference in residues would not
change the energy dependence. In the presence of
thresholds, the energy dependence of the ampli-
tude is determined by both real and complex poles,
and it is easy to see how the different terms can
combine to give us the threshold effects we have
described. In particular, since the threshold for
p production with concurrent KK production is s
~25~, we see that flavoring will affect the inclusive
cross section at about the same total energies as
the total cross section.

Before considering a quantitative model for the

inclusive plateau, let us consider the rapidity dis-
tribution one might expect from the present model.
Without going into detail, we ean see that the in-
clusive p distribution will be roughly flat in y, ty-
pical of multiperipheral models. This will be true
both below 2nd above flavoring thresholds, since
the p can be emitted from any part of the multi-
peripheral chain. (Quantitatively, this statement
depends on the relative sizes of g, and gr. ) In
contrast, if the p must be produced outside the
KK or BBpair (as in Refs. 1 and 4), then p pro-
duction will be excluded from the central region
in those events containing a KK (BB), near the
corresponding flavoring threshold. This exclusion
could lead to a bowl-shaped rapidity distribution,
and is directly connected to the threshold effects
we have been discussing. Such a distribution con-
flicts with experiment, and gives us added incen-
tive to take seriously the model described in this
section. Investigation of the n rapidity distribution
in events with simultaneous p production would
provide a test of our model. We turn now to a
quantitative look at inclusive cross
sec tions.
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III. A QUANTITATIVE MODEL

Our model is adapted from that of Ref. 4, with
two important changes. First, since the model
in that paper assumed that all pions had been
summed, we need to reinstate pion production.
Secondly, as described in Sec. II, we will need to
reinterpret KE and BB production mechanisms to
allow pion production between the K and K (B and

K(J) = G(j)P(J),

G(j) = G,(J)+G (J)+G (J),
(14)

representing p, M7, and BB production, respec-
tively. We will assume that all pions come from
p decay, though we will find later that this will not
be sufficient phenomenologically. In fact, we will
want to use the term p to represent all low-mass
pion clusters, whatever their nature. The propa-
gator P(J) is

Using notation analogous to that of Sec. II (except
that now we have a one-channel model), we write
the imaginary part of the NN elastic amplitude in
the J plane as

A(J) = V (J)P(j)/[1 —K(J)].

In the present form of the model, we let

The notation is that of Ref. 4. The second and
third terms in N(j) refer to associated production
and inelastic diffraction, respectively. The dif-
fractive (cut) term is negative in the full ampli-
tude, due to absorption. ' It is shown in Ref. 7
that this cut does not contribute to inclusive cross
sections in the central region, so we omit it in
our calculation. The last two terms in D(J) cor-
respond to KK and BBproduction. The reader is
referred to Ref. 4 for further details. With the
identifications (16), we then have

A(J) = N(j)/D(J) . (17)

The total cross section is given by the first line
of Eq. (6). Note that N(j) in (16a) is not strictly a
complete square, so we will have to approximate
it as one when we extract V(J).

Now, if G, (J) g„the inclusive p distribution in

rapidity y, is given by

(18)

where

X(j) -=V(J)/D(j) .

(Note that we are using center-of-mass rapidities. )
If there is a threshold associated with p produc-
tion, we will have (for example)

(15)
G, (J) =g e b,~- (20)

where P0=2n, —1=0. Summing over pions (p's)
(i.e. , summing the power series in G,) yields the
bare Pomeron, d(0) = 0.85. The renormalized
Pomeron, the singularity in the full amplitude
A(J), is a real pole around n(0) = 1.08, accom-
panied by a series of complex poles which result
from the KK and BB thresholds. When all non-
diffractive thresholds have been taken into account,
the fully flavored Pomeron is considered to be the
Gribov bare Pomeron input to Reggeon field theory.

Now we wish to identify our amplitude with that
of Ref. 4, to take advantage of the extensive phe-
nomenology there. This will give us a quantitative
prediction of flavoring effects in inclusive cross
sections. The identification can be made if we let

(16)

in the notation of Ref. 4. Recall that N(J) and

D(j) are written as

X(j)= pe + [I+g~e & /(J- J~)' gne D /(J —-JJ']
(16a)

D(J) = J—d —gee '&~/(J J~) —gee '& —/(J- Js) .

(16b)

do g, — Y- b~ + Y-b
(21)

In order to explain the rising pion plateau 3t mo-
derate energies we will have to assume a p-thres-
hold effect. Equation (21) will then form the basis
for our calculation. We will need an estimate of
b, and g„but since we will be comparing to data
at fixed transverse momentum we will end up nor-
malizing the model to data at a particular energy,
and g, will be unimportant. Furthermore, we use
the specific form (20) of G,(J) only to illustrate the
dependence on 5,. The actual calculations use Eq.
(21) and incorporate the exact D(J) from Eq. (16b).

We could estimate g, and b, by attempting to
simultaneously fit Q, ) and a„,. However, it is
well known that it is difficult to generate a
Pomeron and get the proper value for (n)/Ins with
just p production. We are not concerned with these
difficulties here, since our results would be un-
changed qualitatively if the p were a three- or
four-pion cluster. Of course, parametrizing the
decay distribution of such a cluster is considerably
more difficult than that of the p. We will use in
our calculation of do/dy the value b, =0.6, but the
results are insensitive to the precise value of b,.
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FIG. 3. Negative-pion multiplicity distribution. Data
are from Ref. 6. s is in GeV .

We are, however, interested in the effects of
flavoring on the energy dependence of (n, ), since
it has been predicted' that the slope of (n)/lns
ought to oscillate. Setting b, = 0 for the moment,
we can calculate (n, ) from the model of Ref. 4,
using

2 9
(n, -)= sg', (inc) .

Bg
(22)

One such fit to (n, ), using g, = 1.6, is shown in
Fig. 3. Note that (n, ) is virtually linear in lns
through the available energies, so that threshold
effects have not had much influence on it. It is
easy to see that these effects ought to make (n, )
turn concave downward (or, in fact, develop an os-
cillating slope, beginning with a decrease in

slope' ), since KK and BB events will initially be
at low-pion multiplicities. These high-mass clus-
ters will contribute to cr„„butwill be insignificant
tn the sum Q„n&x„,so Q, ) will increase less rapid-
ly. This statement can be made more precise
mathematically in the context of our model, but it
happens that the effect is not noticeable until lns
= 10.

Having fixed our parameters, we now wish to
extract the pion distribution from Eq. (21). We
need first to incorporate the p-2w decay distribu-
tion into our model. Then we will also need to
adapt the model to the ideas of Sec. IL As it
stands, the model excludes p emission from a K
or B exchange, and will predict a rapidity distri-
bution (above the KR threshold) that is concave up-
wards. From t ur discussion in Sec. II, we know
that this is unrealistic; the distribution above fla-
voring thresholds ought to be similar to those with-
out flavoring, if we allow p emission from the
flavored (K or B) exchange. Since the model of
Ref. 4. does predict the right total cross sections,

F(y, —y, ) =— =—[tanh q —tanh (y, —y,)] ~

For p - 2m, g = 1.6. We then have

I
I }

I
I

I
I

f
I

I
I

[
t

I
l20—

Al

0

E

bn
CL

D D
LLI

12

0
0 05 I 0

I

1.5 2.0 25 3.0 3.5 4.0 4.5

FIG. 4. The single-particle inclusive 7r distributions
at various values of lns (s in GeV ), as described in
text. The data are from Alper et al. , (solid) and
Capiluppi et al. , (open), Ref. 9, for Ms=53 and P~
= 0.4 GeV/c. Note the apparent disagreement in nor-
malization of the data.

and (using clusters) the proper pion multiplicity,
we conclude that its normalization is correct, but
that it merely predicts the wrong shape for the
rapidity distribution above KK threshold. Our
procedure will therefore be to assume that the
shape of the rapidity distribution at any energy is
just what we would get in the absence of flavoring.
The magnitude of the distribution is determined by
the model. This amounts to reinterpreting the
model of Ref. 4 in the manner of Sec. II. and
should in no way change the results of Ref. 4.

The p rapidity distribution predicted by Eq. (21)
is actually a plateau of width (Y—b,), whose
height falls like s '". This may be approximately
valid for the p, but is certainly not true for pions.
When we incorpor ate the p- decay distr ibution, the
pion distribution is seen to be reasonable. Pions
resulting from a p at rapidity y, can have a range
of rapidities y, —g &y, &y, + g. Convoluting this
decay distribution with do'/dy, provides an enhance-
ment of the central region in y„which rises in
nice agreement with experiment.

We will assume that the p decay distribution is
isotropic in the overall center of mass. Although
this is certainly not true for individual decays, it
is reasonable to assume that it is approximately
valid as an average of many p decays of varying
transverse momenta. With this assumption, we
find that the pion rapidity distribution from a sin-
gle p decay is (normalized to unity)



732 S. T. JONES 18

20 i
J

l I l

C4

E

b'rn
rO C1.

C3

16

l2—
( + A!per

p =O.p ~ Rossi
& Kafka
~ Bromberg

i l i »il I

6 l0 20
~s (GeV)

I

40 60

FIG. 5. The single-particle inclusive 7r distribution
at y = 0, plotted vs v s. Data are at p~ = 0.4 GeV/c, ex-
cept for Bromberg's. The latter were normalized
assuming the same p~ distribution at v g =13.9 GeV and
v~s= 19.7 GeV.

+(y, —y, )dy, .da
"

do

dv
(24)

With this formulation, the inclusive rapidity dis-
tribution (w' and w averaged) is as shown in Fig.
4. We include data' at p, = 0.4 GeV/c at one ener-

gy, for comparison. " Remember that the shape
of d(Y/dy has been determined by the unflavored
distribution —the magnitude comes from the full
model. We show in Fig. 5 the energy dependence
of the central plateau, also compared to data at

P, = 0.4 GeV/c. In each case we see that the model
is in approximate agreement with the data. Since
the model has no P, dependence, we have normal-
ized to Alper's data at ~i= 53 GeV and y = 0. Al

though the inclusive cross section does have an

energy-dependent p, distribution, this dependence
is primarily at large P„where the cross section
is small. We would expect only small corrections
if we were to plot da!dy integrated over p, .

Owing to the displacement by —,'6, in the argument
of Eq. (21), thresholds in do/dv are delayed some-
what, relative to the corresponding thresholds in

(xt t The reason, of course, is that we are not in-
terested in the KK threshold but rather the KKp
threshold. A similar displacement effect has been
noted by Chew and Koplik, "using a realistic mul-
ti-Regge model. The flattening of the energy de-
pendence of the central plateau is due to KJ7 con-
tributions, and the subsequent rise results from
BB events. If flavoring is omitted, the plateau
falls like s '" above vs =15 GeV, and does not
rise as high in absolute magnitude. The KK con-
tribution to the inclusive cross section is about
20% a,t v a=15 GeV.

The model is only qualitatively correct, as one

can see by exa.mining Figure 5. For exaxnple, we
are low at low energies, indicating we have
missed important contributions from single-pion
emission. In addition, there is evidence that
three- and four-pion clusters play an important
role in nondiffractive events. " However, in gen-
eral our pararnetrization in terms of p production
can be generalized to clusters, without changing
our basic results.

Of greater concern is the high-energy region,
where the model predicts only a 10% rise in the
inclusive cross section. Alper's da. ta.' show a
20% rise of the central plateau between v s =23
GeV and ~s=53 GeV, for all values of P, ~0.5

GeV/c. Assuming these data are the most reli-
able, the present model fa, lls short. We believe
we have realistically calculated the contributions
expected from thresholds within the context of this
model. , and that the increase expected from pions
produced in conjunction with K's and baryons can-
not be much greater than calculated here. This
means that additional mechanisms must exist to
explain the remaining increase observed at ISR.
One mechanism not included in this calculation is
high-mass resonance production (K*,N*). Our
model has assumed only multiperipheral pion pro-
duction. If a significant percentage of K's and N's
are actually resonances, we will get additional
pions produced. This would in no way alter the
cross-section fits of Ref. 4, nor the calculations
of this section, since the nature of the K's and N's
has never been specified. A crude calculation
based on the results of Ref. 4 shows that if one w

is emitted, on the average, from each KK and BB
pair. then we will get a,n additional 7% contribu-
tion to the inclusive cross section at Ws= 63 GeV.
This is close to what is needed to bring agree-
ment with Alper's data.

IV. CONCLUSIONS

The principal result of this investigation is the
demonstration of a, specific and reasonable mech-
ani. sm whereby threshold effects ca,n influence
both total and inclusive cross sections at about
the same energy. This mechanism is consistent
with the Mueller-Regge picture, and indicates that
strange-particle and baryon exchanges are likely
to play an important role at high energies. Our
numerical example has shown how a. detailed mod-
el incorporates threshold effects. We have shown
tha. t p, KK, and BB thresholds all must be ta,ken
into account in order to understand the overall en-
ergy behavior of the central region. Due to p-
threshold effects, the high-mass thresholds (KK
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and BJT) are somewhat higher in the inclusive than
in the total cross section, but still much lower
than would be expected naively. This effect, a re-
sult of our use of p production, explains in part
the difference between our results and those of
Chiu and Tow. ' Our results indicate that reso-
nance production (K*,N*) is also important for
producing pions in the central region. Finally,
we observe no effects of flavoring on the pion
multiplicity, in agreement with the prediction of
Chew and Koplik. '
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