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The structure of reaction mechanism in hadronic multi-particle reactions
1s investigated based on a simplified multi-Regge model and the perturbative
picture for the structure of hadron-hadron interaction at high energies is
presented. Aftergan introductory sketch on recent historical development,
partial cross sections are analyzed by a simplified multi-Regge model. It is
clarified that the reaction mechanism in multi-particle production processes is
composed of the non-diffractive mechanism and the diffractive one. The model with
these mechanisms is formulated and some of the experimental data are analyzed by
this model. The structure of effective couplings in a multi-peripheral chain is
investigated and it is shown that the dominant reaction mechanism switches over
from the non-diffractive mechanism to the diffractive one with increasing energy.
Finally, the perturbative picture for the structure of reaction mechanism in
multi-particle production processes is discussed based on the results obtained

from the above investigation. This paper includes the following contents.
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§1. Introduction

Multi-particle production iS one of the most current .and attractive problems
in the elementary particle physics. In the world of hadrons with strong interactions,
the creation and the annihilation of particles are essential at high energies,

As the energy goes up in hadron-hadron collisions, multi-particle productions
contribute to the main part of the cross section. Furthermore, if we consider
that the reaction mechanism of two-body reactions is closely connected with the
one of multi-particle production processes through unitarity, it is very
important to make clear the dynamical structure of multi-particle production
processes in order to clarify the structure of strong interactions. -

Recently, many of investigations about multi-particle production phenomena
are concentrated mainly in inclusive reactions. Just as the total cross section
O for a + b > anything, the one-particle inclusive cross section do/(d3& /Ec)
for the reaction a + b » ¢ + anything carries important global information about
the production of particle ¢ in ab collisions. The generalization to
several-particle inclusive reactions is immediate. The generalized optical
theorem relates the one-particle inclusive cross section to a certain
discontinuity of an unphysical three-particle to three-particle forward scattering
amplitude just as the optical theorem does the total cross section to the elastic
forward scattering amplitude, and the discontinuity is parametrized in terms of
Regge pole exchanges. Since the inclusive cross section is composed of the
summations of the cross sections for individual processes, it is very iﬁportant
to clarify the dynamical structure of reaction mechanism of each channel. In this
paper, we investigate the structure of reaction mechanism in multi-particle
production processes. |

Historically, the investigation of multi-particle production phenomena

2)

Began with Heisenbergl) in 1936. Since there are many excellent review articles



of various theories and models until now, we limit the discussion in this section
to an introductory sketch on recent development.

3 of Regge pole theory4) in the

On the background of the qualitative success
two-body hadron reactions and the accumulation of abundant experimental data of
multi-particle production phenomena in the accelerator energy region [ at the

Brookhaven AGS and the CERN PS ], a multi-Regge pole modelk)
7)~10)

was proposed in

1967-1968 and investigated in detail by many theorists. The idea of this

model was originally proposed by Amati, Bertocchi, Fubini, Stanghellini and Toninll),
in 1962, who put forward a multi-peripheral model, so-called the ABFST model

from dispersion-theoretical considerations as a natural extention of'the one-
pion-exchange (OPE) model which had been extensively discussed by Salzman and

12) and by Dremin, Chernavski and their collaborators13). They further

Salzman
developed the model and discussed systematically the characteristic features of
multi-particle production phenomena. According to the ABFST model, multi-particle
production is assumed to be reduced to the low energy pion-pion scattering.
Namely, the multi-particle reaction amplitude in hadron-hadron collisions is
assumed to be factorized by many low energy pion-pion scattering amplitudes. The
number of vertices increases as the incident energy goes up,but the sub-collision at
each vertex remains at low energy. Although this model gives us the Regge pole
behaviour of elastic scattering amplitude through unitarity and presents a unified
theory of multi-particle pr&duction, its quantitative predictions are, unfortunately,
not in agreement with experiments. The average multiplicity and the total cross

14)

section expected from this model are too small compared with experiments .

After that, this model has been abandoned until the revival of it in the multi-Regge

*) 5)

The first formulation of the multi-Regge model is presented by Ter-Martirosyan

6)

and Kibble in 1963.



model in 1967 as mentioned above.
Since 1967-1968, the theoretical and experimental investigation developes
vigorously based on the idea of the multi-Regge pole model. As for two-body

15)

reactions, experiments have the following important features at high energies;
i) The differential cross sections show forward or backward peaks
depending on whether the quantum numbers in the t- or u-channels admit
the exchange of a single particle or resonance.
ii) The peaks are roughly of exponential shape of the four momentum
transfers t or u.
iii) The cross sections have a power dependence on the energy, ‘52“"2 where
a is independent of reaction channels and is characteristic of the exchange
16)

quantum numbers, as called as Morrison's rule™ .

We call these features the peripheral properties. ' These features are in general in

agreement with the Regge pole model. It is natural that the qualitative success of
the Regge pole model in two-body collisions leads to the generalization of this
model to multi-particle production processes. Many of experiment seem to show the

propriety of this generalization. The peripheral properties are seen even in

17 as analyzed by Hansen et a118).

Based on the multi-Regge pole model, Chan Hong-Mo et alz)

multi~particle production processes
. parametrized
the n-particle production amplitude, so~called CtA model, in such a way that:
i) whenever the effective mass of every pair of the final particles is
large, the amplitude becomes fully Reggeized;

ii) whenever any group of the final particles forms a cluster with low
effective mass, that part of the amplitude which corresponds to
interactions within the cluster is replaced by a constant;

and analyzed various distributions of exclusive reactions, for example the c.m.

angular distributions and the longitudinal and transverse momentum distributions of



secondaries for varying multiplicity and incoming energy, the average transverse
momenta of secondaries as functions of multiplicity, etec., and obtained
qualitatively good agreements with experiments. However, the large number of
parameters obscure the physical image of the dynamical structure of multiple
production.

19)

At about the same time, Van Hove and his collaborators have examined on
the basis of typical experimental distributions in exclusive reactions, the
fundamental ideas and aspects which are especially interesting in connection

with model independent data presentation and analysis. Based on the fact that,

in strong interactions, transverse momenta of secondaries are 1imited to small
values and are largely independent of the nature of the particle, the multiplicity
n and the c.m. energy s&, in contrast to the longitudinal momenta of ones, Van
Hove et al. proposed a method of the final state classification in longitudinal
phase space (LPS) for many-body reactions just as one distinguishes between
forward and backward scattering in the case of two-body reactions. Because of

the constraints of momentum and energy conservatién, all events in LPS fall inside
appropriate polyhadrons, for example, a hexagon in three-body final state, a
cuboctahedron in four-body final state, etc.. If the reduced longitudinal momenta
Xy = 2p“i* /jglpﬁj*l are used, event points in LPS are classified into some
divisions. Since these divisions are connected with the characteristic reaction
mechanism based on the multi-Regge model, we can make clear the role of exchange
mechanism in exclusive reactions by means of LPS analysis. Van Hove and his
collaborators have considered that the events inside each division are produced via
production of clusters and have insisted from the analysis of K_p reactions at

10GeV/c that there is a hierarchy of strengthof exchanges,i.e.,

P>M>S>E,
20)

where P stands for pomeron, M for meson, S for strange and E for exotic exchange .



LPS analysis is excellent for the classification of the data by the exchange
mechanism but does not offer any information about the dynamical structure of
clustering.

1)

Furthermore, Namiki et al? have analyzed exclusive reactions by the ti—cut
phase space. They have considered that the dynamical structure of exclusive
reactions is effectively due to the universal ti—cut effect, i.e.,
ltil £ 1 (GeV/c)? for every ts in the multi-peripheral chain and shown that the
gross features of multiple production at fairly low energies, PL:E 30 GeV/c are
understood from this effect. Furthermore, they have clarified that a fireball,
i.e., the one of clusters is produced by the ti—cut mechanism. They have considered
the non-diffractive mechanism only and ignored the diffractive one and therfore
the behaviour at high‘energies have not been discussed fully.

Now, another model which stands for the experimental analysis is the fireball
modelzz)’ *). This model is obtained phenomenologically by analyzing jet
phenomena in cosmic ray energy region. As the first step to clarify the correlation
between the multi-Regge pole model with the fireball model, we, formerly, proposed

25)

a simple model which contains the Regge-pole hypothesis and the fireball
description of experiments. The model is that the fireball is produced by exchanging
Regge poles and subsequently decays in flight into secondary mesons. The results of

this model are qualitatively in agreement but quantitétively not in agreement

with experiments because of too rough simplification of the model.

*
) The original idea is due to the isobar model by Takagizs)

statistical model of Ferm124). His model has developed to the fireball model,

who improved the

later on and presented a new light to multi-particle production phenomena.



On the other hand, the theoretical investigation of jthe multi-Regge model

6)

has been developed by many theorist. Chew et al% have extended the idea of

27)

duality to multiple production and pointed out the justifiability of a rough

multi-Regge description with final particles which are stable with respect to
strong interactions from threshold to high energies. The factorization and the
dominance of small momentum stransfer in each vertex function are assumed in this
model, and one obtains the results that the averaged multiplicity shows the 1ln s

behaviour with energy and the multiplicity distribution is Poisson form.

28)

Furthermore, by the bootstrap principle the structure of input and output

Reggeons and pomeron has been explored in detail. Also, the relation between the

multi-Regge model and the original ABFST model has been discussed and a perturbative

9)

analysis of the diffractive dissociation mechanism has been presented2 . The

application of this model to the phenomenological analysis for inclusive reactions

30)

is qualitatively satisfactory .

31)

Feynman and Yang et 31?2) proposed the idea of scaling and limiting

fragmentation, respectively at Stony Brook Conference in 1969. These concepts

have become very important in the recent inclusiv%éhenomenology and in connection

33)

with the parton picture to elementary particles. Meuller34) has connected

these concepts with the Regge concepts through the generalized optical theorem35)

for inclusive processes and made a biginning of the big boom on inclusive reactioms.
Over the past two years the maximun beam momentum has increased from 30 GeV/c

to 400 GeV/c at NAL and to 3000 GeV/c at the CERN ISR and abundant data have been

accumulated. The multi-Regge model in the original form can not account forsome

of these experiment. For example, the multiplicity distribution36) is not the

Poisson form, except for in the momentum region P_ 2 50 ~ 70 GeV/c, and the

37)
2

(n) to dispersion (D) is constant, i.e.,

L
correlation parameter f is not zero and also the ratio of charged multiplicity

<n>
D

= 2 in costrast to the expectation



from the multi-Regge model.

%
Meanwhile, it has been insisted that the diffractive excitation model (DEM) )

38) 39)

is important in multiple production, by Hwa , Jacob and Slansky et all”’. 1In

this model, the averéged multiplicity shows the 1n s behaviour with energy but the

multiplicity distribution for large multiplicity n is On""ié which is not
n

inagreement with experiments and the cross sections are not saturated in the low
energies by this modelao). Furthermore, the observation of striking short-range
rapidity correlation4l) in inelastic cross sections is contrary to DEM. Since
two representative models; the multi-Regge model and the diffractive excitation
model, are monistic, they explain only the partial features of experiménts and
have been faced with difficulties in essential points.

A model which solves these difficulties is so-called two-component model
The basic idea of two-component model is that two distinct production mechanism

~call them multi-prepheral and diffractive- are at work44). Phenomenologically,

this picture is in agreement with essentially all of the experimental data presently

available. However, two-component model cannot be considered a candidate for

final theories of particle production, even if it should account for every

experimental feature. The two components must be intertwined through the unitarity

constraint, since it is artificial to enforce a separation. One interpretation of

this model is that two-component model is the first term of a perturbative

expansion for the full production amplitude. 1In fact, recently some attempts45)

42), **)

*)
*k)

The essential point of this model is same to the Takagi mode123).

43)

This model is proposed originally by Wilson who has considered two
component production mechanisms, i.e., the diffractive part which present the
almost constant cross sections and small multiplicity, and the pionization

one which present the decreasing cross sections at high energies and large

multiplicity.



that the full production amplitude is expanded by triple-pomeron coupling
perturbatively, are seen. In this paper, from the analyses of exclusive reactions
we also, independently, attain the similar picture, i.e., the perturbative picture
for the structure of reaction mechanism in multi-particle production processes.
Now, in this paper we consider the structure of reaction mechanisms in
multi-particle production processes based on the multi-Regge model. The exchanged
objects in the multi-peripheral diagrams are assumed to be two species, i.e.,
pomeron (P) and meson Reggeon (M), which are assumed effective fixed Poles for
simplicity and are parametrized as ap = 1 and Oy = 0, respectively. We are not
concerned with the quantitatively detail discussion of the fitting to the data
but the gross feature and the characteristic role of various reaction mechanisms
which are produced due to the existence of pomeron and meson Reggeon, and
investigate the structure of pomeron and meson Reggeon and the role of them in
multi-particle production processes. Pomeron is specified to have a vacuum
quantum pumber and is connected to the almost.constant cross section at high
energies and it exists in the diffraction mechanism in hadronic interactioms,
while meson Reggeon is assumed to be responsible to the averaged effect of all
secondary Reggeons and is related to the decreasing behaviour of the cross section
with increasing energy. The existence of pomeron and meson Reggeon induces two
different reaction mecﬁanisms, i.e., the non-diffractive (ND) mechanism and the
diffractive (D) one and the D mechanism is composed of many components as discussed
in this paper. Present experimental daﬁa show the existénce of the switch-over
mechanism of the dominant reaction mechanism in multi-particle production
processesés)’47)’48). Furthermore, the smallness of the inner pomeron coupling
(gZPM) compared to the inner meson coqpling~(g2MM) and the existence of the

49)

switch-over mechanism lead us to a perturbative scheme of the reaction mechanism

50)

in multi-particle production processes .



In §2, we briefly outline the multi-Regge model and introduce two sort of
exchange objects, i.e., pomeron and meson Reggeon. The pgrtial cross sections
are analyzed phenomenologically by this model and it is clarified that the reaction
mechanism in exclusive processes is composed of the non-diffractive mechanism and
the diffractive one. The model with these mechanisms is formulated in §3 and
the structure of the s4 and ti dependence of the model is investigated. In §4,
some of experimental data, in particular, the partial cross sections, the invariant
mass spectra, the forward-backward asymmetry and the two-particle distributions are
analyzed by assuming that the non—diffracti&e mechanism (ND) and the single
diffractive dissociatioh one (Da and / or Db) are main terms and the double
diffractive dissociation one (Dab) and other multi-pomeron exchange ones
(D-D, Da—D, v+« ) are neglible for reactions with small multiplicity, say several,

in the region from threshold to P_ = 100 GeV/c. From the analysis of the partial

L
cross sections, it is clarified that the experimental data show the switch-over
mechanism of the dominant reaction mechanism from the ND to D mechanism. Also,

the importance of the switch-over mechanism is pointed out from all the analyzed
physical quantities. Based on the results of the analyses in 54, the gross
structure of exclusive reactions is discussed in §5. In §6, we investigate the
structure of efféctive couplings in the multi-peripheral chain, above all the inner
couplings in order to ﬁake clear the origin of the smallness of the countibutions
from Da s, D-D, Da-D, etc.., It is clarified that the inner pomeron coupling gzPM

is very small compared with the inner meson one gZMM, i.e., gzPM/gzMM ~ 0.,01.

This result leads to the smallness of the contributions from Dab’ D-D, Da-D, etc.,
and to a switch-over mechanism of the dominant reaction mechanism with increasing
energy as discussed in §7. The perturbative picture of the reaction mechanism in

multi-particle production processes is investigated in §8. A new integral

equation for production amplitudes is presented and further the duality assumption



- 10 -

is introduced. Finally, the possibility of the non-vanishing adjacent pomeron
coupling gPPZ is discussed. The production of the multi-fireball and the new
particle is included in this scheme in connection with the non-vanishing gPM2 and
gPPz’ respectively. Conclusions and discussions are given in §9. We present in
appendices (A) Partial cross sections by a simple multi-Regge model in the

Chew-Pignotti's approximation and (B) The perturbative expansion of the S-matrix in

the formal theory of scattering.
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§2. The analyses of partial cross sections by a simplified multi-Regge model
As mentioned in Introduction, we explore the structure of reaction mechanism

in multi-particle production processes. The qualitative success of the Regge

)

pole model3 for high energy reactions with two body final states requires serious

attention to the multi-Regge hybothesis7)~10)

for multiple production.
According to the multi-Regge model, the reaction amplitude (Tn) of the

exclusive reaction,
*)
at+b->cy +cpt+ o *c, (2-1)

is given at high energies as follows;

)n- aj (t4)

P + exchange terms, (2-2)

n-2 1
Ta~ Ya(t) Gryvy Ctyatyg58, 0y (e 1) 78 (s

where ar denotes the trajectory of the leading Reggeon exchanged in the i-th
subenergy in the multi-peripheral chain as shown in Fig.l. The exchange terms
correspond to the diagrams with the different. ordering of longitudinal momenta

of final particles. In Eq.(2-2), the end vertex factor ya(yb) denotes the coupling
strength of Reggeon al(an-l) to the particles a and ?l(b and cn) and the inner

vertex factor \ denotes the one of two Reggeons ay and a,

to the particle
i+l P

*
) We denote the four momenta of particles a, b and c,as Pa’ Pb and 4 respectively.
Th i d i .
e energies and masses are W Wy and Wss and m, my and m,, respectively
The number i represents the order from the side of the particle a in a
multi-peripheral chain as shown in Fig.l. The invariant variables are defined

as

i
- + 2 = 2 o - 2
s (Pa Pb) s 84 (qi + qi+l) and ty (Pa jglqj) .
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. 51) .
Cit1e T4 and ¢4 denote the signature factor and Toller aangle , respectively.

In the more complicated case, the contribution of secondary Reggeons and / or cuts

Fig. 1
is added to Eq.(2-2) but mostly, these contribution is neglected at high energies.

27)

Furthermore, since we can consider that the duality justifies a rough multi-Regge
description of high energy multiple production which ignores resonance production
and concentrates on those final particles that are stable with respect to strong
interactions, we take this model from threshold to high energies.

Mostly, the following assumptions are taken for the practical discussions;
(1) Each vertex part with the signature factor is small except for small

value of each momentum transfer ti and has an exponential behaviour

on ti. We call this the ti—cut mechanism. From this assumption, the

exchange terms of Eq.(2-2) tend to be small and therefore, we neglect

these terms, for simplicity.
(ii) Toller angle ¢i is able to be neglectedsz).

Based on these assumptions, we have the following amplitude;

ML oaity L osq aj(ty)
= iti 1 i -
Tn N/Cni;rle ( = ) s (2-3)

where Cn is the normalization factor, a, denotes the magnitude of the ti-cut

i
and sy is scaling parameter which is taken to be 1 (GeV)%

The partial cross section (on) is given as follows;

1

= 2 -
°n = 2]i(s,n7_,m D) sde |t |2, (2-4)
1 n d3q-
= 1 L - _
d@n (2n)3n'4 Con—z 121 Zwi ) (Pa + Pb igl qi)’ (2-5)

where ZJX(s,maz,mbz) denotes the flux factor and A(x, y, z) = x2+y2+z2-2xy-2yz-2zX,
and d@n the phase space volume of n-particle final states. C; is a scaling

parameter and is taken to be 1 (GeV)2., The practical calculation is carried out
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by Monte Carlo method which is explained in Ref.87).

Now, we consider the multi-pion production processes in order+to clarify the
structure of reaction mechanism based on the simplified multi-Regge model.

For simplicity, we assume that the only two sort of Reggeons,i.e., pomeron
(P) and effective meson (M) Reggéon are exchanged in the multi-prepheral chain,
where pomeron and meson Reggeon are assumed to be the fixed poles and parametrized
as ap & 1 and oy~ 0, respectively, and are considered that they are specified
only by the internal quantum numbers. The effective meson (M) Reggeon contains
the averaged effect of all secondary trajectories. Thus, the reaction mechanism
in multi-particle production processes is classified into the non-diffractive
(ND) mechanism and the diffractive (D) one. The D and ND mechanism are specified
by whether pomeron is exchanged somewhere in a multi-peripheral chain or not,
respectively. Phenomenologically, the D mechanism is specified by the almost
constant behaviour of its cross section with increasing energy, while the ND
mechanism by the rapidly decreasing behaviour of its cross section at high
energies. 1In this section, we investigate the magnitude of the ti-cut parameter
a, corresponding to pomeron and meson Reggeon exchange mechanism, respectively.

First, we consider the non-diffractive part of reaction mechanism. 1In this
case, pomeron is‘exchanged nowhere in the multi-peripheral chain and all of the
exchanged Reggeons are equally oy However, in anticipation of the case of the
processes dominated by strange meson exchange and / or baryon exchange, which we
consider in analyzing the experimental data of Hansen et al. below, we here write
the exchanged Reggeon as @, in general. In the case of multi-pion production,
a is assumed to be T = ay = 0 as seen in the above discussions. The adequacy of
this parameter is discussed below.

Then, the reaction matrix producing n-particle final states is written as

follows;
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- = n-1 2asts *
ITn|2 =C, (PL)2°‘ Iil;rl esBiti | ) (2-6)

where E; is the normalization factor and PL is the incident laboratory momentum.
From the following analyses of experiments, we obtain the result of
a, =as= 2 (GeV/c)—2 for multi-pion production precesses if we take o = O = 0.

We call this mechanism the universal ti—cut mechanism. Fits by means of this

value are shown in Fig.2~4. 1In Fig.2, we show the energy dependence of the partial
. .- - o, -k 3 53) . . ,
cross section o, inmp>mpnm (mm ), where k = 0, 1 and 2 . The normalization

factors are arbitrary. The magnitude of ti:cut of a;, = 2 (GeV/c)—2 explains the

gross behaviour of o, of the non-diffractive part from threshold to high energies.

Fig. 2
In Fig.3, we show the following quantity;
7de n;l eZati

NN ——— o< (P ), (2-7)
n L
rde_

*)

In the multi—Regge limit, we have the following relation;

S=SISZooos

n-1
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*)

The cross section for a given inelastic channel with n particles in the final

state may be written as

= 2 —_—
% <lTnl 7 av Pch§ fd@n ’

where P is the c.m. momentum of the primary Particles and 1/P {E is the
cm cm
flux factor. Hofmokl et al. have examined the energy dependence of the average

of the square of the transition matrix element:

<t ]2> = o* = %5Penf® ,
n av Iy ——

Jde
n
using available data on cross section for multi-pion production processes of
+ +
40 reaction channels with the multiplicity n ranging from 3 to 8 in np, K'p,
pp and Dp inelastic collisions. They find that for all investigated reactions

*
o may be well fitted by a simple power law

where the values of the exponent, n, increase with the multiplicity n.
That the result of Eq.(2-7) and Fig.3 is in agreement with this means that
the values of a; = 2 (GeV/c)-2 and @ = 0 are good parameters for multi-pion

production processes.

*
Then, the experimental values for n are taken from the analyses of Hofmokl et al?4)’ )
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As seen in Fig.3, we conclude that the result of Hofmokl et al. is exﬁlained by
the values of a; = 2 (GeV/c)__2 and & = Q. Namely, it is explained by the universal
ti—cut mechanism. Furthermore, it means that the increase of PL dependendence

of the phase space with increasing multiplicity is canceled by the decreases due

to the universal t -cut mechanism. In Fig.4 we show the multiplicity dependence
i

Fig. 3
of the incident momentum giving the maximum point (anax) of the partial cross
18)

section. Experimental values are taken from the analyses of Hansen et al’,

When we parametrize as
P = An~ (2-8)

we see A 1is channel-dependent but B is universal for any channels. In the case
of a; = 2 (GeV/c) and o = 0, results are given in Fig.4 and Table 1 and are in
fairly good agreement with experimental values. As seen from the above analyses,

Fig. 4

Table.l

= 0 and a; = 2 (GeV/c) are good parameters for the case of multi-pion
production processes.

We consider ﬁot only multi-pion production processes but also the processes
dominated by strange meson exchange and / or baryon exchange which are investigated

18)

by Hansen et al’ and study the magnitude of the effective trajectory (&) in the
reaction mechanisms corresponding to these processes.

From Egs.(2-6) and (2-7), we obtain the followiﬁg relation;

1 2 n-1 2a
% ° [Flux] '(PL) fd@“i i ¢ ’
1
[Flux] (P ) fd@n . (2-9)
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)

*
When we compare this equation with the analysis of Hansen et al.” , we get

2q-2 = -0y because of I = n-1 where n, is a paramater used by Hansen et al..

Therefore we determine the value of @ from one of n, as follows;

A
Exchange n, o
S = 0 meson 2 0
S = 1 meson 3 -1/2
S = 0 baryon 4 -1 s

where S is the strangeness number. For S = 0 meson exchange, this result is in

-,

%%
agreement with our assumption @ = 0. Generally, we can write @ = -0.5 (nS + 2nB)

)

where ng and ng denote the number of strangeness and baryon number of'dominantly
exchanged object, respectively. It is noted that the determination of & is closely
related to the magnitude of a; . These values of o are rather small compared

with the one of the leading trajectory estimated mostly from two body reactions.

The problem why these exchanged trajectory is lower than the leading trajectory

in multi-particle production is still an open question. However, it is not so

%
) Hansen et al. have examined the energy dependence of O which is defined as
O, = % xéiésfi-and found that experimentally 9y has the form
P
-n
op = By ’

just as in two-body reactions. n, is a constant independent of multiplicity,
but depending on the reaction mechanism in a manner similar to Morrison's
rule16) found for two-body reactioms.

**)

This equation is same to the relation of effective trajectories to rank

numbersss).
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suprising if we notice that in multi-particle production processes, there are
many terms contributing to the cross section and many secondary trajectories
are allowed to be exchanged and thus, the averaged effect of all secondary trajectories
may reduce the intercept of T, and also the subenergy in the multi-peripheral
diagram is not always so large and therefore secondary trajectories may contribute
to cross sections 1argely*).
In summary, we can understand the gross feature of multi-particle production
data which are characterized by the non-diffractive mechansim according to the

following formula:

(experiment) = (exchange effect) x (ti—cut effect) x (phase space factor)

where
experiment 3 on(EXP)vv PLZ-O-L_2 .
exchange effect ; on(EXP) / on(ti—cut)av PLza .
t,-cut effect ; on(ti-cut) / cn(p-s)a- PL—(n_l)
and phase space factor ; cn(p-s)- PLﬂ-3 *) .
*)

In general, the exchanged trajectory is lower than the leading trajectory in

multi-particle production processes. This tendency is seen in inclusive

56)

reactions . Also, it is understood by that in C4 A model7) the baryon

exchange term contributes largely to the cross section.

k%
) Here,
1 n-1 2ajytj
on(ti cut)o<rFIG;T figl e d@n and

[ds .
n

1
On(pfs)c‘[Flux]



- 19 -

Next, we investigate the diffractive part of the cross section and determine
the structure of its reaction amplitude. The diffractive mechanism is characterized
by the existence of pomeron exchange somewhere in the multi-peripheral chain and
its cross section is considered to show the constant behaviour at high energies.
Based on the multi-Regge model discussed above, we consider the following amplitude
as to correspond to the diffractive mechanism for the n-particle production

processes:

- J -1 Q3iti bt 1 P n- -1 o2ktk _
n FEST e ( ) k- +1 ’ (2-10)

where Dn is the normalization constant. A pomeron is exchanged in-the j-th
section in the multi-peripheral chain and is assumed to be a fixed pele whose
intercept is 1 as mentioned above. It is assumed that the non-pomeron exchange
sections in the multi-peripheral chain are specified by the exchange of o which
is discussed above, and therefore, by only the universal ti-cut mechanism
(ai = 2 (GeV/c)_z) for multi-pion production processes.

In order to check the problem whether the amplitude of Eq.(2-10) gives the

constant cross section or not, we consider the reaction mp > 37mp. Then, we get

20
D __1 2  _2ajty 2bt3 33: P _
% [Flux] fd¢ 4I; e . e (—0 . (2-11)

where ts is the 4-momentum tramfer squared from initial to final proton. If we

take a, = 2 (GeV/c)“2 and b = 8 (GeV/c)—z, the cross section 04D

constant behaviour at high energies, as shown by the solid line in Fig.5. On the

shows the

other hand, if we take a; = 0 in Eq.(2-11) instead of a; = 2 (GeV/c)—z, the cross
section does not exhibit the constant behaviour but increases with energy as
shown by the broken line in Fig.5. Also, if we take (s/so)OLP instead of
(s3/so)°£P in Eq.(2-11), we get a result similar to the model of a, = 0 and obtain

i
the dotted line in Fig.5. Thus, it is considered that the amplitude of Eq.(2-10)
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is a good description of the diffractive mechanism, when ai ~ 2 (Gfs-,V/‘::)_2 and
b=~8 (GeV/c)—z. These values of parameters are independent of the final multiplicity

and the incident momentum.

Fig. 5
Finally, we discuss the role which the non-diffractive (ND) and diffractive (D)

mechanism play in the cross section of exclusive reactions. As investigated

already, the cross section of the former rises steeply from threshold, reaches

a peak and then decreases. On the other hand, the one of the latter rises slowly

from threshold and approaches a constant value with increasing energy. As shown

53), the dominant part in the cross section of the

. . - -+ -
in Fig.6 for mp> 7 nm 7 p
exclusive reaction switches over from the non-diffractive mechanism to the

*
diffractive one. Here, we take ND : D =2 : 1 ) as the relative ratio of coupling

of two mechanism.

Fig. 6

If we extend this feature to all inelastic reactions, we would get the gross
picture as shown in Fig.7. We believe that when the incident energy is fixed, the
non-diffractive and diffractive mechanisms are dominant for higher and lower
multiplicity reactions, respectively.

Fig. 7

*)

This value must not be considered to be so rigorously meaningful because we
here consider Dn term only, whiéh produces diffractively a dissociated pion
system, as the D mechanism. However, as will be discussed in the following
section, the D mechanism for n-p - w_n+w‘p is composed of two terms, i.e.,

D1T and DN’ though the contribution of D is small compared with that of Dﬂ.

N

Also, see the analysis of partial cross sections in §4.
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§3. The structure of diffractive and non-diffractive mechanism

In the previous section, it has been clarified that the reaction mechanism
in multi-particle production processes is composed of two different reaction
mechanism, i.e., the non-diffractive (ND) mechanism and the diffractive (D) one.
In this section we formulate the model with these mechanisms more fully and
investigate the structure of them.

We consider the reaction of Eq.(2-1). Hereafter we consider only multi-pion

production processes. As discussed in the previous section, if we consider the

w

only two sort of Reggeons, i.e., pomeron (P) and effective meson (M) Reggeon, the
reaction amplitude for the reaction of Eq.(2-1) is divided into the non-diffractive

and diffractive parts. Namely, the amplitude aan is written as

abT - abT ND + abT D , (3-1)
n n n

where aanND and aanD denote the amplitude of the ND and D mechanism, respectively.

We construct the amplitudes aanND and aanD in the following way :
(i) We assume the multi-peripheral diagram as shown in Fig.l.

(ii) The exchange of the meson and pomeron in multi-peripheral chain are

parametrized as follows;
s{ a

) eatif§6) L S a=2(GeV/c)_2, aMfO for meson Reggeon,
S, a
(B) ebtlégi) P : b=8(GeV/c)-2, aP=l for pomeron,
0
where s, is a scaling parameter and is taken to be 1 (Gev){, These

0

parameters are independent of energy and multiplicity and are assumed
to be valid from the threshold to high energies.

(iii) Though there are many multi-peripheral diagrams according to the
permutation of the final particles in the multi-peripheral chain, we

select only a few diagrams which are considered to play main roles
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for each reaction, and construct the amplitude corresponding to them
as the effective amplitudes. Also, in the following calculation,
these amplitudes are added incoherently*), since we are concerned
with the gross structure of the reaction mechanism and with the
characteristic features of the ND and the D mechanism.

(iv) The ND mechanism is characterized by such a mechanism that pomeron is
exchanged nowhere in multi-peripheral chain as shown in Fig.8(a).
We simply parametrize it by only one term (aanND). On the other

hand, the D mechanism is characterized by the existence of pomeron

exchange in the multi-peripheral chain and is decomposed as follows;

abT D _ abT Dy abT D, , abT Dap abT D-D abT Dg-D e, (3-2)
n n n n n

ab_, D.

where Tn i, abT Dab’ abT D-D and aanDa—D

n n denote the amplitudes

of single diffractive dissociation of particle i, the double diffractive
dissociation, the double diffraction and the double pomeron exchange
with dissociated system of particle a, respectively, and they are

specified by the diagrams as shown in Fig.8(b)~ (f), respectively,

Fig. 8

Under the above assumptions, each reaction amplitude is parametrized as follows;

ab, v _ Jab_, v v
Tn = Cn Rn (si, ti) , (3-3)
RV (s,, t.) = BpL e3iti (4% (3-4)
n i’ i i=1 S0 ?
where abcnv denotes the normalization factor of the v-type reaction mechanism.
If a = op and s then a, = b and a, respectively.
*)

The structure of each reaction mechanism is different from each other and

the wave functions have little overlap.
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, . ab, v . .
The normalization factor Cn is given as

ab y ab v (3-5)

where Cnab is dependent of multiplicity but free from any reaction mechanism and

b

v is independent of multiplicity but dependent of mechanism. Both.Cna and

% ab

v . o s
@ are independent of the incident momentum.

Next, we consider the following quantity in order to investigate the
structure of an (si, ti) for the 7 p and pp reactions with multiplicity n = 3

and 4;

1
-
o

n zll(s,maz’ mbz) fd@ﬂ ‘an (si’ ti)|2 ’ (3-6)
The calculated results from Eq.(3-6) are shown in Fig.9 and summarized as follows:
(1) 3; D rises steeply from threshold, reaches the maximum point and then
decreases as PL—u(u = 2). On the other hand, EnDN and E;P“ rise slowly
from threshold and approach to a constant with increasing energy.
)

*
and ]/ or DTr . These

Furthermore, EnD_D rises slightly faster than DN

properties are common to w_p and pp reactiomns.
(ii) As for the ND term of 7 p and pp reactions with equal multiplicity,
we find that the shape of both cross sections (EﬁND) is similar, but

: . . = ND , - . X
the magnitude of the maximum point of o, inmp reactions is about

*)

Formerly, we proposed a fireball model with double pomeron exchange corresponding
to the D-D mechanism in order to analyze inclusive pp reactions in the
accelerator energy region and pointed out the increase of the cross section

25)

due to this mechanism with increasing energy .
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*
9 times larger than the one in pp reactions ).

(1ii) In 7 p reaction, EnD” >'5nDN as shown in Fig.9(b). This is due to the

relation s > s, where s (s_ ) is the subenergy of pomeron exchange
pm T prt omm
part as shown in Fig.8(b) (Fig.8(c)).

(iv) The relative magnitude of_c;.nDTT to'EnND in ﬂ_p reactions is mnearly
- D — ND . . s 1o
equal to that of o N to o, in pp reactions when the multiplicity

of both channels is same. This comes from the fact that the subenergy
of pomeron exchange part of both single-diffractive dissociation

mechanisms, i.e., DTT in 7 p reactions and D_ in pp reactions, is same

N

s in both channels.
pT

Fig. 9

*)

The phase space volume contains the energies of final state particles. If
we consider the region of 9 = 0, the relative magnitude of the phase space

volume of the final state of n_p + N + (n-1)7 to the one of pp >~ NN + (n-2)7

is about-%%. é%i ~ 7, which partly accounts for the difference of the

magnitude of the maximum point of E;#D between ﬂ—p and pp reactionsss).
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§4. The analyses of experimental data by the model

Now, we analyze some experimental data by means of the model discussed above.
Multi-particle production p?ocesses are specified by two variables, i.e., the
incident momentum and the final multiplicity. For the present, we pay attention
to the reaction mechanism of exclusive reactions with a fixed multiplicity, say

several, in the energy region from threshold to PL ~ 100 GeV/c. Then, it is

assumed that the number of pomeron exchanged in the multi-peripheral chain is
limited to only one, because the contributions from multi-pomeron exchange mechanism

are considered to be small in the energy region below PL = 100 GeV/c. Furthermore,

is assumed to be small compared with

*)

in this energy region °. The

the double diffractive dissociation term Dab

the single diffractive dissociation terms Da and Db
smallness of the contribution from thése reaction mechanisms is discussed and
clarified in §7. Therefore, we consider only three mechanisms (ND, Da and Db)
in the first approximation, when we analyze the following experiment. We are not

concerned with the quantitatively detail discussion of the fitting to the data

but the gross feature and the characteristic role of each mechanism, ND and D.

(1)Partial cross sections
First, we analyze the partial cross section o, for the following reactions
in order to investigate the energy dependence of cross sections and the role

of the ND and D mechanism in each reactions;

Tp->malp , _ (4-1-a)

TpP>TTTDP , (4-1-b)

*)

Experimentally, the smallness of Da compared with Da and / or D, is seen

b b
20) e 57)
in the LPS analysis . Also, recent ISR data show the similar results .
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T p - n-n+n_w0p , (é—l—c)
n-ﬁ > ﬂ—ﬂ+ﬂ—ﬂ+ﬂ_p , (4-1-4d)
pp > pp1? (4-1-e)
PP > ppﬂ+n— . (4-1-£)

According to the procedure in the previous section, the amplitude for the

above reactions are expressed as follows;

Pr, = TrpT3ND + TPp 0N (4-2-a)
"Pr, = in4m + "PTADN + ”pT4D" , (4-2-b)
"prs = "PTSND + “PTSDN , (4-2~c)
in6 - ﬂpTGND + in6DN + TrpTGDTr , (4-2-d)
ppT3 - PPT3ND + ppTBDﬁ + ppT3DN , (4-2-€)
ppT4 = ppT4ND + PPT4DN + PPT4DN , (4-2-£)

where second and third terms in pp reactions denote the single diffractive
dissociation amplitude in which pomeron couples to the projectile proton and
the target one, respectively. In 7 p reactions, the DTr mechanism is forbidden
from the conservation law of G-parity when the final multiplicity n is odd and
thus we have only two terms, i.e., ND and DN while we have an additional term

DTr for the reactions with even multiplicity. We calculate the energy

53),58) which are

dependence of the partial cross sections and fit the data
shown in Fig.10. Experimental data are fitted by using the following relative

weights among each mechanism:



ta T=81:21:1.1 , (4-3-a)
*)
=8 : 1.1 . (4-3-b)

These parameters are taken so as to fit O; over all. Also, the normalization
a , .
factor Cn b is determined so as to fit the experimental data. The total
ND

. . . ab . .
normalization factor of the ND mechanism, Cn is taken as follows in the

case of three and four final multiplicity-reactions;

"¢ P = 1,59 x 102, (4~b-a)
"PcaND = 1.61 x 103 (4-4-b)
PPC3ND = 0.96 x 103 , (bbimc)
PPc, ™ - 1.02 x 104 (4mti-d)

ab,, ND . . . . . .
where the values of Cn are given in dimensionless unit. The fits are

shown in Fig.l0 and are satisfactory.

Fig. 10

From this analysis the following results can be derived;
(i) In all reactions, the ND mechanism is dominant in the low energy
region but it rapidly decreases with increasing energy, while the
D mechanism (D1T and / or DN) approaches to a constant and becomes
dominant at high energies. Namely, the dominant breaction mechanism

switches over from the ND mechanism to the D mechanism with increasing

*)

. . a . .
If we assume the factorization and relate anv to effective couplings

as discussed in §6, we can see Eq.(4-3-b) comes from Eq.(4-3-a) automatically.

In the word of coupling constants, the ratio of aprD : aﬂPD“ and the one

ND D
. N 2 2 . 2 2
of ap Oy |\ are equally (f YN B ) (£ PNF ZPM ).
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energy. We call this the switch-over mechanism.

(ii) In wp reactions, the DTT mechanism gives a larger contribution to
, . D D .
o than the D_ mechanism despite o N =~ o T, This comes
n N T s}

mainly from the difference of the structure between RnDN(si, ti)

and RhDﬂ(si, ti) as discussed in §3. The DTT part produces the

different energy dependence between Oy and %, in the ﬂ—p reactions.
(iii)Let us consider the contribution to the inelastic total cross

section from each channels. If we neglect the partial cross sections

with large multiplicities, the following cross sections can be

estimated for 7 p reactions;

o = g + 0 + 0 + 0 , (4-5-a)

Q
R

D o, DN + ¢ ON 4 ¢ PN 4 ¢ Py Dy D » (4-5-b)

T 3 4 5 6 4 6
ND D . .
where Op and GT denote the total contribution from the ND and
D mechanism, respectively. The energy dependence of OTND and GTD

is shown in Fig.1ll. OTND shows a slowly decreasing behaviour with

energy, while ¢ D

T increases slowly with energy. Therefore, the

switch-over mechanism is seen in this case, tvo. Though only these

cross sections do not saturate the inelastic total cross section,

ND ,
, which turns

D
r /! 9

59)

it is meaningful to calculate the ratio ¢

out = -l-at P. =~ 16 GeV/c in our case. \{Jehara estimated this

3 L
1 . . ] .
ratio as =§-at such an energy, which is not inconsistent with our

60)

estimated this ratio as = L

result, Also, Quigg and Jackson 3 .

<Fig. 11
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(iv) We estimate in w—p reactions the contribution of D type in qn
at a fixed s. At three incident momenta, this is presented in
Fig.12. At small multiplicities the ratio becomes large as the
energy increases but at large multiplicities the ratio is small.

Fig, 12

(2) Invariant mass spectra

The invariant mass spectra of exclusive reactions in ¢ p collisions
are studied here. Since each reaction mechanism exhibits a characteristic
distribution in the invariant mass spectra, we can also check the component
of the reaction amplitudes. As there are no data of the invariant mass
spectra for the reaction considered in (1), we use the one with fixed
pion number in the process w_p > ﬂf_(mﬂ + N)+ form =1, 2, 3 and 461), where
w; is a leading particle.
Experimental data given in the dashed lines in Fig.l1l3 show the following
features :
(i) For m = 1, there is a large enhancement for 1.2 GeV < M(nN) < 1.7 GeV
and a low and nearly flat tail for M(sN) > 2 GeV.
(ii) For m = 2, there is a small and broad enhancement around 1.6 GeV,
a fiat plateau for 2 GeV < M(27M) < 3 GeV and a linear rising for
M(2zN) > 3 GeV.
(iii)For m = 3, there is a linear rising for M(37N) < 2 GeV and a flat
plateau for M(37N) > 2 GeV.

(iv) For m = 4, there is an only linear rising for M(47M) > 2 GeV.

Fig. 13
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The process 7 p + n} (mm + N)+ in this experiment contains various
channels with one nucleon and m pions and is not same to the reactions
considered in Egs. (4—1-;) ~ (4~1-d). Therefore the normalization factor Cnab
which is determined from the analysis of the partial cross sections in (1)
can not be taken for the analysis of invariant mass spectra in this subsections.
However, since we are not concerned with the quantitatively detailed discussion
of the data fitting but the characteristic role of each mechanism, ND and D,
in the invariant mass distributions, we assume that the experimental data in
Fig.13 come from effectively the same ré;ction as considered in Eqs.(4-1-a) ~
'(4—l—d) and put the effect of this assumption on the normalization factor
of each reaction. In the analysis of the invariant mass distributions, this
normalization factor contains some constant factor multiplying on Cnab which
is determind from the analysis in (1) and we take this constant factor commonly
for reactions with different value of m. As for the ratio of the relative

weight among different reaction mechanisms, we take Eq. (4-3-a).

We calculate the following quantity:

do_(s) do ND(s) do D(s)
er(l N) - erEC seac ) T er(lc seec ) (4-6)
mm 2 0 5 .
n
where M(czo-.cn) = (iEZ qif' . First, we consider the features of each

mechanism in the invariant mass spectra. As the typical examples shown in
Fig.14 make clear, the results are summarized as follows:
(1) The invariant mass spectrum of the ND mechanism shows the following
features : In the energy region near threshold, it shows a sharp
peak, and the shape of it crumbles through a dumpling-type to a
thin board-type with increasing energy.
(ii) In the case of the D,_ mechanism, there is an enhancement near low

N
kinematic boundary, and it becomes bigger with energy. But the



- 31 -

peak position of it does not change largely. This bump corresponds
to the so-called cluster of N*.

(iii)In the case of the DTr mechanism, there is an enhancement near upper
kinematic boundary and it also becomes bigger with energy. The peak
position of this enhancement moves to the side of large invariant
mass as the upper kinematic boundary increases.

(iv) There features are seen commonly for all multiplicity.

Fig. 14
A~
Now, we analyze the experimental data at PL = 16 GeV/c. We take the value
of Eq.(4~-3-a) for the relative weights g pND, o pDN and o pDW. The results
s i s

*
calculated from our model are shown by the solid lines in Fig.1l3 ) and give a
good agreement with data except for the case of m = 3 and are summarized as

follows:

ND Dy
™~ 0'3 .

body final state has a thin board-type spectrum in the invariant mass

(i)' For m = 1, o3 The ND mechanism in the reaction with three

distribution and the D mechanism has a large enhancement near

M(N) =~ 1.4 GeV, respectively as shown in Fig. 14. Therefore, the

large enhancement from 1.2 GeV to 1.7 GeV is explained by the DN
mechanism and the flat tail by the ND one.

(ii)' For m = 2, 04ND = 04D“ > 04DN. The ND mechanism has a dumpling-type
spectrum at this energy. A nearly flat plateau for 2 GeV < M(27M) < 3 GeV
is explained by this mechanism. The'DN mechanism produces a small

enhancement near about 1.6 GeV and the D one a large enhancement
T

at the large invariant mass region near about 4.5 GeV.

*)

Here we fix the normalization factor as follows;

1 event / 1 bin = 1.3 x 10 © mb/GeV
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(iii)' For m = 3 > GSDN. In this case, the predicted value in our

’65
model is too large compared with the experimental data. Since the
discrepancy with the data is seen only in this case, we consider

- - *
that this experimental data of 5 p » 1 f(3ﬂN)+ may be wrong ).

(iv) For m = 4, gGND > géD“ > gGDN. The invariant mass distribution is
explained mainly by the ND mechanism at this energy.

It is concluded that at PL = 16 GeV/c,»reactions with small multiplicity
are specified mainly byvthe D mechanism and those with large multiplicity
by the ND mechanism, respectively., This result comes from the fact that the
‘threshold energy of reactions with large mﬁltiplicity is high coméared with
that of reactions with small multiplicity. The threshold energy is very

important in analyzing the data of exclusive reactions at a fixed energy.

(3)Forward-backward asymmetry

In this subsection, we investigate the connection of the forward-backward
(F-B) asymmetry with the reaction mechanism.

We consider the following process:

+b>c, +ec,+ > +ec, te,, .+ F -
a+b c, te, c; teiyg c > (4-7)
[ _— N —
~" ~"
o n_

where n, and n_ denote the number of particles going to the forward and

backward direction with respect to the particle a in C. M. S., respectively.

The total number (n) of secondary particles is'n+ +n . If we express the

n.)

cross section of the above process by cn(n+’ we have the following

*
) Also, the fact that the shape of this experimental data are quite different

from the case of m = 2 and m = 4 suggests that this experimental data

are doubtful.
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relation:

g = ngl 0(n+, n-)

n o=l mn ’ (4-8)

The F-B asymmetry in collision is characterized by the structure of 0;(n+’ n_).

Also, we consider the following asymmetry parameter

7=l Mo n) g (4-9)
n n,=1lnn n
+
where A = n,-n =2 (n —-BO
n + - + 27 i
The experimental data62) of cn(n+’ n_) are shown in Fig.15. It is noted
- -+ -+ = ’
that on(n+’ n_) of the reaction m p > 7T 7w 7 W+ﬂ p has a peak at n =3 (An = 0)

and its value increases and then decreases with the incident momentum from
PL=5 GeV/c to 16 GeV/c, while at both side, i.e., at !Anl = 4, it increases
monotonically, In the case of pp reactions, on(n+’ z_) shows the V-type
shape at 28.5 GeV/c and the production of particles in collision is strongly

asymmetric.

Fig., 15

In order to understand these experimental features, we consider the connection

(n,, n)

of this cross section ¢ to the reaction mechanism discussed above.
n

- -+ -
(n+, n_) for the reaction m p > w7 7 p at

We show the model calculation of 9
16 GeV/c and 64 GeV/c in Fig.l6. Here, we used the model formulated in $3 and
the relative weight of Eq.(4-3-a) among each mechanism. The calculated results
show the following properties: The ND mechanism has a peak around ]Anl = 0,
which the D mechanism (DTr and / or DN) has a peak at |An] = 2, and a peak at
|An| = 0 decreases with energy but the one at IAnI = 2 increases. Since

these characteristic properties by each mechanism (ND and D) can be considered

to be seen generally in the reactions with any multiplicity, we can interpret

the data of © p n-v+n_w+w-p at 5, 11 and 16 GeV/c as follows: Namely, the
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energy dependence of the peak at An = (0 is specified by the ND mechanism whose
cross section increases and then decreases with the incident momentum from

PL = 5 GeV/c to 16 GeV/c as shown in Fig.10 (d), while the increasing behaviour

(n_, n)

of cn at both sides is explained by the D mechanism (D1T and DN) whose

cross section increases monotonically in this region. If the energy goes up

further, the cross section of ND rapidly decreases and the one of D rises

slowly, and therefore the shape of cn(n+’ n) of T p > n—w+ﬂ—ﬂ+ﬂ_p will change

into the V-type distribution, just as seen in Fig.1l6. We wish the experimental

(. n) oxhibits the V-type

test about this point. For pp collisions, o
distribution as shown in Fig.15 (b) and this means that the D mechanism dominates
even at PL = 28 GeV/c. The problem why the ratio of the contribution of D to
that of ND is large in the case of pp reactions compared with the case of 7p

reactions is an open question and will be investigated elsewhere.

Fig. 16
Also, we can estimate the value of the F-B asymmetry parameter for each

(n,, n)

reaction mechanism from % . In np collisions we have

'&n (D) ~ small
An (Dn) ~ + large s (4-10)
[ (DN) ~ - large .

The asymmetry parameter is connected with the longitudinal distribution
as follows;

do do

A . = 1__n - r0 n -
By op = T U a0 ) (4-11)

where dcn denotes the single-particle distribution of the i-th particle in the
dx
n—partic}e production and X, is the Feynman variable, i.e., Xy = ZquAf—3
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- -+ - *
The calculated xi—distribution of Tp>n v+ﬂ p at 27. GeV/c is shown in Fig.l1l7 )

Fig. 17

. . n ., n -
As discussed above, the quantity on( +’ ) and An are good parameters to
make clear what the dominant mechanism is and we expect tﬁfEx&EiPtities are

these
systematically analyzed experimentally.

(4)Two-particle distribution

Finally, we analyze two-particle distributions in our model. As an example ,

. . - -+ - . . . .
we consider the reaction m p » m m m p and calculate the longitudenal distribution
do’

by using the relative weightof Eq.(4-3-a), where x, and x, denote the
dX2dX3

2 3

Feynman variables of the centrally produced pions on each reaction mechanism.

The results are shown in Fig.l8 which seem to be consistent with the analysis

of the LPS plots for 4-body reactions at 16 GeV/cZO), and summarized as follows:
(i) The contribution from each reaction mechanism to each division, i.e.,

[A}, [B], [C] and [D] which are shown in Fig.1l8 (a) representatively,

are as follows:

8

(pl > (Al > [Cc]1> [B} ,
by : [a]l» [B], [P], [Cc}] ,

. : [cl» [B], [D], [A] .

Namely, Dp and DN seem to produce just as a cluster, while ND spreads

From the result of Fig.l7, we can roughly estimate the value of Kn for each

reaction mechanism as follows;

_é§£§gl.r~ + small, A4(Dn) ~ + 2, _EAEEEL ~ -1.8 .
oaND a,0n °4pN
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out all divisions.
(ii) The energy dependence is as follows: Namely, ND decreases rapidly

in all divisions, while DTr and D increase gradually in the divisions

N

[A] and [C], respectively.
Fig.18

. . 2 .
On the contrary to Van Hove and his collaborator's insistence 0), it seems to

be incorrect to conclude that the D mechanism is completely separated from the
ND mechanism at 16 GeV/c, as shown in Fig.18. As the energy goes up, the

contribution of ND rapidly decreases and two peaks are produced by D_ and Dﬂ.

N
These circumstances are seen at 64 GeV/c as shown in Fig.18. The energy dependence
of the contribution from each mechanism is given at lle = |x3] = 0.05 in

each division and shown in Fig.l19. Since the relative ratio of D to ND is larger

in the divisions [A] and [C] than in the ones [B] and [D], the energy dependence

Fig, 19

is weaker in the former than in the latter. This tendency is supported in the

experimental data of pp ~> ppn+ﬂ_ as shown in Fig.2063).

Fig. 20
d204

The exponent N in Hx23x3 = P N for the dependence of two particle distribution

L

on the incident momentum between 16 GeV/c and 64 GeV/c is shown in Fig.21.
This result is.in qualitatively agreement with the experiment of w+p > n+n—n+p in
the region between 8 GeV/c and 16 GeV/c64). The ununiform pattern in Fig.2l is

due to the correlation of each mechanism.

Fig, 21
In conclusion, the results of above analyses show that in exclusive reactions

there are two different reaction mechanisms, i.e., the non-diffractive (ND)

mechanism and the diffractive (D) one, and the dominant reaction mechanism

switches over from ND to D with increasing energy. Our model is good in order

to grossly understand these characteristic property of exclusive reactiomns.

The structure of the switch-over mechanism is explored in the following sections.
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§5. The gross structure of exclusive reactions
As understood from the analyses of the previous section, it has been clarified
that the dominant reaction mechanism of exclusive reactions switches over from ND
to D with increasing energy. This switch-over mechanism determine the gross structure
of exclusive reactions. As shown in Fig. 10, the curve of on(s) versus s with
fixed multiplicity n is divided into the following three characteristic regions:
Region(I) : The corresponding energy region is from threshold to the
point slightly beyond the energy corresponding to the
maximum point of on(s). In this region, ND dominates;

ND D
g > 0 .
n n

Region(II) : Here, on(s) is attributed to both ND and D with a comparable

ND D
order; ¢ —~ T
n n

Region(III): The high energy region where cn(s) comes mainly from Dj;
D ND

o >a .

n n
We sketch such a feature in Fig.22 on the multiplicity-momentum plane. The
regions (I), (II) and (III) construct a band scheme. 1In the same band region, the
structure of the reaction mechanism for different channels is same. If we fix
the multiplicity n and increase the incident momentum, the dominant reaction mechanism
changes from ND into D. Also, if we fix the incident momentum and increase the
multiplicity, the dominant reaction mechanism changes from D to ND as shown in

7)

Fig.22, These circumstances are quite different with the case of the CtA model °.

Fig. 22
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We discuss the importance of this viewpoint. As shown in the analysis of §2

21)

the empirical formula Eq.(2-8), i.e.,

18)

and as investigated by Yap Sue-Pin et al.,

anax. = AnB, which is discovered by Hansen et al.,

can be explained qualitatively
by the universal ti—cut mechanism. This fact is understood as follows: The

maximum point of on(s) belongs to the region (I) and therefore the main part of

cn(s) comes from the ND term, i.e., the universal ti—cut mechanism for the present

55)

case. Also, our analysis of the ramk structure of exclusive reactions by the
universal ti—cut mechanism is supported since we were concerned with Region (I),
in Ref. 55).

A change of the invariant mass distribution with energy is also specified by
the regions (I), (II) and (III). When we fix the momentum at PL = 16 GeV/c and
change the multiplicity, we have already obtained the resultsjare easily understood

“of Fig.13. These results)
as follows: The reaction of n =3 belongs to Region (III) at this energy and

therefore DN contributes mainly to the invariant mass distribution. The reaction
of n=4 belongs to Region(II) and therefore ND and D(=Dn+DN) contribute comparably.
The reactionsof n=5 and n=6 belong to Region(I) and therefore ND contributes mainly,
Further:more we are concerned with the energy dependence of the invariant mass
distribution with a fixed multiplicity. As an example, we take the process

ﬂ_p*W-(2ﬂﬁ)+. At P_ = 16GeV/c which belongs to Region(II) in the present case,

L
ND D D . .
o, =0, m™>0g, N, but at P, = 64GeV/c which belongs to Region(III),
D D ND
04 ™ > 04 N > 04 .
region which comes from DN’ appears as shown in Fig.23. We wish to await the
65)

L

Therefore a clear enhancement at small invariant mass
experimental test about this point. Recent NAL data at 205GeV/c seems to support
this tendency.

At low energies near threshold which belong to Region (I), it is expected that the

invariant mass distribution is governed mainly by ND.

Fig, 23
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£

PL = 16 GeV/c, the linear rising distributions of M(47wN) > 2 GeV comes from

59)

Recently, Uehara pointed out that in the reaction n—p > T (AﬂN)+ at

ng p channel, where 7. means a diffractively produced dissociated pion system

5

containing five pions. At this energy, however, the main part of this linear

66)

rising is caused by the ND mechanism as discussed above. Hama /', also, analyzed
the same data from the viewpoint of the monistic D mechanism. His analysis seems
to be faced with the difficulty in explaining the energy dependence of the partial
cross sections and further, the prediction of its model for the invariant mass
distribution is in disagreement with the data of (2ﬂN)+. It seems to be difficult
to fit the various data by the D mechanism only.

Furthermore, the forward-backward asymmetry and the two particle distribution
analyzed in the previous section seem to indicate the importancé of the band scheme.

(a_, n)

The experimental data S of 7 p > ﬂ_n+n_n+n_p at 5, 11 and 16 GeV/c

which are shown in Fig.l5, are interpreted as follows: Since the momentum region
PL = 5 ~ 16 GeV/c belongs to Region (I) in the present case, dn(n+, n) is
dominanted by ND and its shape is A-type distribution. However, if the momentum
increases and enters into Region (II) and furthermore into Region (III), the shape
of cn(n+’ n) will change from A-type into V-type gradually with increasing energy.
Also, the two-particle distribution spreads out all divisions on Xi—Xj plane in
the Region (I) but will come to be separated into a few divisions with increasing
energy as shown in Fig. 18.

As discussed above, the viewpoint of the band scheme is very powerful to
understand the gross structure of exclusive reactioms. Though we have considered

the reactions with several multiplicity and in the region P, £ 100 GeV/c, the problem

L
whether for the reactions with very large multiplicity and in the very high energies,
the band sheme exist or not is still an open question. This problem will be

investigated elsewhere.
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§6. The structure of effective coupling constants

Until now, we have analyzed some experimental data of excluxive reactions
and investigated the role of the ND and D mechanism in hadron-hadron collisions
based on a simplified multi-Regge model formulated in §3. Then we have assumed
that the non-diffractive mechanism (ND) and the single diffractive dissociation
one (Da and / or Db) are main terms and the double diffractive dissociatiation
one (Dab) and other multi-pomeron exchange one (D-D, Da—D, ++*) are negligible
for reactions with small multiplicity, say several, in the region from threshold
to PL = 100 GeV/c. However, it has not been clear why the contributions of Dab’
D-D and Da—D, etc. are small. 1In this section, we investigate the structure of
effective couplings in the multi-peripheral chain, above all the inner couplings
in order to obtain a clue to solve these problem. The smallness of these terms
is discussed in the next section.

Now, the magnitude of the normalization factor aanv is related to the problem
what reaction mechanism y is dominant. However, it is difficult to estimate the
normalization factors of the other reaction mechanisms except for the ND, Da and
Db mechanism from the prensent experimental data as discussed in §4. However,
since aanv is connected with the effective couplings in the multi-peripheral chain
whose magnitudes Are able to be estimated using the result of the above analyses
as seen in the present section below, we investigate the structure of abC v by

means of rewriting it by the effective couplings.

We assume the factorization and define the effective couplings as follows;

ab \)= 2 n-2 2 2
¢ £ a (igl 8 i) £

n (6-1)

b 3
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where fa and fb are the outer coupling constants and 85 is the inner coupling
*
constant ). In 7p and pp reactions, there exist four outer couplings (fPNﬁ’

£ f and ann> and two inner couplings (gMM and gPM) , which are defined in

MNN® “Prr

Fig.24. The adjacent pomeron coupling Bpp defined in Fig.24 (g) is not kinematical
fof:bidden. However, this coupling is dynamically forbidden by the conservation
of G-parity and therefore, it is assumed that gzPP = (0, for the present. In §8,
the possibility of non-vanishing gZPP will be discussed. The values of these
coupling constants are effective ones because we neglect isospin factor and the

permutation factor (1/n!) of same species of particles in the final states. We

estimate these values using the results of analyses in §4 and the experimental

PP
data of pp total cross section OTPP and pp elastic forward peakn%gfl—— | t=067).
Fig. 24
PP dog1 PP

First, we consider fP The experimental data of GT and.——aE—— | £=0

N‘N’o

are approximately as follows;

UTPP = 40 mb , (6-2)
40, PP ) , ]
—TIEQL_ | £=0 = 100 mb/ (GeV/c) . (6-3)

We here assume pomeron dominance in pp elastic reaction at high energies and

parametrize as follows;

~ g _ —(0) (5-)°
o * P @ bpg(® E°F (6-4)
PP
do‘& 1 2 s ZNP
-—_dt * {era2 IBPN'ﬁ(t)BPNﬁ(t)EP(t)I (E-(-)') ,  (6-5)
2
where BPNﬁ(t) = fPNﬁebt s gP(t) denotes the signature factor and S, = 1 (Gev) .

Then, we have

2
fPNﬁ— 107.8 . (6-6)

Next, we estimate gﬁM . From Eq.(6-1), we have

abc ND f2 2 2 f2
4 ahwvBmh 2
ab, ND _2 2 B

C3 fagMMf

(6-7)

2
b

*) These couplings are all defined in dimensionless, since we introduced the
scaling parameter C, into the phase space factor as Eq.(2-3).
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We get from Egs.(4-4-a) and (4-4-b)

g = 10 - (6-8)
This value may be also estimated from Eqs(4-4-c) and (4-4-d) , and the same result

is obtained.

Further, using the value of 1TpCBND s PpC3ND and gﬁM , we have
2 =JPP N2 _
2 _ mp, ND 2 2 . _
ann C3 / (gMMfMNﬁ) = 1.63 . (6-10)

Thirdly, we consider fﬁnw and gﬁM . We define the following parameters,

gZ f2 f2 _ _
2 PM 2 P 2 PNN
a =—2— [} b =——2ﬂr—- . Cc =-—-—2‘———' > (6—11)
Evm fMﬂﬂ . fMﬁﬁ
Then, since in the case of same n but different v we have generally
abC v Cab.a\) n
n__ _n ab _ “ab 6-12
ab, v' ab v' V' ’ (6-12)
c C .o o]
n n ab ab

the following relations are obtained for mp reactions, if we replace the leftest

side of Eq.(6-12) by the effective couplings using Eq.(6-1);

ND 2 2
aﬂp _ £ Mrm & MM __1 61
oy T alel (6-13-a)
aﬂp £ pruw & pM
2 a2
aﬂDND P 8 v L
D = = 22c2 (6-13-b)
a i f2 _- g2
P PNN & PM
D
a N fZ f2 = 2
wpDﬂ - zpnﬂ MNN _ 2 (6-13-c)
anp £ Mnw £ PNN
From Egs.(6-6), (6-9) and the last equation of Eq.(6-~11), we have c2 = 11.0
. ND D D
~13- -1- ; . N . T
Using Eq.(6-13-b) and the result of Eq.(4-3-a), i.e., aﬂp : anp : awp

8 : 2 : 1.1, we have a? = 0.013 and thus, together with the first equation of
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Eq.(6-11) and g?MM ~ 10, we obtain

2~ 0. . 6-14:
g2y = 0.13 (6-14)

Fﬁrthermore, from Eq.(6-13-a), Eq.(4-3-a) and a2 = 0.013, we have b2 = 20.0.

Therefore, from the second equation of Eq.(6-11) and Eq.(6-10), we have
£2 > 32.6 (6-15)

These results are collected in Table 2. The above results are exhibited in

the first column of Table 2. The coupling constants defined as

2
g.

~ L 2 2aiti e | _
8" fgi e dti 7a , (6-16)

[

1"

which we call the " t -cut coupling constants, are given in the second column.

26) ,*)

Also, the couplings estimated by Chew and Pignotti are shown in the last

column for comparison.

Table 2
The characteristic properties of these values are summarized as follows:

(1)

EZMM is approximately related to the coefficient of ln(s) term in the

averaged multiplicity as follows;

<n> ~ Ezm ln(—:—) 4+ const. ’
0

where <n> = 4> + <n__> + <n_g>. Recent experiment is <n> = 2.26

68)

In(s)-3.04 and thus, our estimation is not inconsistent with it.

(2) The ratio f_ ~ / f is about 1.8. This value is near to 3/2 which is
PNN pTT

NN / o "N This fact means

estimated from the experimental data of Op T

*)

The couplings estimated by Chew and Pignotti contain the ti—cut effect.



- 44 -

that the outer pomeron coupling estimated from exclusive cross section is

nearly same to the one estimated from inclusive cross section and thus,

the channel effect is not so important on the contrary to the case of the

outer meson coupling as discussed in (4) below.

T is i h en the inner coupli 2 and g?_ as g2 2
(&)) here is a hierarchy betwe nn plings g“, and g°,, as g MM:» 8 py?

6)

. . . . . . , 2
which is not inconsistent with the Chew-Pignotti's result and also

. s . . 69),% . . .
Giovannini's estimation 9, ). This result is very attractive though the
reason of this herarchy is as yet unsolved.

(4) The value of f and f _— are smaller than that of f and f respectively.
Mrmm MNN

P PNN’

This result is opposite to the Chew-Pignotti's parameters as shown in the
last column of Table 2, The magnitude of their parpmeters is estimated

. from the charged prong cross section which is an inclusive quantity, while
the values of our parameters are estimated from the partial cross section
which is an exclusive quantity. In our model we must consider the channel
effect in order to analyse the inclusive quantity. As an example, we
consider the world of pions and nucleons only. In 7 p reaction with three
final particles, in addition to the reaction m p » 7 n0p, the channels of
ﬂ—p > n—v+n and ﬁ_p + 1970 also contribute to the n_p total cross section.

The reaction mechanism of these channels are mainly ND. In general, the

total cross section has large ND component which comes from the summation

of the ND component of various channels with any multiplicity, while the

number of channels which have the D component are limited because of the
constraint of the conservation of quantum number, for example isoépin and

G-parity, at the vertex coupled to pomeron. The outer meson coupling is
connected to ND, while the outer pomeron coupling is contained in D. Therefore,
the outer meson coupling estimated from inclusive cross section contains

the effect of these summation of channels and becomes larger than the one

. . . . - -0
estimated directly from exclusive reaction, for example 7 p »r 7 p. Thus,

*) The smallness of gZPM has been emphasized by Chew and Pignotti, firstly. Also,
Giovannini pointed out the similar result by discussing the deviation of multiplicity

distribution from Poisson form.
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roughly speaking, the Chew- Pignotti's parameters and our couplings may
not be inconsistent with each other.
§7. The swich~over mechanism of the dominant reaction mechanism
In this section, we consider the results from the previous analyses of the effective
couplings.
We consider the reaction of ab + ab + (n-2)7 with fixed multiplicity. The
partial cross sections from each reaction mechanism, i.e., ND, Da’ Db, Dab’ L-D
and Da—D, etc. are given by multiplying the following normalization factors to

—v , v . .
o, specified by Rn (Si’ ti) discussed in §3;

aanND = Py P [ 8 I (7-1)
aanDa = a3 P | 8 1 [e%py 1 (7-2)
aanDb = £ Paps [ 8y 1" [epy] > (7-3)
aanDab = 27 Pap [ & " g%y 12 (7-6)
aanD-D = f2PaE fZPBB [ gZMM ]n_4 [ gzPM 12 ’ (7-5)
aanDa—D = Pz Peen [ 8y "7 Bpul’ (7-6)

The normalization factor abcnv has a hierarchy because of the smallness of

gZPM. As shown in Eqs.(7-4) and (7-5), both.Dab and D~D mechanism are the order
& i 2. th llness of

of g PM while Da and Db are the order of g PM 1f we notice the smalln

gZPM, we can understand the problem why the contribution of Dab and D-D etc. are

small and negligible at low energies compared to ND, Da and Db' However, the

behaviour of the cross section of each mechanism at high energies is specified by
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the structure of an(si, ti) as investigated in §3. Thus, we can not conclude

that the contribution of Da and D-D etc. are small at high energies.

b
The hierarchy of the inner couplings as gzMM>> gZPM specifies the structure
of avan and leads to the switch-over mechanism of the dominant reaction mechanism
R ab, v -V . . .
when we combine Cn with On . For example, if we use the effective couplings
. . + -
given in Table 2 and calculate the partial cross section of pp > ppr 7 , we have

the result as shown in Fig.25, in which the switch-over mechanism appears wich

increasing energy as follows;

ND > Dy > D-D > - - -

The contribution from the DNN mechanism is very small because of the smallness
of fMNﬁ compared with fPNﬁ'
Fig. 25

The terms of the multi-pomeron exchange are suppressed by the smallness of
gZPM near the threshold energy, but enhanced by the structure of an(si, ti) with
increasing energy. Thus, it may be considered that the contribution from the
terms of the multi-pomeron exchange becomes larger with increasing energy. This
produces the switch-over mechanism.

These circumstances are also understood from the simple model calculation in
the high energy limit approximation as discussed in Appendix(A). Namely, for the
reaction ab + ab + nam, when Ay = 0 and ap = 1, we obtain the following partial

cross sections in the high energy limit,

N 2 2 ~2 ;n (In s)" -2
cn = f Maaof Mb—b.[g MM] .——n!——-s s . (7-7“3)
-1
D _~2 =2 ~2 n-1 ~2 1 1 (1n s)"
o a=f _. £ ~.[g ] T.0g o] F—=- . ] (7-7-b)
n Maa = Pbb July| PM 2l'n 2 (n=1)1 SZ s
D. 2 =2 2 =2 D ' :
O b= EpaF e/ ez ppp) % 2 (7-7-c)
: -1
D. _~x2 2 ~2 =2 2 12 1 1 (1n s)" .
O'n ab = £ Ma-a-f Mb-B-[g m] .[g PM] .[—n . ) ] , (7 7 d)
2 2(n-1)! s* )
o P70 o %2 _.22 ~2 ]n-2.[~2 Ins 1 (1n s) 1. (7-7-e)

=.[g g onele [ .
n Paa Pbb MM PM 2n 8(n-2)!. SZ
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2
Thus, the partial cross section of ND decreases as (In s)n/s at high energies,

while Da’ Db’ and Da increases and approach constants with increasing energy.

b
D-D increases as 1ln s at high energies. These features produce the switch- over
mechanism.

The structure of exclusive reactions having the above features, we next consider

the total cross section. The total cross section (oT) is given as follows;

op = oel+ OND+ OD s (7-8)

ND D . . . ; .
where Og1 2 O » 0 denote the elastic, non-diffractive and diffractive cross

26)

section, respectively. Using the discussions by Chew and Pignotti™ °, the energy

dependence of each cross section is given at high energies as follows;

o, T—— %7 , (7-9-a)
el

s*large
ND 20 24@2

—~—~—— s —0u
o slarge s M MM , (7-9-b)
1~2 ~2

P~ N By (7-9-c)

s>large

~2 ~2 , 2 2
where g MM and g PM contain the ti cut effect and correspond to g M and g P of
Chew-Pignotti mode126), respectively. If we assume the asymptotic constancy of

the total cross section and elastic cross section, we have the following equations;

20,2 %0 (7-10-a)
20 -243%. = -2¢ (7-10-b)
b MM ’

1~2 . ~2

aptat5e” =2te oy = 0 (7-10-c)

*)

where ¢ > 0 .

' ~2 ~2
% = ~ . ~ - = i R f.26 .
) When ¢ 0, we have g M 0, ¢g MM 2(1 aM) and ap 1 as discussed in Re )
Then, the inelastic cross section is composed of the non-diffractive cross section

only. Therefore, ¢ ¥ 0 .
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Then we get the following solutions;

ap = 1 s (7-11-a)
~2
8y = 2U-o)-2e (7-11-b)
~2
g PM = € . (7‘11"(:)

The asymptotic constancy of Ip is due to the cross section of the D mechanisu.

Thus, we may conclude that the dominant cross section in Gi switchs over slowly

nel

from o to ¢ with increasing energy similar to the structure of o, as shown in

Fig.26. 1In fact, a dent which comes from the switch~over from GND to'cD is
+
experimentally found in OTK P and OTPP .
Fig.26

Such structure of % and o, suggests a perturbative picture in powers of pomeron

T

couplings gZPM for the structure of high energy hadron-hadron interaction.

§8. The perturbative structure of reaction mechanism in hadron-hadron collision

As discussed in the previous section, the hierarchy among the inner couplings
(gzMM >> gZPM) and the switch-over mechanism lead us to the perturbative picture
in powers of the pomeron coupling for the structure of reaction mechanisms of multi-
particle production processes. The production amplitude is given by the perturbative
expansion in powers of the pomeron coupling. In this picture, the Born term is
represented by the ND mechanism and the single diffractive mechanism is the first
order term. The double diffractive.dissociation mechanism and the double diffraction
one are the second term. The so-called two component model is the first order
approximation in this picture. It is noted that this expansion is formulated not

in powers of the number of the pomeron exchanged in a multi-peripheral chain but in
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*
powers of the pomeron coupling as will be discussed below. ) If we identify the
dynamical mode of hadron-hadron interaction which is specified by the ND mechanism,

to the fireball which is observed in cosmic-ray experiments, this expansion gives us

70)

the multi-fireball expansion similar to the models discussed by Chew and also

71)

Royzen et al. At a given energy only a finite number of fireballs is kinemati-

cally possible. We formulate a new integral equation for production amplitudes

72)

based on the modification of the Chew-Goldberger-Low(CGL) equation and Bethe-

Salpeter (BS) equation7l)
(1) A new integral equation for production amplitudes

. In this section, we formulate the integral equation for production amplitudes
based on the perturbative picture discussed above.

First, let us consider the ND mechanism of particle a - particle b scattering,

pomeron-particle b one and pomeron-pomeron one based on a multi-Regge model. From

the CGL equation72), we have
0 _ b+, 2 2.2 2 ' 1
A ab(s) = fd qaé (q 20 a)G MaR Mb(s ) , (8-1-a)
"'0 2_ 4 + 2 _ 2 2 2 1] oy
B b(s)% fd'q 8 (¢ " Vg L R (s, (8-1-b)

4

2 1
M () = 6%+ 1dq 8t (a8, 0’ g g R (8T

and

~0, . 2 b +,.2 2.2 2.
C (s)g ey = 74 q,8 (q L l)g .- N(s"') |, (8-1-c)

+ 2 2w
N(s"') = gZPM + fd4q26 (qzz—mzz)g MMR N(s"") .

*)Recently, a similar picture for pomeron is discussed by Bishari, Chew and Koplik

43) In this picture, two-component model

and Fraser, Snider and Tan, independently.
of multi-particle production is taken as a first approximation and higher corrections

are generated by repeated pomeron exchange.



- 50 -

where R denotes the Reggeon propagator of the effective meson and GMi is the external

. O 4 ~O

. . . d . - . .
coupling between part}cle i and meson Reggeon M. A ab(s) Soinel Similarly B b
and C are proportional to the inelastic cross section of pomeron-particle b scattering
and pomeron-pomeron one, respectively. Mb and N denote the inelastic cross sections
of Reggeon M-particle b scattering and Reggeon M- Reggeon M one, respectively. It
is noted that the pomeron exchange part of the elastic scattering is not included
in Eq.(8-1-a) but its non-pomeron exchange part is included in it.

Next, we include the D mechanism in production amplitudes as suggested by switch-
71)

over mechanism. From the analogy of the BS equation discussed by Royzen et al. .

We have the following equations;

Aab(s) - Aoab(s) + fdaqa5+(q2a—m2a)GzPangzPﬁgb(S')

+ fdAIgEOa(sl)gZPMDZgZPMAéb (s,) (8-2-a)
B () = ¢Pp g + By (s + 1dtq 6t (P n? 6P, D% (s™)

+ fd“k?sob (s3)g2PM02'é (s) (8-2-b)
Ts™ = s + 1a* (s )e% 27 C s (8-2-¢)

where D denotes pomeron propagator and GPi is external coupling between particle i

A~

and pomeron. Aab(s)gzsoT(s) and similarly Bb and C are proportional to the total
cross section of pomeron-particle b scattering and pomeron-pomeron one, respectively.

A graphical representation of Eqs.(8-2) is shown in Fig.27, where the kinematical

variables are defined.

Fig. 27
We must note the following properties of Eqs.(8-2);
(1) The contribution from the pomeron exchange part of elastic amplitude is

included in Aab(s).

(ii) Each ND mechanisms, i.e., Aoab,‘go and EO, are the Born term of Egs.(8-2-a),

b
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(8-2-b) and (8-2-c), respectively. If gZPM = 0 , then Egs.(8-2) is reduced
to Egs.(8-1).

(1ii) Aab(s) is represented by a perturbative expantion in powers of the pomeron
coupling gZPM . Namely, the zeroth approximation is composed of the ND
mechanism and the elastic scaftering. The single diffractive dissosiation
is the first order approximation. The double diffractive dissosiation mecha~
nism and the double diffraction one are the second order term. We nqte
that this approximation is characterized not by the powers of the number
of the pomeron exchange in the multi-peripheral chain, but by powers
of the inner pomeron coupling.

(iv) As suggested by the switch-over mechanism, the order of the approximation
in Eqs.(8-2) is considered to be specified by the magnitude of the

incident momentum. For example, in pp collision we have phenomenologically

PLeff' = 5x(10)™ Gev/c

eff.
where PL

implied that the term of the n-th order belongs to contribute effectively

denotes the incident momentum. From this expression it is

to the total cross section.
When we want to consider the gross structure of production amplitude, Egs.(8-2)
are useful. Thus, we can consider that Eqs.(8-2) are the basic dynamical equations
for production amplitudes.
The graphical representation of the iterative expansion of Eqs.(8-2) is given
in Fig.28(a). Each term of this perturvative expénsion is grouéed into the four
series, i.e., Da-series, D

-series, D , -series and D-D-series as discussed in ap-

b ab

pendix(B). The wavy lines in Fig.28 represent pomerons. If we square the amplitudes,

integrate final states, we assume the ND cross section to be given by one leading
(and sum over the appropriate final states,)

Regge pole °, to be referred as an inelastic pomeron (o) . The inelastic pomeron

*) It is of course a nontrivial assumption that an absorptive part with the ND

mechanism in the intermediate state is given approximately by Regge pole alone

73)

and that cuts are unimportant
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is different with the pomeron (aP = 1) (we call it the elastic pomeron), and is

specified from Eq.(7-9-b) as follows;

~2
SZaM-2+g MM e Sa—l , (8-3)

where o is the trajectory of the inelastic pomeron. Furthermore, from Eq.(7-10-b)

we have
a = 1-2¢ . (8-4)

Therefore, the intercept of this pole is lower than that of pomeron, ap > o .

Such a constraint follows because only a subset of the intermediate states which
contribute to the total cross section and thus to the elastic pomeron (P), are
\ . . 7

allowed to contribute to be the inelastic pomeron (Pin)' 4)

Applying the same procedure to the other processes shown in Fig.28(a) leads

to Fig.28(b) in which each component of the absorptive part is expanded by the

triple-Reggeon couplings fPP pomeron-pomeron—inelastic pomeron coupling.

Qo

Fig.28

In the zeroth approximation, we have the following equations;
g,=0 .+ . (8-5)

Im P = S0 + Im Pin . (8-6)

where P and Pin denote pomeron amplitude and inelastic pomeron one, respectively.
Finally, if the adjacent pomeron coupling is admitted and thus g2PP % 0, we

must modify Eq.(8-2~c) as follows;

b+, 2 202 2w

T(s") = gZPP-g-f;M +Eo(s") + /d
4 ~0 2 2~
+ fd kC (ss)g PMD C(s6) . (8-7)

Then, we may obtain terms of adjacent multi-pomeron exchange., We will discuss
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about this point in (3) of this section.
(2) The introduction of duality
Until now, we havé considered the simplified model and not discussed the duality
problem. In this subsection, we consider the model with duality.75)’76)
We consider the structure of the Born term of Eqs.(8-2) by introducing the
duality. Then, the ND term is divided into the X- and ﬁ?type component taking

* — —_
76) %) The X- and H-components

the urbaryon rearrengement diagram (URD) into account.
are corresponding to the non-resonant and resonant part, respectively, For example,

we consider the lowest state of pomeron-pomeron scattering. We have two mechanisms,

i.e., H- and i;type which are characterized by URD as in Fig.29.

Fig.29

Thus, we have

0

0 = 0
A ab(s) = A ab(X) + A

a® (8-8)

where Aoab(i) and Aoab(ﬁ) denote the contribution from the X- and'ﬁ—type mechanism,

respectively. Furtermore, from the duality constraint we have

0 ~
A ab )

[

ImP,_ (8-9)

0 £T1 ~ -
A ab(H) = Im R ’ (8-10)

where R denotes the Regge amplitude of the ordinary leading reggeon with ap = % .
This two component structure of the ND mechanism introduces two pomeron couplings
2 2 . _ . . .
(g PX and g PH) and two triple-Reggeon couplings (fPPa and fPPR) as shown in Fig.30

to the perturbative expansion of production amplitudes and absorptive part, respectively.

*) For example, the X-type URD is characterized by the connected diagrams in which
neither pair of urbaryon lines in a and b annihilates and the'ﬁ-type URD by the
connected diagrams in which at least one pair of urbaryons in a and b annihilates

in the collision of the particle a and b as shown in Fig.29.
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Also this leads to two sorts of fireball with‘LM%e and smull mass, respectively.
It is mainly due to the difference of the intercept of each trajectories, i.e.,

a = 1-2¢ and aR = é Thus, we have the following relations;

5 -
(i) X-type mechanism «—s non- resonant part «— fireball with large mass,
(ii) H-type mechanism «—» resonant part ¢«——— fireball with small mass.

Also, it is noted that the other contributions which are characterized by the triple-

. . R 0 = 0 —=
Reggeon couplings fRRa and f are included in the Born terms (A ab(X) and A ab(H)).

RRR

Fig.30

(3) The possibility of non-vanishing gZPP

. In this subsection, we discuss the possibility of non-vanishing ngp . Let us
begin with the assumption of the existence of such a particle that is stable for
strong interaction and has the quantum numbers of P =+ , C = + and I = 0 where
P,C and I denote parity, charge conjugation parity and isospin, respectively. Then,
the coupling gZPP is not kinematically forbidden. However, this coupling is

77)

dynamically forbidden by the Iizuka rule that the creation of a urbaryon pair

which becomes constituents of a single hadron is strongly suppressed. If such a

particle exists and g2PP ¥ 0 , then the Iizuka rule is breakdown.

78)

found a new particle with long life-time in cosmic-ray

79)

Recently, Niu et al.

experiment and Ogawa et al. pointed out that this new particle may be composed

of the p' urbaryon which was introduced in the modified Nagoya modelso). It seems

to be stable for strong interaction and decays by weak interaction or another

new interaction. This parlide mosy belong T the same multiplel as he - parlice

Then, we have the following relation; ssumed here
a2 ~ -
ZaP 2+g pp = 0 . (8-11)
From Egs.(7-10-b), (7-10-c) and (8-11), we obtain the following solutions;
ab ~ 1-§ s (8-12-a)

EZMM ~ 2(1_(,_M) -2¢ . (8-12-b)
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B me 6, (8-12-c)

"g‘ZPP ~ 26 , (8-12-4d)

where § < ¢ . Here, we assumed only the asymptotic constancy of the total cross
section. We obtain the result that in this case the intercept of pomeron is smaller
than one. The solutions of Eqs.(8-12) is reduced to the solutions of Egs.(7-11)
when § > O,

It may be considered that the new particle is produced by
the adjacent pomeron exchange, which seems to develop so as to give the considerable
contribution to the total cross section at super high energies. Also, the production
probability of this particle is proportional to the coupling gZPP, which seems to
be very small, For example, we show this production mechanism in Fig.31.

Fig.31

89 Conclusions and discussions

1. We have investigated the structure of reaction mechanism in hadronic multi-
particle production reactions based on a simplified multi- Regge model and clarified
that (1) the reaction mechanism in multi-particle production processes is composed
of two different reaction mechanism, i.e., the non-diffractive(ND) and diffractive
(D) one, and (2) the dominant reaction mechanism switches over from ND to D with
increasing energy,and (3) this switch-over mechanism produces the perturbative
picture of production amplitudes.

2. From the phenomenological analyses of exclusive reactions with several

multiplicity and in the region P_%< 100 GeV/c, the existence of the band scheme

L
has been pointed out. Namely, the domain of the reaction is divided into the
following characteristic regions in the multiplicity-momentum plane:

Region(1): Non-diffractive mechanism dominates,

Region(II): Non-diffractive and diffractive mechanisms are comparable

to each other,

Region(III): Diffractiv%@echanism dominates.
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In the same region, the gross structure of reaction mechanism is same.

3. From the analysis of partial cross sections of n_p'and pp reactons, it was
clarified that the inﬁer pomeron coupling gZPM is very smill compared with the
inner meson coupling gZMM’ i.e., gZPM/gzMM = 0.01*). The existence of this hier-
archy specifies the structure of aanv and furthermore, produces a switch-over
mechanism of the dominant reaction mechanism if we combine aanV with the structure

of Rny(si’ti)' Namely, the following two features have been clarified;

(i) The hierarchy among the inner couplings as follows;

2 k%)

8%y 7> 8py 7> Epp

(ii) The switch-over mechanism of the dominant reaction mechanism in multi-
particle production processes.

According to this hierarchy, we have considered the following three worlds;

: >2 = %2 = 22 =
() The world with 2,g M 0 and g PP o,

. ~2 - ~2 = o2 =
(II) The world with 2-2¢ , g pu = € and ‘g PP o,

(I1I) The world with g2

- ~2
8wy = 2728 » BTpy

e+ 36 and‘ézPP = 26 .

In (I), o =1 and aP‘::l, in (II) o =~ 1-2¢ and ap = 1 and in (III) a =~ 1-2¢ and
ap ~ 1-8. The realistic world develops from (I) to (IIi) with increasing energy.
The order of the approximation in Eqs.(8-2) is dependent on the magnitude of the
incident momentum. Also, we included the production of the multi-fireball and

the mew particle in the scheme in connection with the non-vanishing of gZPM and

gzPP’ respectively.

*) The ratio gzPP/gZMM is related to the one fPPP/fRRP where fPPP and fRRP denote

the triple-pomeron coupling and the Reggeon-Reggeon-pomeron one, respectively; The

recent analysisal) is given as follows; fPPP/fRRP ~ 0.01. This result is consistent
: 2 2

with our estimation of g PM/g o

*%) Here, the very smallness of gzPP is assumed and this assumption is believed to

be reasonable.
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4. In §8, we assumed the asymtotic constancy of the total cross section. This

assumption is very important and specified the dynamics of hadron-hadron interaction.

In (II), we have

s ab___) o ab[ (1+ya) (1+yb) ] (9-1)

T ®© el 2 ’
= 2 2 26) . 82)
where Y, E G Mi/G Pi . On the other hand, by the optical model we have

ab

Or ) 2 (9-2)

s ab 1- R

el n

where (1-n) is the opacity. From Eqs.(9-1) and (9-2), we obtain the following

relation at asymptotic energies;

4

I T TR @y :

(9-3)

When we consider pp scattering, the equality of the external couplings GMN and
GPN leads to the results of n = 0. Phenomenologically, we have n > O because

A > 1. These relations are very interesting since they seem to suggest the solution

of the problem what specifies the magnitude of Yy

83)

5. The model for pomeron discussed by Carlitz, Green and Zee , is equivalent

to the model that the Born term is composed of only the.ﬁ—type mechanism and the

higher order expansion is given by only the Da -series in our scheme discussed in

b
84)

§8. Also, the model discussed by Silverman, Ting and Yesian is the one that the

Born term is composed of only the ﬁrtype mechanism and the higher order expansion
b—series and Dab-series. However, they limited the

discussion to the first order approximation. The integral equation investigated

is given by the Da-series, D

in this paper includes these models. Thus, it is the basic and fundamental equation

for the production amplitudes.

85)

+ -
6. Recent NAL data of the partial cross section of pp > ppm ™ seem to support

the existence of the switch-over mechanism as shown in Fig.1l0(f). If the experiment
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is performed in the more high energy region, the existence of the switch-over
mechanism may be confirmed more certainly and the existence of the D-D mechanism
will be clarified.

Also, the switch-over mechanism appears in the total cross section. Recently,

86)

it was discussed by Kagiyama that the switch-over mechanism from ND to D is
important in order to explain the increasing behaviour of the correlation parameter
f3_. This result supports our scheme for reaction mechanism.

7. For both 7 p and pp reactions, the relative weight of D to ND becomes large
gradually as the multiplicity increases, as shown in Fig.1l0. This fact is also
seen from Eqs.(7-7). For example, at fixed energies, ND decreases faster than

Da ( or D, ) with multiplicity n because the factor 1/n! in ND decreases faster

b
than the factor 1/2n in Da ( or Db ) for large n. Therefore, for the large multi-
plicity-reactions, the ND mechanism may not be dominant even in the low energy

and the D may be dominant. If it is right, a band scheme discussed in the reaction

with several multiplicity, is broken down. It is very interesting how this property

influences to the physical quantity. This problem shall be investigated elsewhere.

Appendices
(A) Partial cross section by a simle multi-Regge model in the Chew-Pignotti's
approximation |
We discuss the partial cross sections of each reaction mechanism (ND, Da’ Db’
Dab’ D-D, ***) based on a simple multi-Regge model by assuming the multiperipheral
26)

amplitude of the Chew-Pignotti type . We consider the reactiona + b > a + b + n7

Exchanged objects are pomeron (a, = 1) and effective meson Reggeon (aM = Q) as

P
discussed in the text.
First, let us consider the ND mechanism. Then, all of the exchanged objects

in the multi-peripheral chain are effective meson Reggeons and therefore the partial

cross section (qfqb of ND is given as follows in the Chew-Pignotti approximation;
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ND_"‘Z 2
%n =1 aa £ Mbb [g MM]

(A-1)
where Ezi and"g'zj are the outer and inner couplings, respectively, which contain
the ti-cut effect as seen in Eq.(6-16) ,and xi=1n(si / so) and X0=ln(s / so).

Using the equation

n-1
Sy dx.dx, - - - dx_ 8¢ B x X ) = —— (a-2)
0 =717 n o il Ti%07 T (-1t
we can get the following result;
n
ND _ = > 2 r_Xg o 2(oy-2) X _
n Pyaz fwph (Bl —RI © o (a-3)

which gives the Poisson distribution with respect to multiplicity n. And

aM = 0 leads to

n
ND = =2 =2 ~ n (_lns) -2 -
°n Fyaz s [ 8w I — 7S ’ (a-4)

which is Eq.(7-7-a).

In the Da mechanism, one pomeron couples to particle b and thus,

a= 32 2 _ 32 n"l 2
o, f MaZ f LT, (g MM] fexp {Za % X +2an 1 0}

x ‘i‘"“i 8(“51 x, X)) (A-5)

This equation becomes easily as

-1
D, _ oo =5 n-1 ~- (2amM-2)Xg X0 (Xo—z)n -2(oq-%p)%
o, f f Pt [ ] g°py © S Ydz (a1} ! e
n
_ = =2 _ =2 8-l =~ (ns) " _(ay-2) . -
a3 Fevp B &pwmr S F) @, otl; -2(ey-ap)1ns),
where 1 l(a Y ; z) is the confluent hypergeometric function.

Using the following approximation for very large ]ZI;

n+l n+l ntl
[exp {Z(GM iZl xi7Xb)} 111 dxis(i=l Xi%xo) s

(A-6)
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PGy 15 T (2 f) (nt aferdla
I(y) zo-y = (l-a)n(y-a), _
M r'(y) €z nfo n!nzn o= ? A-7)
T (y) -, T(Y) z_o-y -
T D Ty o ’ *-8)

we obtain the following partial cross section for the Da mechanism;

D, ~a n-1l~, 1 1 (1ns)n-1
o Da - % (82" By = : ], (a-9)
n Ma3 Pbb PM M 2. (n-1)! &2
where dM=O and dP=l are taken into account in this equation.
This is Eq.(7-7-b). Similarly G;Db and o;Dab can be calculated and become
Eqs. (7-7-c¢) and (7-7-d).
Futhermore, the partial cross section of D-D is as follows;
¢ DD _ 3 F2_ - (g2 17 [g ] Jexp { 20, % x +2a (x +x_, . )-X_}
n Paa Pbb MM PM Mi=2"1 P11 Tn+l 0
ntl ntl
« oy axg 8 Gl xxp)
_ 72 T2 _ px2 =2 = 12 (2ay-2)Xg X, X0-x
Fpaz Fppp Bl [87pyl @ Todg = dxdy
=2 (Oy—0p) (x+y) _(Xo-x-y)"_
e GE) (A-10)
Following transformation of variables,
xt+ty=1t, Xy = 8 s
leads to
D-D _ n-2 = .2 (Ins)"  (205,-2) ,
% = Fpaz Pbb[ w! ey Tgmr o S *1F1 (2sn#l5-2(ay-ap)Ins)

(A-11)
Using the above approximation for the confluent hypergeometric function

Fl(2,n+1;—2(aM-aP)1ns), we can obtain similarly
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D-D _ T2 "2 _ ~ n-2 ~0
Oy T Epaafepn (85 [e%py! 1

1ns + 1 _(lns)n"2
20 8. (n-2)! g2

] s (A—lZ)

which is Eq. (7-7-e).
(B) The perturbative expansion of the S-matrix

We discuss the perturbative expansion of the S-matrix in the formal theory
of scattering. Unitarity is SS+=S+S=1. As usual we define the T-matrix by

S=1+iT. Then we get unitarity for T is the form:
i(T -1y =711 . (B-1)
We define the Lorentz invariant and §-function free scattering amplitudes as follows;
<k' |T| k> = en® 4@k <« |F| & . (B-2)
Unitarity for F is easily found to read:

1<k |F'-F| k> = en? I <k IF'| 0> <o |F| k> 8% (k=k ), (B-3)

where the sum over n denotes the sum over intermediate states and the integration
over allowed phase-space.
Symbolically, from the integral equation of Eqs.(8-2) in §8,

F is given as follows:

0 ~Q. . ~
F=F _ +(D+F°D)F
F. =b+F%+7C (b +DFE Y (B-4)
b b p 7>
T=7%+%%s

~

where F, Fb

pomeron-pomeron reaction amplitude, respectively.

and C corresponds to particle a-particle b, pomeron-particle b and

0 ~0
Fa Ty

Born term of each reaction amplitude. D is pomeron propagator and a and b are

and'EO are the

couplings of particle a and b to pomeron, respectively.
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o0

From the last equation of Eq.(B-4), we‘have,E=“I:EGB-.

Therefore we obtain

~

F=F0 4+ (aD+ ¥ ) [b¥+’§‘:’0 b + 570
ap b 1-¢0p b’
~0 P
0 C c0 ~0
= F _, +abb + aD=p-Db + aD( +ToggD) F
co ~o

+F° DA +TZaDb + g0 el +—TD) F (B~5)

This gives us the perturbative expansion of the S-matrix. The third-, forth~,
fifth~ and sixth-term correspond to the D-D-, Db—, Da- and Dab—series because the
factor

1 . .
10p is expanded as follows;

T%0; = 1 +3% +T%c% + - - - (B-6)

Also, in the case of the model with duality, the structure of the Born term

is given in the forms;

0 2,050 -% +30 0 -F0 LR _
Fab-X +H,F =X +H,C=X_+H,k , (B-7)

where the first and second terms in the right hand side of Eq.(B-7) denote the

non-resonant and resonant interaction in the ND mechanism.
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Table 1
. . ma B
Values for A and B in the expression Pn = An for
TP, Kp and pp reactions, respectively.
Initial A(GeV/c) B
s * *
Particles Theor. Exp. ) Theor. Exp. )
+ +
mp 0.030 0.067-0.025 2.9 2.5-0.2
Kp 0.065 0.11%0.08 2.9 2.4%0.5
pp 0.095 0.13%0.05 2.9 2.6%0.2

*) Experimental values are taken from Ref.18).

Summary of coupling constants

Table 2

effective coupling t,-cut coupling Chew-Pignotti's coupling

2 52 o~ 2 ~

8uyM = 10 o 2.5 8y » 1
2 ~ ~2 ~ 2 o

8 py 0.13 8 oy 0.008 8°p 0.02

£2_ - = 107.8 F2_ =67 =519
PNN PNN ' PNN '
2 _ ~2 a ~2 e *)

£ MNT 9.8 f MNE 2.5 f MNF 8.8
2 - T2 =

f Prm 32.6 f Prm 2.0
2 = F2 >

f Mo 1.63 f MrT 0.41

3

26)

*) This coupling is estimated by us using Chew-Pignotti model .
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Figure Captions

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

1

2

Fig.10

Fig.1l1

Multi-peripheral diagram corresponding to the first term of Eq.(2-2).
The energy dependence ¢f n-paeticle production cross sections.

The multiplicity dependence of the value n in Eq.(2-7).

The multiplicity dependence of the momentum giving the maximum

point of the partial cross section.

The energy dependence of the cross section for the reaction wp - 37mp.
The role which the non-diffractive mechanism (N.D.M.) and the diffractive
one (D.M.) play in the cross section of m p - ﬂ_ﬂ+ﬂ-p. Experimental
data are taken from Ref.53).

The illustration of the dominant region of each mechanism (the non-
diffractive and diffractive one) on the multiplicity-energy plain.
Multi-peripheral diagrams which characterize the ND and D mechanism.
The wavy and dashed lines represent pomeron and meson exchange,
respectively.

The energy dependence of Env. (a) mp>1 70, (B) T p > ﬂ_n+w-p,

(c) pp > ppr® and (d) pp + ppr T .

The partial cross sections of n—p and pp collision. (a) w-p - ﬂ_ﬁop,
@®) v p~ W-ﬂ+ﬂ—p, () mp > ﬂ+ﬂ-ﬁ+ﬂ0p, d np-> ﬂ+ﬂ—ﬂ+ﬂ—ﬂ+p,

(e) pp + ppr® and (£) pp > pp7 T .

The solid lines represent the contribution from each mechanism and
the dashed lines represent the total sum of these contribution in each
reaction. The experimental data are taken from Ref.53) and Ref.58).
Also, recent NAL data at 205 GeV/c which is taken from Ref.85) are
shown in (f).

(a) The partial cross sections of the ND mechanism ‘and GTND which are
shown in the solid lines and the dott—~dashed line, respectively.

D

T

The solid lines represent anN s the dashed lines ann and the

(b) The partial cross sections of the D mechanism and o

dott-dashed line UTD .
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Fig.12 The contribution of the D mechanism in o, for varying multiplicity.
The shaded regions come from ﬁhe D mechanism.

Fig.1l3 The invariant mass distributions of T p > ﬂ-f(mﬂ+N)+ at PL= 16 GeV/c
for m;=1,2,3 and 4. The experimental data are taken from Ref.6l) and
are shown in the dotted lines. The solid lines represent the results
calculated in our model by Monte Carlo method, and show the total sum
of the contributions from all mechanisms, ND and D.

Fig.l4 The typical examples for the energy dependence of the invariant mass
distribution of each mechanism. (A) The ND mechanism in W_p > ﬂ—f(ﬂN)+,

(B) The D _ mechanism in ﬂ_p - n—f(nN)+ and (C) The DTT mechanism in

N

ﬂ-p - ﬂ—f(4ﬂN)+ . In all cases, the unit of the ordinate-axis is

arbitrary.

Fig.1l5 The experimental data of On(n+,n_) . @ 7mp~ ﬁ_ﬂ+ﬁ—ﬂ+ﬂ-p and

(b) pp PP“+"_ s PP ~ Ppﬂ+ﬂ—ﬂ+ﬂ- .

Fig.1l6 The results from the model calculation by our model for On(n+,n_) of

T p > ﬂ—ﬁ+ﬂ-p at 16 GeV/c and 64 GeV/c.
These results contain the relative weight of Eq.(4~3-a) among each

mechanism.
do4 _ - o+ -
Fig.17 The model calculation for I— of mp > . aT ,p at 27 GeV/c from
. < )

each mechanism. (a) ND, (b) D1T and (c) DN .

d?o}
dxzdx3

and 64 GeV/c from each mechanism, (a) ND, (b) D1T and (c) DN' (d) The

Fig.18 The model calculation for p at 16 GeV/c

of T p—>m n+ T
P £7 3" 2
total sum of each contribution. The results contain the relative

weight of Eq.(4-3-a). 2

d o
Fig.19 The momentum dependence of —E;—Eg—— predicted from our model in
. 273
P _ _ - - 4 -
each division ( ]le = ]x3| =0.05) formp~+ FLEPLEPS D

Fig.20 Weighted cross sections for pp ~ ppn+w- in the indicated LPS regions

as functions of the incident laboratory momentum.
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Fig.22

Fig.23

Fig.24

Fig.25

Fig.26

Fig.27

Fig.28

Fig.29

Fig.30

Fig.31
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dzo4 . -N
————— < P for the dependence of two particle
dxzdx3 L

Exponent N in
distribution on the incident momentum between 16 GeV/c and 64 GeV/c,
in the scale given in the upper left.

The illustration of the band scheme on the multiplicity-momentum plane.
The invariant mass distrbution of w_p - n-f(ZnN)+ at PL= 16 GeV/c

and 64 GeV/c in our model. The contributions from each mechanism at
PL= 16 GeV/c and 64 GeV/c are shown in the solid lines and the dotted

lines, respectively.

(b) £

Effective coupling constants. Outer couplings are (a) fPNﬁ’ MNR?
(e) anﬁ and (d) ann’ and inner couplings are (e) By £) py and
(g) 8pp* The adjacent pomeron coupling 8pp is forbidden-dynamically
by the conservation of G-parity.
The switch-over mechanism in the reaction pp ~ ppﬂ+ﬂ_. The solid
lines represent the contribution from each mechanism and the dashed
line represents the total sum of these contributions.
The illustration of the switch-over mechanism of (a) the n-particle
production cross section and (b) the inelastic cross section.
A graphical representation of Egs.(8-2).
A graphical representation of the itérative expantion of (a) production
amplitudes and (b) an absorptive part.
The illustration of the lowest state of pomeron-pomeron scattering
in terms of URD. (a) H-type mechanism and (b) X-type mechanism.
0 ~0

B and h('lo

The illustration of the structure of the Born terms A ab’ b

in terms of URD. They are characterized by the two component structure
of the ND mechanism, i.e., H- and X- mechanism.
The production mechanism of the mew particle by the adjacent pomeron

exchange.
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