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The inclusive reactions a+b->c+anything are investigated on the basis of the structure
of urbaryon rearrangement diagrams combined with the generalized optical theorem. The
dominant production mechanism of single-particle distributions is characterized by three cat-
egories mapped onto three types of urbaryon rearrangement diagrams, respectively. The
asymptotic form of each production mechanism is discussed, assuming that the structure of
the effective energy dependence of hadron reaction amplitudes is specified by the rearranged
urbaryon number. The overall picture for the inclusive reactions including the resonance-
production region is given.

§ 1. Introduction and summary

Since the scaling behaviour concerning the structure of high energy hadron-

B inclusive

hadron interaction was suggested by Benecke et al.” and Feynman,
reactions have attracted much attention

1 i 1 de em?
of both theorists and experimentalists. Td (Gen =)

In inclusive reactions, the intensity and "
momentum spectra of single-particle dis- 107 pep-vcsX (=192 GeV/e 125 mrad(LAB))

tributions at high energies exhibit interest- i
ing differences corresponding to the kind 10
of the particles produced, such as shown  yp-2¢l
in Fig. 1.2 Such differences, together
with the scaling behaviour in the wide 1079

range of energies,” may provide impor-

T

. i 10-28_.
tant clues to understand multi-particle

production phenomena. 10720
In this paper, the above features of

1

single-particle distributions are investigat- 107%

ed from the viewpoint that particle pro- -

Fig. 1. Comparison of the laboratory momentum 10-3%2f
spectra for z*, K*, p and p produced at 12.5°
mrad by proton-proton collisions at 19.2
GeV/ed
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*) Preliminary reports of this work have been published in Prog. Theor. Phys. 46 (1971), 1639,
1642.

220z 1snbny |z uo 3senb Aq 00€Z61/00€ L1v/Li/1o1e/d)d/woo dno olwapede//:sdjpy woly papeojumoq



Inclusive Reactions and Urbaryon Rearrangement Diagrams 1301

ductions are characterized by the flow of urbaryon lines carrying internal quantum
numbers among the incoming and outgoing hadrons in the reactions.*> Combined
with Mueller’s proposal® of the generalized optical theorem, the production me-
chanisms in terms of the flow of urbaryon lines for the process a- b—c-+ anything
(X) are characterized by a few types of urbaryon rearrangement diagrams (URD)®
for the amplitude a4+ ¢+ b-—>a-+c+b. Then, the gross difference of the produc-
tion rates is recognized by different types of URD characterizing the production
mechanism, and the ratio of the cross sections for similar processes can be ob-
tained by counting the coefficients of a dominant type of URD. The scaling
law in the sense of Feynman® is easily incorporated in the URD for the acbd
—ach amplitudes, and the shapes of the single-particle spectra are parametrized
unifiedly on the basis of URD.

Also the background part in the resonance production region can be evaluated
from the scaling part obtained far inside the kinematical boundary. Thus, our
approach may provide an overall picture for inclusive reactions with respect to
the variety of particles and the kinematical situations.

In § 2, the dominant production mechanisms of single-particle distributions
are classified into three categories, which are represented by the DXP, HXP
and PP types of URD for the three-body—>three-body amplitude.** The variety
of the intensities and shapes of the secondary particle spectra such as shown in
Fig. 1 will be understood in relation to these categories. The factorization of

the Pomeron coupling can be incorporated in the above types of URD. Further-

more, the HX)P type URD provides counting relations among different processes.

The scaling behaviour in the sense of Feynman® and the shapes of the spectra
in the scaling limit are discussed in § 3. Our basic assumption is that the structure
of the effective energy dependence of the hadron reaction amplitudes is specified
7" The mechanism of the flow of urbaryon
lines prescribes the z-dependence of the scaling form in the asymptotic limits,
where x=2¢;/+4/s with /s the total energy and g, the longitudinal momentum of
the produced particle.

by the rearranged urbaryon number.

In the so-called pionization region, only the PX)P type remains as an asymp-
totic contribution. On the other hand, all the three types contribute in the region
of small momentum transfer, where the DX)P type exhibits a scaling form different
from the (1 —x)-power behaviour of the other two. In other words the triple-
Pomeron coupling in the DX)P type should be disregarded, but the DXP type
should be taken into account through single-Pomeron parametrization. The scal-
ing forms for the HXP and PP types correspond to an interpolation of the
triple-Reggeon parametrization to the very low energy region.® (Our approach
based on URD contrasts with the Regge phenomenology in giving gross features

*) Here we take the quark triplet for the urbaryons.
**) Typical examples of the DQP, HRP and PRP types will be shown in Fig. 3 in the next
section.
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1302 H., Noda and K. Kinoshita

of various single-particle distributions by utilizing “rearrangement propagator”,
s'™E, where nzp denotes the number of the rearranged urbaryon, not only non-
exotic but also exotic states. We call the state of #z=0 Pomeron.)

Our scheme is compared with experiment in §§4 and 5. As a typical data,
we treat p+p— (p, K= or §) + X at 19.2 GeV/c and K+ + p—71~ + X at 11.8 GeV/c
except kinematical boundary in § 4. The resonance production region is considered
in §5, where other types of URD, called the DXH and HXH types, are in-
troduced since they contribute to the resonance production. They, however, do
not scale in the high energy limit. The background is treated in a picture con-
sistent with the scaling region.

In the last section, new aspects and problems in our investigation of the
urbaryon line picture are discussed and comments on other approaches to inclusive
reactions are given. The kinematics and notation are explained in the Appendix.
The triangle plot for the Mandelstam variables and missing mass squared is ex-
plained in detail, which is convenient in visualizing the kinematics and scaling
behaviour.

§2. Production mechanism and urbaryon rearrangement diagram

In this section we consider the inclusive reaction a-+b—>c+ X and discuss
the production mechanism for single-particle distributions on the basis of URD.
In high energy hadron-hadron collision, the number of the particles produced in-
creases and the production mechanism may become complicated. However, the
flow of the urbaryon lines, which carry internal quantum numbers in collision,
may be considered to characterize the reaction mechanism. In fact, when we
pay attention to the flow of urbaryons, of which the produced particle ¢ is made,
we may classify the production mechanism into the following three categories:

Category (I):  The particle ¢ is the same as one of the incident particle
a or b, and all the lines in the latter flow into c,

Category (II): Part of the lines in the incident particles @ or b flows into c,

Category (III): None of the lines in the incident particles @ and 4 flow into
¢. The produced particle ¢ is made of urbaryons which are
newly created in the collision.

Another category in which lines in ¢ are connected with both @ and &4 is dis-
regarded here. Also the lizuka rule” is properly considered. In Fig. 2, we il-
lustrate these three categories.

On the basis of the generalized optical theorem and URD, we can precisely
define the above three categories. As pointed by Mueller, the single-particle

distribution (w,d0/dq) of a+b—>c+ X is related to the discontinuity of the forward

elastic three-body amplitude of a+¢+b—a-+¢+56 as follows:
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Inclusive Reactions and Urbaryon Rearrangement Diagrams 1303

(1) (I (m)

Fig. 2. Typical examples of the three categories for the urbaryon line flow in high energy hadron-
hadron collision.

08~ 1 Aazb—azh),
dq v (s, ma’, my?) , @1

A (S, ma2: me) =s'+ ma4 =+ mb4 —2s (ma2 + me) - 27na2mb27

where A;(acb—ach) denotes the discontinuity in the variable (p,+ p, —g)* obtained
through an appropriate analytic continuation of the forward elastic three-body
amplitude (see the Appendix about notations). The three-body amplitude is ex-
pressed as a linear sum of the URD amplitudes. The three categories are dominated
by the following three types of URD:

Category (I) —— D®P type URD,
Category (II) —— HEP type URD,
Category (III)—— PP type URD.

Here the notation AP with A=D, H and P implies that, in the acb—ach am-
plitude, A denotes the structure of ac—aZ part and X P means that b—b part is
disconnected to the ac—>af part (the interaction between aZ and & can be expressed
by Pomeron exchange in some situations, as will be shown in the next section).
The notation H is the well-known planer diagram,” and D is introduced to denote
the diffraction scattering of @ into ¢. As typical examples, we show the three
types of URD for a(Meson) + & (Baryon) —-c(Meson) + X in the forward direction
of the particle «, in Fig. 3.

When we define the forward direction of the particle @ as ¢,>0 and the
backward direction of the particle @ as ¢;<C0 in the center-of-mass system, we
can describe the total amplitude as follows:

For ¢,>0,
- Ay=F, (DRP) +F,*(HRP) +F.,* (PRP), (2-2)
and for q,,<0,
A;=F,°(DXP) + F,* (HRP) + F,* (PRP), (2-3)
where F,° and F,° denote the discontinuities of each URD amplitude. F,*(HXP)
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1304 H. Noda and K. Kinoshita

a T b a T b . a I b
4 \ |
//—_\\ m l |
a ¢ b a c b a < b
DepP type HeP type PepP type

Fig. 8. Typical examples of the three types ‘of URD ((I) DRP type, (II) HRP type and (III)
P®P type) for the reaction a+c+b—>atc+b.

~ denotes the fragmentation from the particle ¢ and F,*(HXP) from the particle
b. . ‘

For example we consider p+p—(p, %, K* and p) +X. Then we can de-
scribe their amplitudes for ¢,>0 as follows:

AP ~F," (DQP) + Fp* (HQP) +Fy” (PRP),

A ~Fy" (HQP) + Fp (PRP),

A ~Fy” (HRP) + Fpy" (PRP),

A& ~F (HQP) + F,* (PRP),

A~ F" (PRP),

AF~F,?(PRP). (2-4)

They show that the behaviour of momentum spectra of the produced particles is
grouped into three classes, namely p, (z*, K*) and (K-, ). As shown in Fig. 1,
the experiment exhibits such behaviour. Also we may obtain the following in-
tensity relation from experimental feature at small angle in a few tens GeV
region:

F(DQP) ZF. (HRYP) ZF. (PRP). (2-5)

By the dynamical characters of URD, we call the three categories of the
production mechanism (I) diffraction mechanism, (II) fragmentation mechanism
and (III) pionization-like mechanism. The mechanisms (I) and (II) are expected
to contribute in the peripheral region, and the mechanism (III) in the central
region.

Further, we discuss the fragmentation mechanism from the particle @ to the
particle ¢, which is defined as the HXP type URD. We assume the following
factorization:

Fa,c (H®P> /\"HachPbﬁ s . (2 ° 6)

where H,° denotes the vertex function and ¢p,; is the Pomeron coupling. The
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Inclusive Reactions and Urbaryon Rearrangement Diagrams 1305

vertex function H,° is characterized by the H type URD. Its typical examples
are shown in Fig. 4, where we denote the vertex function of the fragmentation
from Meson to Meson /iy, from Baryon (Meson) to Meson (Baryon) hzy(huz)
and from Baryon to Baryon /s and Agsz. In Table I, the vertex functions for
the typical processes are given; the weights are calculated from the counting
rule.””'® Here we note that the processes p—2~ and E~ are included in Table I
according to our previous argument that the exotic meson states (qggg) are con-
sidered to exist.'” ’

We examine some consequences of the factorization of Eq. (2-6) and the
counting of the H type vertex function. We consider the production of a strange
particle. In this case we assume the HX)P type dominance, because of the small

UV Y v
N a

A HON
a T a c a c a

@ (a)

hgns (Frag) by ) hax

O

hM’ M

Fig. 4. Typical H type URD to characterize the fragmentation mechanism from the particle a to
the particle c.

Table 1. Vertex function H,¢ mapped on the H type URD.

a—>c¢ H,e a—>c H,e a—>c H,c
pop 5h&z+5hsB at->K 0 0 K->z~ huE
n hip+4hsB Ko harar - 2hmB
4 3/2h%5+3heE o>t 0 4 hus
z+ hég+4hsE T~ 2h B+ 0
20 1/2h%5+3hsE K+ 0 K+>K* 2h
x- 2hBB K- haa K- 0
- hBB Ko harar Ko harar
EO 2hBE Ko 0 " Ko 0
ot 2h g K-—>K- 2R 7= 0
- hea K+ 0 nt hyy
K* 2hpar Ko 0 » Ohus
K- 0 - Ko harar 4 huB
Ko hpar ‘ o~ 0 I+ 2huB
Ko 0 T harar 2= 0
nront 2h P 0 == 0
- 0 4 huB ? 0
K+ hyw 20 hyB A huE
K- 0 2 huB g+ 2huE

Zz0z 1snbny Lz uo 1senb Aq 00EZ6L/00E L/P/L/e1onie/did/woo dno-olwepese)/:sdyy wouy papeojumoq



1306 | H. Noda and K. Kinoshita

contribution of the PQRP type. Therefore, we may calculate the production cross
section as follows:

6 (ab—cX) = j dq@ﬁ%ﬁ&
q

1
0

= jdq {9pssHo’ + 9 paatdy’} @7

For example, we treat the production ratio of K*p—E*+*X and K*p—F-X. Then
from Eq. (2-7) we obtain ‘

RO D550 _ 0 dgHE [0,
J(Kﬂ_]')‘_)E-‘X) QPK+K-§qu,,E—/a)q

From Table I, we have HE:=2hys and H,* =hzz. Thus,

R~ ZgPpﬁquhME/U)q )
Jpr+x- qu hss/w,

10y,

If we further assume the approximate equality of the vertex functions,'®'® namely

quhMB‘/wq:quhBE/a)q, we obtain

R: 2gPp17 ~ 262’(?;) 144
Opxix- Or(Ktp)

This result is in good agreement with the recent experimental result (Roxp=4
at P;=12.7 GeV/c)."» Similarly we have the following results:

Ratio Theory Experiment _
(K p—>4X) 0.37 04 at Pr—=12.7 GeV/‘c,m
(K p—A4X)
0 (pp—>3+X) 25 40409  at Pp==245 GeV/c,®
0(pp—2-X)
@ p—=>3X) 4, 1.340.3  at P,==16 GeV/c.™®»
o p—2-X)

These results demonstrate that the factorization and the counting picture work
very well at the asymptotic region.

§ 3. Asymptotic forms of single-particle distributions

We have discussed the production mechanism for inclusive reactions on the
basis of URD in the previous section. In this section we study the asymptotic
distribution of single particle for each production mechanism. In particular we
pay attention to the x-dependence of single-particle distributions. Our basic as-
sumption is that the structure of the effective energy dependence of hadron re-
action amplitudes is specified by the rearranged urbaryon number. This picture
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Inclusive Reactions and Urbaryon Rearrangement Diagrams 1307
is very useful in analyzing compli-
cated hadron phenomena.

B Invariant variables #z*, «* and

M introduced in the Appendix are

AN
L
“\f %\Ro
L

L convenient for picking out the es-

5 \ N sential part of the asymptotic dis-

A » N tributions. (Details of the kinema-
(A:)_;Uc (C) ~] (A tics and our notation are explained

* ‘ P { u* in the Appendix.) In the forward
q”<0 M2 0<q, production of the particle ¢ with

. . ) . . small £*, there may exist two pos-
Fig. 5. The kinematical regions on the triangle plot. ey et ..
, sibilities of parametrization accord-
ing as whether (A) the a+c—a+¢ part of the a+¢+b—a+c¢+5b amplitude
should be treated as single vertex, or (B) initial a¢ turns into single sub-system
and then interact with 4. On the other hand, the case (C) in which both #* and
u* are large should be parametrized differently. For the backward production,

we have cases (A’) and (B’) by interchanging the roles of a and b.
We consider the asymptotic distributions in the following kinematical regions

for each case as shown in Fig. 5:

(A) ¢* small fixed, u* large and «*/s fixed,
(B) ¢* small fixed, My large and My'/s fixed,®
(C) Dboth £* and «* large, and *u*/s fixed,
(A7) w* small fixed, #* large and £*/s fixed,
(B’) u* small fixed, My" large and M,'/s fixed.

These situations may be schematically described by the tree-like diagrams shown
in Fig. 6. We may evaluate the contributions of each URD in these situations
by deforming them to the corresponding forms in Fig. 6, conserving their line
topology. In Fig. 6, z; denotes the number of rearranged urbaryons in each
sections.

From our basic assumption, we take following parametrizations of the URD
amplitudes for each situation:

As(t*, u* ;5 5) =Es (™) ™ g5 for (A),

% s l-rng s l—7ny N n
Ay (%, u™; 5) =%z < 2) <M 2> (M) ™G5 for (B),
IMX X

As(t*, u*; 5) = Qaaa (0*) "™ (u*) ™™gy for (C), (3-1)

where ¢ is the forward coupling constant, and &, 3 and { are vertex functions
containing £* or ¢% dependence. In these parametrizations, we have adopted from

*) Here we do not impose the restriction M ¢2&s, in contrast to the Regge pole model near
the kinematical boundary.

Zz0z 1snbny Lz uo 1senb Aq 00EZ6L/00E L/P/L/e1onie/did/woo dno-olwepese)/:sdyy wouy papeojumoq



1308 . H. Noda and K. Kinoshita

a ¢ b a c b
) r P
Ng N, | ng
u* f* u*
a ¢ b a ¢ b
(A) (B) (c)

Fig. 6. The deformation patterns of each type URD corresponding to the kinematical regions (A),
(B) and (C), where #n; denotes the number of the rearranged urbaryons in each section.

our basic assumption the rearranged form s'~"2 for the energy dependence, instead
of the Regge form s*®, The value of y is expected to be 0.5~0.7.% The above
forms are sufficient to study the scaling law and the asymptotic forms for the
variable x. Then the scaling law implies that the single-particle distribution
(0gd0/dq) becomes energy mdependent at very high energies. By using the re-
lations for large s,
wozhT o M g (3-2)

s 2 s

we can easily see the scaling conditions and scaling forms of p=w,(do/dq) =A;/s.
For small #*, the scaling condition is 7;=0, which is satisfied for the three types
of URD adopted in our approach, since we have

poc%?cu*)—m for (A),

poc (1 —Z) ™ m-3 (M= for (B). (3-3)

On the other hand, only the PX)P type exhibits scaling at large #* and «*, since
we have

0= (gL +me) (%)™ (w*) 7™ (349

If . depends on ¢ only, the scaling contribution at large ¢° does not exhibit
x-dependence. Thus, we may treat all the scaling contributions in terms of the
three types of URD, i.e., DXP, HXP and PXP. The x-dependence of single-
particle distributions of each type in each situation in the scaling limit is sum-
marized as follows:

Case DX)P type HXP type PXP type
(A) x x x

(B) A—x) (1 —zyrtmrma=t (1 —z)rmrmot
© no scaling no scaling constant.

#*) The value of 7 obtained in recent analysis® is 0.5~0.7.
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Inclusive Reactions and Urbaryon Rearrangement Diagrams 1309

The form (A) is proportional to x and (B) form has the (1 —x) power behaviour,
while the (C) form does not depend on x because t*u*/s==g% + m,’.

The dominant form for each type in small #* will be determined phenome-
nologically. It is to be noted that the (1—x)™' behaviour of the DX)P type is
undesirable because it increases rapidly as x—1, while the (A) form is admittable.
In fact it will be shown in §4 that the DXP type exhibits the (A) form for
pp—>pX. On the other hand, the HYP type can be described by the (B) form,
as indicated by the larger contributions in the reactions pp—>r*X, K*X. In our
model the PXP type contributes not only in the region (C), but also in the
region of small #* or u*, contrary to the Regge pole approach without exotic

trajectory or Regge-cut. Phenomenologically the (B) form of the PXR)P type is
v very important for the reactions pp—K~-X, pp—pX, and K*p—r~X, as will be
shown in the next section.

The parametrization adopted for (B) corresponds to the triple-Reggeon form
which has been considered under another condition s/Mg>1, ie., x==1. How-
ever, we will not restrict ourselves to the region of the kinematical boundary,
because we do not assume the leading pole dominance. The value of y is some-
what large, when we fit down to x==0. We note that the scaling form in the
region (B) is more precisely described by the (1—Z) power form. This cor-
rection is important to understand the behaviour at =0 and somewhat large ¢,
(see §4). ,

Finally we briefly discuss the structure of the vertex functions &, 5 and .
If we assume that at very high energies the separability of the longitudinal and
transverse momenta is realized very well, the vertex function becomes dependent
only on ¢g,.® Therefore we assume the following form for the vertex function:

(vertex functions &, 7 and {)occexp(—a(qd’ +m.?)), (3-5)

where a 1s a parameter.

§4. Comparison with experiment

We have discussed the asymptotic behaviour of single-particle distributions.
In this section we compare our model with experiments. We study the inclusive
reactions pp—>pX, K*X and pX at P,=19.2GeV/c® and K*p—>g~X at P,=11.8
GeV/c®™® On the basis of the results in § 3 we assume the following asymptotic
distribution for each URD:

For ¢,>0,

0 (DR P) ~Gpysdas exp (—ap (g’ + m)) (x ; j) for DRP type,

*) Strictly speaking, the factorization of the gy and g¢: dependences is fulfilled only approxi-
mately in the region of ten GeV. On this point, see ii) in §5.
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1310 H. Noda and K. Kinoshita

0 (HRP) ~gpyshas exp (—an(qd+m.*)) A—Z)2t  for HRP type,

0 (PRP) ~gpicaz exp (—ap(g’i+m.)) (1—-2)"="  for PRP type,
“4-1) -

where n,=ny,=ng and ap, ag, ap and 7 are free parameters. Also dg, hs: and
c.: denote the vertex constants,

@) pp—cX First we consider pp—cX at P,=19.2 GeV/c. The experiment
on do/dgq for pp—pX exhibits the constant g; dependence at small ¢, (see Fig. 7).
This behaviour can be regarded as that of the case (A) of the DXP type.
Therefore, when we use x=2¢q,/+/s and Z=2w,/+/ s, we may parametrize the cross
section as follows:

q

EQUWapX%v@ﬂﬁamappﬂb@1+mfn(%iﬁg
dq ) Vs

260 4r—1
s exp(—an(el +m) (1-22) ) @-2)

The second term is the contribution from the A%z fragmentation mechanism (7z=2)
and the other contributions are neglected according to the intensity relation Eq.
(2-5). The result is shown in Fig. 7. The fit to the experiment exhibits that
at small ¢, the DX)P type is dominant and at large ¢, the HQ)P type is dominant.
In the next section we discuss that this feature continues to the resonance- pro-
duction region.

We treat pp—K*+X, which is considered to be dominated by the HRP type
(np=3). Therefore we can parametrize as

do . NgPp‘{ s 3 _ 204 Gr—l} .
E{;(PP K*X) a)qp hyx- exp ( aH(QL+mK)><1 «/§> . (4-3)

The fit is in good agreement with experiment, as shown in Fig. 8.

Table II. Parameters a and v for pp—>cX (eyeball fit).

reaction ‘ type  a (GeV-Y) T
ppopX DRP ap=69 —
H®P | ag=23 0.50
pp—>K*X HRP apg=4.2 0.67
p—>K-X PRP ap=4.2 0.70
pp>pX PRP ap=42 0.67

Similarly, the reactions pp—>K~X and $X have only the contribution from the
PRP type. The rearranged number 7nz is 5 for pp—>K-X and 6 for pp—pX.
The fits are shown in Fig. 9 and Fig. 10. The values of the parameters @ and
vy used in each reaction are summarized in Table II. It is to be noted that the
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Inclusive Reactions and Urbaryon Rearrangement Diagrams 1311

value of ap is larger than the other values ax and ap. This feature is similar
to the relation of the slopes between the diffraction and the non-diffraction. Also
the value of 7 is 0.5~0.7, which is consistent with the value estimated from the
energy dependence of two- and multi-body production cross sections.'”

(i) K*p—»>n~X We consider K*p—r~X at P,=11.8 GeV/c. In particular

we pay attention to the forward-backward asymmetry of the x-dependence and

L (S
Zﬂq,.dq;_dqu ep;—.px (19.2 GeV/e) e,

10%°F TR

1028

1 1

05 1.0 15 20 25

9u(GeVe)

Fig. 7. The g dependence for fixed values of
gL in the reaction pp—pX at 19.2GeV/c
from data of Ref. 3). The solid lines are
results of our model. ‘

d*o

( cm? )
2nq,dg,dq, * GeV/c?
ql:O.Z )
0.4 ~KX (19.2 GeV/e)
10728 PP '
L 08
10%-
1 I I’t" |

05 10 15 20 25
q,/(GeV/c)

Fig. 9. The same as Fig. 7 for the reaction
pp—>K-X.

_do ( em? )
2nqdg dqg, * GeV/?

- _q=0.2 My
107%™ 0400,

pp—~K*X (19,2 GeV/o)

b
b )

D i
b D

0.8

107

—— HeP tiype

10-3’ -

q, gGeV/c?

1

1
05 1.0 15 20 25
Fig. 8. The same as Fig. 7 for the reaction pp

—->K+*X.
dza' ( CIT‘I2 )
2rq,dg, dg,

10 LB ENG, pp—~PX (19.2 GeV/e)

107

107k W\ g, Gevio)
. ! |

05 1.0 15 20 25

Fig. 10. The same as Fig. 7 for the reaction
pp—>pX.
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1312 H. Noda and K. Kinoshita

the behaviour near x==0. Though for x<C0 this reaction has the contribution
from the HXP type as the fragmentation of proton, this contribution may be
considered to be small. So we assume the PR)P type dominance for this process.
We can parametrize the cross section as follows:

do

Wq Z;I_Ngrpﬁ {cxu exp(—apt (¢L+m,)) A—2)" %}, for x>0 (4-4)
do — 2 2 =\107-—1
GO e 0 (—ar @) =D for 20, (4)

The fit is shown in Fig. 11. The parameters used are
apt=4.0(GeV/c)?  y*=05  for 20,
ap~=3.0(GeV/c)7, 1~ =0.6 for x<0.

Also the ¢? dependence of the asymptotic distribution at the fixed x is shown
in Fig. 12.

In our model the forward-backward asymmetry is understood by the difference
of the rearranged urbaryon number (nz=4 for £>>0 and np=>5 for x<{0). The
distributions with small fixed values of ¢, show sharp peaking near x=0, but
the distributions at larger fixed values of ¢, are rounded near =<0 in contradic-
tion to the factorization hypothesis of ¢, and x. This behaviour is explained by
the (1 —Z%) dependence of the asym-
ptotic form instead of (1 —x) form.
Therefore it may be considered

wq gg. mb/(GeV/c)*

that the separability of g2 and T t 0<qz<02
is very good for the (B) form. ¥ 0.2<q,<04
1 04<qg,<06
I 0.6<g,<08
} 08<g,<1.0

Fig. 11. The x-dependence of the =~ ‘ ] {
spectra for fixed values of g1 produced ]
in K*p collisions at 11.8 GeV/c.1» The ]
solid lines are obtained from our mod- g 05 B 'X' o
el through eyeball fit. - o ;
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do. __mb d b
Y1 dg Tev/cs g CNEF
10

10

§ 0<x<01
} 0.1<x<03
I 03<¢x<08

{ -01<x<0
¥ -03<x<-0.1
$ -07<x<-0.3

TN

0.1 0.1}

=TT TTTTY

™

0.01

(a) 0.0

TTTCTY

| L T ) [UUUR JUSI JOUG: SV ORGP JOURER NS

1 1 (] 1 N L
0 0.5 10 g2 0 0.5 1.0 9z

Fig. 12. The ¢.? dependence for fixed values of x in the same reaction as Fig. 11. a) and b) for
x>0 and 2<<0, respectively.

§5. The siructure of the production mechanism in the
resonance-production region

On the basis of the analysis in §4, we consider the inclusive reaction @+ &
—a+X in the resonance-production region (Mg£<s). The structure of the
production mechanism in this region is divided into the background part and
resonance part. The former part is described by the scaling forms discussed so
far. It is characterized by the DRP and HXP types. On the other hand the
latter part is characterized by two new types of URD, namely DQH and HRQH
types, which are shown in Fig. 13. They do not exhibit the scaling behaviour
in the asymptotic limit.

First we discuss the background part. In the resonance-production region,
we obtain the following form for the DRP type from Eq. (4-1):

do My M
1-— ) 5-1
dt*dMXOC s < s ) -1
Also similarly for the HXP type we obtain
de My [ Mg\ ¥me—1 .
dt*dMXOC s ( s > ) (5-2)
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1314 H. Noda and K. Kinoshita

DeH type- HeH type

Fig, 13. Typical examples of urbaryon rearrangement diagrams to be cons1dered near the kinemati-
cal boundary, the D®H and HRH types.

When 7==0.5 and nR“Z we have do/dt*dMzec (1/5*) M4 . It is to be noted that
the background forms mainly exhibit the Mypower behaviour and have the energy
dependence.” These features are in good agreement with recent experiments.'”
Second we dlscuss ‘the resonance parts. The semilocal average of the re-

sonance parts behave as follows:

L S M - for DRH type, 5-3
. dO- ) - N . N
M‘X’TWX)” ' for HRH type, (5-4)

where we assume the (B) form for both DXH and HXH types. Also we may
write the contribution of DX)H type as follows:

40 ooyl Im(Res. oo Bil s ,
di*dMy 7T My (Mx— M)+ T/ 2)
where M, and I'; are the mass and width of the i-th resonance, respectively, and
B: is a coefficient.

The DK H type exhibits the constant resonance behaviour (no s-dependence)
and the HXH type has the s-dependence. Therefore it is expected that at high
energies bumps of the nucleon resonances with the isospin 1/2 survive while 4
resonance bump disappears. This tendency is in agreement with the experimental
feature as shown in Figs. 14 and 15.

Now we treat the reaction 7 p—>n~X. In Figs. 14 and 15, the contribution
of the background parts is shown at P,=8 GeV/c and P,=16 GeV/c."> From
Egs. (6:1) and (5:2), we put

do d My (1_%&>
dtdMx s

for 0.06<C|£]<0.10
S

and

do M Mg Mg
ot Mx (1 Mz g (Mx for 0.58<|¢]<0.76,
dtd My s ( s ) ( 5t ) or 0.58<J7<
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do ( mb ) _ _ do mb )
dfdM, * GeV/c?GeV wp— X dtdn, (GeV/eie) 1 o nx
10.0 0.06< 1tl <0.10 1.0 O,5§<|“<0.76
7.5k 8 GeV/c 0.8
./' r
5.0r } \[/\/\(7—_——_-/16 GeV/e 0.61
’/ﬁ/ -
-
25 -~ , 0.41
| i 1 1 L 0.2 -_
0.8 1.2 1.6 2.0 2.4 M GeV) I
Fig. 14. The missing mass distributions for the ! 1 I ;
reaction n~p—>n~X at 8 and 16 GeV/c for 08 1.2 1.6 20 2.4 M(CeV)
0.06<}#|<<0.10.t" The dash-dotted lines show Fig. 15. The same as Fig. 14 for 0.58<|#/<0.76.
the background contributions from the DRP The dash-dotted lines show the background
type in our model. contributions from the DQP and HRP types

in our model.

where the parameters d, d’ and A are evaluated from experiment as d=85 mb/
(GeV/c), d’=1mb/(GeV/c)* and h=22mb/(GeV/c). (Also the experimental
data of pp—pX shows a similar structure to one of 7 p—>7~X.®)

At small |¢| the DQP type is dominant and at large [£] the HXP type is
dominant. The remaining bumps are explained by the resonance contributions
from the DQH and HRQH types. Thus we conclude that the DRP type exhibits
the (A) form and not the (B) form which is the triple-Pomeron coupling form.

§ 6. Discussion

(1) Recently, J. Wang and L. Wang" pointed out that the triple Pomeron coupl-
ing is extremely small and asserted that the background part of the resonance
production cannot be produced diffractively, from the analysis of the background
in the resonance-production region. This, however, does not imply that the DRP
type is not important but that the DQP type do not exhibit the (B) form, as
pointed out in §5. Our analysis finds that the DXP type exhibits the (A) form
(single Pomeron parametrization) and contributes to the background in the missing
mass region at small [#]. Also the triple Reggeon form is included in the study
of the reaction pp—>pX and others from the multiperipheral model of Caneschi
and Pignotti,” but the single Reggeon form is not included in it. Therefore
their picture is also different from ours in this respect. We stress the importance
of the DQP type in the production mechanism of single-particle distributions.
It remains as an open question why the D-parts in the DRQP and DX H types
require different treatments.

(2) We have obtained the result that the H®P type is characterized by the
following asymptotic form:
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0 (HQP)oc (1 —z)"="",

Therefore, the scaling form of the HXP type may be grouped into several classes
according to the values of nz. For example, particles 2+, #, 4 and 2° are ex-
pected to show different momentum spectra from particles -, B~ and E° in
inclusive reactions pp—>cX, because the rearranged urbaryon number zz of the
former and the latter is 2 and 4, respectively. Further experiments and recom-
pilations of the existing data for the neutron and strange baryon spectfa are very
desirable in order to check our scheme.

(3) We discuss the inclusive exotic processes (pp—>KX, pp—pX, K+p—-KX,
etc.), which are characterized only by the PR P type. If we treat these processes
according to Mueller’s Regge analysis,” these single-particle distributions have
no .\r—dépendence because of the two-Pomeron form (the (C) form). However,
as seen in §4, the experiments show the (1—Z) power dependence. Thus, the
Regge analysis without exotic trajectories or Regge-cut faces the difficulty.

On the other hand, our model may overcome this difficulty by introducing
exotic states, which are considered to be the dual part of the Pomeron. These
exotic states appear directly in the two-body reactions p5—>2-2* or ¢¢. At the
present stage, we know few properties about these states, but we wish to stress
the importance of them.

We demonstrate our model for the K~/7~ and p/n~ ratios in pp collisions
at E,~=35, 43, 52 and 70 GeV.® If we assume the dominance of the HXP type
for pp—n~X at the angle =0, we simply obtain the following production ratios
from our model: |

PRICTRY @ oTNCE: L
p(pp—rX) A—-2)"

0(pp=pX) [ A—DT_ g g
o(pp—>nX) (A—z)"

Comparison of our predictions with experiments is shown in Fig. 16, where we
put y=20.5. The fit is in reasonable agreement with experiments.

In the multiperipheral model, these inclusive exotic processes are analyzed
by the three vertex diagram.”* The relation of our model to this model re-
mains as an important problem.

(4) An interesting explanation was proposed on the forward-backward asymmetry
in K+p—>n~X from the standpoint of the quark frame.* But, when we treat a
process which is not free from the “leading-particle” effects in terms of this
picture, the problem is more complicated. By our model, the forward-backward
asymmetry in meson-baryon collisions is explained by the differences of the pro-
duction mechanism and the rearranged urbaryon number in forward and backward
directions, as seen in §4. In particular, we consider K—p—>K°X for example.
Then both HRP (nz=2) and PQP (ng=4) types contribute to the forward di-

1=
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rection, while only the PQRP (nz=25) type

R
107 contributes to the backward direction.
Therefore our model qualitatively predicts
the following asymmetry:
107 ptoc(1—x) for >0,
p~oc(1—|x|)* for <0,
107 )
0 where 7==0.5. The recent experiment
i £o exhibits the above tendency. On the other
104 4o 43 hand, it is difficult to recognize in the quark-
. 35 frame approach the qualitative difference
between the single-particle distributions of

- X == / a —
1055 S, Z :’m* TR ) o KpoR°X and KponX,

. | ) ' ’ (5) The single-particle distribution in
photon-hadron reaction was discussed in

Fig. 16. Production ratio in p-p collisions

as a function of 2=¢/gu.x. Data are . .
from Ref. 21). The sol?;nl};nes are ob.  the hadron fragmentation region.” Much

tained from our model. more interesting may be the fragmen-
tation mechanism of photon (or virtual one) into hadrons, which may not be
substituted for other reactions. We expect that the two-arm experiments for
e+ p—e+hadron+ anything give important clues in this direction. Also the re-
lation of the recent analysis for e+ p—e-+anything’® to our result on the DYP
type for n~ + p—n~ + anything is very interesting; in e+ p—>e+ anything the Pom-
eron contribution is very small, compared with those of the vector and the tensor
trajectories. The comparison of highly inelastic p-p and e-p scatterings by Allaby
et al.?” showed that for Mx<<3.5 GeV the structure functions for inelastic e-p

and p-p scatterings look very similar in shape, but for M»=3.5 GeV two structure-

functions exhibit different behaviour. This feature may be explained from the
difference of the background part owing to the fragmentation of incident particle.
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Appendix
Notation and kinematics of inclusive reactions and triangle plot

We summarize our notation and explain the kinematics of inclusive reaction.
Relations among kinematical variables may be easily understood on the triangle
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plot explained here.

We denote the four momenta of particles a, b
and ¢ in the reaction a+b—>c+X as P,, P, and g,
respectively. Similarly to the two-body kinematics,
the invariant variables can be defined as follows:

§= (Pa+Pb)29

t= (P e Q)z’
u= (P,—q) . .
d Fig. 17. Definition of variables
an for the reaction a+b->c

stttu=me+m+m+ My, (A1) +anything (X).

where My denotes the missing mass, and m,, m, and m, are the masses of the

particles a, & and c, respectively (see Fig. 17). The variables ¢* and #* used
in § 3, are defined as
t*=2P,-g=mS+mS>—t,

u*=2P,-g=m,"+m;S—u.

These variables are more convenient than # and #, because they are positive and
not explicitly depend on the masses of the incident particles m, and m,. From
Eq. (A-1) we have the constraint

t*t+ur+ My =s+m.. (A-2)

We may consider that at high energies, the large value of s is divided into #*,
u* and M. Therefore, physical region for the process a+b—>c+ X is restricted
in a triangle in (%, #*) plane, as shown in Fig. 18.

On the other hand, Feynman’s variable

xr = 2q“/ Vs

and g% are frequently used as a set of scaling variables, where ¢, and ¢, are
the longitudinal and transverse momenta of the particle ¢ in the center-of-mass
system with the forward direction given by P,. However, for the studies in-
cluding large ¢ region, the set (T, ¢%) may be more convenient, where

) 3
T=20,/v = /x2+ mél(q“”i?mc) .

Here o, is the C.M. energy of the particle ¢. These variables are related to
s, t*, u* and M4 as follows:

2 2
T = <1—Mx>+ e
S S

o~

__L*ﬂ‘i, (A-3)
S
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*,,%
¢+ mp= (A-4)
S

Conversely, #* and u* are expressed as

t*::% (T —2) +m2%

2 2
_ gyt m, P
== "7 4+ m,T, A-5
» Z+x)/2 (A-5)

u*= -;— @+ x) +m’x

. \
~ duh e oy ag » (A-6)

In the scaling limit, O (m;*/s) is neglected and we have Eq. (3-2) in § 3.

In the triangle plot of #*, #* and M in Fig. 18, the vertical and horizontal
lines correspond to constant x and Z, and a line with constant ¢% is represented
by a hyperbola, for sufficiently large s. In Fig. 19 the Peyrou plot by (g, q.) is
exhibited for comparison, where Z=constant gives a circle and the physical region
is restricted within the circle =1. In terms of #* and u*, the line with ¢}
=constant implies small #* or «#* for x>0 or <0, but the situation at x=~0
is very complicated.

The invariant cross section w,(d0/dq)=0 is a function of three independent
variables such as (s, z, ¢°), and the scaling contribution is characterized as an
s independent part of p. In general, we have the following expressions:

Fig. 18. The triangle plot by taking #* and «* as orthogonal coordinates.
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x=~1 x<0 x>0 x=1

9
Fig. 19. The Peyrou plot by taking gy and g; as orthogonal coordinates.

The missing mass distribution is related to p as
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Note added in proof:

1. The three categories of production mechanism and all the types of the URD for inclusive
reactions are extensivelydiscussed in our subsequent paper submitted to Prog. Theor. Phys.,
“Interrelation between Exclusive and Inclusive Reactions”. There, the reduction rule of urbaryon
lines is formulated, which is implicitly assumed in the present paper.

2. The approach with energy increase to asymptotic distributions of the H®P and HYP
types are investigated in our another paper, “Production Rates and Distinctive Components of
Single-Particle Distributions” (submitted to Prog. Theor. Phys).

3. After submittion of the present manuscript, we have become awared that the (1—|zl)
power form of the single-particle spectrum outside the region 1GeV<KM,?<s was independently
discussed by a few groups from different viewpoints. Based on the limiting fragmentation picture,?
the power form is discussed by T. T. Chou, Phys. Rev. Letters 27 (1971), 1247, There, the value
of the power is only determined phenomenologically. The effective trajectories in the triple-Regge
parametrization for pp—rcx are computed by two groups; M-S. Chen, L-L. Wang and T. F. Wang,
BNL preprint (1971), G. Ranft and J. Ranft, Dubna preprint E2-6031 (1971). The results in these
computations are consistent with our scheme in which the power is given by the rearranged ur-

baryon number.
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