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ABSTRACT

The predictions of the multiperipheral model are compared to

. . Lt - .
\ inclusive data in K p and 1 p reactions. We compare with topological

tlongitudinal momentumn distributions, double differential distributions,

s . t, -
. multiplicity cross-sections, v /n  ratio, asymmetry characteristics,

isotropy in the cm, and Regge behavior near the kinematical limit.
The agreement is reasonably good. We discuss the relation of this
work to earlier work on the multi—Regge model, to results of other

models, and to the results obtained by other types of approaches to

the inclusive analysis.

I. INTRODUCTION .
(1,2)

During the lest two years the inclusive type of reaction
at+thbh—> c+ anything has become a popular means of studying high

energy collisions. Two different approaches to this study can perhaps

be distinguished.

On the one hand, detailed studies have been made of the momentum

" distribution of particle " c " in the momentum regions near the kine-

matical limit. For example, comparisons of a given reaction (e.g.

m 4+ Pp— w + anything for slow = in the lab. (3)) at several e_ne_rvgies

(2)

have been made to test the Yang conjecture of limiting distributions.

Cofnparisons of the m~ distribution of proton targets with different

(4)

incident particles have been made

sis(s). )

to test the factorization hypothe-
Finally, studies of a single reaction at a single energy have
been made to test the ‘quantitative predictions of the Regge limit near

ndaro 6

the kinematical boundary The advantage of this type of approach

"is that by examining this momentum range in such detail with these

various methods, one can perhaps obtain insight into the precise
character of the production procese. However, the scope of the
keowledge is limited — for example, little is said about the distribu-
tion at pL~ 0, or about its dependence on prong number, or about
correlations between the spectra of different types of secondaries
(for example, in a p' p reaction the relation betweeh fast produced w
spectra and inelastic p spectra).

On the other hand, various dynamical models have been proposed
that describe the spec;;ra over the entire momen’cum’range. For
example, we list: (a) the multiperipheral model in the exclus.ive
form of ABFST' "), Chew and Pignotti'®), and cLA(Y); and in the inclu-

(10)

sive form of Caneschi and Pignotti ; (b) the thermodynamical model
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(12, 13)‘ These models

of Hagedorn(“); and (c) the two-fireball model
have been then compared to a large amount of experimental data. The
advantage of this type of approach is that one has a dynamical scheme

to potentially describe all aspects of the data. However, .in describing

the data phenomenologically, there are often free parameters to adjust.

'Therefore,v one must carefully express those features of the predic-
tions that are generally unique to the model and those féatur'es 'Eha’q
arise from adjusting the free parameters, and then proposé tests;
distinguishing between different models that describe the same data

' ¢qua11y. well.

, In this paper we present a fairly detailed comparisonvof a partic‘—
ular model - the multi-Regge model - with inclusive data in K+p and -

m p reactions. In section II, we discuss the model formulated for

this comparison. In section III, we present the results of the.compar-

ison. Where appropriate, we make reference to the model's descrip;
tion of the inclusive behavior in ';he Regge limit ﬁear the kinematical
boundaries. In section IV, we compare OuI: own work to earlier work
on the multi-Regge model, propose further areas of development of
the model, and compare the multi-Régge model to other kinds of
production models. |
II. THE MULTI-REGGE MODEL

The multi-Regge model we use is described by the diagrams of
Fig. 1. ‘Fig 1a describes the process in which the incident proton
apd meson emerge peripherally, with the produced s‘econdaries‘
emitted internally from the multi-Regge chain. Ina high energy
collision, the incident particles can also form resonances that decay
backwards, giving rise to fast produced secondaries and large in-

elasticity of the incident particles. These processes are taken into

-4
account by the diagrams of Fig. 1b-1d. In Fig. 1b, the incident
proton emits a 1 and propagates as a A++ Reggeon, emérging as the

second p;rticle in the chain; this process is dualistically equivalent to

. the backward decay of N* resonances formed by the incident proton.

In Fig. 1c, the inciden’; K’ emits a 7, and propagates as an exotic
m*++ meson; this re'presents the backward decay of K* resonances.
Similarly, in Fig. 1d the incident ® emitting a ' and prop)agating as
an m* resonance, corresponds to backward decay 6f. resonances in .,

+ -
the m # system.

The amplitude for any of these diagrams is given by -

I3

. o, -1 b+ s ya.l(t) : '
A (s,0) = (g% 0 ( 1) P, (1)

. s,
i=1 i

and the cross section is given By

o= 'ISC'O— [IAn(s, n]% e B ()

Here, s, a.nd\ ti are the invariant subenergies squared an;i‘ momentum
transfers squared of the individual links of the chain; a; and ﬁi are the
trajectory and residue of the corresponding excilanged Reggeon; b is a
constant introduced = in order for the s; depe.nder'lce to reduce to
phase space for small energies; gz is the internal m m = coupling
constant; and ¢ is a constant giving the normalizations for the separate
processes of Figs. 1a-1d. In Eq. (2)d"® is the volume element fof ¥
n - body phase space; Po ié the incident momentum. ‘

" In this paper we héve used two trajectories - an effective meson
trajectory dm c'orresi)onding to the internal Reggeon''m '"of Fig. 1,
and a baryon trajectory ap corresponding to the Reggeon N Fig. 1b.
To keep the model as s-imple as possible, we have used for the Reggeon

m* the same parameters as for the Reggeon m.
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The pai‘ameters for the Reggeons "m "and "B "' were determined

in é.n earlier cornparison(14) of p p.counter data with an inclusive
multi-Regge model, and so are fixed in advanc;e; values of am,_ ag:
By and Pp are given in Ref. 14 The constant ''b " in Eq. (1) was

2: We now have four parameters - the

taken in all cases to be 1 GeV
coupling constant g2 and the normalization of the three processes of
Figs. 1a,l Ib, and 1c (or Fig. 1d for the n_p reaction).

To evaluate the predictions of the model, we sum incoherently all

diagrams for the three processes of Fig. 1 with multiplicities ranging

from 2 to 14. The numerical integrations of Eq. (2) over n-body

phase spa.cé are done with the LBL Monte Carlo prograirn SAGE(.15), '
giving an event-by—eyent generation of interractions. For each event,
charges are assigned by sampling from the Chew-Pignotti altéi'nating

. <
I-spin algorithm. (8) We then compare the distributions of these
charged particles with the experimental data.

III. PREDICTIONS OF THE MODEL

The data we compare with consist of:

K++p - + anything (12 GeV /c) Y
T +p > T+ anything (25 GeV /c) (2)
(16)

Reaction (1) has been reported by Ko and Lander .and reaction (2)

by Elbert, Erwin, and Walker. 1D

Reaction (1)
We will discuss first the model description of the data from
reaction (1). ’ The data are shown in Fig. 2. They consist of the

inclusive distribution dd/df;L for given topologies and over all events

(Fig. 2a) and the double distribution Ed>0/d>p (Fig. 2b). To describe

these data with the model, we normalized (see Fig. 2c) the process of

. Fig. 1a to thedistribution at P ~ 0, Fig. 1b to pL> 1.0 GeV/c, and

-6-

Fig. 1c to pL<- 1.0 GeV/c: The entire distributions of Figs. 2a, 2b

are now predicted over the entire range of both'pL and P Moreover,

- once the coupling constant g2 is picked, the normalizations and shapes

of the topological Py - distributions in Fig. 2a are predicted by the

..model with no free parameters. Finally, with our model fixed by the

- .. . . S . . . . . .
m distributions, the n distribution is predicted in advance. We
compare this prediction with the data of reaction (2) below. We now

discuss the main characteristics of the data and their interpretétion

in the model.

1. do/d L Distribution
The data of Figs. 2a, .4b both show pions produced predominantly

at Py~ 0. The multiperipheral model accounts for this by having most

pions produced in the internal portion of the diagrams of Fig. 1. (18)
For large beam momenta, p0> 100 GeV /c, it has been shown(ig) that

the momentum spéctra of pions produced in Fig. la takes the scaling

2 .
h d dp - N
P Py, -

At present accelerator energies, the structure function F depends on

form

Py being flat over an interval |x|< L that becomes progressively
smaller at increasing momenta. For p » 100 GeV/c, .F is flat for
0 .

| x| < 0.6. (19

2. Aszmmetrz

Both Fig. 2a, 2b show an asymmetry in the n~ distribution, with

-

the ©~ produced preferentially for x> 0. This asymmetry was first
observed in reaction (2) by Elbert, Erwin.and Walker, (17) whé

£ S
reported that the Py, distribution became @s.ymmetric in the Lorentz

frame in which the ratio of incident 1~ momentum to proton“momentum‘
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is 2/3. " Since this frame would be the c.m. system for quark-quark with backward n—K+ elastic scattei‘ing on the other. In this momentum
interactions in the triplet quark model, this result wés’ presented as range, the m spectra comes fr'om T produced peripherally in Figs. 1b,
evidence for a quark model of rrieson-baryon collisions. However, 1c. The re‘lative probabilities of these processes in Fig. 1b, tc are
they pointed out that this result was obscured by the variation of théi in turn rél’ated to the reiative rates for the backvirard elastic‘ T pprocess
asymmetry with the topology oi the reaction, being most pronouncéd ~at the proton end of the ctxai‘n in Fig. 1b and the backward -rr-K+ process
for the four-prong interaction and diminishing with increasing prong at the K+ end of Fig. 1c. However, 1 p two body scattering\is relative-
number, and byﬁ the experimental difficulty of separating the leading . ly mach mo-re peripheral than n-K+ scattering, since the TI'—K+ process v
n~ secondary from the produced secondaries. » , is resonance-dominated to much higher c. m. momenta. (23) Conse-
' The K+‘p reaction is free from the problem of leading particle © quently, the w_ spectra for x < - .5 isvd\epleted relative to the 7~

contamination in the distribution of produced secondaries. (20) 'Axi spectrtx for x > .5.
asymmetry is again observed, being most pronounced at low mult.i- ' 3. Prong Distribution
.plicity (Fig. 2a), and again vanishing in the system in which the incident | In the multiperipheral model; the single constant g2 determines the
K+ momentum is 2/3 that of the target proton. . relative magnitudes of the multiplicity cross-sections o, The

In the multiperipheral modél, this asymmetry can be easily under- topological cross sections are ttlen fixed throdgh the Che\iv-Pignotti
stood, coming from two effects: ) . ' ‘ ‘ charge algorit}ims. - In Fig. 2a we see that both the magnitudes and

a) First, there is the obvious effect pf the differing proton and ' shapes of the topological Py,- distributions are adequately described
K’ ma‘sses. (21) T}ie proton, being relatively heavy, can emit the by the model. In particular, note that the model accounts for the
exchanged Reggeon of Fig. 1a and still continue with large elasticity. decrease of the asymmetry with the increasing prong number. In the
The K+, on the other hand, being lighter, emerges with avsmaller multiperipheral m’odel,‘ this arises from the inc‘reasing number of
momentum in the c.m. Conservation 6f the produced secondaries to centrally produced n~ together with the restrictions of phase space at -
emérge preferentially with x> 0 in the c.m. This effect can be seen larger multiplicity; these two factors serve to reduce the influence |
in Fig. 2¢c, where we show the'pL distribution of m_ from Fig. 1a alone; of the end effects that led to the asymmetry. w
these pions account for most of the distributions with |x|< 5. In The model predictions for the multiplicity cross sections are shown
Fig. 2d, we show the predictions for the pL-distribution‘for the » in Fig. 2e. Curvé (a) shows the cross-sections o for n particles in
nucleon and kaon that come from Fig. 1a. The higher elasticity of the the final state predicted by Fig. 1a. Curve (b) shows the topological
nucleon relative to the kaon czixi be easily seen. (22) . ; ] ' cross sections predicted after charge assigriments. Curve (c) shows

b) In the momentum range with |x| > .5, the asymmetry is due to the topological cross sections predicted after Figs. 1b, 1c are included.

v . _ . They are in reasonable a ‘ t( t ithin 20 ith imi
l the difference between backward w p elastic scattering on the one hand, Y (24)e greement(to within 20%)with preliminary

experimental data.



4. Double Distributions

The differential cross section of Fig. 2b is adequately dés?:?ibe&
i:)y the model ov‘élt the e;ltire Py pT. range. As pointed out By_ Ko and
Lander, the distribution does not _factori?e info separate functions of
Py, and Py alone. Atx ~.0 and x ~ 1, the Py distribution is‘much more
peaked than at x ~ .~5.‘(25) In the multiperipheral model this arises in

(14)

the following way: Pions at [xl ~ 1 are produced peripherally by

the mechanisms of Figs. lb, 1c and hence emerge forward and at small

angles. Their distributions can be described in the Regge limit(zé)
3
b 3 d 1-2
y a0 = _P._E (1 -x)* “(t)ﬁz(t) (4) .

Pions produced interné.lly (but not at x ~ 0) are allowed to emerge at -

larger p, than the " singly scattered " pions produced at | x| ~1. At
’ (27)

x ~ 0, the average Pr again becomes small, a phase space effect.

5. Isotropy,and Non-Scaling Behavior

- Erwin, Ko, Lander, Pellett, and Yager(zs) have recently shown tha;t
the spectrum for n  with small Py, in the c.m. is consistent with iso-
tropy. They plot the distribution at fixed E «~ as a function of
cos@n-K-F (see Fig. 2f). For» small E, no dependence on cos@ is

observed, and hence the momentum speActrum takes the form

3 _
a% = ,QEJ £(E). / (3b)

This distribution is clearly inconsistent with (3a).

This result is not unexpectéd. It can be interpreted as an effect of
phase space. At small Py’ the distribution (see Fig. 1a) is dominated
by high multiplicity events. For exampie, the low multiplicity 4 prong,
4C final state accounts f01: only 20% of the 4 prong cross secttvion.‘
Moreover, 1 from these events can kiﬁematically contribute to large

|x| values; consequently, their contribution at small |x| is relatively

-410-

even smaller. If we now‘;ca.ke into a'ccoun-t peripherality of the incident
KJr and p, and hence the relatively large energy ’theyvemerge with; and
subtract this energy and the energy of the rest masses of the produced
secondariés from the low c.m. energy (5GeV), we infer that n at

Py, ~ 0 are associated with higher multiplicity eveﬁts 'in which most of

the other pfoduced secondaries are also at small Py Phase space

plays a dominant role in these processes, and the

phase space integrals alone give an isotropic distribution.

In Fig. 2f, the solid lines give the prediction of the process of
Fig. 1a alone, which dominates the distribution at small Py, The good
agreement comes from the model building in the high ela.sticity.of the
incident particles and the correct evaluatic;n of the phase space integrals.
' Reaction (2)

Next we discuss the data of feaction (2). In Fig. 3‘a. the distribution
is shown for forward 1-r+and backward n~, and in Fig. 3b the = distribu-
tion overall '

To compare the model with these data, we evaluated the processes
of Figs. 1a, b, c, keep{ng the same relative norma.lizationé for the
three processes as used for Fig. la, b, c in the comparison with the
K+p data. Thus, there is‘only one free parametef — the norrﬁaliiation

; (29)

of the sum. The new features we discuss in our comparison are
the following:

1. Ratio of 1'r+ to W

The ratio of the © rate to the 1~ rate at x = 0 (Fig. 3a) is fixed in
the model by the incident charges and the charge-tagging algorithm,
and adequately describes the data. In addition, the shapes of each

are _aécdunted for. The n rate for py, > 0 is enhanced and the n rate

for PL< 0is depressed by the asymmetry effects discussed earlier.
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2. py distribution for T

In Fig. 3b we compare the theory with the’ data for the 7 distribu-
tion over all P; - The agreement is good over the entire Py, ’range
except for Py, ~ 3 GeV/c. Here, diffractively produced quasi-two body
processes can contribute to the spectrum (e. g.- m +.p—+7w +N%), and
these have not been incorpox"ated into our multiperipheral model.

Note fhat for x< 0, our prediction is expect~ed to be good because this
portion of the spectrum is relatively independent of the identity of the
beam particle. Hence, the good agreement with the K+p data for

x < 0 leads to .good agreement here, too.

Iv. SUMMARY |

The present work, and its rather good agreement with the data,
is not viewed as a positive proof of multi—peripherailism, but rather
as a further step in the development of this idea and itg comparison
with data. This type of phenomenological comparison was quantitative-
ly developed first in the work of CLA (Ref. 9 and earlier work cited
there). However, in that work and subsequent work, only specific
reactions with a fixed number c;f identifiable particles in the final
state were considered. In the Chew and Pignotti model, a compre-
hensive attempt is made to predict the relative rates of the multi-
blici’cy cross sections and to construct the total cfoss section from the
inelastic multiperipheral processes. In parficular, the contributions
of Pomeron exchanges is regarded as small. Comparisons of this
model to data were subsequently performed, but they have often made
approximations in evalua.ting the phase space integral of Eq. (2), or
else evaded this problem by discussing the model in an integral

equation framework. The model seems to have been first quantita -

;;ively compared to inclusive data with the phase space integrals

A2-

perforvmed correctly in the analysis of the Michigan-Wlisconsin‘ data
(Ref. 19). The present work represents an improvement over the
methods used in Ref. 19, and a more careful comparison with detailed
data. ° |

Obviously, still further improvements can be made in the model. |
Inclusion‘ of nucleon resonénées, possible inclusion of internally pro-
duced resonanceé, and incorporation of diffractive processes can be
added as further comparisons are made. Evaluation of the full ABFST
model, in which the fréedom in parameters is greatly reduced, should
be pursued. Most impértant-, tests should be formulated which can
distinguish between the multiperipheral model and other models that
could also agree wifh the inclusive typé of data compared herein. In
particular, the diffractive model of ngognd the thermodynamic model
of Hagedorn have both had success in describing some aspects of the

+
K p data, although the underlying physics of all three models are very

different. The ‘present comparison has tested only the following features

cut-off

of multiperipheralism: 'Peripherality .of incident particles, Py

of secondaries, correct treatment of phase space integrals, and correct

’

‘prediction of topological cross-sections. Some of these features can
be incorporated in the other two models, and what is needed are tests
to distinguish between the three models. Work is in progress in this

area and will be reported presently.
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FIGURE CAPTIONS -
Fig. 1. MultilRegge diagrams: M-I;rojectile meson; p-target proton;
m, m* -exchanged mesons; att . exchanged baryon. \
Fig. 2. The inclusive data of the K+p reaction.
‘) (a) longifﬁdinal momentum distribution for Varidus final state .
topologies.
(b) double differential distribution..
(c) contributions of the separate processes of Fig. la; long
dashes-Fig. 1a, short dashes-Fig. lb, dc;t-da.shes-Fig. lc.
(d)» pL-.distributions f?r/ the _K+‘ and p of F1g ia. »
v (e) multiplicity cross sectioﬁs predicted by the model (see text).-
(f) "double differ‘ential distribution at fixed E plotted against
o cosf (s’ee text); histogram-data; curve-theory. i
Fig. 3. The inclusive data of the © p reaction.
(a) m backward /and o forward.

(b) 'm over the entire py range.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United .
States Atomic Enerqgy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
* any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any -
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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