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The experimentally determined average charged-particle multiplicities, (1), of the systems, X, produced in the
following reactions for 147 GeV/c incident pion momentum are presented as functions of the square of the
invariant mass of X, My*,and of ltl:ap>ag X, 7 p~>pX,7p> A" X, 7p~> (m*),0X, and7p >
A%X." Details of the analysis are discussed. These data can be fit by the expression ¢1y) =4 + B In M2+ Cltl
and the coefficients obtained for B are equal within their uncertainties. C is significantly different from
zero only for 7°p = w5y X. These results and (n,) data from other inclusive and total-inelastic-reaction
studies are discussed in terms of a simple model which assumes contributions to {ny) from the target-fragmen-
tation, the central, and the beam-fragmentation regions in the case of total-inelastic reactions. For inclusive
reactions, either the beam or target fragmentation is replaced by an exchange-particle-fragmentation contribution.
The s, ¢, and My? dependence of the parameters of the model are deduced from triple-Regge considerations.
The data are found to be consistent with the model and values are presented for the parameters.

in the following reactions for 147 GeV/c incident

I. INTRODUCTION pion momentum:

In this paper we present a study of the experi-
mentally determined average charged-particle
multiplicities, (ny), of the systems, X, produced T"+p=p+ X,

- - +
m +p-'ﬂfast +X ’
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T +p =AYt + X7, (3)
T+p = (7" 7)o +XO, (4)
T"+p ~A°+X°, (5)

These results were obtained with the Fermilab
hybrid system™? and a preliminary paper focusing
on 7" p-m,y X has already been published.®

The dependence of (ny) from inclusive hadron-
hadron reactions of the type '

a+b-c+X : (6)

on various variables has previously been studied
both theoretically and experimentally,*~° and com-
pared with the average total charged-particle
multiplicity in inelastic hadron-hadron reactions

a+b-X, (7

If (ny) is given as a function of the square of the
invariant mass, M,?, of the system X (which be-
comes in a +b ~ X just the square of the center-
of-mass energy, s), then curves plotted for both
a+b-~c+Xand a +b-X are very similar,*™® and
approximately independent of the nature of parti-
cles a, b, and c and of the energy of the incident
particle in a +b - ¢+ X, However, in our previous
paper® we pointed out that there are small but sig-
nificant systematic differences as a function of
particle type and interpreted these differences in
terms of a simple theoretical model.

In this study we present our final results for
reactions (1) and (2), and give a complete descrip-
tion of the analysis of these data. We also present
results for reactions (3)—(5) and discuss the aver-
age charged multiplicities for these five inclusive
reactions and all other pertinent data from the
literature in the context of the simple model. We
begin with a brief review of previous theory and
experiment in the second section of this paper.

In the third section we describe our experiment
and data analysis, and our results are presented
in the fourth section. These are discussed in the
context of the model in the fifth section, and sum-
marized in the concluding section.

II. THEORETICAL AND EXPERIMENTAL BACKGROUND

The various theoretical models for multiparticle
production which lead to predictions for the de-
pendence of {ny) on s in @ +b~ X have been dis-
cussed by Frazer et al.'° and Feinberg.!' They
include the multiperipheral model and Regge-
Mueller analysis which predict a linear depen-
dence of {ny) <s® where a> 0. They also include
the old Fermi statistical model and the Belenjki-
Landau hydrodynamic model* which both predict
(ng) =s4, Subsequently, Garetto et al.? have
proposed using the Polya~-Eggenberger formula for

multiplicity distributions which also predicts
(nyg) <s¥%, and Tow"® has pointed out that inclus-
ion of a secondary trajectory in a Regge-Mueller
analysis predicts a term in s™1/2 as well as one
in In s. Figure 1 shows the data for the reaction

b+p—~X (8)

as a function of In s, It is qualitatively obvious
that these data cannot be fit over the whole range
of s by a simple linear dependence onln s, It
has been shown that subsets of the data given in
Fig. 1 can be fit by A +BlIn 5, A + B (In s)3,'¢
A+Blns+C(Ins)? % A +Blns +Cs~1/2 1324
and AsY,"* QOver the whole range of s only
A+B(lns)?, A+Blns+C(Ins)?, and A +Bln s
+C s71/2 give fits with reasonable x? values,'*'’
The curve shown in Fig. 1 is the fit of A +Bln s
+C (In s)? to the data by Albini et al,**

Data also exist for

T ape X"t ©
T +p~XO, (10)
Kt ep-Xtt, (11)
K +p-X°, (12)
p+p—-X°, (13)

" but for much more limited ranges of s. These

may in general be fit by
(ny) =A+Blns (14)

as well as any of the other expressions which fit
the data for pp - X,'>*1%!8 Fyrthermore, the
values obtained for B in expression (14) are all
between 0.9 and 1.4. Wroblewski'® pointed out
that if (n,) were given as a function of “available
energy,” E,, where

Ea=w/———M¢-—Mb, (15)
20
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FIG. 1. The average charged-particle multiplicity{»x)
as a function of s, for the reaction pp —X. The data
are from various sources, as quoted by Albini ef al. in
Ref. 14, and the curve shown is the fit to these data of
(nx) =A+BlIns+C(ns)? obtained in Ref. 14.
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the data for pp—X and 77 p— X were very similar,
Ammosov et al.'® extended this approach and ob-
tained a reasonably good simultaneous fit to data
for pp—=X, =n p-X, and K~ p— X using the ex~
pression

(ny) =A +BInE, + C(In E,)?, ‘ (16)

Turning to inclusive reactions, a +b~¢+X, an
analogous situation is observed. A linear depen-
dence of (ny) on In M,® has been predicted by
several theoretical models such as the triple-
Pomeron description® of the high-mass diffrac-
tive region (10 < M%< s/10 GeV2/c*) and the
Amati-Bertocchi-Fubini-Stanghellini-Tonin mul-
tiperipheral model® for M,? > 20 GeV2/c*, More-
over, the slope of the linear increase of {ny) has
been predicted to be independent of s, £ (the
four-momentum transfer from a —c¢), and the
type of the incident particle, and to be identical
to the slope of the linear increase with In s of the
average total charged multiplicity for a +b - X,
These predictions have previously been verified
for the reaction

p+p=p+X )

at four energies,* and in 77p - pX at 205 GeV/

¢.*® In our previous paper, we reported the same

reasult for n"p—m, X and 7" p~pX at 147 GeV/

c. :
Whitmore and Derrick®® have extended the para-

metrization in terms of the available energy,

E,, to a +b—c+X where

Eo=My -1, (18)

They point out that this is equivalent in a standard
exchange picture to the reaction E +b -~ X, where
E is a virtual exchanged object (Pomeron, Reg-
geon, pion, or any combination of them). They
obtain a roughly universal dependence of {ny) on
InE2 for n"p—pX, pp~X, n"p-~X, and pp—pX.
In our previous paper® we have pointed out that
there are significant differences between the data
for n"p— X and 77p—~ pX, and for pp-X and
7 p— X even when presented in terms of available
energy. Pajares and Pascual®! argue that the
difference between 7"p— X and pp— X is due to
differences in absorption between pions and pro-
tons. These differences are discussed further in
the fifth section of this paper.

The various models for a +b - ¢ + X also suggest
a dependence of (ny) on £, but do not predict a
unique function form.*® Studies of 7~ p—pX and
pp—pX at 205 GeV/c (Refs. 6,9) and at the CERN
ISR*? do not indicate a significant ¢ dependence in
those reactions. Our previous paper® presented
evidence for a significant { dependence in 77p
~ e X but not in 7~ p -~ pX. This will be discussed

further in the fourth section of this paper.

Finally, it should be point out that the linearity
of the dependence of {ny) on InM,? (where M,*
=s for total charged-particle multiplicities) has
been observed not only for hadron-hadron inter-
actions, but also for weak and electromagnetic
processes.?® The dependence on InM,® of the
average charged-particle multiplicities have sim-
ilar slopes and their values at a given M,* are
also quite close for all three types of interactions.
A universal rate of increase of the multiplicity
with In s is explained in some quark models®*
and a one-dimensional field theoretical model.?®
The multiperipheral and Mueller-Regge models™*
also give a universal rate of increase for total
and associated multiplicities in hadronic colli- .
sions but they are not directly applicable to e*e”
annihilation. In the model of Brodsky and Gunion?*
the In s dependence arises from an underlying
gluon-bremstrahlung process, and the universal
rate from the assumption that the bremstrahlung
sources are color-triplet fragments of the beam
and target. In the other models, the universality
of the In s growth arises from the assumption
that the emission of the secondaries is essentially
independent of the nature of the beam and target
particles, leading to a uniform distribution of the
secondaries in longitudinal phase space.

In contrast to a widespread theoretical consen-
sus about the universal asymptotic rate of growth
of the average multiplicity, there are no solid
theoretical predictions about the dependence of’
the constant term A in Eq. (14) upon the beam and
target type. Such a prediction depends too inti-
mately upon the dynamical details of particle pro-
duction for current elucidation.

III. DATA ANALYSIS
A. General discussion

This experiment consisted of an exposure of
105 000 pictures of 147 GeV/c 7~ mesons in the
Fermilab 30-inch bubble-chamber hybrid spec-
trometer. Details of the experimental arrange-
ment and the data reduction in this experiment
have already been published.”* Table I gives the
number of events corresponding to the various
samples that will be discussed in this paper. The

‘topological cross sections have been presented

in a previous paper.? To obtain the average
charged multiplicities for reactions (1)-(5), it is
necessary to correct the number of usable events
in the various topologies for scanning and pro-~
cessing losses by appropriate topology dependent
weights.?® These weights depend to some extent
on the reaction type in question and are discussed
in the following paragraphs. An event is defined
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TABLE 1. Number of events and total cross sections
for the various samples of this experiment,
n"p at 147 GeV/c.

Number of Cross section
Sample events (mb)

TP =T, X 1867 5.15+0,12
—pX 2601 8.01+0.42
—ATtX ’ 471 1.13+0.16
— (r*17)p0X 1064 3.74£0.12
— A'X 238 1.65+0,21
—X (inelastic) 7218 21.00+0,32

to be usable if it is in one of two categories: (1)
all tracks are properly measured and fitted, and
their net charge is zero (charge balance); (2)
one or more tracks are not measured or fitted,
but the event is consistent with charge balance
(neither the number of measured and fitted posi-
tive tracks nor the number of measured and
fitted negative tracks is greater than half the
scanner prong count). The third class, charge-
unbalanced events, were not used and consti-
tuted 4.6% of the total inealstic sample. Within
the uncertainties they were uniformly distributed
among the topologies. There was also a large
sample of events (4253) which were rejected by
the geometry program (GEOMAT).? Since these
losses occurred more heavily in the higher mul-
tiplicities (13.6% of all two prongs was rejected
and 49.6% of all twelve prongs), the events lost
to this category are a possible source of bias
which was studied in a manner relevant to the
particular reaction type.

Another source of bias inherent in the use of
the topology-dependent weights arises from the
inability to detect very-low-momentum protons
in two-prong inealstic events. The do/dt vs t
distribution for two-prong inelastic events with
identified protons was fit by e’ for [t|>0.04
GeV? and the exponential was extrapolated to
t=0. This extrapolation showed that 60 +5% of
the events with |t|< 0.04 GeV 2 were missed.
Therefore, separate topology dependent weights
were used for two-prong events with identified
protons with |¢[< 0.04 (GeV 2), for those with
identified protons with |¢|>0.04 GeV?2 and for
those without identified protons. The latter cate-
gory includes both events with protons for which
ionization identification was not possible (p,,
> 1.4 GeV/c) and events with a neutron, and con-
stitutes 47% of the two-prong inelastic sample.
These two-prong topology weights were used in
the study of reactions (1) through (5) but only pro-
duced significant differences in the ¢ distributions
for n7p—-pX.

B. mp—~mnaX

A usable event was included in the sample for
mp—~ Ty X if it contained a negative particle with
X=>0.50."" This limit corresponds to M,* < 140
GeV?/c*, The momentum of the fast negative
particle is determined by its deflection in the
bubble-chamber magnet as measured in the down-
stream proportional wire system.? In order to
determine whether the sample was biased by the
loss of events which failed to be reconstructed in
the bubble chamber (geometry rejects), a special
measurement of beam track and vertex was made
on a sample of such rejects. The downstream
proportional-wire-chamber (PWC) data were then
used to reconstruct forward going tracks asso-
ciated with these vertices, and the fraction of
these events which had a fast negative particle
with ¥ 2 0.5 was determined. Within the uncer-
tainties, this fraction, about 50%, was the same
for the rejected events as for the usable events
at all multiplicities. Therefore, these lost
events do not introduce a bias.

The uncertainty in the momentum measurements
in the downstream PWC system is Ap/p=6X 10
with p in units of GeV/c, and 18% of the fast
pions had measured momenta greater than the
beam momentum. For such events a calculation
of the invariant mass squared, M,?, gives My®
< 0. The uncertainties on sz,for these events
are very large and increase rapidly as a function
of the measured momentum of the pion. The
average charged multiplicity of these events is
lower than that of the whole sample. I, however,
the M;®< 0 events are compared with those for
which 0< M;?< 20 GeV?/c*, the average charged
multiplicities are in agreement within uncertain-
ties for the whole range of [f|. This suggests that
most of the observed M;® < 0 events come from
real 0< M,*< 20 GeV?2/c* events, a hypothesis
which is supported by the observation that the
distribution of uncertainties in M;? for events
with My®> 0, is peaked at 12 GeV2/c% The
method which was used to treat the M;®< 0 events
was to reduce the magnitude of the momentum of
the charged secondaries by an amount equal to
wy~ 6 |B|, where w; = Ap;/Y ., Ap, is the weighting
factor for the ¢th particle and Ap; is the momen-

- tum uncertainty for the particle, and where

8151= 12 out Dil = [Byeam| isthe charged particle mo-
mentum imbalance, p; are the momenta of the
outgoing particles, and py.., is that of the beam
pion. This correction does not take possible neu-
tral production into consideration, but is designed
to distribute the momentum imbalance according
to the uncertainty of the momentum determina-
tions. The validity of this procedure has been
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FIG. 2. The differential cross section, do/dM Xz, vs
My? for m°p — Tja X at 147 GeV/c. The unshaded area
gives the uncorrected distribution in M?, while the
shaded area shows the contribution from the M,2<0
events, described in the text. This contribution is neg-
ligible above M ,*= 60 MeV?/ct.

verified by Monte Carlo tests. It results in a
shift of 73% of the M,?< 0 events to the 0<M®
< 20 GeV?/c* region, and 18% to M,*> 20

- GeV?/c?, Figure 2 gives the corrected distribu-
tion of events as a function of M;* for 17 p—u5, X
and shows separately the contribution from the
M%< 0 events for M,? <60 GeV?2/c?, the region
populated by these events. These events have a
negligible effect on the other distributions given
in this paper.

C. mp->pX

A usable event was included in the sample for
7~ p~pX if it contained a positive particle iden-
tified on the basis of range or ionization as a
proton. This is possible up to proton momentum
of 1.4 GeV/c, where the proton ionization is 1.45
times the ionization of a beam track. No particles
with p> 1.4 GeV/c were taken as protons. This
proton-momentum limit corresponds to |¢|< 1.4
GeV? x=<-0.3, and My? <200 GeV2/c*, Since
the proton identification in the momentum region
1. to 1.4 GeV/c has ~25% uncertainty and since
no proton events are included for p> 1.4 GeV/c,
the samples for M;? = 140 GeV2/c* may be some-

what biased by inclusion of some events with
pions misidentified as protons and exclusion of
real proton events. ,

A comparison was made between distributions
for all 7™ p—~pX events as defined above and dis-
tributions for these events which also satisfied
the condition |x|= 0.5—~the condition used for
7 p = mns X. The only effect caused by the x cut
was a statistically insignificant change in dis-
tributions for 120 < M,* <140 GeV?/c* and, of
course, the absence of events in higher-M,? bins.
Thus, the results shown in this paper are given
for the data without a cut on x.

The geometry rejects were studied on scanning
tables and found to contain more protons (iden-
tified visually by ionization) than the sample of
usable events. This was not found to be topology
dependent within the uncertainties and, therefore,
a correction factor of 1,05+0.05 was included in
the weights for all topologies to take account of
the loss of events containing protons.

Since the weights for topologies with high prong
numbers are large and the number of usable high
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FIG. 3. Topological cross sections, o,, vs nx for
m~p—pX at 147 GeV/c, obtained by two different meth-
ods for correcting high multiplicity events for topology-
dependent measuring losses, as described in the text;
smoothed, @, and unsmoothed weighted, ®, The solid
curve is 30, vs ny for the overall inclusive reaction
T +p—X.
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multiplicity events for 77p—pX is small, these
events cause noticeable fluctuations and do not
adequately represent the true situation. There-

fore, distributions were obtained using two differ-

ent weighting schemes. The first method ignores
the 20-26 prong events entirely and uses the ap-
propriate topology dependent weights for the 16.
and 18 prong events. The second method places
all topologies with 16 or more prongs in a single
category. All differences observed between the
results for the two methods were within one stan-
dard deviation, but the second method smoothed
out fluctuations observed in the results obtained
with the first method. Figure 3 givesthe topolog-
ical cross section for 77p - pX with and without
the smoothed weighting.

D. mp>AYX

The analysis of the data to obtain the sample
for m~p— A** X has been discussed in a previous
publication.?® Summarizing the criteria, events
are included in this sample if they satisfy those
for 7" p—p X and if there is a 7*p system with an
invariant mass, M, .+, in the region 1.14< M, .+
< 1,30 GeV/c?. If there is more than one 7*p
combination in a given event which satisfies the
latter criterion, the combination for which the
7" has the lowest rapidity is taken. Finally, the
momentum transfer from proton to A**, faa++,
is calculated and events with |{,,++[> 1.0 GeV 2
are discarded.

E. np=>(ntr )0 X

The production of p° mesons in this experiment
has been discussed in a previous publication,?®
but the analysis used in this paper was necessari-
ly different since statistics precluded fitting the
distributions of the "7~ invariant mass, M, +,-
from 7~ p—7*1"X for the various M;? and [t| re-
gions with Breit-Wigner and polynomial back-
ground terms. Figure 4 gives the 7*7~ invariant
mass distributions for 7*7” pairs satisfying the
requirement x;+,- > 0.5 for various topologies.
The x,+,- requirement assures that we are in the
kinematic region corresponding to the beam frag-
mentation region and also increases the ratio of
resonance to background. Clear resonance sig-
nals are observed in Fig. 4, even at higher mul-
tiplicity topologies, but there is a non~negligible
amount of background beneath these peaks., Con-
sequently, we have taken all events satisfying
both the requirement x,+,~> 0.5 and 0.5 <M+, -
<1.0 GeV/c? for the 77p—~(m*7"),0 X sample, and
also present comparisons with data from the
neighboring regions, 0.26 <M, +,-< 0.5 GeV/c?
and 1.0< M,+,- <1.4 GeV/c?, to elucidate the
effect of the background.

30+ (a) 4 prong events

1 1 |

(b) 6 prong events

1 |
(c) 8 prong events

| 1 |
(d) 10-12 prong events

Weighted Number of Combinations/ (004 GeV/c?)

| | |
028 0.76 1.24 .72
m(7*7") (Gev/c?)

FIG. 4. Distributions in m*7~ invariant mass, M, +,-,
for the reaction 7”p —*7~ X at 147 GeV/c, plotted
separately for different total charged-particle multi-
plicities. Only events having X, +,-,>0.5 are included.

F. 1 p—>A°X

The analysis of the data necessary to obtain the
7~ p—~A°X events will be presented in a future
paper.?® The events included in this sample were
events that gave three constraint fits (87%) or
one constraint fits (13%) to A° hypotheses. Twenty
percent of these events also could be fit by either
the K° or A ° hypotheses and were assigned to the
A° sample on the basis of relative chi squares,

x 2. The weights used in determining the cross
sections and average multiplicities include factors
for decay probability, branching ratio, scan ef- ‘
ficiency, and measuring efficiency.

IV. EXPERIMENTAL RESULTS
A. Tp-meeX and mp-opX

The cross sections as functions of charged- -
particle multiplicity for 7~ p—mq X and 77p - pX
are given in Figs. 5 and 3. The solid curve shows
the topological cross sections for 7°p—X.2 No-
tice that both inclusive distributions are signifi-
cantly narrower than the total topological distri-



19 AVERAGE CHARGED-PARTICLE MULTIPLICITIES IN... 749

2400

2000

1600

a
3
~ 1200
<
b
800
400
é
L1 1 1 1 1%lq] [
2 4 6 B |10 12 14 16 I8 20 22 24 26
Nx

FIG. 5. Topological cross sections, ¢,, vs nx for
T"p— Tiast X at 147 GeV/c. The solid curve represents
%o,, vs n x for the overall inclusive reaction 1°p —X at
147 GeV/c.

bution. This fact is probably due to the peripheral
nature of the inclusive reactions which yields
lower multiplicities.

Figure 6 gives the differential cross section for
7"p~Thy X as a function of |¢| for various M,?
intervals. The result for M2 < 20 GeV?2/c* con-
tains most of the events for which #,*< 0, as
discussed in the previous section. The result for
all M,? [Fig. 6(a)] is clearly not a simple expon-
ential. However, the differential cross sections
for each of the various M,? intervals have been fit
for the low |¢[ region by an exponential, e-blel,
The parameter, b, is given in Fig. 7 as a function
of My?, together with a straight line calculated
from the results of a linear fit to the data for
M,? > 20 GeV2. The coefficient of the M® term
obtained in this fit was —0.029 +0.010, within 3
standard deviations of zero.

Figure 8 gives the differential cross section
for n”p~pX as a function of ¢’ for various M®
intervals, where ¢’ = |t = fmin| and £, is the mini-
mum value of £, The variable ¢ is used rather
than £ in order to eliminate kinematic effects due

4
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" FIG. 6. The differential cross section, do/dt, as a
function of £ for m"p — w3, X at 147 GeV/c. (a) shows
do /dt for all M %, while (b)—(f) show do /dt for various
intervals of M. The lines are plots of exponential fits
of the form, dg/dt =A~?'#, to the data.

to the Chew-Low boundary. The data in the
various M,? intervals were fit by exponentials,
¢™’1*'l  and the lines corresponding to these fits
are also shown in Fig. 8. Figure 9 gives the value
of b’ as a function of M,? for the fits shown in

Fig. 8 and for the values of b obtained from fits
of the same data to do/dt=ae~?!!l, The values of
b and b’ are the same for any given M,* within the
uncertainties. Also shown in Fig. 9 is the line
calculated from parameters obtained by fitting the
results for b’ with a linear dependence on M,? for
M2 > 20 GeV2/c®, As is the case for ™ p—~ 54X,
the dependence of b on M,® isonly a 3-standard-
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FIG. 7. The parameter b from the exponential fits,
do/dt=ae"b't!, of Fig. 6(b)—6(f) as a function of M2,
The solid line is calculated from a fit to these points,
for M4*>20 GeV?/c4, of the linear relation b = (6.8
£1.0) — (0.029 £0.010) M 2,

deviation effect, —0.026 +0,008, but that of 5/,
-0.027+0.003, is significant. The shrinkage of
b(b’) with the mass of the relevant system is a
well-known effect from lower energies®' and it is
interesting to note that this persists up to 147
Gev/ec.

The differential cross section as a function of
M?, do/dMy?, for m"p—m«X is given in Fig. 2
for all ¢ and in Fig. 10 for various ¢ intervals.
That for 77p— pX is given in Fig. 11. The low-
mass diffractive peak seen in the distributions
for [t|< Q.3 GeV? disappears for higher values
of |t|. As has been pointed out previously, the
main contributions to the diffractive peak come
from the two- and four-prong topologies.® There
is a depletion of do/dM,? for large values of M,?
in 77 p - pX due to the upper limit of 1.4 GeV/c
on the proton momentum.

Figure 12 shows the average charged multi-
plicity, {ny), for n~p- 15, X as a function of 3>
for various intervals of {. The solid lines give the
result of the best fit of the expression

(ny) =A + Bln M2 (19)

to the data for M,®> 20 GeV? in each ¢ interval.
Figure 13(a) gives the values obtained for B as a
function of |t|. A fit of the expression

B=D+El|t| (20)

to these results gave E=0,48+0.21, and the line
corresponding to this fit is shown on Fig. 13(a).
Although this result indicates a weak dependence
of Bon |¢, it is also consistent within 2.3 stan-
dard deviations with the absence of a ¢ depen-
dence.

Figure 14 gives {ny) for 7~ p- 5, X as a func-
tion of [t | for various My? intervals, The distri-
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FIG. 8. The differential cross section, do/dt’, as a
function of # for 7~p —pX at 147 GeV/c. (a) shows the
data for all My2, while (b)—(f) present the data for vari-
ous intervals in M,?. The lines are plots of exponential
fits of the form, do/dt’ =ae™®’t, to the data in each in-
terval, -

bution in the proton diffraction region (4% < 20
GeV?2/c?) is seen to have a ¢ dependence similar
to the higher M;® intervals; however, (ny) is
lower by ~2 units for the proton diffraction region
than for the higher M,? region. The increase of
{ny) with |t| for the region My®< 20 GeV2/c*,
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FIG. 9. The values of the parameter 4’ from the ex-
ponential fits, do/dt’' =ae”®'t", of Fig. 8(b)-8(f) are
given as a function of My? by the crosses. The solid
line is calculated from a fit to these points for My?
>20 GeV2/c! of the linear relation b’ = (6.16 +£0.26)

— (0.0267 £0.0028) M 2. The solid circles give equivalent
results from fits of do /dt=ae™?'# to the 7~ p —pX data,

which is dominated by diffractively produced N*’s,
is consistent with the established observations
that do/dt for low-mass N*'s decreases faster
with |¢| than that for high-mass N*¥s and that the
more massive N¥s decay into higher multipli-
cities.’® The solid lines give the result of the
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FIG. 12, The average charged-particle multiplicity

(mx) for m™p— T3et X at 147 GeV/e,
tion of M2 for various intervals in |¢

plotted as a func-
. The solid

lines are plots of the best fits to the data for My?
>20 GeVZ/c! in the respective |t| intervals of expres-
sion (19). The dashed lines are plots of two-variable
fits of expression (23), evaluated with |¢| equal to the
mean value for the given interval,
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FIG. 13. (a) The values obtained for B from a fit of expression (19) to the data in Fig. 12, as a fu‘nction of |£1. The
line gives the results of a fit of expression (20). (b) The values obtained for C from a fit of expression (21) to the data
in Fig. 14, as a function of My?. The line gives the results of 4 fit of expression (22). (c) The values obtained for B
from a fit of expression (19) to the data in Fig. 15, as a function of |#|. The line gives the results of a fit of expression
(20). (d) The values obtained for C from a fit of expression (21) to the data in Fig. 16, as a function of My?. The line

gives the result of a fit of expression.(22).
best fit of the expression
(ng)=A+Clt| (21)

to the data in that particular M,® interval. Figure
13(b) presents C as a function of M, and it is
seen that there is a significant ¢ dependence which
is the same within the uncertainties for all M4?
intervals. A fit of the expression

C=D+FMg . (22)

to these results gave F=0,004 +0,006, and the

line corresponding to this fit is shown in Fig. 13(b).
Since (ny) for 7~ p—~n5e X can be fit by a linear

dependence on In M,? and on |#] and since the co-

efficient for the dependence on one variable can be

considered independent of the other, a two-vari-

able fit of the expression

(ng) =A + BInM,? + Clt| (23)

was carried out. The values obtained for the co-
efficients are given in Table II and the results cal-
culated from them are shown by the dashed lines
in Figs. 12 and 14. These results and others given
in this section differ slightly from those in Ref. 3
due partially to subsequent additions to the data
sample and improvements in the analysis, but
also more substantially to changes in binning.

Figure 15 gives the dependence of {(ny) for 7°p
~p X on My?for various [t|intervals. As previous-
ly discussed, the data for M, > 140 GeV?/c* may be
subject to some uncertainties and therefore the re-
sultsfor 20 < M,® < 140 GeV?/c*were fit by expres-
sion (19). The parametersobtainedfrom thisfitare
given in Fig. 13(c) asfunction of |t|and the solid lines
in Fig. 15 are calculated from them. Again, as
for 77p~ mu X, the values obtained for B are the
same within three standard deviations. A fit of
B=D +E|t| to these values gave E=1,03+0,35 and
the line in Fig. 13(c) shows the result of this fit.

Figure 16 gives the dependence of {ny) for 7~ p
—~pX on |t| for various M,? intervals. These data
were fit by (ny) =A + C|t| and the values of C ob-
tained are given in Fig. 13(d). The solid lines in
Fig. 16 are calculated from these results. The
results obtained for C are consistent with the ab-

sence of a significant |¢| dependence of {(ny).
When the values obtained for C are fit by C=D

~+FMg?, the result obtained is F=-0.007 +0.010,

indicating no M,® dependence for C. The line in
Fig. 13(d) is calculated from this fit. This analy-
sis was also carried out using || as a variable
and the same result was obtained.

Since the coefficients B and C for 7~ p-pX can
be considered independent of [t| and M,?, respec-
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FIG. 14. The average charged-particle multiplicity
(n x) for m™p— T3, X at 147 GeV/c, as a function of
|| for various intervals in My2, The solid lines give
the results of the best fits to the data in the respective
M y? regions of expression (21). The dashed lines are
plots of two variable fits of expression (23), evaluated
with M 42 equal to the mean value for the given interval.

tively, the data were fit by (ny) = A+ BlnM,>
+C|t|. The parameters obtained in the fit are given
in Table III and the dashed lines in Figs. 15 and 16
show the results calculated from them. The value
found for C is consistent with zero within 2.5
standard deviations and B for 7" p—~ pX is seen to

be the same as B for 7~ p - m,,X within the uncer-
tainties. These results are in agreement with the
value obtained for B from a fit of expression (19)

to data at 205 GeV/c and with the observation that
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FIG. 15. The average charged-particle multiplicity
(n x) for m°p—pX at 147 GeV/c, as a function of M 4*
for various intervals in |¢|. The solid lines are plots
of the best fits to the data for My%>20 GeV?/c? in the
respective regions of |¢| of expression (19). The dashed
lines are plots of two-variable fits of expression (23),
evaluated at the average value of |t| for the given inter-
val.

there is no significant ¢ dependeénce at that en-
ergy.®

In order to check the uniqueness of a fit of
(ny) =A +BInM;? or {ny) =A + BInM;? + C|t| to these
data, other forms suggested in the literature were
also tried. Some of these results are given in
Tables II and III and it is seen that all of the ex-
pressions used except that with a In [1/(1 + [¢])]
dependence also give acceptable fits to our data

TABLE 1. Parameters obtained by fits of the indicated expressions to <ny > data for 7°p—n ,, X at 147 GeV/c for

20 =My ? = 140 GeV%/c? and || < 2.0 GeV?,

Expression A C D x%/ND
A +B InMy 2+Clt| —2.11+0.55 1.50+0.14 1.15+0.18 ¢ 143
A +B InMy 2 +C (InM 2)? 8.82:+5.84 —3.83+2.89 0.67+0.35 1.19
A +B My 1.17+0.33 . 042+0.04 . ; ’ 1.01
A +B In(Mx %/ (1+]t] ) 0.29+0.51 1.08£0.13 : 4.66
A +B InMy2+C|t|V?2 —2.36+0.56 1.48+0.14 1.52+0.24 1.39
A +B InMy 2+Ce™D!t! —0.04+1.84 1.48+0.14 ~2.15+1.74 0.88+0.80 1.44




754 D. BRICK ez al. 19

2 2/ca e
6__(0)0<M, < 20 GeV/c &:{_ﬂ—‘ |
5 # |
4 — -
3 p—
2 (b) 20 < Mx2 <140 GevZ/c4 —

1 1 1 1 1 1
(c) 20 <My? <40 GevZ/c4
6 —
5 —
4 -
~3 (d) 40< My2 < 60 GevZc4 ]
& L 1 1 1
v 7 _
6 —
5 —
4 — —
. 1 i1 1 1 1
(9) 100 < M2 < 120 GevZ/c4
gl _
7 —]
6 p—
s (h) 120 < M2 <140 Gev¥c4 _|
| | | 1 | 1
0.5 1.0 1.5 05 1.0 1.5

It (Gev?)

FIG. 16. The average charged-particle multiplicity
{n x) for T"p—pX at 147 GeV/c, as a function of |¢|
for various intervals in Mx2. The solid lines are plots
of the best fits to the data in the respective M x° regions
of expression (21). The dashed lines are plots of two-
variable fits of expression (23), evaluated at the aver-
age value of My? for the given interval.

for (ny).

Figure 17 shows the results obtained for the
Mueller parameter f,,3 for 7~ p—m54X, both as a
function of M,? and of |t|. The line is calculated
from the results of a fit to the data for 77p = X of
a quadratic expression in In s.'® Unfortunately,
the uncertainties on our data are too large for a
significant fit, but it can be seen that f, increases
with 2 in a manner not inconsistent with such a
dependence.

Figure 18 gives the results for f, for 77 p—pX
as a function of M,? and of £. The M,* dependence
is qualitatively the same as that observed for
bp—~pX at several energies.?*

B. mp~>ATX

Figure 19 presents the differential cross sec-
tion for 7 "p~ A**X as a function of M,? for
various [f] intervals. The cross sections for
four-prong events with no neutral particles (i.e.,
events for which a four-constraint (4C) fit was
possible) are indicated by the shaded areas. As
has been shown in a previous publication,?®
these events are mainly quasielastic N** produc-
tion (with the N** decaying to 7~ A**). Thus, in
order to study 7”p~ A** X without 77p - N*' X,
these events were deleted from the data from
which the (ny) presented in Figs. 20 and 21 were
calculated. However, the results without the de-
letion of these events were the same, well within
the uncertainties. Figure 20 gives (n,) as a func-
tion of My® and Fig. 21 as a function of |¢|. The
dashed lines are calculated from the results of a
fit of (ny) =A + BlnM,? + C|t| to these data. The
coefficients which were obtained are given in
Table IV. Although the || dependence is similar
to that for 7~ p—pX, it is only a 1-standard-devia-
tion effect.

C. mp~>(n*n)p°X

The values obtained for (ny) for the p° sample
(Xp+g-—=0.5 and 0.5 SM,+,- <1.0 GeV/c?) as a
function of M;® are given in Fig. 22(a) and those

for the background region (x,+,.>0.5 and 0.26<M,.,.<0.5
GeV/c?plus 1.0<M,,,.<1.4GeV/c?) are given in

Fig. 22(b). In a very detailed analysis of 7°p
-~p°X at 15 GeV/c, it has recently been shown
that p° production in the incident 7~ fragmen-
tation region is mainly due to 7 exchange.%®
Thus, it is interesting to compare the results
from this experiment which apparently involve
off-shell “r~”p— X with (ny) as a function of s for
7~ p—X [dashed line in Fig. 22(a)]. The agreement
between the distribution and the curve is striking.

Figure 22(c) shows (ny) for resonant production
plus background as a function of [¢| and Fig. 22(q),
the equivalent data for the background sample,

TABLE III. Parameters obtained by fits of the indicated expressions to the <ny> data for
Tp—p X at 147 GeV/c for My 2 =20 GeV2/c? and [t]| <1.4 GeV2

Expression A B c X ¥ND
A +B InMg2+C|t| —0.87+0.54 1.49+0.14 0.64+0.26 1,02
A +B InMy 2 +C(InMy ?)? 7.46£4.10 —2.74+2.00 0.54+0.24 0.71
A +BMy 2.02+0.25 0.43+0.03 0.58
A +BIn(Myg ¥/ 1 +|t])) 1.88+0.14 _ 2.71

—-1.58+0.53
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FIG. 17. The Mueller parameterf,= (z ¢o —1)) — (») % for ™ p — T35, X at 147 GeV/c: (a) f, as a function of Mx2,
The solid line indicates the data for 7~p —X (Ref. 18); (b) f, as a function of [¢].

These data have been fit with the expressions

A +BInM,® and A +C|t], and the resulting para-
meters are given in Table V. The solid lines in
Fig. 22 are calculated from these fits. The fact
that the results for the background sample are
similar to those for the sample comprising re-
sonant production plus background suggests that
the same mechanism, 7 exchange, is responsible
for both p production and the background, which
is mainly s wave in this mass region.

D. 7 p—~>A°X

The A° particles from the reaction 77 p - A°X
are produced both in the target fragmentation and
the central regions of rapidity.>° However, as can
be seen from the M,? vs [t| scatterplot given in
Fig. 23, there is a strong correlation between the
values of M;,* and [t] except in the target fragmen-
tation region (|t|< 1 GeV?). The consequence of
this, together with the small size of the sample,

I

i
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FIG. 18. The parameter fy= (n(n—1)) — (n) ? for
T°p—pX at 147 GeV/c: (a) f, as a function of My ?%;
(b) f as a function of | £ 1,

is that the results of fits of the expression A4 + B InM,,?
+C [t| to the (ny) distributions over the whole
range of both variables give results which are de-
pendent on how the bins are chosen. Consequent- '
ly, we have limited our analysis to A”s produced
in the hemisphere in the target direction and we
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FIG. 19. The differential cross section, do/dM 4?2, as
a function of M Xz in various regions of |¢|, for 7 P
— A** X at 147 GeV/c. The shaded areas represent
events with four charged particles and no neutrals (i.e.,
events in which the data satisfied four constraint kine-
matic fits).
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FIG. 20, The average charged-particle multiplicity
(nxz) for 7”p— A**X at 147 GeV/c, as a function of

Mx* in various regions of |#|. The solid lines give the
results of fits of expression (19) to the data. The dashed
lines give the results of two variable fits of expression
(23) to the data, evaluated at the average values of |#]

in the given interval. The four-prong, four-constraint
events are not included.

present results only for one-variable fits to the
data for which the sample size is sufficient to
provide bin independent results. Figure 24 gives
the (ny) distributions with respect to M2 both for
all events in the target hemisphere (|t|< 14 GeV?)
and for those in the target-fragmentation region
(lt]< 1 GeV?). The (ny distributions with respect
to t are given for all events with M, >20 GeV?/c*
and for those with 20 <M,? <140 GeV?/c* The
parameters obtained in one-dimensional fits to
these distributions are given in Table VI and the
straight lines shown in Fig. 24 are calculated
from these results. The values obtained for the
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FIG. 21. The average charged-particle multiplicity,
(n xy, for m"p—~A**X at 147 GeV/c, as a function of
|#| in various intervals of M. The solid lines give
the results of fits of expression (21) to the data. The
dashed lines give the results of two-variable fits of ex-
pression (23) to the data, evaluated at the average of
My? in the given interval.

parameter B for the two ¢ regions are found to be
in good agreement. Those obtained for the para-
meter C agree within the uncertainties, but only
that for M;? = 20 GeV2/c* is significantly greater
than zero,

Data were also available for K° and A° inclusive
reactions, and both of these particle types were
found to be produced only in the central region of
rapidity.?® This precluded a meaningful {(n,)
analysis since the events corresponded to only a
very narrow range of M°.

V. DISCUSSION

Our results for 7 p—n,y X and 7~ p—~pX are
consistent with the assumption that {ny) =A
+B1nM,? is a good representation of the M ,* depen-
dence of (ny) for 20< M,>< 140 GeV2/c* and that
B is independent of reaction type. Although we

TABLE IV. Parameters obtained by fits of A +B InMy 2+C|t| to <ny> data for v p —A**X
at 147 GeV/c for My 2= 20 GeV?/c? and |t| < 1.0 GeV? with and without the four—prong four—

constraint events (7 p—At*r 1),

A B c x%/ND
Without —1.89+1.65 1.56 £0.49 0.720.86 0.99
With —2.01+1.84 1.5040.54 0.94+0.96 1.39
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FIG. 22. The average charged multiplicity, & x), for
7 p—m" 1" X at 147 GeV/c for 7*7~ combinations with
%g+q- =0.5. (a) Given as a function of My? for the p°
region (0.5 <M, +,- <1.0 GeV/c? and (b) for the back-
ground regions (0.26 <M, .,- <0.5 GeV/c? and.1.0
< M, +5- <1.4 GeV/c?. (c) Given as a function of |¢| for
the p° region and (d) for the background region. The
dashed curve in (a) gives the (ny) vs s dependence for
T°p—X (see Table VIII). The solid curves give the
results of fits of expression (19) to the data in (a) and
(b), and expression (21) to the data in (c) and (d).

were not able to rule out other functional forms of
the M,* dependence for reactions (1)—(5) we will
limit ourselves to this form in the subsequent
discussion partially for phenomenological reasons
and partially to permit inclusion of average total-

inelastic charged-particle multiplicities which re-.

quire this form.'*" The values of (ny) at given
M,? are significantly different for reactions (1)
and (2) and we therefore compared their {ny) de-
pendence on available energy, E,. Figure 25,
taken from our previous publication,® shows this
comparison together with comparisons of pp~X
(Ref. 18) and 7"p ~ X (Refs. 18, 36,37) and of

m p —~pX (Ref. 8) and pp—-pX (Ref. 20) at 205
GeV/c. Table VII gives the results of fitting these
data with the expression
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FIG. 23. The number of 7~ p — A%X events at 147 GeV/
¢ in each interval of My? and |¢].

(ng) =A’ +B'InE2/E,2, (24)

where E,, is the value of E, at which one wishes
to evaluate A’, By choosing E,, in the center of
the region for which data are available, one may
avoid the large uncertainties that occur if A’ is
evaluated at E, =1, involving an extrapolation
from the data region. Table VII also gives the

TABLE V. Parameters obtained by fits of the indicated expressions to (ny) data for 7 "p— (r*w")X at 147 GeV/c

for Mg 2= 20 GeV%/c* and % .4 ; - Z0.5 in two M, regions.

M- Expression B c X%/ND
0.5<M 4, <1.0 GeV/c? A+BInMg? 0.57+0.33 1,08 +0.86 2.6
{ A +Clt| 4.97+0.12 0.49+0.08 1.1
0.26< M 4. <0.5 GeV/c? { A +BInMy? —0.77+0.82 ©1.41+0.19 7.9
1.0<M 4. < 1.4 GeV/c? A +Clt] 4.96+0.17 0.50+0.10 6.2
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FIG. 24. The average charged multiplicity, (zyx),
for 7"p — A"X at 147 GeV/c, as a function of M ,? for
(a) |t]<14 GeV? and (b) |t]|<1 GeV?, and as a function
of |¢]| for () Mx%>=20 GeV%/c? and (d) 20 <M y?
<140 GeV2/c%. The lines give the results of fits of
expression (19) to the data in (a) and (b), and expres-
sion (21) to the data in (c) and (d).

difference 0A’ between the results for A’ for each
pair of reactions. 0A’ is the difference between
the {ny) values at the arrows for each pair of
curves in Fig. 25. These differences are signi-
ficant and display a systematic dependence on the
particles involved.®

Therefore, we have analyzed our results in
terms of a simple model which attempts to isolate
the sources of these differences in (ny). Figures
26(a) and 26(b) indicate schematically the approach
that was taken. For inelastic hadron-hadron re-
actions (@ +b -~ X)), the average charged-particle
multiplicity has contributions from both incoming
particles, 7, and n,, which depend on the particle
type but not on s. There is also a contribution
from the central region, #, which depends only on
the extent of this region in rapidity and not on the
nature of the incoming particles. In the simplest
models this contribution is equal to a universal
constant, the average number of particles per unit

D. BRICK et al. 19
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T
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& bttt
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=
6 /{¢

a7 o 7 p—=pX This
q/ ° w“D‘-—-lw,‘x exp.

[ 11
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Eq? (Gev?)

FIG. 25. The average charged-particle multiplicity,
(n x), as a function of available energy, E,, for (a)
T~ p—X (Refs. 18, 36, 37) and pp —~ X (Ref. 18); (b)
T p—pX and pp —~pX at 205 GeV/c (Refs. 8 and 20,
respectively), (¢) T"p —~pX and T7p — w3 X at 147 GeV/
c (this experiment). The solid lines are plotted from
fits to the data of expression (24); the value E,, in each
plot is shown by the arrow.

rapidity times the width in rapidity which is pro-
portional to In s. Thus, for a +b~X, this model
predicts:

(25)

Analogously, for a+b-c+X, there are contribu-
tions, n, from the central region which has a
width proportional to 1n M,* and, #,, from par-
ticle b. However, in this inclusive reaction the
exchanged particle or trajectory, E,. [see Fig.

(ny) =ng +BIns +n,.

TABLE VI. Parameters obtained by fits of the indicated expression to (ny) data for 77p — A'X at 147 GeV/e.

Expression Region fit A B C X ¥ND
A +B InMy 2 [t] < 1.0GeV?; 20 =My 2=<140 GeV?/c* ~3.10+2.24 2.01+0.52 2.0
: [t] <14 GeV?; 20 =My 2=140 GeV?%/c* -3.14£2.05 2.06 £0.47 2.8
A +C|t| 20 = Myg? <140 GeV?¥/ct; |t] <3.5 GeV? 5.29+0.45 0.87+0.60 1.9
My 2= 20 GeV?/c4; |t] <3.5 GeV? 5.12+0.31 1.17£0.21 1.8
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TABLE VII. Parameters obtained by fits of the expression A’ +B’ lnEaz/an2 to {(nx) data for the six reactions of Fig.
25. E, is the central value of E, in each pair of fits (see arrows in Fig. 25). Thus, A’ is equal to the fitted value of
(ny) at E4. 0A’ is the difference between the A’ for each pair of reactions.

Reaction Data
(X = anything) E . A’ B’ 64’ from Ref.
T +p—X 5.57+0.04 1.25+0.06 18, 36, 37
@) 60 GeV : 0.27+0.06 *
p+p—X 5.30+0.04 1.26 £ 0.05 18 )
7 +p—p +X 5.67+0.06 1.30+0.09 8
(ii) 205 GeV/c 60 GeV 0.30+0.10
p tp—~p+X 5.37+0.08 1.23+0.12 20
T +p—p +X 5.28 +0,04 1.60+0.07 this exp
(iii) 147 GeV/c 52 GeV 0.55+0.12
T +p 7y +X 4,73+0.11 1.40+0,17 : this exp

26(b)] takes the place of incoming particle a in
the total-inelastic reaction [see Fig. 26(a)l. This
contributes #ng, to the charged multiplicity, a
contribution which might be expected to depend on
both the nature of the exchange, its four-momen-
tum transfer, £, and possibly the ratio s /M2,

a)

a Na
No
b
Np

FIG. 26. (a) Diagram for reactions of the type a +b
— X, showing contributions to the total multiplicity from
the projectile region, n,, the target region, n,, and the
central region, ny. (b) Diagram for reactions of the
type a +b —c + X, where the exchanged entity E, inter-
acts with b to produce X. The multiplicity (ny) has
contributions n g, 7, and n;,, analogous to those
shown in (a). (c) Triple-Regge diagram fora+b—c+X.

Thus, for @ +b—c+X, this model predicts
(ny) =ng,, +BIn My +n, . (26)

In particular, the coefficients B and n, are the
same as in Eq. (25). There is some arbitrariness
in the separation of #, from the fragmentation
regions which is reflected in the choice of scale
for M;® and s in the logarithm. However, com-
parisons between the coefficients are meaningful
if the same scale is always used.

For various reasons a precisely linear depen-
dence on In M’ is not expected. For one, the
fits of Albini et al.'* to total-inelastic multipli-
citites for various incident particles show that
(ny) =A +B 1n s is a good representation of the
data only over limited regions in s. Especially
in the case of pp— X, data are available over a
large enough region of s that a simple linear de-
pendence on In s may be ruled out (see Fig. 1).
This could be accommodated within the model by
a quadratic dependence of #, on In s or In M,”
which, like the linear dependence, is independent
of the nature of the incident particle. It may also
be accommodated in a Mueller-Regge analysis
which takes into account a nonleading Regge traj-
ectory.'

Another reason for not expecting a precisely
linear dependence on ln M,? is that the term g,
may depend on s/M,®. The Mueller-Regge model
predicts the dependence given by expressions
(25) and (26), but states, in addition, that ng,_
is a scaling function of s /M;>.%® Tothe extent that
one trajectory predominates at high s /M ¥, itis
expected that ng,  would be essentially independent
of s/My? and dependent on t only. However, an
explicit dependence upon s/M,* at low values of
this parameter would produce a departure in
(ny) from the linear form A + BlnM,? for a fixeds.
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TABLE VIIL Parameters obtained by fits of the expressmns A” +B1nMy?/53 or A” +Blns/53 to {ny) data for various

reactions for 20 <My? <140 GeV2/c? or 20 < s<140 GeV>.

Reaction Momentum (GeV/c) Reference No. points A” B x%/ND
Tp—nr X 147 this exp 6 4.35+0.08 1.65+0.15 1.8
Tp—p X 147 this exp 6 5.28 £0.08 1.63+0.14 0.5

205 39 9 5.34 £0,08 1.21+0.14 0.4
Tp—1pX 147 this exp 3 5.81+0.35 1.73+0.68 0.3
T p—»A“'X 147 this exp 4 4.70+0.15 1.83+0.32 1.3
(1r+1r')poX 147 this exp 5 4.85+0,06 1.08+0.09 2.6
p - A'x 147 this exp 4 4.97+0.28 1.8210.45 3.0
ntp — ATt X 100 - .40 4 4.98+0.25 0.84+0.58 0.4
p — A0X 100 41 3 5.94+0.65 1.27+0.95 0.2
pp—p X 102 7 7 4.54+0.11 0.96+0.17 0.8
205 20 9 4.75+0.06 1.24+0.10 14
303 6 7 5.57+0.18 1.11+0.31 1.3

400 7 3 4.86+0.24 2.03+0.51 0.03
pp—AYTX 100 40 6 4.61£0.23 0.53+0.47 2.6
102 42 3 4.32+0.27 1.61+0.54 2.2
205 43 5 4.22+0.07 1.17+0.13 0.8
400 42 3 3.52+0.40 0.83+0.64 0.3
pp— N'X 100 41 5 4.91+£0.44 1.69+0.69 0.5
pp—X 14, 44, 45 19 4.48£0.01 1.38+0.03 1.7
bp—~X - 14 4 4.87+0.05 1.23£0.12 1.1
p— X 14, 18, 44, 45 9 5.13+0.03 1.21+0.05 5.0
Tp—X 14, 18 12 5.03 £ 0,02 1.45+0.03 2.2
K*p—X 14, 18, 45 5 4.86+0,03 1.30+0.05 14
Kp—X 14 5 4.74+0,03 1.38+0.05 2.2

In Table VIII we give the results of a fit of
(ny) =A” + Bln My?/53 (27)

to our data for reactions (1) to (5) for 20 <M,?
<140 GeV?/c%. In this table we also present the
results of fits of (27) to data for inclusive reac-
tions from the literature and of

(ny) =A" +Blns /53 (28)

to various inelastic processes for the same re-
gion of M,® or s as our data. It should be noted
that the inclusive (ny) can be fit by other functions
of My and substantially higher statistics would be
required to permit a unique decision on functional
form. However, the total inelastic {ny) require
an Ins dependence,'*'" and therefore we have
chosen this form in order to simultaneously de-
scribe all the reactions in Table VIII over the
given range in M,® and s. All the values of B
agree within three standard deviations with the
weighted average value, 1.35+0.09, All the X2/
ND are acceptable except that for 7" p—~ X, The
values of B for pp— X and pp = X are consistent
with those obtained by Albini et al.'* for somewhat
different regions of s.

" Since data are available for some of the inclus-
ive reactions at several values of incoming beam

momentum, it is possible to investigate the de-
pendence of the term, ng,, ons/My*. This ex-
change contribution is given by the following ex-
pressions for 7" p—pX and pp—pX, respectively,

ng,, =g —ny—n,-, (29)
nEN, = <”x> - no —Ny. (30)

The 7, term may be assumed to be Bln M,® where
B is the slope obtained for the particular reaction
given in Table VIII, This choice, however, suf-
fers from the difficulty that all the A4,® dependence
in these fits is lumped in this term. A less biased
approach is to use the values obtained for B in the
fits to total-inelastic (r,) reactions (8)—=(13), the
weighted average of which is 1.35. n,- and #,

are not known, but their difference may be ob-
tained from pp—X and 77p~ X and is given in
Table IX. Thus, the same quantity, MEpy T s in
this model may be plotted for both reactions. For
m p—pX, this quantity is equal to the following:

ng,, +1y =(Ny) = ny = (ny — 1)
=(n,) - 1.351In M;® — 0.55 (31)
and for pp-pX,
ng,, +1p =(nx) = no=(ny) - 1.35In My* . (32)
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TABLE IX. Terms in the expressions (tx)=ng, +B In My® +my and (ny)=n,+B Ins +n, calculated from the results given
in Table VIII (see text for explanation).

Result

Term Momentum (GeV/c) Weighted average
Npp = Npa=A" (17D — X)-A"" (17p— X) 0.09+0.03
nga=ng-=A" K'p—X)-A" K"p—X) 0.12+0.04
n, -ng=A" (pp— X)-A" (pp— X) -0.39+0.05
N+ —ny = A" (*p— X)-A" (pp — X) 0.64 +0.03
AV (TP =AY X)-A" (pp —~ A* X) 100 0.3710.36} 0.64+0.03
A’ (ttp — AOX) - A** (pp — A'X) 100 1.03£0.78
Mpa =1y =ﬁ::(1r:p—-X)—A"’fpp-——X) 0.55+0.03 0.550.08
(m"p—pX)-A" (pp —p X) 205 0.59+0.10
Bpe-ng.=A"” (1p—X)-A" K p— X) 0.29+0.04
Mgy ~NE, vs = A" @GP —pX) - A" (pp— A" X) 102 0.22+0.29
A" (TTp—=pX)-A" (17p — A** X) 147 0.57+0.17
AV pp—pX)-A" (pp— AT X) 205 0.52+0.09 0.54+0.08
400 1.35+0.47
ng,, “ME, , =A" (bp— pX) - 4" (bp A’X) 102, 100 -o.3sio..45$
A" (mTp—p X)- A" (17p — A°X) 147 0.31+0.31) 0.09.+0.28
ng,, - =A" (pp ~pX)-A" (pp ~X) 102 0.06 £0.11
A" (Tp—pX)-A" (1"p —X) 147 0.24+0,08
AV (np—=pX)-A" (n"p —X) 205 0.30+0.09 0.28+0.04
A" (pp—p X)-A" (pp —~X) 205 0.26+0.06
: 303 1.08+0.18
400 0.38+0.24
RE apm M= = "(mTp =17 X)-A" (17—~ X) 147 -0.68+0,09
PEr=(r=) pp M S AP (T T X) — AP =K) g 0.1840.07

(N> -1.351n M2 +8

¢ ~0.31n M2 -013 (InM2)?+8

A

,_[ ] %g}f[{“{, l%%} e
L ¥ }
-

FIG. 27. (a) The quantity (nx) —1.35 InM,*+6

These expressions from the two reactions are
given as a function of s/M;* in Fig. 27(a) and are
seen to be consistent with a constant value of
—-0.63 +0,03 (x2/ND =2.0). It should be pointed out

NEpa++
————i

np
Nk- Nk+
i
n - n -
Emr : ' §”/°Io

NEpp
i

nEpAv

5y

plotted as a function of s/M? for pp —~ pX(6=0) at 102
GeV/c (®), 205 GeV/c (L), 303 GeV/c (), and 400
GeV/c (A), and m°p—pX (5=—0.55) at 147 GeV/c (x)
and 205 GeV/c (+). This quantity is equivalent to

ng (s/Mx2, (t) )+n, according to the model discussed in
thé"text, if #o=1.35 InMx?; (b) the quantity (ny)
—0.311nM,2~0.13 (InM,?? plotted as a function of s/M*
for the same reactions. This quantity is equivalent to
nEy, (§/My?, (t))+n, 1fny=0.311nMx*+0.13 (nM*>2.

-0.8 -0.6 -0.4 -0.2
(n-fTW‘)

0.0 0.2

FIG. 28. The difference between the multiplicity
associated with a specific particle or exchanged entity
and that associated with the 7~ (z,-), as determined
from combinations of reactions listed in Table VIII for
s or My*=53 GeV?/ct.
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that the (ny) at different s and M,? values corre-
spond to data extending over different intervals in
t. Since ng,, is expected to be a function of ¢, this
could affect the results in Fig. 27, However, as
discussed in the previous section, ‘the ¢ dependence
of (ny) in those inclusive reactions where it has
been measured is not strong and, consequently,

a significant effect is not expected.

To test whether the apparent constancy of L
is due to the assumption of a linear dependence
upon InM;?, we also tried the expression 7,=0.30
InMy® +0.13 (InMy?)?, the fit to the data for pp
— X obtained by Albini et al.'* (see Fig. 1). The
results shown in Fig. 27(b) are consistent with a
constant value 7g,, +7, =1.50+0,04 (x*/ND =1.8).
The difference in the absolute value from the re-
sult obtained above is due to the different conven-
tion for defining 7, and is unimportant. The re-.
sults of both calculations indicate that a function
which approximates the s dependence of total-
inelastic charged multiplicities also accounts for
the M, dependence of the inclusive charged mul-
tiplicities within the uncertainties. Thus, over
the region covered, 7, does not have a signifi-

. cant s /M,* dependence.

The values for (ny) at M,? equal to 53 GeV?2/c*
given in Table VIII make it possible to calculate
the difference between various contributions to
the charged-particle multiplicities by subtracting
(ny for the appropriate reactions. For example,
since for 7*p—~X, ({ng)+, =04+ +n,+n,, and for
1 p~X, ((ng)g-p =t,-+ny,+n,, it follows that
() g +p = ((Nx)) g=p =My+ — M, =, This result is
independent of the functional form of the M;?, but
does assume that it is the same for all reactions.
Table IX gives the results for a number of such
differences and in the seventeen cases where the
same term difference corresponds to more than
one difference between reactions, the results
agree with the weighted average value within the
uncertainties, From the values in Table IX, it
is possible to calculate relative values for most
of the terms. Choosing 7n,- =0, one obtains the
values given in Fig. 28. The relative values of
these parameters are shifted, but not by more than
2 standard deviations if one evaluates the differ-
ences at M,® =106 GeV?/c*, using the values of B
obtained by the fits to the individual reactions.
However, the pattern is the same.

It is interesting to see if the contributions #g,,
have the characteristics to be expected from the
exchange of a virtual particle of the appropriate
quantum number. Since a 7~ -like exchange occurs
in the process 7~ —~ p° one might expect that
My-~Ng, _,q» and, indeed, we see in Fig. 28 that
this is true. Furthermore, since a K'-like éx-
change occurs in the process p—-A, we expect

that ng+ ~ng,,, which again is observed. How-
ever, although the process p— A** has been ob-
served to proceed predominantly by 7~ exchange
at 147 GeV/c,?® the Mg, term obtained from
these data is significantly different from »,-. It
agrees with ng __ _, which could be explained by
p exchange being important in both processes.
This is in agreement with the results of a triple-
Regge analysis of this reaction at 15 GeV/c
which show that the exchange to the pA** vertex
lies between the 7 and p trajectories.*®

VI. SUMMARY AND CONCLUSIONS

We have described the analysis of and some of
the results for reactions (1) to (5) at 147 GeV/c.
For all of these reactions, the inclusive average
charged multiplicity was consistent with a linear
dependence on In M?, but other functional forms
could also be fit to the data. (ny) for 77 p~7n, X
had a significant ¢ dependence, and the ¢ depen-
dence found for 77p -~ pX was nonzero by more than
2 standard deviations. A comparison of the data
for " p - p°X with those for 7~ p— X indicates that
the average charged multiplicity for off-mass-
shell “m” p scattering is very similar to that for
on-mass-shell 7p scattering.

Our analysis has shown that the average charged
multiplicities are not described by a universal
function of available energy. Thus, we have com-
pared our data and data from the literature with a
simple model which gives {n) as the sum of one
term from each of the incoming particles, one of
which is the exchanged particle in the case of in-
clusive reactions, and a universal term from the
central region which is a function of s or M2,
Other studies have shown that over a limited re-
gion in s, Blns is in satisfactory agreement with
the observed s dependence of the experimental
results, but a quadratic term is needed for pp
- X over a wider region.'*'” The values obtained
in-this study for B are consistent with the average
value, 1.35+0.09, for all reactions considered.
In inclusive reactions, the contribution from the
exchanged particle, ng,,, would be expected to be
a function of s/M;? and £. A significant ¢ depen-
dence is observed in 77p - 75, X, but no evidence
for an s/M,* dependence was found.

We have calculated differences between various
contributions to the average multiplicities by
taking the difference between average multiplici-
ties at My® or s =53 GeV ? for different reasons.
This has enabled us to establish the relative mag-
nitudes of the terms contributing to the multi-
plicities as given in Fig. 28. Since a number of
the term differences are calculated from differ-
ences between more than one pair of reactions,
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the consistency of these results constitutes a
consistency check on the model.
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