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The Average Charged Multiplicity in 7 +p-> _fast +:;X at 147 GeV/c

and Comparison with Other Reactions*
Proportional Hybrid System Consortiumt

Abstract
The average charged multiplicity, (nx), has been determined for
T +p- ﬂ-;ast + X at 147 GeV/c and is found to increase linearly with |t|
as well as In Mi. The coefficient of the In M; term is approximately
equal to that for other reactions, but the ab_solute value of (nx) is signif-
icantly smaller even when analyzed in terms of available energy. This

result is discussed in terms of a simple model.

In this paper we present for the first time data on the dependence of the Aaverage

charged multiplicity, (nx), of the system X in the inclusive reaction

+
fast

on the square of the invariant mass of X, Mi, and on the square of the four momentum

T +pow X (1)

transfer, t, between the incoming and fast outgoing v . We have observed a statisti-
cally significant linear increase of (nx) with |t| as well as with In M;. The coéfﬁ-
cient of the In M; term is approximately equal to that for other reactions. However,
differences are observed between the absolute values of the avéra.ge charged multi-
plicity for different reactions even when the comparison is made in terms of available
energy. This result is discussed in terms of a simpl-e model.

The dependence of (nx) on Mi in inclusive reactions of the typea + b>c+ X
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has previously been studied both theoretically and experimentally. A linear depend-

1, 2

ence.of (nx) on ln M; has been predicted by several theoretical models .« The

slope of this dependence is expected to be independent of s, t, and the type of the in-
cident particle, and to be identical to the slope of fhe linear increase with In s of the
average total charged multiplicity, (nc), in hadroh-hadxon reactionsz. “These
predictions have pxreviously been verified for the reactions
p+p>ptX (2)
et F ermilab3 and ISR energles4 ,» and for the feaction
rT4poptX (3)
at 205 GeV/c5 . It is not possible to fit {n_) for
ptp2>X B (4)
by a In s term alone over the whole range of s including ISR energies, but (nc) for
T +p->X | (5) v -
can be fit by a In s dependence from s = 20 GeV? through Ferfrﬁlab enefg;iess’ 6.,

The various models also suggest a dependence of (n <) on t but do not pred]_ct a unique

functional forml’ 2 Studies of reaction (2) at 205 GeV/c‘and ISR energies and of |
reaction (3) at 205 GeV /c indicated that (n Yhas a weak or no t-dependence in these
reactions 4’ 7. It has been previously pomted out that when (n ) for pp - X,

w:’:p - X, and K* p »X is plotted as a function of the avallable energy, Q= ,[_ s-m_-m, ,
for the reaction a + b~ X, all values lie approximately on a universal curve 8.
Whitmore and Derrickg‘have extended this idea to inclusive reactions of the type
a+b-c+ X, where c is produced in the fragmentation region of the incoming 7 ~
particle a, and have plotted (nx) as a function of Q = Mx -m. A roughly universal
dependence of @) on 1n Q? has been obtained for reactions (2) - (5)9.

This experiment consisted of an exposure of 105, 000 pictures with a beam of J

147 GeV/c m mesons in the Fermilab 30-inch bubble chamber proportional wire
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chamber hybrid spectrometer. Details of the experimental arrangement and of the
data reduction in this experiment have already been published 6 10_ From the total
sample of 7218 inelastic events we have obtained a sample of 1867 ineléstic events
with a fast 7, for which x(r )T is greater than 0.5.” This study was possible be-
because of the momentum resolution (Ap/p < 0, 09) of the hybrid systém for fast

forward particles. The details of the analysis will be presented in a later publication,

In fig. 1 we present (nx) as a function of |t| for various Mi in'_cervals, and
significant increases in (n.x) as a function of |t| are observed in all M}zc regions. The
data for M;"( > 20 GeV? can all be fit by a linear dependence on [t| and within our un-
certainties the slopes of this dependence are independent of M; The dependence of
(nx Yonlin M}Z( for various t-intervals is shown in fig. 2 and is consistent with the

4

linear behavior that was found previously in reactions (2) and (3)3’ »5 and predicted

theoreticallyl’ 2

. Within our uncertainties the' slope of the dependence on In M; is
indepéndent of t. We have therefore carried out a two-dimensional fit to all the data
for reaction (1) in the kinematical region |t| < 2 GeV? and 20 < M; < 140 GeV? of the
expression (nx) =A+Bln Mf{ +C |t| . The bes_t»fit yielded the parameters-A= -1.77
£0, 61, B=1. 430,15, and C=1,06£0, 19 with a chi-square probabilit;r of 26%. The
solid lines in figs. 1 and 2 are plotted from the fitted function and, as one can see,
all the data in figs. 1-2 are satisfactorily described by this parametrization.

We have also carried out a two-dimensional fit to the data for reaction (3) from
this experiment and obtained the preliminary result, B=1,47+£0.15. Our results for
B in reactions (1) and (3) may be compared with the values of the coefficient of the >
In M)zc or In s term from previous fits to {n) ((nx) or (nc), respectively) for reactions

7-9, 12

(2) -(5), and the agreement is good . The preliminary value of C we have

obtained for reaction (3) indicates that there is little dependence of (nx) ont
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for this reaction in agreement with previous results7 and contrasting with the signi-
ficant t-dependence obtained for reaction (1).

When we compare our results for {n) as a function of In Q2 for reactions (1)
.and (3) with published results for reactions (2) and (3) at 205 GeV/c3’ 5 and react_ions
(4) and (5) at energies corresponding to Q2<180 GeVZS, there are significant differ-
ences in the absolute values‘ of (n). The d;ta for these three pairs of reactions are
shown in figs. 3(a)_ -3(c), together with the results of fits of the expxession,

{n)=A"+B' InQ*?2 ,-._ to the data for each reaction in the region of Q2 shown. These

fits were done in texrms of the shifted variable, Q2 = QZ/Qf\/l » wWhere Qi/l is the
value of Q2 at the center of the region fit, so that A' is equal to {n} at that point for
each reaction. The systematic displacements between the fits for each of the thrée
pairs of reactions, §' (j), are thus given by the differences between the values of

A’ for each pair, and the values dbtained axe § (i) = 0. 27 £0.06, § (ii) = 0, 36 +0.10,
and § (iii) = 0.55 -_1;'0.712 for (i) reactions 5 and 4, (ii) reéctions 3 and 2, and (iii)

reactions 3 and 1, respectivelylg.

We have a.ttempted to explain these differences by a simple modél Which as-
sumes that for any given reaction a+b-X, the outgoing particles can originate from
tﬁree distinct regions (ﬁg 3g): a central region, which is independent of particles a
and b and where the average multiplicity ny increases with energy as B ln s, z;nd the

fragmentation regions of particles a and b, where the average multiplicities n, and o

are pi'esumébly energy independent, but may depend on the nature of the fragmented
14
particle. Based on this description one obtains for the average charged multiplicity:

(n)=n,+ngtn =n +Blns+tm. (6) ~

(nx) for the single inclusive reaction, a + b~ ¢ + X, may be described analogously
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where the process Eac +bsX (Eac is the exchanged particle) replaces a+ b —» X
(see fig. 3h). Thus:

{nx)= nEac+ ng -+ o o=npo. +Bln M;—!- my . (0
Due to the virtual nature of Eac » Npae (undike n_ or nb) may depend on the kine-
matic variables s, M; » and t14. Using eq. (6) for reactions (4) and (5) and eq. (7)
for reactions (1) - (3), the differences of the average multiplicities for the three
pairs of reactions are predicted to be:

6() =6 ) =n_-n - ®

6 @ii) = (n.lr - np) + (nEpp - nE“_n). )
Figures 3d-f show the data for (n) as a function of In s or In Mi for thevsb‘c reactions
together with the results of fits of the expression (n) =A+Bln E}'{2 to the data.
Here again the fit has been done in terms of a shifted variable
EX2 = s/sM [or E;(2= M; / (M§c M ] where Sy [ or (Mic)M ] is the value of s
[ox M'; ] at the center of the region fit, so that A is equal to (n) at that point for
each reaction. The systematic displacements between the fits for each of the three
pairs of reactions, §(j) , are thus the differences between the values of A for each
pair, and the values obtained are § (i) = 0.53 £ 0.05, § (i) = 0.57 £0.09, and
§ (iil) = 0.89 £ 0. 12, Thus, we find that within exrors § i) = & (ii) , in agreement
with the prediction of (8). The average of their two values gives n_- np = 0,55 10.05.
A similar result may be obtained from a study15 of the reactions 'n'++ P A—H- +X
andp+p~ A_H' + X at 100 GeV/c. According to our picture, the difference between
(nx) for these reactions should also be equal to n_ - np . The experimental result -
is ~. 0.6, in good agreement with our value. From n_- np and the experimental
value for ¢ (iil) , we obtain from expression (9) , n -n =0.34 40,13,

Epp Exm

We conclude that the average charged multiplicity (nx) in the reaction
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In Mi . The slope of the 1ln M; dependence is very similar to those found for

m +p-w. . +Xat 147 GeV/c can be parametfized as a linear function of |t| and
reactions (2) - (5), but systematic differences are observed between the absolute
values of the average charged multiplicities which persist when the data are
analyzed in terms of available energy. Comparison with the simple model described
above indicates that the experimenfal results can be explained in terms of two
differences: | (1) a pion fragments on the average into bmore charged particles than
a proton; (2) a virtual exchanged object coupled to two protons fragments on the
average into more charged particles than a virtual exchanged object coupled to two
pions.
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We wish to express our sincere thanks to Fermilab and especially to the members
of the Neutrino Section whose dedicated efforts made this experiment possible. We. -
also wish to thank the scanning and measuring groups of our institutions for their

competent execution of a new and difficult task.
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Figure Captions
The average charged multiplicity of the system X for reaction (1) as
a function of |t | for (a) 0 < Mi < 20 GeV?, (b) 20 < M; < 140 GeV?, and
(c) - () various Mi (> 20 GeV?) intervals. Thé straight lines are

plotted from the two-dimensional function described in the text,

The average charged multiplicity of the system X for reaction (1) as a
function of M; for (a) |t|< 2 GeV? and () - () various || intervals.
The straight lines are plotted from the two-dimensional function described

in the text.

a) The average charged multiplicity as a function of In Q? for reactions

(4) and (5) 8 . The solid lines are calculated from thé best fits of the
expression A' + B' In Q*? to the data.  The arrows labeled §' (i) indi-

cate the point at which the difference between the average multiplicities

for this pair of reactions (i) was calculated; (b) Same as (a) for the

pair (ii) of reactions (2) and (3) at 205 GeV/c3' 5; (c) Same as (a) for the
pair (iii) of reactions (1) and (3) at 147 GeV /c; (d) The average charged
multiplicityk as a function of s for reactions (4) and (5.)8. The solid.liines

are calculated from the best fits of the expression A+ B In E}‘f to the data (see
text) .. The arrows labeled § (i) indicate the point at which the difference
between the avérage multiplicities for this pair of reactions (i) was cal-
culated; (e) Séme as (d) with s replaced by M; for the pair (ii) oﬁ reac- .
tions (2) and (3) at 205 GeV/c3’ ° s () Same as (d) with s replaced by

Mi for the pair (iii) of reactions (1) and (3) at 147 GeV /c; (g Diagrarri for
the total inelastic reaction a.+ b - X (see text); (h) Diagram for theA |

inclusive reaction a +b »c + X (see text).
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