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The average multiplicities {n. and {m), of charged and charged-plus-neutral pions produced in ete” collisions,
have been determined for total center-of-mass energies ranging from 1.2 to 2.4 GeV. No appreciable multiplicity
variation is observed over this energy range, where the mean values (hy = 3.3:'8'3 and (m) = 4.4:'8 _‘; are found.

Multi-hadron production by e*e” colliding beams
has been recently investigated'{'1 with Adone, the
Frascati storage ring, at total C.M. energies £, + E_
=2 F =+/s ranging from 1.2 to 2.4 GeV. It has been
shown in particular that in this energy range the pro-
duced hadrons are mostly pions [2], so that the se-
lected channels can be written as
e+e_=%ncrﬁ+%ncn_+nowo 0]
withn, > 2,n, 2 0,n, +n, > 2.1t should be no-
ticed that the energy interval 1.2—2.4 GeV starts
well above the well-established vector meson reso-
nances (p, w, ¢) and extends to energies near the
threshold for inelastic production of baryon-anti-
baryon pairs. Over this energy interval we have now
determined the average multiplicities for charged plus
neutral pions, {n) = (n.+n,), and for charged pions
alone, (n.).

Thus relevance of knowing the energy dependence
of the pion multiplicity for the understanding of

f1 For a summary of the most recent results on multihadron
production obtained by the experimental teams at Adone,
we refer the reader to refs. [1, 2, 13, 16].

reaction (1) has been pointed out by several authors
on theoretical grounds [3-—8] . For example in the so-
called Bjorken limit {9] such an energy dependence
can be directly related to the energy dependence of
the annihilation structure functions, which are in
turn related to the inclusive cross section in multi-
hadron production {10].

The results reported in the present letter show
that the pion multiplicity is essentially constant over
the energy range explored.

The apparatus used in the experiment has already
been described in ref. [2]. It will be sufficient to re-
call here that it is based on optical-spark chamber and
counter-electronic techniques.

The cross sections for the various channels of reac-
tion (1) have been derived in ref. [2] assuming that
multihadron production occurs according to invariant
phase space. These cross sections have now been re-
calculated taking into account the evidence for a p’
meson production [2,11] and its subsequent decay
into four pions through a probable p0e0 state [12].
The new cross sections are reported in table 1, where
the average charged multiplicity {n.) and the average
total multiplicity {(n) are also given (last two columns).
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Table 1

Cross sections (nb) Multiplicity
Chan- «"n %% 20%2n" 20" 2m 2® 2¢%20724° 207207+ 34%327 o >4c G40t = (ny (ny Syst.
nel +1 or 27° 20'(ncn: ) error
2E (n.=2 (n.=4 n;=4) (n.=4 (n,=4 (n.=6 (n.=4 nn, ©° of
GeV) ny=2)  ng=0) (n=1) n,=2) ne=1-2) ny=0)  n,>0) m
12 21%15  ( 3:3):3 (5256 <1 B:2)x6 (342216 25502 3755 0
1.4 31+185
1.5  20+11 (17£3)23 627 16+8 22+7 3:3 42+ 9 66+9 34+0.4 4.5£0.7 +0.7
1.6  23z10 166 2110 37+12 3.2x0.4
1.65 (18£4)9 <3 (33x4)+10
1.7 107
1.77 24+10 0.4 1
19 13:5 5552  5x3 723 11+3 3.5¢1.5 19+ 3 3625 36798 45 07
2.0 21£11 ‘07
2.1 15.5+4 1.5+1 9.5+3 3+2 1223 3.5x1 16+ 3 36+4 3.1x0.5 4.6 o3 +0.7
2.4 <4 105, 34 13+4 432 16+ 4 32508 4696 407

Where two errors are reported for the cross-sections, the first, in parenthesis, is the systematic error and the second is the statisti-
cal one. For the meaning of the systematic error of (n) (last column) see text.

In figs. 1 and 2 the quantitiesT2 () and (n_) are re-
ported as a function of the total center-of-mass ener-
gy squared, s. The multiplicity values at /s = 3 GeV
and+/s = 4 GeV, as recently reported by other
groups [13,14]F3 are also given for completenessT4
in the same figures. In deriving our results the follow-
ing assumptions have been made:

i) Over the energy range explored, the maximum
number of produced pions is six. As mentioned in [2]
this assumption is supported by the observation that
proton-antiproton annihilation at rest occurs with an
average multiplicity 5.0+0.15 TS, amultiplicity great-
er than 6 occurring in less than 10% of the cases [e.g.
15].

2 These multiplicities are defined in an obvious way. For

example () is related to the partial cross sections

o (ng,ng) for producing n. charged and n neutral pions

by o= [Enc,no(”c“'no) co(ng, np)l /Enc,noa(nc, ne).

The values of o(nc, ny) for different total energies (2F

=/s) are reported in table 1.

The quoted value of ¢} at </s= 3 GeV'has been pre-

sented by Silvestrini [1]. In this review paper also data

have been presented from the same group at lower energy.

These results completely agree with our data reported in

fig, 2.

T4 We wish to thank the members of these groups for per-
mission to quote these unpublished data.

T
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ii) The channel e*e” = a*n 7070 is dominant
among those with n, = 2 and n, > 1.

iii) The final state 7t 77" is reached through an
intermediate p0¢0 state [11], i.e.

- - 4 -
ete™ > p0d > ntantn,

iv) The final state 7t 7 7070 is produced as an in-
coherent sum of p%e0 and phase space decay mecha-
nisms, assuming a branching ratio

o(e*e >p0e0>n*r7n0n0) |

o(ete™>p0e0>wtnntn7)

on the basis of isospin conservation.

v) Production according to invariant phase space
is dominant for processes with more than four pions
in the final state.

Assumptions ii) to v) have only a small influence
on the derived multiplicity values. Only assumption
i) has an appreciable influence which has been evalu-

15 we point out that this number is close to the value of (1)
found by us (fig. 1) in ¢'e annihilation at the same C.M.
energy. The same is true also for the charged multiplicity,
n )pﬁ =3.05 £ 0.10 [15] (compare with fig. 2). For the
saﬁe of completeness we add that the energy dependence

of ((nc:))pE can be expressed as [15] ((nc))p— =g+bfs,

with 2 and b again close to the values given in fig. 2.
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Fig. 1. Average multiplicity, ), versus total energy squared,
s. The boxes indicate systematic errors originated from the
neglected states with more than six pions (see text).
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Fig. 2. Average multiplicity, (o), versus total energy squared
s. Experimental results of refs. [13, 14] are included. The
curves refer to three possible parametrizations (see text).

ated under the hypothesis that, when energetically
possible, a 10% of the total cross section is due to
final states with more than six pions. This hypothesis
is in accordance with the above mentioned result on
pp annihilation at rest [15]. The resulting multiplici-
ty variations are reported in table 1 as systematic
eITOrS.

[t is seen from table 1 that over the energy range
explored (1) and (1) are apparently constant. Unfor-
tunately this result cannot be directly compared with
current theoretical predictions based on the asymp-
totic scaling law. As a matter of fact we have some
arguments which rather suggest that the asymptotic
region is not yet attained at Adone’s energies:

a) most of processes (1) have thresholds in the neigh-
bourhood of v/s = 1 GeV, i.e. near the energy region
explored in this experiment; b) it is not unlikely that
processes (1) are mainly caused by some new reso-
nances, as suggested by the probable existence of the
p" meson [2,11]; ¢) there is some indication [13,14,
16] that, contrary to the scaling predictions, the ra-
tio o (e*e” > hadrons)/o(e*e™ > u*u") increases with
increasing s, for v/s > 2.4 GeV. Because of these argu-
ments our result of a nearly constant multiplicity
might be understood as an effect of a compensation

PHYSICS LETTERS

25 December 1972

between the opening of new channels and the de-
crease of the contributions of previous channels, as
s increases.

Using the higher energy results already quoted [13,
14] we have parametrized (1. according to the func-
tions 1) = a+b-Insand 1 )=a+b+/s. These func-
tions have the behaviour predicted by some models
[3—8] which do not necessarily require scaling. The
best fits to the experimental points are

1 =(2.6+0.5)+(0.6 £0.3) Ins
¢ =(2.1+0.7) + (0.6 £ 0.3) /5.

Of course the distinction between the quoted energy
dependences is outside the present experimental pos-
sibilities.

The mean values of our experimental points over
the energy interval 1.2 — 2.4 GeV are: (7) = 4.4f8'g;

- +0.3 ’

W)= 3.305¢

The evaluated +0.7 systematic error indicated in
table 1 should be added to the above statistical error
relative to G7).

We wish to thank warmly Dr. E. Etim for many
illuminating discussions on some theoretical aspects
of the present work.
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