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An investigation on multihadron production in ete- annihilation in the centre-of-
mass energy interval 1.45 to 1.61 GeV has been made at Adone, the ete~ storage ring
at Frascati, using the MEA magnetic detector. Previous preliminary results gave some
indications of a resonant production at 1.5 GeV ('), but the analysis presented here
does not allow us to confirm the existence of a resonant state. The results show evidence
for ¢ production over the whole energy range. From these data, new values for the partial
cross-sections and the value of B (= total cross-section/uy cross-section) are given.

A drawing of the MEA magnetic detector is shown in fig. 1; it is described in detail
clsewhere (2). The detector consists of wide-gap and narrow-gap spark chambers ope-

\*) Supported in part by the U.S. Department of Energy.
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Fig. 1. — Vertical section of experimental apparatus: 010; are narrow-gap spark chamber;
C, C, wide-gap cvlindrical spark chambers for momentum analysis; C, C, thick-plate spark chambers
for particle identification; MWPC multiwire proportional chambers; S,, S;, ..., S" seintillation counters.

rated in a 2.0 kG magnetic field perpendicular to the ete~ beams. The effective solid-
angle acceptance for triggering and for momentum measurement at beam cnergies
of 0.75 GeV is AQ, = 0.33x 4x sr and for y conversion and for particle interaction
and range studies AQy = 0.27 X4z sr. To trigger the apparatus two charged particles
must penetrate the upper and lower halves of the detector, out to scintillation counters Sg
and 8,, thus requiring pion kinetic energies of 110 MeV and 130 MeV. The single track
momentum resolution is Ap/p = 4 0.05 at 500 MeV/c and the corresponding angular
resolutions, extrapolated to the interaction region are Agp = 4 1.2° and A = 4 0.8°.

Photographs were scanned for multiparticle events with at least two charged tracks.
The following criteria were applied in their selection: the noncolinearity angle between
track pairs and the noneoplanarity angle of track pairs and the cte- beams were required
to be > 10°; the apparent vertex point of the event should originate in the e*e- interac-
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tion region; and the event timing was required to correspond to the bunch-bunch col-
lision time.

Studies of event timing, vertex position and secondary parficle interactions have
demonstrated that the multihadron events selected in this way have a negligible back-
ground contamination.

This event sample, corresponding to an integrated luminosity of 78 nb-!, has been
used to determine the yield of multihadron events as a function of ete- centre-of-mass
energy. These results are presented in fig. 2. Figures 2a) and b) show two groupings
of the data. There is no significant indication seen of a resonant behaviour of the cross-
gection in this energy interval.
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Fig. 2. — Yield of multihadron events (events/nb-!) vs. ete~ centre-of-mass energy, 7I. a) shows
individual data points and &) shows the data grouped into larger energy intervals.

From this data, a sample of events corresponding to 39 nb-! was chosen for further
analysis with the objective of investigating final-state interactions and correlations.
Events of at least two tracks with two wide-gap sparks defining each track were measured
and reconstructed (2). The criteria for selection were the following: track-pair non coli-
nearity and non coplanarity angles at the vertex were required to be > 10°; the tracks
of an event should extrapolate to form a vertex in the interaction region within 1 em;
and, finally, the event occurrence should coincide in time with the mean bunch-bunch
collision time to within 4 3 ns. A totalevent sample of 165 events resulted. The charac-
teristics of these events have been summarized in table I, where the charge multiplicity
is given in three centre-of-mass energy intervals.

The inclusive spectra for the selected event sample have been studied, first by com-
paring the spectra of the three energy intervals of table I. No statistically significant
difference was noted in these inclusive spectra.
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TaBLE 1. — Characteristics of reconstructed events.

Centre-of-mass L {(nb-') 2T, 4ny 2T4s+ny 3T+ny 4T+ny Total

Energy, W n=0,1,2 number of
(GeV) events
1.450 -1.489 13.8 10 2 28 11 51
1.490--1.510 16.3 23 4 35 17 79
1.511+1.610 8.9 10 5 15 5 35

39.0 43 11 78 33 165

Two-body final states coming from the decay of a known particle and resonant states,
i.e. K% p® and K*°, were investigated in an invariant mass study assumiig alternately
track identities of n*x¥ and K#=n¥ in neutral charge combinations. Particle identities
were taken censistent with time-of-flight, momentum and range measuremcents. Again
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Fig. 3. — =*x¥ and =*K” invariant mass spectra in the energy interval 11", = (1.45 < 1.61) GeV.

Results of invariant phase space Monte Carlo calculation are shown as dashed lines.

the data were divided into 3 energy intervals as in table I to examine possible differences,
Comparing these distributions no significant differences werc found. Thege data have
been combined together and the distributions of =#n¥ and =n+*K¥ invariant mass com-
binations are shown as the solid-lined histograms of fig. 3a) and b}, respectively.

Also presented in fig. 3 are the results of Monte Carlo caleulations in which the inva-
riant-phase-space production of up to six pions is used (described below). The inva-
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riant mass spectrum shows an enhancement at the g invariant mass. The reflection of
this enhancement is present in the n*K¥ invariant mass spectrum centred at 975 MeV/ec.

A search for exclusive channels was made, in particular for the channel ete~ —
— mta-gtr— (35), In fig. 4 the spectrum of the squared missing mass M2 is shown
for the 42 events with three or four reconstructed tracks and no vy-ray (36 and 6 events
respectively with -+ 1 and 0 total charge). Selecting the events with — 0.05< M2 <
< 0.15 (GeV/e?)2, we obtain a set of 5 four-track and 32 three-track reconstructed events.
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Fig. 4. — Distribution of the (missing mass)® in the energy interval T = (1.45 +1.61) GeV for events
having three or four reconstructed tracks but no converted y-rays.

Five among the latter ones, for which the direction of the missing charged track was
inside the solid angle of the apparatus, were rejected as coming from the w+mx—nxtr—r®
and wtr-ntr-n'z® channels. This number agrees with that estimated comparing the
Monte Carlo caleulation for these channels with the experimental M2 distribution.

The wn+tr—rntn— candidates were studied in a Dalitz plot of the invariant mass of a
neutral pion pair vs. the mass of the other pair (fig. 5). The densities evaluated with
a Monte Carlo assuming an IPS or a ¢%z+n~ production mechanism, are shown in the
upper half of the plot. '

In the hypothesis of only TIPS production, the comparison between experimental
data and the Monte Carlo gives a x?/d.o.f. = 7.0 in a fit with 4 d.o.f. The fit with IP8
and p®ztzx- mixed in arbitrary proportion allows us to say that the sample came essen-
tially from the p%z*=— channel alone (y%/d.o.f. = 0.9). This result is consistent with the
invariant mass spectrum in fig. 3; both confirm that in this energy region the main con-
tribution to the reaction ete- — mtn—mtn~ comes from the p®xtn— channel.

Assuming that only the following final-state channels contribute to the total cross-

(3) B. Esposrro, ¥. FELICETTI, A. MARINI, I. PERUZZI, M. P1ccoLoO, F. RONGA, A. NiGRO, D. BISELLO,
M. NI1GRO, L. PESCARE, P. SARTORI, R. BERNABEI, S. D’ANGELO, P. MONACELLI, L. PAoLUZI, G. P1ANO-
MORTARI, A. SCIUBBA and F. SEBASTIANI: Leff. Nuovo Cimento, 19, 21 (1977).

{(*) ¥. CeraDINI, M. CONVERSI, S. D’ANGELO, L. Paoruzi, R. SANTONICO, K, ERSTRAND, M. GRILLI,
E. Iarocor, P. SPILLANTINI, V. VALENTE, R. VISENTIN and M. N1Gro: Phys. Lell., 43 B, 341 (1973).
(®) F. LAPLANCHE: Proceedings of the International Symposium on Lepton and Photon Interaction
at High Enecrgies (Hamburg, 1977).
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Fig. 5. — Scatter plot of the invariant mass of oppositely charged pion pairs, M (5,72} vs. the invariant
mass of the remaining pair M(mwm.).

section, it is possible to calculate their partial cross-sections:
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In the above reactions K+ production channels were not considered because of the
relatively small number of K+ mesons observed (*). The detection efficiencies for final
states in the different detected configurations werc obtained with a Monte Carlo calcu-
lation and are shown in table II. The particles were generated according to phase-
space momentum distribution; only in the generation of three-body final states (zwtn-=?)
a dynamie factor sin? w sin? § (°) was used for each event; where w is the angle between
the ete~ bean: direction and the normal to the production plane and 8 is the angle be-
tween the two charged pions.

The partial cross-sections of the reactions (2) were evaluated solving the system
of &k equations.

‘Nk/g:z:eki ;s
7

where N, is the total number of events that belong to one of the categories listed in
table IT and that satisfy the requests on the value of their M2 shown in the same table.
& the total luminosity, o, the cross seetions for the reactions (2), ¢, the efficiency for
detecting the reaction 7 in the k-configuration. Also the relation <{n,> = 4.2 4- 0.1 was
used as an equation of the system to be solved, where {n;;)> is the mean pion multiplicity
obtained by the study of the inclusive spectra (**). Taking statistical errors for N, into
account we have searched for the best solutions of these equations using standard pro-
grams which minimize the x? function.

Using the results of this analysis a complete Monte Carlo caleulation was performed.
From this caleulation the predicted invariant mass spectra of fig. 3 were cxtracted.
The results of this analysis are summarized in table II1.

TasLe III. — Summary of calculated partial cross-sections (X 10-33 cm?) for multihadron
production at T = (1.45=1.61) GeV.

o (mtrrY) 214 2.2
o (mtr—mYa0) 19.0 + 4.4
¢ (mtm-n0m0) 3.0+ 2.5
o (p'ntn~ — wio—mwrne) 251+ 1.9
o (mtr-mta ) 6.1 + 5.0
o (nrr-mto-non?) 15.0 - 5.8
o (mtr—wta—wta) 204 6.5
Oyoi(€re”) — many-hadrons) 72.3 - 11.6

The total cross-section, ay,, = (72.3 + 11.6) nb divided by the cross-section for muon
pair production is

Gyot(ee~ — hadrons)

I =2.040.3.

(ete” — ptu7)
% K %
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(*y The results of this analysis will be reported in a work in progress.
(*) N. CaBiBBo and R, GaTro: Phys. Rev., 424, 1577 (1961).
(**) See note before.



