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We present final results for the total eross-section of the reactions
(1) ete”— ntw—x0,
(2) ete” — ntm-mtn—,

for total c.m. energy ranging from 1.45 to 1.875 GeV. The experiment has been performed
at Adone, the Frascati ete~ storage ring, by using the MEA magnetic detector (fig. 1)(%).
In the investigated energy region a p-like behaviour around 1.55 GeV has been observed

(3} W.W. AsH, D, C. CHENG, B, EsposITO, F. FELIORTTI, A. MARINI, H. OGREN, I. PERUZZI, M. PIC-
coLo, F. RoNGA, G. SACERDOTI, L. TRASATTI, G, T. ZoRN, B. BARTOLI, B. CoLvuzzI, A. NIGRO, V. SIL-
VESTRINI, ' VANOLI, D. BISELLO, A. MuLAcHIE, M. NI1GRO, L. PESOARA, R, SANTANGELO, H. ScHIA-
vUTA, D. SCANNICCHIO, P. MONACELLYL, L. PAoLUZI, G. PIANO-MORTARI, F. SEBASTIANI: Nucl. Instrum.
Methods, 148, 431 (1978).
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TasLe 1. — MEA detector main characteristics.

Magnetic field

2.0k Gauss, perpendicular to ete~ beams.

Solid angle acceptance

AQ,=0.33x 4w sr, for triggering and for
momentum analysis at beam energies E,=
= 0.75 GeV.

AQy = 0.27 X 4z sr, for particle identification
(y-rays conversion, nuclear interaction, range).

Trigger requirements

at least one particle on one side of the ap-
paratus (with a kinetic energy ' > 110 if
pion) and another on the opposite part (with
T, > 130 MeV).

Single-track momentum resolution

Ap/p = 0.05 at 500 MeV/c (corresponding an-
gular resolution Ag = 1.2° and A6 = 0.08°).

M C(AL)—

T vacuum

pipe

/~— coil {AL)

Fig. 1. — Vertical section of the esperimental apparatus: C,C, are narrow-gap spark chambers;
O, C’; wide-gap cylindrical spark chambers for momentum analysis; €, 0, thick-plate spark chambers
for particle identification; MWPC multiwire proportional chambers; Sl,Sg,...,S; scintillation

counters.
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for reaction (2) (25) and an w-like behaviour for the reaction (1) (5). Tbhe study of the
final-state correlations for reaction (2), made with an integrated luminosity greater
than in our previous paper (+4), confirms the existence of the process

(3) ete~— o — = wtgowtn— .

The results relative to reaction (1) are in agreement with the results obtained in
Orsay (%).

The main characteristics of the MEA apparatus described in detail elsewhere ),
are summarized in table I together with the trigger requirements.

The multiparticle events were selected by requiring at least two charged tracks. The
following criteria were applied in the selection (+%): the noncoplanarity angle of the track
pair and the e*e~ beams and the noncolinearity angle of the track pair were required to
be >10°; the reconstructed vertex point of the event should originate in the e*e- inter-
action region and the timing was required to correspond to the bunch-bunch collision
time.

All the results are referred to a total integrated luminosity I = 168 nb-!, as meas-
ured collecting the wide-angle Bhabha scattering events in the apparatus.

Events with three (3T) and four (4T) detected tracks and no gamma-rays, belong
mainly to reaction (2).

From the squared-missing-mass (M2) distribution, which contains 142 3T events
and 22 4T events we selected 92 3T-reconstructed, net charge + 1, and 13 4T-recon-
structed, net charge zero, events, as candidates for reaction (2). Nine of the 3T events
have the direction of the missing track inside the apparatus; therefore they have been
rejected as coming from (rtn—rmtn—no) or (mtr-mtn-no%®) channels. This value agrees
with the one estimated with a Monte Carlo program, used to simulate the experiment
and then to calculate also the efficiencies for all exclusive reactions in the different
detected configurations.

From these data we calculated the total cross-section given in table IT and reported
in fig. 2, together with those already published (®%11), Our data are in agreement
with the results of the other experiments in the same energy region interval.
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TaBLE II. — whr—ntn— eross-section.

B. ESPOSITO, A. MARINI, F. RONGA, P. PATTERI, ETC.

W (GeV) o(mrn—ntn) (nb)
1.475 22.6+3.2
1.525 21.54+3.6
1.600 20.8-4-4.4
1.770 10.74-1.7

The same events originate the Dalitz plot shown in fig. 3: the invariant mass of a
neutral pion pair m (m,7,) is plotted vs. the invariant mass m (mwym,) of the other neutral
pion pair. In fig. 3 the Monte Carlo previsions in a pure invariant-phase-space (IPS)

2 &ﬁ \%}( %
l +ij/ [
”'3 10+ }H/
b H XY
oL g—‘;? +%¢,+{ |+ 1 I ! ] 1 L %i#;ﬂ\#\l\~ T
0.8 1.0 1.2 1.4 16 1.8 2.0 2.2 2.4

Ww(GeV)

Fig. 2. — Total cross-section o(e*e~ —m*m-n*n~) vs. the total energy W. The dashed line represents
the Breit-Wigner best fit of all the data, with M = (1546 & 3) MeV and I = (426 +5) MeV
(x%/d.o.f. = 138/70). A ACO-DM 1, o VEPP2M-OLYA, e ADONE-py2, 1 DCI-DML, m SPEAR-
MARK1, v ADONE-MEA 79, v this experiment.

momentum distribution hypothesis and in the (px*tn—) intermediate-state hypothesis,
reaction (3), are also reported. The results for the energy interval (1.45--1.7) GeV,
fig. 3a), are clearly better in agreement (y%/d.o.f. = 2.2/3) with reaction (3); the IPS-
hypothesis (y?/d.o.f. = 29/3) cannot be accepted. This result is supported by fig. 3b),
relative to the off-resonant energy interval (1.7--1.875) GeV: the IPS, (y?/d.o.f.=
= 2.6/2) and (p°w*n-) (y2/d.o.f.= 1.8/2) production mechanisms cannot be statis-
tically distinguished.

Twenty-one events, kinematically reconstructed as coming from reaction (1), have
been identified in order to investigate the «-like behaviour around 1.654 GeV, observed
at OrsAY (°). In table III and in fig. 4 the corresponding calculated cross-section values
are given. Infig. 4 the value at 1.5 GeV, already published (), is also reported. A straighs-
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Fig. 3. — Two-pion invariant-mass scatter plot for the events with three or four detected charged
particles and no gamma in the apparatus: a) M(rm,®.) for the (m,n;) system (net charge equal to zero)
vs., M(msm,) of remaining neutral pair in the energy interval (1.45-=-1.7) GeV: 1) IPS = 0.34,
pnin- = 0.19, exp. = 0.18; 2) IPS = 0.22, p°n*n~ = 0.30, exp. = 0.32; 3) IPS = 0.20, p'wtnw~ = 0.35,
exp. = 0.38; 4) IPS = 0.24, p'wtnx- = 0,16, exp. = 0.12. b) as ) (1.7+1.875) GeV: 1) IPS = 0.43,
't~ = 0.42, exp. = 0.45; 2) IPS = 0.20, p°w*n~ = 0.27, exp. = 0.25; 3) IPS = 0.37, p'wtrn~ = 0.31,
exp. = 0.30.



200 B. ESPOSITO, A. MARINI, F. RONGA, P. PATTERI, ETC.

TaABLE IIl. — ntn-n® cross-section.

W (GeV) a(ntn—no) (nb)
1.488 4.54+2.0
1.550 4.6-1-4.6
1.613 6.34+4.4
1.675 14.046.0
1.738 8.1-4+4.1
1.788 6.0-1-4.3
1.838 2.04-1.4

line best fit of all the data (x2/d.o.f. = 7/7) gives a result worse than that of a Breit-
Wigner plus a constant background best fit (32/d.o.f. = 1.8/4), with M = (1.679 + 34) MeV

20+
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Tig. 4. — Total cross-section o(ete~ —mntw-n®) vs. the total emergy W. The dotted line represents
the straigth-line best fit (yx?/d.o.f. = 7/7) and the dashed one the Breit-Wigner plus a congtant back-
ground best fit, with I = (1679 L 34) MeV and I"=(99 +49 MeV) (y2/d.0.f.=1.8/4). o Adone
MEA ’79, e this experiment.

and I'= (99 4- 49) MeV. Although the results are consistent with Orsay-results (%),

they are not sufficient alone to give a statistically significant evidence for an «-like
behaviour.
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