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W e  p re sen t  f inal  resul t s  for the  t o t a l  cross-sect ion of t he  r eac t ions  

(I) e+e--+~+=-~ ~ , 

(2) e+e - -~=+=-=+=  - , 

for t o t a l  c.m. ene rgy  r ang i ng  from 1.45 to  1.875 GeV. The  e x p e r i m e n t  ha s  been  p e r f o r m e d  
a t  Adone ,  t h e  F r a s c a t i  e+e - s torage  r ing,  b y  us ing  t he  M E A  m a g n e t i c  de tec to r  (fig. 1)(1). 
I n  t h e  i n v e s t i g a t e d  energy  region a p-like b e h a v i o u r  a r o u n d  1.55 GeV has  been  obse rved  
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TABLE I. -- - ] l E A  detector m a i n  character is t ics .  

Magnet ic  field 2 .0kGauss ,  pe rpend icu la r  to e+e - beams.  

Solid angle acceptance  AD c =  0 . 3 3 x 4 ~ s r ,  for t r igger ing and  for 
m o m e n t u m  analysis  at  beam energies E~ = 
• 0.75 GeV. 
Af2~ = 0.27 • 4~ sr, ~or par t ic le  ident i f ica t ion 
(y-rays convers ion,  nuclear  in te rac t ion ,  range).  

Trigger  r equ i remen t s  a t  least  one par t ic le  on one side of t he  ap- 
pa ra tus  (with a kinet ic  energy  T= > 110 if 
pion) and  an o t h e r  on the  opposi te  p a r t  (with 
T= > 130 MeV). 

Single- t rack m o m e n t u m  resolut ion A p / p  = 0.05 at  500 MeV/e (corresponding an- 
gular  resolut ion A~ = 1.20 and  A0 = 0.08~ 
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Fig. 1 . -  Vertical section of the experimental apparatus: G1G' 1 arc narrow-gap spark chambers; 
GIG ~ wide-gap cylindrical spark chambers for momentum analysis; GsC~ thick-plate spark chambers 
for particle identification; MWPC multiwire proportional chambers; $1,$2 . . . . .  S' 4 scintillation 
o o u n t e r s .  
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for reaction (2) (8.5) and an o)-like behaviour for the reaction (1) (5). The study of the 
final-state correlations for reaction (2), made with an integrated luminosity greater 
than in our previous paper (4,e), confirms the existence of the process 

( 3 )  e + e  - - ~  p" ~ p ~  --+ 7 :+7: -~+7: -  . 

The results relative to reaction (1) are in agreement with the results obtained in 
Orsay (5). 

The main characteristics of the MEA apparatus described in detail elsewhere (i), 
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 (4,6) : 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 J5 = 168 nb -1, as meas- 
ured collecting the wide-angle Bhabha scattering events in the apparatus. 

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

From the squared-missing-mass (M~) distribution, which contains 142 3T events 
and 22 4T events we selected 92 3T-reconstructed, net  charge -t-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 (7:+~:-7:+r:-7: ~ or (7:+=-7:+~:-7:~ 5) channels. This value agrees 
with the one estimated with a Monte Carlo program, used to simulate the experiment 
and then to calculate also the effieieneies for all exclusive reactions in the different 
detected configurations. 

From these data we calculated the total  cross-section given in table II  and reported 
in fig. 2, together with those already published (3,e.ii). Our data are in agreement 
with the results of the other experiments in the same energy region interval. 
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TABL]~ I I .  -- 7~+~-~+7~- c r o s s - s e c t i o n .  

IV (GeV) a(=+=-7:+r: - ) (nb)  

1.475 22 .6 i3 .2  

1.525 21.5• 

1.600 20.8• 

1.770 10.7• 

The same events originate the Dalitz plot shown in fig. 3: the invariant  mass of a 
neutral  pion pair m (7:1=2) is plotted vs .  the invariant  mass m (7:3T:4) of the other neutral  
pion pair. In  fig. 3 the ~Ionte Carlo previsions in a pure invariant-phase-space (IPS) 
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Fig .  2. - T o t a l  c ross-sec t ion  a(e+e - - - ~ + ~ - ~ + g - )  vs.  t he  t o t a l  e n e r g y  W. The  d a s h e d  l ine r e p r e s e n t s  
t h e  B r e i t - W i g n e r  bes t  f i t  of al l  t h e  da t a ,  w i t h  M = (1546 •  MeV a n d  F =  (626 •  3 IeV 
(z2/d.o.f.  = 138/70). �9 A C O - D M  1, o V E P P 2 M - O L Y A ,  �9 A D O N E - 7 7 2 ,  [] D C I - D M 1 ,  �9 S P E A R -  
M A R K 1 ,  v A D O N E - M E A  79, v th i s  e x p e r i m e n t .  

momentum distribution hypothesis and in the (p~ 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 (g2/d.o.f. = 2.2/3) with reaction (3); the IPS- 
hypothesis (x2/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, (z2/d.o.f. = 
= 2.6/2) and (p%:+7:-) (z2/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 co-like behaviour around 1.654 GeV, observed 
at 0~SAY (5). In  table I I I  and in fig. 4 the corresponding calculated cross-section values 
are given. In  fig. 4 the value at 1.5 GeV, already published (4), is also reported. A straight- 
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F i g .  3. - T w o - p i o n  i n v a r i a n t - m a s s  s c a t t e r  p l o t  f o r  t h e  e v e n t s  w i t h  t h r e e  o r  f o u r  d e t e c t e d  c h a r g e d  
p a r t i c l e s  a n d  n o  g a m m a  i n  t h e  a p p a r a t u s :  a)  ~ / ( ~ 1 ~ )  f o r  t h e  (~r~2) s y s t e m  ( n e t  c h a r g e  e q u a l  t o  z e r o )  
vs .  M(~8~4) of  r e m a i n i n g  n e u t r a l  p a i r  i n  t h e  e n e r g y  i n t e r v a l  ( 1 . ~ 5 - - 1 . 7 )  G e V :  I )  I P S = 0 . 3 4 ,  
p0~+~- = 0 .19,  e x p .  = 0 .18 ;  2) I P S  = 0 .22,  po~+~- = 0.30,  e x p .  = 0 .32 ;  3) I P S  = 0.20,  po~+~- = 0 .35 ,  
e x p . = 0 . 3 8 ;  4) I P S = 0 . 2 4 ,  p ~  e x p . = 0 . 1 2 ,  b) a s  a )  ( 1 . 7 - 1 . 8 7 5 )  G e V :  1) I P S = 0 . 4 3 ,  
p0~+~- = 0 .42,  e x p .  = 0 . 4 5 ;  2) I P S  = 0 .20,  p0~+~- = 0 ,27,  e x p .  = 0 .25 ;  3) I P S  = 0 .37,  pO~§ ~ 0 .31 ,  

e x p .  = 0 .30.  
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TABLE I I I .  - r:+=-7: ~ c r o s s - s e c t i o n .  

W (GeV)  a(~+u-~o)  (nb)  

1.488 4 . 5 1 2 . 0  

1 .550 4 . 6 ~ 4 . 6  

1.613 6 . 3 ~ 4 . 4  

1 .675 1 4 . 0 ~ 6 . 0  

1 ,738 8 . 1 •  

1 .788 6 . 0 •  

1 .838 2 . 0 ~ 1 . 4  

l ine  b e s t  f i t  of  al l  t h e  d a t a  (z~/d .o . f .  = 7/7) g i v e s  a r e s u l t  w o r s e  t h a n  t h a t  of  a B r e i t -  

W i g n e r  p l u s  a c o n s t a n t  b a c k g r o u n d  b e s t  f i t  (z2/d .o . f .  = 1.8/4) ,  w i t h  M = (1 .679 ! 34) M e V  
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Fig. 4. - Total  cross-section ~(e+e--->~+~-~ ~ vs. the  total  energy W. The dotted line represents  
the  straigth-line best  fit (zS/d.o.f. = 7]7) and the dashed one the  Breit-Wigner plus a constant  back- 
g round  best  fit, with M = (1679 J: 34) MeV and F =  (99 :t: 49 MeV) (z'/d.o.f. = 1.8[4). a Adone 
MEA '79, �9 this experiment.  

a n d  F - - - - ( 9 9  • 4 9 ) M e V .  A l t h o u g h  t h e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  O r s a y - r e s u l t s  (a), 
t h e y  a r e  n o t  su f f i c i en t  a l o n e  t o  g i v e  a s t a t i s t i c a l l y  s i g n i f i c a n t  e v i d e n c e  fo r  a n  (o-like 
b e h a v i o u r .  


