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We have studied the reaction 

(1) e+e ---> many hadrons 

at the total  centre-of-mass energy W = 1.6 GeV. The experiment was performed at 
Adone, the Frascati  e+e - storage ring, some months before the discovery of the J /~  
(3100)-particle. The results refer to an integrated luminosity . ~ _  8.5.103a cm -2. 
Multihadron production in this range of energies has been already investigated at 
0rsay (1,~), Novosibirsk (a,4) and at Adone (5-~5) with three independent apparata, 
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not using magnetic field. The magnetic analysis allows a significant analysis also with 
poor statistics. The total  cross-section and the partial  cross-section have been obtained 
for the different channels of reaction (1). The single-charged-pion momentum distribu- 
tion, the average multiplicity (no> and <n=> of charged and charged-plus-neutral pions 
produced are also given. 

The MEA experimental set-up (fig. 1) has already been described (i6). We recall 
here  the angular acceptance of the experimental apparatus and the event identification 
criteria used in the analysis. The solid angle of the apparatus, useful to study reaction (1), 
for pointiike source is ATJr = 0.33 • 4~ (40 ~ < 0 < 140 ~ for trigger and momentum analysis 
and A ~ ,  = 0.27• 4re for particle identification. The momentum measurement was 
made on a track length l =  80cm CIC~ (CIC2)' ' in a magnetic field B =  2.0 KG. 
The detection of showers and of nuclear interactions has been performed in the system 
of 10 cylindrical thick-plate spark chambers (C3, C~) mounted outside the magnetic 
coil. Their total thickness is ----- 9 radiation lengths and _~ 1.5 collision lengths. In  the 
trigger we require at least one particle going in the upper part  of the apparatus (SIS2S3) 
and another going in the lower part  (S~S~S~) both with the minimum kinetic energy 
of ~ l l 0  MeV (if pions). For  two prong events tracks with small-dip angle are rejected 
in order to reduce background (z~). 

The selection of good events is made by using both picture measurements and 
computer-recorded informations (in). 

Events  from reactions (1) are required to present:  

a) two noncolinear (h0 ~ 10 ~ and acoplanar (A~ > 10 ~ tracks or more than two 
in the wide-gap chambers (C~, C~) and at least one track in C a (C~); 

b) the proper position of the source point in the radial and longitudinal direction; 

c) a correct t iming with the beam-beam interaction. 

v-rays, with an energy roughly greater than 200 MeV, are identified by the shower 
produced in the thick-plate chambers C3(C~). 
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Fig .  1. - V e r t i c a l  s ec t ion  of t h e  e x p e r i m e n t a l  a p p a r a t u s :  C~C~ a r e  n a r r o w - g a p  s p a r k  c h a m b e r s ;  
a t C~ w i d e - g a p  c F l i n d r i c a l  s p a r k  c h a m b e r s  fo r  m o m e n t u m  a n a l y s i s ;  Cs C~ t h i c k - p l a t e  s p a r k  c h a m b e r s  
for  p a r t i c l e  i den t i f i ca t ion ;  M W P C  m u l t i w i r e  p r o p o r t i o n a l  c h a m b e r s ;  $1, Sz . . . . .  S~ s c in t i l l a t i on  c o u n t e r s  
(~Yd, S'~ we re  n o t  u s e d  i n  t h i s  e x p e r i m e n t ) .  

The  cu t s  on  A0 a n d  A t  are  d e t e r m i n e d  f rom t h e  ana lys i s  of t h e  ~-pairs  of t he  r eac t i on  

( 2 )  e + e  - - +  ~+IL- 

de t ec t ed  in  t h e  a p p a r a t u s .  F r o m  t h e  s t u d y  of t he  Aq9 a c o p l a n a r i t y  d i s t r i b u t i o n  for  t h e  
even t s  of t h e  r eac t i on  (2) (A~ is t h e  dif ference b e t w e e n  t h e  a z i m u t h a l  angles  of t h e  ~+ 
a n d  ~-  t r acks )  a n d  t h e  A0 nonco l inea r  d i s t r i b u t i o n  for  t h e  s ame  e v e n t s  (A0 is t he  diffe- 
r ence  b e t w e e n  t h e  po l a r  angles  of t h e  ~+ a n d  ~-  t racks) ,  we deduce  t h e  cu ts  A0 > 10 ~ 
for  t h e  t w o - t r a c k  even ts .  

These  cu t s  r educe  also t h e  b a c k g r o u n d  due  to severa l  we l l -known  r a d i a t i v e  a n d  y-y 
processes  as e+e--~  ~+~-y, e+e - ~ e+e-~+~ - ,  e+e - ~ 7:+=-. T h e  rad ia l - source  d imens ion  is 
o b t a i n e d  f r o m  t h e  e v e n t s  of B h a b h a  e l ec t ron -pos i t ron  s c a t t e r i n g  e + e - ~  e+c - ,  as d e t e c t e d  
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f r o m  the  M W P C  (le). A t  A d o n e  t he  r ad i a l  d i m e n s i o n  is a b o u t  1 m m ;  t h e  obse rved  
s p r e a d  j= 3 m m  ( F W H M )  is due  to t h e  wi re  c h a m b e r  r e so lu t ion  a n d  to  t he  mu l t i p l e  
s c a t t e r i n g  in t h e  v a c u u m  c h a m b e r  wales.  T h e  s p r e a d  in t he  r e c o n s t r u c t i o n  of t he  z -  
co -o rd ina t e  of t h e  i n t e r a c t i o n  p o i n t  a long  t he  b e a m  l ine was m e a s u r e d  f r o m  t h e  ~-pairs  
p r o d u c e d  in r eac t ion  (2). Def in ing  Az as t he  dif ference be tween  t he  z - co -o rd ina t e s  of 
t h e  ~+ a n d  ~-  t racks ,  we d e t e r m i n e  a m a x i m u m  s p r e a d  Az : 6 m m  for pa r t i c les  w i t h  
p~ = 0.785 GeV/c.  In  Fig.  2 we r e p o r t  t he  s c a t t e r  p lo t  (Az - - p )  for  eve ry  p a i r  of de tec ted  
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F i g .  2. - Sca t t e r  plot  ( A z - - p )  for t he  even t s  c a a d i d a t e  as  m u l t i h a d r o n  e ve n t s ;  Az is  t he  difference 
b e t w e e n  the  z - ca -o rd ina t e  of a p a i r  of cha rged  p a r t i c l e s  h a v i n g  m o m e n t a  p~ a n d  p~, p ks t he  m i n i m u m  
v a l u e  be tween  p~ a u d  p~. The  d o t t e d  l ine  is  t he  Az - - p  l i m i t  for  mu l t i p l e  s c a t t e r i n g  (see t ex t ) .  

c h a r g e d  par t i c les  of m o m e n t a  Pl  a n d  p~ of c a n d i d a t e  e v e n t s  of r eac t ion  (1); for  p we 
choose  t he  smal le r  b e t w e e n  Pl  a n d  pc. T he  p l o t t e d  Az.pfl : 8 ( m m . G e V / c )  line, as 
p r e d i c t e d  f rom mul t i p l e  sca t t e r ing ,  de l imi t s  t h e  reg ion  of t he  accep ted  even ts .  The  
i n t e g r a t e d  l u m i n o s i t y  s h a s  been  d e t e r m i n e d  f rom t h e  r a t e  of t he  wide-angle  B h a b h a  
s c a t t e r i n g  m e a s u r e d  in ou r  a p p a r a t u s .  F r o m  t h e  770 wide-angle  even t s  a n d  f rom the  
c a l c u l a t e d  cross-sect ion i n t e g r a t e d  on t he  a p p a r a t u s  ( a )e  e = 91.1" 10 -83 cm 2 we deduce  

= (8.45 =L 0.3). 10 a3 cm -~. Th i s  va lue  is in good  a g r e e m e n t  w i th  t he  l u m i n o s i t y  ob- 
t a i n e d  f rom the  m e a s u r e d  r a t e  of smal l -ang le  B h a b h a  s c a t t e r i n g  o b s e r v e d  b y  t he  
A d o n e  m a c h i n e  g roup  in  a d i f ferent  i n t e r a c t i o n  reg ion  (s  = 8.8.1033 cm-~). In  o rder  
to  g ive  an  i n d e p e n d e n t  check  of t h e  efficiency of t h e  whole  a p p a r a t u s ,  f r om t h e  iden-  
t i f ied ~-pa i r  even t s ,  we deduce  t he  cross-sect ion of t h e  r eac t ion  (2): 

f f ~ + ~ -  - -  _ _  
N~+~- 40 .10  -33 

Lz-e~+~- 8.45.0.17 
--  (28 ~ 5 ) ' 1 0  -3a cm 2 , 

w h e r e  ~ = 0.17 is t he  d e t e c t i o n  efficiency of t he  a p p a r a t u s  for  r eac t ion  (2) e v a l u a t e d  
b y  a M o n t e  Carlo ca lcu la t ion  t a k i n g  in to  a c c o u n t  t h e  l o n g i t u d i n a l  d i s t r i b u t i o n  of t he  
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source. This value agrees with the value ~ ~ 33" l0 -a3 cnl 2, obtained in the ~-e uni- 
versality hypothesis, and with previous measurements (17,is). 

The experimental  results are summarized in the last column of table I. The collected 
multihadronic events (2V ~ 50) are classified according to the detected configuration: 
2T(0, 07) = two charged particles of opposite charge and no y-ray associated; 2T(C, 17)= 
---- two charged particles with the same charge (C ~ • 2) and 17 associated; for the 
3T-configuration, corresponding at three detected tracks: 3T(3M, 07) ~ three charged 
particles analysed in momentum (i.e. seen in the wide-gap chambers (C 2, C~)) and no 7 
associated; 3T(2M, 07) = three charged particles, two of which analysed in momentum 
and one detected only in C1(C~1) and no 7; all the events of the 3T(3M, 07)-configuration 
have a net charge of •  4T(07), [4T(17)] four charged particles and no (1) of which 
two, at least, momentum analysed and 07117]. The detection efficiencies reported in 
table I are discussed further on. 

An inclusive momentum distribution can be made directly from the momenta of all 
the particles of the selected and measured events. The momentum resolution of the 
whole sistem apparatus + mangiaspago has been determined from the ~-pair events. 
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Fig. 3. - M o m e n t u m  d i s t r ibu t ion  of the  tz p roduce4  in  t h e  e+e-'--~ ~+bt- process.  ~p = =t: 0.06 GeV/c, 
%/p = o.07s. 

In fig. 3 we report  the momentum distribution, for these events from which we deduce 
a standard resolution Ap/p = 0.08 at p = 0.785 GeV/c. The sensibility of the man- 
giaspago system, evaluated from the measurements of the cosmic-ray tracks crossing 
the apparatus without magnetic field is about 30/0 . 

(17) W. ALLES-]]ORELLI, l~. BERNARDINI, D.  BOLLINI, P. L.  BRUNINI, F.  FIORENTINO, T. ~VIASSAM, 
L.  MONARI, F. PAI~O~ARI a nd  A. ZICHICHI: Left .  Nuovo Cimento, 2, 376 (1971). 
(la) B. BORGIA, F.  CERADINI, ]VL CONVERSI, L .  PAOLUZI, R.  SANTONICO, G. BARBIELLINI, ~r GRILLI, 
P. SPILLANTINI, R.  VISENTII~ a nd  F. GRIANTI" Left .  Nuovo Cimento, 3, 115 (1972). 
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Fig .  4. - Single charge4  p a r t i c l e  m o m e n t u m  d i s t r i b u t i o n  F(z) vs. z, where  z =P/Pmax (F(z) is  nor-  
1 

m a l i z e d  t o / F ( z ) d z = l )  ( 0  3.0 GeV, o 3.8 GeV: SLAC-LBL Col labora t ion ;  �9 1.6 GeV: Adone-l~Iea). 

F i g u r e  4 s h o w s  t h e  n o r m a l i z e d  d i s t r i b u t i o n  o f  F ( z ) ,  d e f i n e d  a s  

•(z) 
1 b a h . d _ _  1 A N  

(Nc~(~ha d AZ, .N" AZ ' 

where z = P/Pm~x and a~a is the multihadron total  cross-section. The distribution of 
F(z) at higher energies as measured by the SLAC-LNL Collaboration (19,2o) are also 
plotted. 

The average value of p for charged particles 

1 

(Poh> = f pF(z) dz 
0 
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J.  T. DAKIN, G. J.  FELDMAN, G. E.  FISHER, D .  FREYBERGER, G. HANSON, B. JEAN-MARIE, R .  R .  
LARSEN, V. L~TH, H.  L. LYNCH, D. LYON, C. C. MOREHOUSE, J .  ~r PATERSON, M. L. PERL, B. RICItTER, 
R .  F. SCHWITTERS, F. VANNUCCI, G. S. -ABRAMS, D. BRIGGS, W. CHINOWSKY, C. ]~. FRIEDERGEN, 
G. GOLDHABER, R.  J.  HOLLEREEK, J .  A. KADYK, G, H.  TRILLING, J.  S. WHITAKER a n d  J.  E.  ZIPSE: 
d a t a  t a k e n  f rom G. J.  FELDMANN a n d  M. L.  PERL: PhYs. ]:~epoTt8, 49, 233 (1975). 
(Io) B. RICHTER: Proceedings of the X V I I  International Co~]erence on High-Energy Physics (Ruther -  
ford, 1974). 
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as well  as (z> ---- (p/p~,~> is shown in fig. 5, toge ther  wi th  the  resul ts  of the  SLAC-LNL 
col laborat ion (,9,~o). The  values  of our  measurements  a t  W =  2.08 GeV are  also reported.  
Our resul ts  ind ica te  t h a t  (Pch> decreases slowly wi th  decreasing energy W and t h a t  
F(z) decreases in the  low z-region and correspondingly ,  increases in the  high z-region. 
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Fig .  5. - a)  T h e  m a i n  v a l u e  (p> for  c h a r g e d  p a r t i c l e s  vs .  t h e  t o t a l  e n e r g y  W ;  b) (z> = (p/Pmax> 
for  c h a r g e d  p a r t i c l e s  vs .  W. (o S L A C - L B L  Co l l abo ra t i on ;  �9 A d o n e - M E A ) .  

In  fig. 6 t h e  i nva r i an t  cross-section in a rb i t r a ry  uni ts  is p l o t t e d ;  the  cut  in the  mo- 
m e n t u m  of t h e  appara tus  is abou t  p ~ 0 . 0 8  GeV/e. The  d a t a  are  consis tent  w i th  a 
d is t r ibut ion  

E dah~ d cons tan t ,  exp [-- E/Eo] 
p~ dp 

wi th  E 0 = 0.164 GeV as measured  f rom the  SLAC-LNL col laborat ion (~0,~1), wi th  u- ,  
k -  and an t ip ro ton  at  W :  4.8 GeV (the best  fit of our  d a t a  gives E o = 0.14 GeV). 

A Monte  Carlo p rog ram was used  to s imula te  the  expe r imen t  and to calculate  the  
efficiencies for  the  final s ta tes  in t he  different  de tec ted  configurations.  I n  these calcu- 
la t ion par t ic les  were  genera ted  according to phase-space m o m e n t u m  dists ibution.  Even t s ,  
for  a pa r t i cu la r  final s tate,  were gene ra t ed  along the  beam line wi th  a Gaussian distri-  
bu t ion  (a t = 12 cm). I n  the  calculat ions  of the  detect ion efficiency, the  nuclear  interac-  
t ions of pions were  t aken  into account  using the  da ta  repor ted  in ref. (2~). Only in the  
genera t ion  of th ree -body  final s ta tes  (~+~-7: ~ was used, for each event ,  a dynamic  fac tor  
sin ~ ~o sin 2 0 (28), where  w is the  angle  be tween  the  e+e - beam direct ion and the  normal  

(21) R .  F .  SeRWITTERS: S L A C - L B L - P U B - 1 6 6 6  ( N o v e m b e r  1975).  
(a2) H .  O~REEN: L . l ~ . F . - I n t e r n a t i o n a l  R e p o r t  L N F ] 7 1 / 8 9  ( F r a s e a t i ,  1971).  
(2a) N.  CABIB]~O a n d  R .  G~-TTO: P h y s .  R e v . ,  424,  1577 (1961),  
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Fig. 6. - (E]p'), N/Ap for  ~+ vs. t h e  p a r t i c l e  e n e r g y  E .  The  l i ne  c o n s t - e x p  [--E/Eo]d w h e r e  Eo = 0.164 
GeV, a s  m e a s u r e d  a t  SLAC (~") a t  W= 4.8 GeV is p l o t t e d .  

T A B L E  I .  -- Efficiencies (in %) in  various configurations for the detection of different f inal  states. I n  

t h e  l a s t  c o l u m n  t h e  c o l l e c t e d  e v e n t s  a r e  r e p o r t e d .  

=+7 : -=o  ~:+7:-T:or:o ~:+7:-3~:o 27:+27:-  2T:+27:-~:o 2 (7 :+~-~o)  37:+3~:-  E v e n t s  

2 T ( 0 ,  0 7 )  1 . 5 8  1 . 5 9  0 . 4 6  3 .1  1 . 0 6  0 . 4 8  0 . 6 6  11 

2 T ( 0 ,  17 )  0 . 5 7  1 . 0 9  0 . 7 3  - -  0 . 4 4  0 . 3 3  - -  3 

2 T ( 0 ,  2 7 )  0 . 0 8  0 . 3 2  0 . 5 0  - -  0 0 . 0 5  - -  1 

2 T ( G ,  0 7 )  - -  - -  - -  1 . 5 5  0 . 5 3  0 . 2 4  0 . 4 4  5 

2T(C, 17)  . . . .  0 . 2 2  0 . 1 7  - -  0 

3 T ( 2 M ,  0 7 )  - -  - -  - -  3 . 3 2  1 . 8  0 . 5 4  1 . 4 8  7 

3 T ( a M ,  0 7 )  - -  - -  - -  4 . 2 7  1 . 8  0 . 7 3  1 . 5 9  12  

3 T ( 1 7 )  . . . .  1 . 0 5  0 . 9 6  - -  2 

4 T ( 0 7 )  - -  - -  - -  4 . 2 6  1 . 4 8  0 . 4 5  3 . 6 6  9 

4 T ( 1 7 )  . . . .  0 . 6 9  0 . 4 4  - -  0 

e~ ( T r i g g e r  2 . 2 3  3 1 . 7 5  1 6 . 5  9 . 4  4 . 8  1 0  5 0  ( T o t a l  

e f l l e i e n e y )  n u m b e r  

o f  e v e n t s )  
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to the  p roduc t ion  plane and 0 is the  angle be tween  the  two charged  pions. A min imum 
energy  E v = 200 MeV was assumed for t he  detect ion of y-rays  f rom the  7:0 decays.  

The  de tec t ion  efficieneies for the  different  final s tates  and for the  de tec ted  configu- 
ra t ions are summar i zed  in table  I. The  efficiencies for the  different  react ions lie in the  
range ez (0.02--16).  The  low cfficiencies for  the  react ions  wi th  only  two charged par-  
t icles in t he  final s ta te  e+e--+7:+~-nu ~ (n-=- 1, 2, 3) der ive  ma in ly  f rom the  t r igger  
r equ i remen t  to h a v e  the  charged par t ic les  in the  two opposi te  sides of the  appara tus  and 
also f rom the  re jec t ion  of the  t racks  wi th  small-dip angle. Fo r  the  react ion wi th  four  
or more charged  part icles,  table  I shows tha t  the  detec t ion  of t he  configurations wi th  
three  of four  charged par t ic les  ( 3 T + 4 T )  are  favoured  wi th  respect  to ithe configura- 
t ion wi th  two par t ic les  (2T) in the appara tus .  The observed ra t io  for  the  de tec ted  charged 
mul t ip l i c i ty  is (3T + 4T)/2T ~ 30/20 = 1.5. Another  resul t  of t he  calculat ion is t h a t  
the  configurat ions wi th  2 de tec ted  g a m m a - r a y s  f rom 7:~ decay  are s t rongly depressed. 
In  fact ,  on ly  one even t  wi th  2 g a m m a s  has been observed.  

I f  we suppose tha t  also K • mesons are produced,  f rom the  previous  considerat ions 
the  most  efficient channel  is e+e - - +  K+K-=+Yz -.  Since the  to t a l  energy is only  330 MeV 
higher  t h a n  the  th reshold  of this react ion,  we obta in  a to ta l  t r igger  efficiency ~ r ~  0.003. 
F o r  this reason we assume tha t  all de tec ted  hadrons  are pions. 

The  s ta t i s t ica l  error  on the  va lues  of the  efficiencies are be tween  5% and 10%.  
The fol lowing react ions  have  been supposed to cont r ibute  to t he  mul t ihadronic  events  

repor ted  in tab le  I :  

T~+TT--TT 0 

T~ +TT--T~OT~ O 

7~+TT--T~OTTO7~ O 

(3) e+e - _+ ~+~-~+r~-  , 

7~:+T~--~ +T~--7~ 0 , 

7~+~--T~+TX--T~O7~ 0 

The calcula t ion of the  cross-sections of the  var ious  react ions  (3) was made  solving 
the sys tem of k equa t ions  

(4)  N k : ~ 8ki(7 i , 
i 

where N k is the  to ta l  n u m b e r  of even ts  belonging to one of the  I0 categories l is ted in 
table  I, ~e the  to ta l  luminos i ty ,  ai t he  cross-sections for the  react ions  (3), eki the  efficiency 
for de tec t ing  react ion i in the  k-configurat ion (table I). 

Tak ing  in to  account  s ta t is t ical  errors  for N k, we have  searched for the  best  solut ion 
of these equa t ions  using s tandard  p rograms  which minimize  the  z~-function. 

In  solving these  equat ions  we ob ta ined  the  weight  of some channels  as c+e - -+7:+~-=+~,-, 
r,+~-rc+7:-~ ~ as well as the  to ta l  cont r ibut ion  of the  channels  e+e --~rz+7:-nY:~ n = 1, 2, 3). 
However ,  because of the  small  n u m b e r  of 2T events  i t  has  no t  been possible to deter-  
mine independen t ly  the  cross-section of the  three react ions e + e - ~  7:+~-=0, =+~-=o~o and 
=+T:-u~176 ~ So we have  solved the  sys tem considering separa te ly  only the  channel  
e+e--~ =+,-:-n~ ~ and adding up the  cross-sections of the  two channels  wi th  an odd number  
of ~O's. This  choice is suggested also by  the  previous  expe r imen ta l  results  (11) which 
indicate  t h a t  the  produc t ion  of final s tates  wi th  G pa r i ty  = + 1 are  more  abundan t  
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t h a n  those  wi th  G p a r i t y  = - -  1. F o r  t h e  efficiency of the  combina t ion  a(u+~:-~: ~ ~- 
§ a(=+~-=~176 o) in t he  di f ferent  configurat ions we h a v e  t aken  the  average  va lue  
~ = �89 ~ -~ e~(~:+r:-~:~176176 The resul ts  of t he  analysis are summar ized  in 
tab le  I I .  The  to t a l  cross-sect ion is the  sum of the  pa r t i a l  cross-sections, the  main  con- 

TA~L]~ I I . -  Summary o] the cross.sections. 

�9 1 0 - a a  em ~ 

a(~+7:-~: ~ ~- a(r:+r:-~~176 ~ 9.5:~ 9 

(~(r:+~-'~~ o) 24 ~:16 

a(r:+~-~+rc-) 27 : ~ I I  

o'(~+r:-r:+r~-r: ~ 4.7 • 3 

a(r:+~-r:+r:-~o~0) 4.8 :[: 3 

a(~:+~-=+=-u+~-) 1 ~: 0.2 

6tot(e+e--> hadrons)  70 :[:10 

a~,(rc+~-n~~ (n = 1, 2, 3) 33.5~=18 

(~4n(:z+~-r~+v~-n~ 0) ( n =  1,2) 9.5~: 6 

~+(e+e--~G = ~- 1 pa r i t y  final states) 5 5 . 8 ~ 1 9  

a_(e+e- -~G = -  1 p a r i t y  final states) 14.2:~ 9 

aa~(e+e - --> ~:+~:-~:+~:- ~- anything)  36.5 ~: 12 

t r i bu t ion  coming  f rom the  react ions e + e - =  r:+r:-~~ o, r:+~-7:+r:- and r:+rc-~+7:-g ~ As 
po in ted  out  f rom a prev ious  expe r imen t  (i1), in which the  energy dependence of the  cross- 
sect ion ~(T:+7:-u+u-) a round  ~ = 1.6 GeV has been s tudied,  the  two final s ta tes  wi th  
fou r  pions could  be the  main  decay  modes  of a vec to r  meson ~o rr, of mass rap, ~ ].6 GeV/c 2, 
ful l  w id th  Fp ~ 350 MeV. 

F r o m  the  par t ia l  cross-sections we deduce also the  average  mul t ip l i c i ty  of charge 
pions  (no) = 3.0 ~= 0.2 and of charged-plus-neut ra l  pions (n~)  = 4.2 • 0.2. The re- 
sults  are  in agreement  w i th  the  da t a  of the  o ther  exper iments  made  a t  Adone  (s,24). 

F r o m  ( n ~  we calcula te  t he  average  m o m e n t u m  of the  pion ( p ~  +24 = 337_35 MeV/e 
in good agreement  wi th  (pu~ = 341 • 20 MeV/c eva lua ted  direct ly  f rom the  inclusive 
m o m e n t u m  dis t r ibut ion.  

Considering the  even ts  wi th  three  and four  de tec ted  part icles  and no g a m m a  rays,  
which belong main ly  to t he  react ion e+e--~=+=-=+= - we obta in  for the  invar ian t  
squared-mass  the  resul ts  p lo t t ed  in fig. 7. In  fig. 7 resul ts  obta ined  at W = 1.6 GeV 
are  compared  wi th  s imilar  resul ts  at  2.08 GeV;  two mass dis t r ibut ions are p lo t t ed  ac- 
cord ing  to the  charge of t he  (~7:)-system: fig. 7a) and b) show at  W ~ 1.6 the  dis tr ibu-  
t ion of the  squared-mass  of neu t ra l  sys tems m2(~:+~ -) and charged sys tems m 2 ( r : ~ ) ,  
respec t ive ly .  F igu re  7c) and d) show the  same dis t r ibut ions  a t  W = 2.08 GeV. In  the  
figures the  Monte Carlo previs ions  are also p l o t t e d ;  in fig. 7a) the  normal iza t ion  is 
m a d e  at  the  to ta l  n u m b e r  of events  outs ide  the  (0.58 < m ~ ~ 0.68) GeV ~ region. A t  

(34) C. BACCI, R .  BALDINI-CELIO, G. CAPON, 1~. DEL FABBRO, M. GRILLI, E.  IkROCCI, C. MENCUCCINI, 
G. P .  ~URTAS, G. PENS0, B. STELLA a n d  V. VALENTE: R e s u l t s  p r e s e n t e d  a t  X V I I I  High-Energy Physics 
Conference, Tbilisi, 1976. 
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Fig. 7. - Two-pioa invar iant  squared-mass distr ibution M2(rcrO, for the  events  with three or four 
detected charged particles and no gamma  in  the  apparatus ,  a) M*(~+= -) dis t r ibut ion a t  ~V = 1.6 GeV 
for the  (rc+r~ -) sys tem (net charge equal to zero); b) M ~ ( ~ )  distr ibution at  W = 1.6GeV for ( r ~ ) -  
sys tem (net charge equal to =t= 2); c) as a) at  W = 2 . 0 8  GeV; d) as b) a t  W = 2 . 0 8  GeV. The dotted 
lines are the  NIonte Carlo previsions: the  normalizat ion in a) was made at  the  total  number  of events 
outside the  @~ 

W = 1.6 G e V  a n  e x c e s s  o f  c o m b i n a t i o n s  a p p e a r s  in  t h e  ~ ~  of  n e u t r a l - s y s t e m  

d i s t r i b u t i o n ,  w h i c h  d o e s  n o t  a p p e a r  i n  t h e  d i s t r i b u t i o n  of  c h a r g e d  s y s t e m s .  T h e  d i s t r i -  

b u t i o n s  7c) a n d  d)  ar W = 2 .08  G e V  a r e  in  a g r e e m e n t  w i t h  t h e  M o n t e  Ca r lo  p r e v i s i o n s .  
T h i s  r e s u l t ,  s h o w i n g  t h e  p o s s i b l e  p r e s e n c e  o f  t h e  f ina l  s t a t e  po=+=-, i s  i n  a g r e e m e n t  w i t h  
t h e  e x i s t e n c e  (13) a t  t h i s  e n e r g y  o f  t h e  p r o c e s s  e+e - ~p r ,  ~ p 0 ~ + = - .  

T h e  m a i n  r e s u l t s  o f  t h i s  a n a l y s i s  m a y  b e  s u m m a r i z e d  a s  f o l l o w s :  

1) T h e  m u l t i h a d r o n  t o t a l  c r o s s - s e c t i o n  a t  W : 1.6 G e V  is  atot = (74 4- 10) .  

�9 10 -an c m  z. F r o m  O'to t w e  d e d u c e  t h a t :  

R = a t ~ 1 7 6  - -  - -  2.1 • 0 .3  . 

a(e+e - ~ t~+$ - )  

2) T h e  a v e r a g e  p i o n  m u l t i p l i c i t y  i s  f o u n d  to  b e  <n~> = 4.2  • 0.2.  T h e  a v e r a g e  
m o m e n t u m  of  t h e  p i o n  d e t e r m i n e d  f r o m  t h e  s i n g l e - c h a r g e d - p i o n  m o m e n t u m  d i s t r i b u -  

t i o n  a n d  f r o m  t h e  a v e r a g e  p i o n  m u l t i p l i c i t y  i s  f o u n d  t o  be  < p = )  ~ (0 .340  4- 0 .025)  G e V / c .  

3) E v e n  G - p a r i t y  f ina l  s t a t e s ,  w h i c h  c o n t r i b u t e  fo r  t h e  8 0 %  to  t h e  t o t a l  c ros s -  

s e c t i o n ,  a r e  m a d e  u p  m o s t l y  b y  f o u r  p i o n s :  a(~+7:-r~~ ~ -~ a( r :+ , ' : - rc+r : - )~  0.7ato t.  

4) T h e  i n v a r i a n t  s q u a r e d - m a s s  d i s t r i b u t i o n  of  t h e  (T :+=- ) - sys t em s u g g e s t s  t h a t  

t h e  (po=+=- ) - s t a t e  i s  p r o d u c e d  a b u n d a n t l y .  


