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We present prel iminary results of an investigation of electron-positron annihilation 
in the total c.m. energy range ~ / s =  (3.09--3.112)GeV. 

The experiment was performed at ADONE, the Frascati e+e- storage ring. 
Evidence for the production of the new particle of mass 3.1 GeV, first observed by 

the ]KIT group at Brookhaven (1), and by  the Berkeley-SLAC group at SPEAR (3) 
has already been reported by the ADONE groups (a). 
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The present  let ter  concerns t h e  s tudy  of the  channels  

( 1 )  e + e  - -->- e + e  - , 

( 2 )  e + e  - -->- F + ~ .  - , 

(3) e + e - ~  m a n y  hadrons  . 

A very  narrow resonant behav iour  of the  cross-section for these  processes is con- 
f irmed. T h e  t o t a l  h a d r o n i e  c r o s s - s e c t i o n  i n t e g r a t e d  o v e r  e n e r g y  is  a z :  (4.7 ~= 1.6) .  
�9 10 -33 c m  ~ GeV.  
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Fig. 1. - Ver t ica l  section of t he  expe r imen ta l  appa ra tu s .  C1, C'1 are  nar row-gap  spa rk  chamber s ;  
C~, C'2 are  wide-gap cylindrical  s pa rk  c h a m b e r s  for  m o m e n t u m  analysis ;  Ca, C~ arc th i ck  p la te  spa rk  
c h a m b e r s  for  par t ic le  identification. MWPC are  mul t iwi re  p ropor t iona l  chambers ;  S~, .. . .  $4 are  scin- 
ei l lat ion counte r s  
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The ~ E A  (4) experimental apparatus as shown in Fig. 1 consists of the following parts : 

a) A large (2 m diameter • 2 m length) solenoid with a luminum coil mounted 
with its axis perpendicular to the direction of the e+e- beams. Two compensator magnets, 
covering about 50% of the beam path inside the solenoid, which reduce the magnetic 
field integrated along the beam path practically to zero. 

b) Two 2-plane telescopes of multiwire proportional chambers (MWPC) above 
and below the beam path at the crossing region. These chambers have the sense wires 
parallel to the direction of the beams and are used both in the trigger and in the off-line 
geometrical reconstruction. 

c) A system of optical spark chambers used for momentum analysis which com- 
prises two narrow-gap and two eylindricM wide-gap spark chambers coaxial with the 
solenoid, shown in Fig. 1 as C 1 and C~, respectively. The electrodes of C2 are made 
of wires in order to reduce multiple scattering and to allow viewing the sparks through 
the electrodes themselves. This allows to achieve complete stereo view of the tracks. 
As a matter of fact we use two cameras aligned with the axis of the solenoid and viewing 
the apparatus from opposite sides. 

d) 2~ system of 12 cylindrical thick plate narrow-gap spark chambers Ca for the 
detection of showers and nuclear interactions, mounted outside the magnet coil. Their 
total thickness is ~ 6 radiation lengths and ~ 1 collision length. The solid angle 
covered by the apparatus for pointlike source is A/2 c ~  0.4.4:~(40 ~  0<  140 ~ 
momentum analysis, and A t 2 ~  0.27.4~z for particle identification (as defined by 
chambers Ca, C1a). The effect of the extended source is to lower At2~ to about 0.09.4= 
at v'~ = 3.1 GeV. 

e) A scintillation counter system (S 1 to $4) used to trigger the apparatus. In  
the trigger, we require at least one particle with a minimum kinetic energy of about 
130 ~r (if pion) going in the upper par t  of the apparatus (S1S2SaSd) and one par- 
ticle with about 110 ~eV going in the lower part  (S~S2Sa): ' ' For two-prong events 
in order to reduce machine background some configurations (tracks with small dip 
angle) are rejected. 

Cosmic rays are rejected by means of time-of-flight selection over a path length 
of one meter (S1 to Sa) by requiring a suitable phase relative to the accelerator radio- 
frequency (AtaF, see Fig. 2), and by requesting that  the source point lies within 
=~ 5 cm from the beam line. This last rejection is achieved by making use of a fast 

logic signal from ~WPC.  The residual counting rate from cosmic rays is 1/15 min. 
For each trigger an on-line computer records on magnetic tape all relevant informa- 

tion. The selection of good events is made by using both pictures and computer-recorded 
information. 

Events from the reaction e+e---~ ~+~- are identified by using the following criteria: 
i) proper position of the source point;  if) correct t iming with the beam-beam interaction; 
iii) correct t ime of flight in both sides of the apparatus between counters S~S~ 
and S a (S'~,.q'~ and S~); iv) momentum measurement;  v) absence of interactions in 
the thick plate chambers Ca and C' .  Cosmic-ray contamination is negligible. A study 
of nuclear interactions in Ca or C' a of collinear events sets an upper l imit  of 3% on the 
contamination of hadronie collinear events on ~-pair production events. 

Events from the reaction e+e-~e+e  - must satisfy criteria from i) to iii) and in 
addition must show electromagnetic showers in C a and C~. 

(4) W . W .  As~,  D. GROSSMAN, G. •ATTHIAE, G. 1 :). MURTAS, ~'~[. NIGRO, G. K.  O'NEILL, G. SACERDOTI, 
R. SANTANGELO, D. SCANNICCttIO and  E. SCHIAVUTA: LNF-69/2 ( J a n u a r y  1969). 
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~ u l t i h a d r o n  e v e n t s  a re  r e q u i r e d  to  p r e s e n t  two n o n c o l l i n e a r  tr~,cks or  m o r e  t h a n  
two  t r a c k s  in  t h e  wide-gap  c h a m b e r s  (Us, C'2), a t  l eas t  one  t r a c k  in  Ca or Ca, a n d  to  
s a t i s fy  c r i t e r i a  i) a n d  ii). y - rays  w i t h  e n e r g y  E ~ 1 0 0  l~eV are  also seen as  s h o w e r s  
in  Ca, C~. 
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Fig. 2. - Time separation AtRF between the occurrence of the event and a timing signal from a beam 
pick-up electrode 

T h e  e x p e r i m e n t a l  r e su l t  a r e  s u m m a r i z e d  in Tab le  I. T h e  i n t e g r a t e d  l u m i n o s i t y  s 
ha s  b e e n  o b t a i n e d  f rom t h e  m e a s u r e d  r a t e  of sma l 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 h e  A D O N E  m a c h i n e  g r o u p  in  a d i f fe ren t  i n t e r a c t i o n  reg ion  w i t h  a m o n i t o r  w h o s e  
c a l i b r a t i o n  c o n s t a n t  was o b t a i n e d  by  c o m p a r i n g  i ts  r a t e  ou t s ide  t h e  r e sonance  w i t h  
t h e  r a t e  of wide -ang le  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 .  

I n  c o l u m n s  3 to 9 we p r e s e n t  t h e  t o t a l  n u m b e r  of co l lec ted  m u l t i h a d r o n  e v e n t s  
a c c o r d i n g  to t h e i r  de t ec t ed  con f igu ra t i ons  (e.g., 2 C - - t w o  c h a r g e d  par t i c les  de t ec t ed ,  
2C q- ~> 1y = two c ha r ged  pa r t i c l e s  q- > 1 g a m m a  r a y  . . . .  ). T h e  c o r r e s p o n d i n g  n u m b e r s  
of eo l l i nea r  e+e-  a n d  it+it - e v e n t s  a r e  g iven  in  c o l u m n s  l l  a n d  12. 

T h e  r a t e s  for  processes  (1) a n d  (2) i n t e g r a t e d  ove r  t h e  accep tance  of t h e  exper i -  
m e n t a l  a p p a r a t u s  a re  s h o w n  in  Fig .  3 a n d  4 as f u n c t i o n s  of 4r 

I n  o rde r  to  e v a l u a t e  t h e  t o t a l  m u l t i h a d r o n  cross-sect ion,  a de ta i l ed  knowledge  of  
t h e  p r o d u c e d  final  s t a t e s  is needed .  At  p r e s e n t  we use  on ly  t h e  i n f o r m a t i o n  a v a i l a b l e  
on  t h e  d e t e c t e d  cha r ged  m u l t i p l i c i t y  as d e t e r m i n e d  b y  c h a r g e  r ecogn i t ion ,  a n d  on  t h e  

TABLE I.  -- Total number of collected events. 

V/g (GeV) I n t e g r a t e d  l u m i n o s i t y  
(10 aa c m - 9  

M u l t i h a d r o n  even t s  

(1) (2) (3) (4) (5) 

3 . 0 9 - 3 . 1 1 2  11.8 ~_ 1.2 133 95 125 
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d e t e c t e d - p h o t o n  mu l t i p l i c i t y .  T he  c o m p l e t e  m o m e n t u m  ana lys i s  is in  progress .  The  
ave rage  de t ec t ed  c h a r g e d  m u l t i p l i c i t y  t u r n s  ou t  to  be  <N~> = 3.3 ~ 0.2. F u r t h e r m o r e  
we can  set  l ower  l i m i t s  on t h e  p r o d u c t i o n  of  f inal  s t a t e s  w i t h  a t  l eas t  s ix  a n d  e igh t  cha rged  
pions.  The  r a t i o  of t h e  n u m b e r  oi e v e n t s  w i t h  a l eas t  six (e ight)  c h a r g e d  p ions  to t he  
t o t a l  n u m b e r  of  d e t e c t e d  m u l t i h a d r o n  e v e n t s  is f o u n d  to be  2V>~h/Nto t>0 .13  •  

(N>~sch/Nto t ~ 0.02 • 0.01). 
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Fig. 3. - e+e---~+~ - rate integrated over the acceptance of the experimental apparatus vs. ~/s. 
Fig. 4. - e+e--~e+e - rate integrated over the acceptance of the experimental apparatus vs. V~. 

W e  h a v e  e v a l u a t e d  w i t h  a ~ o n t c  Carlo ca l cu l a t i on  t h e  d e t e c t i o n  efficiency for  a 
n u m b e r  of in i t i a l  p i o n  s t a t e s  (wi th  d i f f e ren t  cha r ged  a n d  n e u t r a l  mul t ip l ic i t ies ) ,  l ead ing  
to var ious  o b s e r v e d  conf igura t ions  (i.e. 2C, 2 C +  >~ 1y, 3C, 3 C §  ~ 1y, ...). P h a s e  
space m o m e n t u m  d i s t r i b u t i o n  (PS) has  b e e n  as sumed .  T h e  t r i gge r  effieiencies a re  found  
to be  in  t he  r a n g e  0 .06--0 .12  for  c h a n n e l s  l ike  e+e- -~2=+2= -, 27:+2=-= ~ 2=+27:-2= e, 
2=+2=-3=0, 3=+3=-r:o, 4=+4=-. 

The  e x p e r i m e n t a l  r a t i o  R v of t h e  n u m b e r  of even t s  w i t h  a t  l eas t  one  p h o t o n  de t ec t ed  
to t h e  t o t a l  n u m b e r  of m u l t i h a d r o n  e v e n t s  is f o u n d  to be  R v =  0 . 3 3 •  This  
va lue  of R v a n d  t h e  p r e d i c t i o n s  of our  M o n t e  Carlo ca l cu la t ion  i n d i c a t e  t h a t  t h e  pro- 
duc t ion  of f inal  s t a t e s  w i t h  one  n ~ is f a v o u r e d  w i t h  r e spec t  to f inal  s t a t e s  in  w h i c h  two 
or more  ~~ a r e  p r o d u c e d .  

The  obse rved  a n g u l a r  d i s t r i b u t i o n  for  conf igura t ions  in  w h i c h  t h r e e  a n d  four  cha rged  
par t i c les  are  d e t e c t e d  is s o m e w h a t  d i f f e ren t  f r o m  t h e  one ca l cu l a t ed  w i t h  t he  ~ o n t e  
Carlo p r o g r a m .  Th i s  suggests  t h e  ex i s tence  of co r r e l a t i on  effects  a m o n g  t h e  p r o d u c e d  
par t ic les .  I n  sp i t e  of t h i s  m o d e r a t e  i ncons i s t ency ,  we h a v e  deduced  f r o m  our  PS  ~ o n t e  
Carlo ca lcu la t ion  a n  a v e r a g e  de t ec t i on  eff ic iency e = 0.09 • 0.03 for  m u l t i h a d r o n  events .  
I n  Fig.  5 t h e  e + e - ~  m u l t i h a d r o n  r a t e  i n t e g r a t e d  over  t h e  a c c e p t a n c e  of t h e  exper i -  
m e n t a l  a p p a r a t u s  is p l o t t e d  vs. V/s. 

Col l inear  even t s  

irao+~lv N4o N4e+~>lv N5o To ta l  n u m b e r  e+e-  ~+F- 
of m u l t i h a d r o n s  

~) (7) (S) (9) (10) (11) (12) 

9 73 32 27 554 145 38 
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T h e  mass  r e so lu t ion  is d e t e r m i n e d  b y  t h e  e n e r g y  s p r e a d  of t h e  beams .  I n  A D O N E ,  
a t  ~ / s  ~ 3.1 GeV, t h i s  s p r e a d  is P 2 z =  3 MeV ( F W H M )  {~). 

The  t o t a l  m u l t i h a d r o n  c ross -sec t ion  % (Fig. 6) i n t e g r a t e d  over  t h e  e n e r g y  i n t e r v a l  
% / s =  (3 .099+3 .107)  GeV is f o u n d  to b e  a z = ( 4 . 7 •  T h e  e r r o r  
q u o t e d  inc ludes  a 3 0 %  e s t i m a t e d  u n c e r t a i n t y  due to  t h e  d e t e c t i o n  efficiency ca l cu la t ion .  

,r 15oo I 102 'i 
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c , 
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} , 
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, 

' %t �9 t o I I t ,0 30~80 - "3090 - -  31'00 10o )0 3100 3110 31-10 
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Fig. 5. Fig. 6. 

Fig. 5. - e+e- --* many hadron rate integrated over the acceptance of the experimental apparatus vs .  a/~. 

Fig. 6. - Total cross-section qh for the reaction c+c--+ many hadrons vs.  ~/s. The errors arc statis- 
ical only. 

As fa r  as t h e  n a t u r e  of t h i s  pa r t i c l e  is conce rned ,  i t  is difficult  a t  p r e s e n t  to  m a k e  
a n y  def in i te  s t a t e m e n t .  I n  p a r t i c u l a r ,  a de t a i l ed  s t u d y  of t h e  e+e--+  [~+~-(~) c h a n n e l  
m a y  h e  r e l e v a n t  for  t h e  u n d e r s t a n d i n g  of i t s  p r o p e r t i e s .  

#$~a* 

W e  wish  to t h a n k  t h e  A D O N E  m a c h i n e  g roup  for  t h e  exce l l en t  p e r f o r m a n c e  of t h e  
acce le ra to r ,  w h i c h  m a d e  t h i s  e x p e r i m e n t a l  poss ible .  T h e  he lp  of b o t h  t h e  O F T A  g r o u p  
of G. DI STEFANO a n d  h is  co -worker s  a n d  of t h e  Mechan ica l  E n g i n e e r i n g  g r o u p  was  
u n v a l u a b l e  in  t h e  des ign a n d  s e t t i n g  u p  of t h e  a p p a r a t u s .  W e  also t h a n k  t h e  F i l m  
D e v e l o p p i n g  Service,  Mrs. R. ]V[ORANI f rom t h e  F i l m  S c a n n i n g  Service,  a n d  al l  peop le  
f r o m  ins ide  a n d  ou ts ide  t h e  L a b o r a t o r y  w ho  c o n t r i b u t e d  to  t h e  success of t h i s  e x p e r i m e n t .  

W e  are  g r a t e fu l  to  G. ALTARELLI, C. BERNARDINI, N. CABIBBO, M. GRECO, L.  ~AIANI, 
CT. PARISI a n d  Y. SRIVASTAVA for  m a n y  s t i m u l a t i n g  d iscuss ions  a n d  sugges t ions .  

(5) 13][. B2kSSETTI: ADONE Internal Report, E-15 (November 1974). 
(~) (3. ALTARELLI, N. CABIBBO, L. •AIA2r G. PARISI and R. PETRONZIO: Le t t .  N u o v o  C i m e n t o ,  l l ,  
609 (1974). 


