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W e  r e p o r t  t h e  e x p e r i m e n t a l  r e su l t s  o b t a i n e d  a t  A d o n e  b y  t he  M E A  Group  on 
t he  J /+(3100)  decay  in to  l ep ton  pai rs .  P r e l i m i n a r y  resu l t s  on t h e  i n t e g r a t e d  cross- 
sec t ions  for  t h e  c h a n n e l s  c + e - - ~ h a d r o n s ,  ~+~-, e+e - h a v e  been  r e p o r t e d  (i). I n  th i s  
p a p e r  we give  r e su l t s  on  t he  e+c - a n d  ~+~- pa i r  a n g u l a r  d i s t r i b u t i o n s  a n d  on  t h e  p a r t i a l  
decay  w id th s .  These  r e su l t s  t u r n  ou t  to  be  co inpa t ib l e  w i t h  a j ~ e =  1--  a s s i g n m e n t  (2) 
for  t h e  J /+(3100) .  

(*) Supporte4 by Accadcmia Nazionale doi Lincoi. Roma. 
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The Magnet  Group exper imenta l  set-up (Fig. 1) is described in detai l  in ref. (1). 
We  recall  here briefly the  angular  acceptance of the  exper imenta l  appara tus  and  the  
event  identif icat ion criteria used in  the  analysis.  The solid angle covered b y  the  
appara tus  for point l ike  source is A D c ~ 0 . 4 •  ( 4 0 ~  ~ for m o m e n t u m  
analysis ,  and  AT2~__ 0.27 •  for part icle  identif icat ion.  

c o i l  ( 

C3 

',AO 

c~ 

Fig. 1. - Vertical section of the experimental apparatus. C1, C~ arc narrow-gap spark chambers; 
C,, C~ are wide-gap cylindrical spark chambers for momentum analysis; Cs, C'8 arc thick-plate spark 
chambers for particles identification. M.W.P.C. are multiwirc proportional chambers; $1 ... .  , Si are scin- 
tillation counters. 

Even t s  from the react ion e+e--+e+e - are identif ied by  requir ing two colinear 
(A0< 10~ coplanar  ( A r  10 ~ particles in the appara tus  wi th  opposite charges. I n  
addi t ion  one requests  

a) the  proper posi t ion of the source po in t ;  

b) a correct t iming  of the  event  wi th  the  crossing of the e+e - bunches ;  

c) a correct t ime  difference in  bo th  sides of the  appara tus  be tween signals 
from (S1S~) and  S a [(S~S~) and  S~] (see Fig. 1); 

d) e lectromagnet ic  showers to be observed in the th ick-pla te  chambers  C s, C~ 
outside the magne t  (see Fig. 1). 

The luminos i ty  moni tor  provided by  thc c+e - - . e§  - small-angle  ((3-;-6) ~ scat- 
tering,  as measured by  the Adone machine  group in  a different in te rac t ion  region of 
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t h e  s t o r a g e  r ing ,  w a s  u s c d  as  a r e l a t i ve  (, f a s t  ~) m o n i t o r ;  ~he l a r g e - a n g l e  e +e - - *  e+e - 

s c a t t e r i n g  r a t e  d e t e c t e d  in t h e  a p p a r a t u s  a t  ~ / s - - - 3 . 0  GeV p r o v i d e d  t h e  a b s o l u t e  

c ros s - sec t i on  scale.  
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Fig. 2. - Radial source distribution of o+e --+ o+o - events. 

T h e  e+e - r e s u l t s  re fer  to  an  i n t e g r a t e d  l u m i n o s i t y  Z z =  41.2 n b  - t  co l lec ted  in t h e  

t o t a l  e .m .  e n e r g y  i n t e r v a l  ~ / ~ - - ( 3 0 8 4 - 3 1 2 5 ) M e V .  T h e  t o t a l  n u m b e r  of e + e - - * e + e -  

d e t e c t e d  e v e n t s  is 445. 

T h e  r a d i a l  s o u r c e  d i s t r i b u t i o n  of dc t ec t ed  e+c- ->  e+e - e v e n t s  as  o b t a i n e d  b y  u s i n g  

t h e  i n f o r m a t i o n  f r o m  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  is s h o w n  in F ig .  2. A t  A d o n e  

t h e  r a d i a l  d i m e n s i o n  of t h e  s o u r c e  is - ~ 1  ram.  T h e  o b s e r v e d  •  m m  s p r e a d  
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Fig. 3. - Energy dependence of e+e - c+o - -*  rate (lees0] ~ 0.7). - - - - - -  QED expected rate (Monte 
Carlo cMenlatiou), - -  - QED rate as derived from the best-likelihood lit to tim angular distribution. 
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( F . W . H . M . )  is due  ~o wi re  c h a m b e r  r e so lu t ion  and  mu l t i p l e  s c a t t e r i n g  in t he  v a c u u m  
c h a m b e r  walls .  

T h e  e+e---* e+e - r a t e  i n t e g r a t e d  over  t he  accep tance  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  
is shown  in Fig.  3 as a func t ion  of ~ / ; .  Only  e+c - pa i r s  in  t he  a n g u l a r  i n t e r v a l  
Ices 0 ] ~  0.7 h a v e  been  used  in t he  ana lys i s :  0 is def ined as t he  angle  be tween  t h e  out-  
coming  a n d  t he  i ncoming  pos i t ron .  T he  ful l  l ine  in Fig.  3 shows t he  expec t ed  B h a b h a -  
s c a t t e r i n g  c o n t r i b u t i o n  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  geomet r i ca l  f ea tu res  of t he  a p p a r a t u s  a n d  t he  effect  of t h e  e x t e n d e d  source  (*). 
A t  ~ / s =  3.1 GcV t o t a l  e .m.  ene rgy  t he  B h a b h a - s c a t t e r i n g  de t ec t ion  efficiency of t he  
a p p a r a t u s  in  t he  a n g u l a r  i n t e r v a l  Ices 01 ~ 0.7 is f ound  to be  11%.  

T h e  angu l a r  d i s t r i b u t i o n  of e+e- pa i r s  de t ec t ed  in t h e  a p p a r a t u s  is g iven  in 
Fig.  4a),  b). F i g u r e  4a) shows t he  angu l a r  d i s t r i b u t i o n  of even t s  ou t s ide  t he  r e sonance  
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Fig. 4. - Angular distributions of detected e+e - pairs. The dashed lines show the behaviour obtained 
by the maximum likelihood caloulatiom A~4"ular distribut, io~t in the energy r~nge: a) 3.5 MeV < 
< IVY-- M[ < 20 MoV (97% Bhabha scattering), b) I~/~ - 211[ ~<3.5 MoV (59% Bhabha scabtcrilLg). 

(*) At  &done the  longi tudina l  d i s t r ibu t ion  of the  source,  N(/), depends on the  energy according to 
N(1)  = No cxp [ -  l~/21~] with  l0 (cm) = 17E~. (E~,  GcV). 
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region, 3.5 MeV< [v/s - M I < 20 MeV; Fig. 4b) shows the angular distribution inside 
the resonance region, Iv/s--- M] ~< 3.5 MeV. 

The distribution of Fig. 4a) is well consistent with the expected Bhabha-scattering 
behaviour and that  of Fig. 4b) appears to be consistent with the 1 + cos 20 behaviour 
expected for a spin-one particle. We have evaluated by a maximum-likelihood proce- 
dure the relative amounts of Bhabha scattering and resonant contribution in these 
angular distributions. A distribution of the type 

:<B(O) + (I --~)R(O) 

has been used, where a is  a free parameter and B(0), R(0) are the Bhabha scattering and 
resonant contributions respectively as seen by the apparatus. Since the energy spread 
of the beams is quite large with respect to the natural  width of the resonance, inter- 
ference effects between resonant and nonrcsonant contributions should be very small 
and have been neglected. The relative amounts of Bhabha scattering outside and inside 
the resonance region as determined by the maximum-likelihood calculation are given 
in Table I. 

T A B L E  I .  

Energy interval ~: fraction of z~/d.f. 
(MeV) Bhabha scattering 

1) 3.5 < V/~-- 3103 < 20 n 97 +~176 8/13 . . . .  0.14 

- -  3.5 > ~/S--  3103 > - -  20 

- -  3.5~< v / s - - 3 1 0 3 ~  3.5 0 .59•  14/13 

2) - - 2 0  < v / s - - 3 1 0 3 <  20 0 .70~0 .06  

From the fraction ~ =  0.70-4-0.06 (Table I, 2)) the rate of Bhabha scattering in 
the experimental apparatus turns out to be (9.7 • 1.4)nb (dashed line in Fig. 3) 
in good agreement with prediction of the Monte Carlo calculation which gives 
(10.5 ~: 0.4) nb. 

The e+e--+ e+e- cross-sections integrated over the angular interval [cos 01~0.7 is 
shown in Fig. 5. The dashed line in Fig. 5 shows the energy dependence of the cross- 
section obtained by folding a Breit-Wigner cross-section modified for radiative correc- 
t ion effects (a) with the Gaussian beam energy distribution (*). The experimental vMue 
of the resonant total cross-section integrated over the energy interval - -3 .5  MeV < 
~ V / s - - - M ~ 4 . S M e V  after having applied radiative corrections (1.52 correction 
factor) turns out to be 

e+e- f e+e- ~ 1  = ~re, d s � 8 9  ~ n b ' M e V .  

A 1 § ~0 angular distribution has been assumed in order to evaluate the total  
cross-section. By using the following equation which relates the energy integral of the 

(a) M. GIcEOO, G. PANOIIERI-SRIVASTAVA arid Y. SRIVAST&VA: Phys. Left., 56 D, 367 (I975);  M. GREOO, 
G. P.~CCHERI-SRIVASTAVA a nd  Y. SRIVASTAVA: F ra sca t i  R e p o r t  LNF-75/23~P) (1975), to be publ ished;  
G. ALT&RELLI, 1:~. K .  ELLIS a nd  1%. PETRONZIO: Un ivc r s i t k  di R o m a ,  In~ernal  Repor t  No. 612 (1975L 
(*) At  Adone t he  energy  spread of tho  beams  a t  ~/s = 3.1 GcV is / ' ~  ~ 3 MeV (F.~V.H.M.). 
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Fig. 5 . -  Cross-section for c+e --> e+e -, integrated over the interval ]eos0] ~ 0.7, v s .  the total c.m. 
e n e r g y .  

cross-section a} +o- to the mass and decay widths of the resonance: 

,%- 2z2(2J-F 1) F~ 
a ,  - -  M ~ F ~ '  

taking J =  1 and M----3103 (*), we obtain 

~o  2 �9 
------- (0.344 • 0.093) keV.  
G 

The quoted error includes the systematic uncertainties in the detection efficiency and 
in the monitor calibration. 

Events  from the reaction e+e--+ ~+F- are requested to satisfy criteria a) to c), 
and in addition are identified by the absence of interactions in the thick-plate spark 
chambers C 3 and C~ {Fig. l) and by momentum measurement. A total  of 149 F+F- 
events have been used in the present work in the energy interval  V/~= (3095 --3108) MeV 
corresponding to an integrated luminosity s  39.5 nb -1. Cosmic-ray and hadron 
pair contaminations are completely negligible. 

The angular distribution of detected t~+~- pairs integrated over the energy interval  
v / ~ =  (3098--3108)MeV is shown in Fig. 6. Data  have been corrected for the detec- 
tion efficiency of the apparatus and appear to be consistent with a l + e o s ~ 0  

(*) An estimate of the uncertainty in the absolute energy calibration gives an error of • 6 MeV on 
the quoted J/~ mass. 
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angular distribution which is also shown in Fig. 6 as a dashed line (z~/degree of 
freedom ~ 1.0). The forward-backward asymmetry averaged over the energy interval  
~/~=(3098§ MeV turns out to be 

A - -  
F--B 

- -  0.03 • 0.09. 
F + B  

100 

~E 
e~ 
c 

T 5O 

"lJ 

0 I I 
-0.5 0 

cos 0 
0.5 

Fig.  6. - Angu la r  d i s t r i bu t ion  of iz+~ - pa i r s  i n t e g r a t e d  ove r  t h e  ene rgy  i n t e r v a l  ~/s = (3098 + 3108) MeV. 
D a t a  a re  cor rec ted  for  de tec t ion  efficiency. 0 is the  angle  be tween  the  ou t coming  ~+ an d  the  incoming  e +. 
The  dashed l ine  r ep resen t s  t he  1 + cos 2 0 a ngu l a r  d i s t r ibu t ion .  

The analysis of possible energy-dependent effccts on the asymmetry (4) is in progress. 
The e+e -~  ~+~- total cross-section is given in Fig. 7 as a function of the total 

e.m. energy %/Y. A 1 +  cos~0 angular distribution ha s  been assumed in order to 
evaluate the total cross-section (5.3% geometrical detection efficiency). The full line 
in Fig. 7 shows the expected QED level; the dashed line shows the energy behaviour 
of the cross-section obtained by folding a Breit-Wigner cross-section with radiative 
effects and the Gaussian beam energy distribution. 

The total  e+e -~  ~+~- integrated cross-section after radiative corrections (1.56 cor- 
rection factor) is found to be 

which gives 

aV =fa 2 = (9.0 ~= 1.3). 102 nb .MeV, 

~or~  = (0.379 + 0.049) keY. 
r~ 

(~) B. BARTOLI, D. BISELLO, B. ESPOSITO, F. FELICETTI, P. MO~ACELLI, ~I. NIGRO, L.  PAOLUZI, I .  PE- 
RUZZI, G. PIAI~O-MORTARI, M. PICCOLO, F. P~ONGA, S. SEBASTIANI, L.  TRABATTI ~nd F.  VANOLI: Frasca t i  
Repor t  LNF-74/64(P)  (1974); G. PENSO a nd  M. PICCOLO: F rasca t i  R e p o r t  LNF-75115(P) (1975). 
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Fig. 7 . -  Total cross-section for e + o - ~ + ~  - vs. the total e.m. energy. 
expected QED level. 
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The full line shows tile 

F o r  t h e  r~ t io  Fv.IF , w e  t h e r e f o r e  o b t a i n  

F v  = 1.10 • 0 . 1 8 .  

TABLE I I .  

F~/F~ = (0.34 • 0.09) keV 

I ' e F ~ / F r  = (0.38 ~= 0.05) keV 

F~/Fo = 1.10~= 0.1s 

/ ' e  = ( 4 . 6  -4- 1 .0 )  kcV 

F v = (5.0 • 1.0) keV 

1' H = (50 J: 25) keV 

Fr  = ( 6 0  -J_ 25) keV 
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The results on partial  decay widths are summarized in Table I I .  In order to derive 
(9.2~:L9)  nb.GeV has been used(l) .  This value of Fe, J~g., /"had . . . . .  the value a+ 

the e+e--~ J/~(3100) -> hadrons cross-section takes into account radiative corrections (3) 
(not applied in ref. (1)) and a more precise evaluation of multihadron detection 
efficiencies. Finaliy the results given in Table I I  have been obtained under the assump- 
tion F~,-- Fe+ F~-~ F H. 

We wish to thank the people who worked in the early stages of this experiment. 
We are also extremely gratefull to the Adone machine staff. 


