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The  cross-sect ions  for  e+e - a n n i h i l a t i o n  in to  h a d r o n s  a t  cen t re -of -mass  energies  
W ~  1 GeV are  e x p l a i n e d  a d e q u a t e l y  b y  t h e  vec to r  d o m i n a n c e  mode l  (VDM) v ia  t h e  
p r o d u c t i o n  a n d  decay  of p, co a n d  ~ mesons  (1). T h e  ex t ens ion  of these  m e a s u r e m e n t s  
to  h ighe r  energies  p robes  h ighe r  r e s o n a n t  s t a t e s  a n d  m a k e s  f u r t h e r  t e s t s  of t heo re t i ca l  
models  possible.  I n  t h i s  le t te r ,  new resu l t s  are r e p o r t e d  on  p ion  a n d  k a o n  pa i r  p roduc-  
t ion  in  e+e - a n n i h i l a t i o n s  in  t h e  ne rgy  r a n g e  W :  vfs ~ (1 .45--1 .52)  GeV. 

(*) Present address: Physics Department Stanford University, Stanford, California (U.S.A.). 
(**) Supported in part  by the U.S. Department of Energy. 
(1) See for example B. H. WIIK and G. WOLF: Springer Tracts in Modern Physics, Vol. 86 
(Berlin). 
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Measurements  of the  to t a l  cross-section for the  react ions  

(1) e+e - --* K+K - , 

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

in t he  c.m. energy in te rva l  W =  (1.45--1.52) GeV were made  at  Adone,  the  F rasca t i  
col l id ing-beam machine  wi th  the  M E A  magnet ic  detector .  The  in tegra ted  luminosi ty ,  

for these  measurements  was 30.7 nb -1. 
The  M E A  apparatus ,  descr ibed elsewhere (2), consists of a solenoid (radius 1 m, 

magne t i c  field 2 kG) wi th  the  axis perpendicular  to the  e+e - beam direction.  Cylindri-  
ca l ly-shaped wide-gap spark  chambers  wi th  th in  electrodes (0.15 radia t ion  lengths) 
were  used for m o m e n t u m  measu remen t  and a sys tem of scint i l la t ion counters  was used 
for t r igger ing and t ime-of-f l ight  measurements  (distance 1 m, a = 0.7 ns). Outs ide  
of the  coils a set of heavy-p la t e  narrow-gap spark  chambers  (ESC) in te r leaved  wi th  
lead and i ron plates  (8 rad ia t ion  lengths,  0.8 collision lengths) were ut i l ized for par t ic le  
ident if icat ion.  

The  ini t ia l  selection of coUinear events  was done in a v isual  scan in which a rough 
col l inear i ty  l imi t  of ~ 10 ~ was used. Bhabha  seat ter ings  (e+e - --~ e+e -) were ident i f ied 
by  requi r ing  an associated e.m. shower in the  ESC for a t  least  one track.  

Muon and hadron pair  candida tes  (e+e - --~ ~+~-, h+h -) were selected by  requi r ing  
t racks  to or iginate  f rom the  in te rac t ion  region and to have  an even t  t iming  re la t ive  to 
the  e+e - bunch  collision t ime  wi th in  2.5 ns. A loose l imi t  also was placed on the  par t ic le  
t ime  of fligths. These events  were  measured  and spat ia l ly  reconstructed.  I n fo rma t ion  
on each even t  including t rack  m o m e n t u m ,  posi t ion and t iming  were recorded.  Time-  
of-flight measurements  for 50~o of the  da t a  were ampl i tude  and posi t ion correc ted  (*). 

Muon pair  product ion  

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

was ident i f ied by  requir ing bo th  t racks  to have  m o m e n t a  < 1 GeV/c and to h a v e  t ra-  
versed the  ESC wi thou t  a visible in teract ion.  Ra the r  loose l imits  were requi red  to ident i fy  
th is  react ion.  

Af te r  cosmic-ray background  subtract ion,  a to t a l  of 195 ~ pair  events  was ident i f ied 
in the  d a t a  sample.  The  shape of the  dis t r ibut ion in t he  sca t ter ing  angle 0 was seen to 
fol low 1 -b cos ~ 0. These events  were  used to set the  geomet r ica l  acceptance of t he  ap- 
pa ra tus  and the  angular  and m o m e n t u m  selection cr i ter ia  for hadron pair  events .  The  
fidueial  vo lume  so selected resul ted  in A~2 = 0.17•  4~r (source length  a = -~ 11 cm) 
wi th in  which the  efficiency of ESC system was demos t rab ly  high. The  m o m e n t u m  
m e a s u r e m e n t  accuracy,  as deduced  f rom the  muon  t rack  m o m e n t u m  distr ibut ion,  was 
A p / p  = -b 0.07p (p in GeV/c). The  ~-pair sample also was used to de te rmine  the  effec- 
t ive  luminosi ty .  

Candidates  for processes (1) and (2) were ident i f ied by  requi r ing  two nonshower ing  
charged particles,  eoplanar  w i th  t he  beams to wi th in  IA~I < 4- 8 ~ and eoll inear to wi th in  
IA01 ~< 5 o. I t  was fur ther  requ i red  tha t  the  difference be tween  the  in tersect ion poin ts  
along the  beam line for the  two t racks  of each event ,  be less t han  6 mm.  

(s) W . W .  ASH, D. C. CHENG, B.  ESPOSITO, F.  FELICETTI, A. MARINI, H .  OGREN, I .  PERUZZI, M. PIC- 
COLO, F.  RONGA, G. SACERDOTI, L.  TRASATTI, G. T. ZORN, B. BARTOLI, B. CO~UZZI, A.NIGRO, V. SIL- 
VESTRINI, F .  VANOLI, D. BISELLOp A.  I~UTuACHII~, M. NIGRO, L.  PESCARA, l~. SANTANGELO, E.SCHIA- 
VUTA, D.  SCANNICCHIO, P .  MONACELLIp L.  PAOLUZI~ G. PIANO-MORTARI a n d  F.  SEBASTIANI-" N u c t .  
Instr. Moth., 148, 431 (1978). 
(*) Technical problems prevented this correc t ion  f r o m  be ing  applied to all the data. 
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Hadron pair candidates also were required to fulfill the following conditions: 

a) correct t ime of flight for pions and kaons to within 2a; 

b) for K - K  + candidates, proper particle range or visible nuclear interaction oc- 
curring in the ESC for both tracks; 

c) for ::+=- candidates at least one track associated with a nuclear interaction 
in the ESC system. 

Events  of reaction (1) also were accepted if one of the kaons decayed in the wide- 
gap chambers and the other satisfied criteria a) and b). One event of this type was ob- 
served and was included in our event sample. 

Muon pair and cosmic-ray contamination of the hadron-pair sample were drastically 
reduced by criteria b) and c). 

The contamination of e+e - events in hadronic pairs was evaluated from colllnear 
Bhabha events with one track exhibiting a clear shower behaviour in E SC system and the 
other track simulating a nuclear-interaction pattern. The probabili ty for an e+e - event 
to simulate a hadron pair was determined to be ~ 1.5.10 -4. This probability gives a 
background of 0.4 pion pairs and 0.7 kaon pairs. 

The contamination from multihadron events was calculated from a combined analysis 
of momentum and colllnearity distributions for two-track events. The corresponding 
background is 0.2 events each for pion and kaon pairs. 

For each event  selected for reactions (1), (2) and (3) the following quanti ty was 
calculated: 

L (pl) J L ~ J  

where Pl and P2 are the momenta of the tracks, a the associated errors and p~ the expected 
momentum. 

The observed Z~ distribution for events of reaction (3) is statistically consistent 
with that  expected for two degrees of freedom. K+K - and ~+~- events were selected 
by requiring a •K,= value less than 5. The numbers of events selected in this way were 
12 K+K - and 11 ~:+7:- events. 

The detection effieiencies for the apparatus both for triggering and event selection 
were estimated for these reactions by Monte Carlo simulations. These calculations took 
into account nuclear interactions and decays in the complex geometry of the detector. 

The cross-sections for hadron production have been calculated using the following 
relation: 

O'hh 

where :hrhh, h r ~  are the total number of hadron and muon pairs observed, %~ = 37.3 nb 
is the QED cross-section for muon pair production and e~h, ea~ are the corresponding 
overall efficiencies for detection. These efficiencies have been calculated and include 
detection efficiency from the Monte Carlo calculation and the corrections resulting from 
the Z 2 selection of events. 

The numbers of events observed along with their associated overall efficiencies are 
given in table I. The errors given for shh, e ~  are systematic errors due to uncertainties 
in the nuclear interaction lengths and in the determination of the geometrical acceptance. 
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F i g .  1. - T h e  k a o n  t i m e l i k e  e l e c t r o m a g n e t i c  f o r m  f a c t o r  [/?xJ z us.  t h e  e+c - c e n t r e - o f - m a s s  
e n e r g y  W ( G c V ) .  T h e  c u r v e  i s  t h e  p, ~ ,  ~ V M D  c a l c u l a t i o n  i n c l u d i n g  i n t e r f e r e n c e  ( ' ) .  R e f e r e n c e s  
a r e  g i v e n  f o r  o t h e r  e x p e r i m e n t a l  r e s u l t s "  �9 (s), a (~), �9 (7), v (8), o ( ' ) ,  �9 t h i s  e x p e r i m e n t .  
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F i g .  2 .  - T h e  p i o n  t i m c l i k e  e l e c t r o m a g n e t i c  f o r m  f a c t o r  JF~[ 2 vs .  t h e  e+e - c e n t r e - o f - m a s s  
e n e r g y  W ( G e V ) .  T h e  c u r v e  i s  t h e  p t a i l  a s  c a l c u l a t e d  b y  GOUN~LRIS a n d  S A m u r A I  (11). R e f e r e n c e s  
a r e  g i v e n  f o r  o t h e r  e x p e r i m e n t a l  r e s u l t s :  O (6), A (e), �9 (~), o (~0), �9 t h i s  e x p e r i m e n t .  
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TABLE I.  -- S u m m a r y  o] t~esults on ~, ~ and  K P a i r  Produc t ion  at  W--~ (1 .45--1 .52)  GeV 
for  .~  = 30.7 n b  -I. 

R e a c t i o n  No. of No.  of Overa l l  To ta l  I/~h] 2 
even t s  e v e n t s  efficiency cross- 
(observed)  ( b a c k g r o u n d  c sec t ion  

s u b t r a c t e d )  (nb) 

e+e - -+  y.+[.t- 230 195 0.17 -4- 0.01 37.3 - -  

e+e - --. r:+~- 11 10.4 0.07 -4- 0.015 4.8 ~ 1.4 0.54 ~ 0.16 

e+e - --* K+K - 12 11.1 0.10 -4- 0.02 3.6 ::[: 1.0 0.90 ::[: 0.26 

T h e  t ime l ike  e l ec t romagne t i c  fo rm fac tors  for  K,  = h a v e  been  ca lcu la ted  w i t h  t h e  
r e l a t i o n  

4 ~  O'hh ~, 
h = K , T : .  

T h e  re su l t s  on  cross-sect ions  a n d  fo rm fac to rs  are  g i v e n  in  t a b l e  I ;  t h e  va lues  o b t a i n e d  
for  k a o n  a n d  p ion  fo rm fac to rs  also are shown in  fig. 1 a n d  2, r e spec t ive ly ;  t h e  q u o t e d  
er rors  are  s t a t i s t i ca l  only. 

These  figures s u m m a r i z e  t h e  m e a s u r e m e n t s  p r e v i o u s l y  r e p o r t e d  (8-i0) on t h e  k a o n  
a n d  p ion  fo rm fac to rs  as a f u n c t i o n  of t he  e+e - cen t re -o f -mass  ene rgy  W b e t w e e n  1.1 
a n d  2.1 GeV. I n  fig. 1 t h e  c u r v e  shown  for IFKI ~ vs. W is b a s e d  on  a VMD ca lcu la t ion  
for  p, ~,  7 i nc lud ing  in t e r f e r ence  (9). T he  cu rve  in  fig. 2 cor responds  to  t h e  p t a i l  as 
ca l cu la t ed  b y  GOUNARIS a n d  SAXVnAI (11). 

Our  e x p e r i m e n t a l  resu l t s  s h o w n  in  fig. 1 a n d  2 are  seen to  lie above  t h e  ta i ls  of t h e  
we l l - es tab l i shed  vec to r  mesons  p, co, ~, b u t  in  good a g r e e m e n t  w i t h  p rev ious  m e a s u r e m e n t s  
m a d e  a t  h ighe r  a n d  lower energies.  These  resu l t s  t a k e n  t o g e t h e r  i nd i ca t e  a b r o a d  en- 
h a n c e m e n t  for  k a o n  a n d  p ion  fo rm fac tors  a b o v e  these  ta i ls  wh ich  is n o t a b l y  l ack ing  
in  a n y  s t r u c t u r e  t h a t  can  be  reso lved  w i t h  t he  p r e s e n t  m e a s u r e m e n t s .  
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