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OBSERVATION OF A(1232) ÷÷ P R O D U C T I O N  IN e+e - A N N I H I L A T I O N S  A R O U N D  10 GeV 
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We report on the first observation of 4(1232) + + and A( 1232 ) + + baryons in e+e - annihilation at energies around 10 GeV, 
using the ARGUS detector at DORIS II The sum of the rates of A ++ and A ++ per hadromc event in the continuum is measured 
to be 0 040_+0 008_+0 006, and the rate in direct ~'(1S) decays is 0 124-+0 016_+0 015 The momentum spectrum ofz~ ++ bar- 
yons in direct Y(IS) decays has been measured 

Baryon  p r o d u c t i o n  has been  found  to be substan-  

tial in e+e  - ann ih i l a t i on  react ions ,  be ing  e n h a n c e d  

by a fac tor  o f  2 - 3  in the  th ree-g luon  decays  o f  the  T 

resonances  wi th  respect  to the  nearby  q u a r k - a n t i -  

qua rk  c o n t i n u u m  Th i s  effect  migh t  reflect  d i f fe ren t  

f r agmen ta t i on  m e c h a n i s m s  o f  th ree-g luon  versus  

q u a r k - a n t i q u a r k  had ron i za t i on ,  but  is in add i t i on  

caused by the  high c h a r m  p r o d u c t i o n  rates in cont in-  
uum [ 1,2 ] 

Unt i l  now, m e m b e r s  o f  all l somul t ip le t s  o f  bo th  oc- 

tet and decup le t  ba ryons  have  been  de tec ted  in e+e  - 

ann ih i l a t ion  f inal  states, wi th  the  excep t ion  o f  the  

A ( 1 2 3 2 )  [3] The  reason that  t h e A ( 1 2 3 2 )  has es- 

caped  de tec t ion  so far  lies in the fact  that  it is a b road  

resonance  close to the p~ threshold ,  and  has to com-  

pete  wi th  a backg round  which  rises s teeply f rom 

th resho ld  and peaks close to the  A mass  The  source  

o f  this low lnva r i an t  mass  backg round  is the abun-  

dance  o f  low and  m e d i u m  m o m e n t u m  p m n s  O n c e  a 

p ro ton  is Iden t i f ied  in an event ,  there  is a high prob-  

abi l i ty  o f  f ind ing  a slow plon  which  c o m b i n e s  wi th  

the p ro ton  to fo rm a sys tem wi th  an lnva r i an t  mass  
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near  th resho ld  A n o t h e r  possible  source o f  back- 

g round  comes  f rom higher  m o m e n t u m  plons  and 

kaons  mls lden t l f i ed  as p ro tons  The  con t r ibu t ion  

f rom these fake pro tons ,  however ,  Inf luences  ma in ly  

the  high mass  region above  the A (1232)  

A m o n g  the four  isospin par tners  the double  charged 

A + + offers the  best  chance  for  expe r imen ta l  obser-  

va t i on  In the decays  o f  s ingly-charged A + + baryons,  

neut ra l  p lons  are p roduced ,  so that  the large combi -  

na tor ia l  background  p reven t s  obse rva t ion  o f  any res- 

onan t  s t ruc ture  In A ° decays,  the cont ro l  o f  the back- 

g round  meets  increas ing di f f icul t ies  because  o f  

ref lec t ions  f rom neutra l  meson i c  resonances ,  such as 

9 °, In add i t ion ,  the decay o f  A°-~p~ - is suppressed 

due  to isospin s y m m e t r y  by a fac tor  o f  three wi th  re- 
spect  to the decay o f A  + +- ,pro + 

In our  analysis  we have  used a da ta  sample  wi th  an 

Integrated l uminos i ty  o f  30 6 p b -  ' on  the Y ( 1 S ) ,  and 

45 3 p b -  ~ in the  nearby  c o n t i n u u m  The  A R G U S  de- 

tector ,  its t r igger and par t ic le  iden t i f ica t ion  capabih-  

ties have  been  descr ibed  e lsewhere  [4] The  cr i ter ia  

for the se lect ion o f m u l t l h a d r o n  events  where  at least 

four  charged tracks per  even t  are required ,  and  a de- 

scr ip t ion  o f  the cut  used to reduce  the background  o f  

b e a m - g a s  and b e a m - w a l l  events  are given In ref  [3] 

Fo r  a charged track all mass  hypotheses  were ac- 

cep ted  for which the c o m b i n e d  l ike l ihood  raUo f rom 

dE/dx and Ume-of-fhght  measu remen t s  exceeded 1% 

[ 4 ] In o rde r  to r e m o v e  the c o n t a m i n a t i o n  f rom con- 

ve r t ed  pho tons  in rad ia t ive  Bhabha  events ,  we re- 

qu i red  that  the cos ine  o f  the open ing  angle be tween  

equal ly  charged tracks be smal le r  than  0 99 

To d e t e r m i n e  the A ++ rate in "F(1S) decays,  the 

c o n t i n u u m  was sub t rac ted  af ter  scaling the p~ lnvar-  

lant  mass  d i s t r ibu t ion  to the p roper  luminos i ty  The  
fo l lowing fo rmula  was appl ied  

Lon Sof~ 
Na,r =Non - N o r r - - - -  (1 + a )  

to i f  Son 

where  Non is the n u m b e r  o f  p ro ton  pIon invar ian t  
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mass comblna tmns  on resonance, Norr the number  of 
combinat ions m the cont inuum,  Lo. (L.ff) the inte- 
grated lummomty on (off)  resonance, So. (s.fr) the 
centre of mass energy squared on (off)  resonance, 
and a is a correction term which takes into account 
the influence of the vacuum polarization 

1 B ~  o'~- 1 / 
ot = 1 - 3 B ~  a~o 1 + 5~ ~ / 

/ 

Here Bo. is the branching ratio for the decay 

Y( 1S)-.IX+IX - ,  a~- the cross sectmn for the process 
e + e - ~ Y ( 1 S ) - ~ h a d r o n s ,  a n d ~ r ~  D the QED point  
like cross section for con t inuum tx parr productmn at 
the energy of the Y ( 1 S) yesonance The term J~ takes 
into account radmtive corrections [ 5,6 ] The pn+ in- 
variant mass spectra on the Y ( 1 S) resonance and in 
the con t inuum are shown In fig 1, together with the 
mass spectrum obtained after con t inuum subtrac- 
tion, the so-called Y ( 1 S) &rect spectrum 

In order to suppress the major combinatorial  back- 
ground peaking close to threshold, one has to remove 
the bulk of low m o m e n t u m  plons the A + + signal 
emerges, as seen m fig 2, when one apphes a low pmn 
momen tum cut where plons w~th m o m e n t u m  less 
than 300 MeV/c  were removed The effect of this cut 

is different in Y( IS )  and cont inuum events due to 
the different mult iphcmes,  average momenta ,  and 
event topologies on and off resonance The appear- 
ance of the peak caused by the removal of low mo- 
men tum pmns is not an artifact induced by the cut 
~tself, as was carefully checked with Monte Carlo 
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Fig 1 Invarlant mass ofpn + combmatmns from the r(1S) res- 
onance (crosses) and from the contmuum (histogram) Thelat- 
ter spectrum was scaled to the same lummomty and energy as the 
Y(IS) data The difference between the two spectra corresponds 
to the direct Y(1S) decays (circles) 
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Fig 2 Invarlant mass of p~+ combmatlons, (a) from &rect 

r ( 1 S) decays and (b) from continuum events A cut on the p:on 

momentum of p= I> 0 3 GeV/c is used In both figures the full hne 

represents a fit to the data using the sum of a smooth four param- 
eter curve and a relaUvlstlc Brelt-Wlgner function, whlle the dots 

represent the contrlbutlon from the background only 

events [6 ], and with experimental data using K+n  + 
invarlant  mass spectra, where we do not expect any 

resonant structure 
The fits to these mass distr ibutions were per- 

formed using a relativistic BreIt-Wlgner function su- 
perimposed onto a smooth background The results 
of the fits are shown in fig 2 The explicit form used 

for the Brel t-Wlgner function is 

rooF(m) 
R B W ( m ) =  (rag_m2)2 + [rooF(m)] z , 

where 

(m+mp)2-m~ 
F(m)=Fo(q/qo)3( mo/m)2 (mo +mp)2_m~ 

Fo and mo are the on-shell width and mass of the A 
resonance, q and qo are the momenta  of decaying par- 
tlcles evaluated at the resonance masses m and m o m  
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the A rest frame (see ref  [ 7 ] for a discussion)  Since 
the shapes o f  the Y(1S)  and the con t inuum spectra 
are not the same, we use different functions for back- 
ground pa ramet r l zahon  [8] The background form 
taken for the Y( 1 S) &rect  spectrum 1s 

Y(m)=alarctg(~3a2)(l-a4m), 
while for the con t inuum we use 

C(m)=o~lIl--exp(~a~2)l(1--oL4m) , 

where a ,  are free parameters  On the • (1S)  spect rum 
the mass, width and a m p h t u d e  of  the Bre l t -Wlgner  
function have been left free during fitting, as have the 
parameters  describing the background shape, while 
the width was fixed to 1 l0  M e V / c  2 on the contin-  
uum The fit results are presented in table 1 

In order  to examine  the stabil i ty of  the results, the 
fits were repeated while varying the cuts imposed  on 
the plon momen tum,  and the p r o t o n - p l o n  mvar lan t  
mass range used for fi t t ing The plon m o m e n t u m  cut 
was var ied  between 250 and 350 MeV/c ,  while the 
upper  value of  the lnvar lant  mass range was var ied  
between 1 5 and 1 7 G e V / c  2 After  correcting for the 
acceptance due to differ plon m o m e n t u m  cuts, the 
results remain  stable within errors 

The systematic  error  in t roduced by the back- 
ground and resonance parametr lza t tons  to be fi t ted 
was s tudied m the following ways First,  p r o t o n - p i o n  
lnvanan t  mass spectra from Lurid Monte  Carlo gen- 
erated mul t lhadron  events were used [6] ,  where all 
combinat ions  with proton and pmn both coming from 
A + + decay were excluded from the analysis To this 
background certain fractions y~ p f A  + + baryons,  gen- 
erated according to the RBW resonance shape, were 
added  and the fitting procedure  descr ibed above was 
apphed  The result was the fi t ted fraction ~o In this 

way one obtains  a correlat ion plot between Yl and Y0 
from which one deduces the degree of  mises t imat ion  
from the fit which, for the background pa rametnza -  
t ion used, is o f  the order  of  20%. This procedure  can 
be cross checked by constructing the background from 
real data, using k a o n - p l o n  m v a n a n t  masses, and re- 
placing the kaon mass by the proton mass The re- 
sults of  both methods  are consistent  with each other  
To study the systematic error  we v a n e d  the shape of  
the KTr m v a n a n t  mass spectra by applying different 
cuts on the pmn m o m e n t u m  The degree of  misesti- 
mat ion  o f  the A + + signal was rather  insensit ive to the 
changes o f  the background shape, and the systematic 
error  on the correct ion factor ~)1/70 lS est imated to be 
10% [8] 

From the fit results, the cross sections were ob- 
ta ined  using the formula 

1 1 t 
0"= ~ N n t - - - -  ,, 

Grit /']tot 

where a xs the lncluswe cross section, L the inte- 
grated luminosi ty,  Nf~t the number  o f  A's obta ined  
from the fit, ~ni the correct ion factor for the fit and 
~tot the total  efficiency To calculate the cross sec- 
tions, one needs to know the efficlencles of  the cuts 
apphed,  and the detection efficxencms for protons and 
plons The efficlencms were de te rmined  using the full 
de tec tor  s imulat ion program processing events gen- 
erated according to the Lurid Monte  Carlo program 
[6] The trigger efficiency was taken to be 100%, 
which was nearly true for mul t lhadron  events with at 
least four charged tracks 

The results are compi led  in table 2, along with a 
compar ison  with model  predic t ions  Our  data  fa- 
vours the so called popcorn model  over  the pure dl- 
quark model  [1,9] The ratio between the A ++ rate 
m Y(1S)  direct decays and the rate in the cont inuum 
is 3 1 _+ 0 8 Our  measurement  supports  observat ions  
from studies on other  baryons that  rates in direct 

Table 1 

Resul ts  o f  the fit wi th  the sum of  a smooth  background  (four  free pa rame te r s )  and  a re la t iv l suc  Bre l t -Wlgne r  funcuon  to the mo~ 

m v a r l a n t  mass  spec t rum on the "f ( 1 S) and  on the c o n t i n u u m  da ta  In the la t ter  case the wid th  of  the Bre l t -Wlgne r  funct ion was fixed to 
110 MeV To de te rmine  Nzx the relatlvxstac Bre l t -Wlgne r  funct ion was in tegra ted  m the region from the prt threshold  to 1 5 G e V / c  2 

Spectrum mp. mo(GeV/c 2) Fo(GeV/c 2) Na ~2/Ndf 

T(IS)a,~ 1 2 1 + 0 0 1  0095_+0011 9856_+1160 1 6 
cont inuum 1 2 2 + 0 0 1  0 11 1185_+ 225 1 3 
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Table 2 
Production cross section for the sum of A ÷+ and A +÷ on the "f(IS) resonance and on the continuum The rates per hadronlc event in 
the continuum and in the Y(IS) direct decays are compared to Lund model predictions [ 1 ] 

"f ( 1 S) Continuum ( 10 2 GeV) 

observation model observation model 

dlquark popcorn dlquark popcorn 

tr(nb) 1 100-+0 142__0 122 0 130_0 026_+0 020 
Reven t 0 124_+0016_+0015 0060 0 110 0040_+0008--+0006 0025 0032 

" f ( I S )  decays are e n h a n c e d  by a fac tor  o f  2 - 3  as 

c o m p a r e d  to the  c o n t i n u u m  [3,2] 
The  large A ++ rate  f r o m  " f ( I S )  d i rec t  decays  of- 

fers the  oppo r tun t t y  to d e t e r m i n e  the  A ++ m o m e n -  

t u m  d ts t r lbu t ton  The  m o m e n t u m  region f rom 0 to 2 

G e V / c  was d i v i d e d  in to  four  intervals ,  and  the pn+ 

m v a n a n t  mass  d i s t r ibu t ion  was p lo t t ed  for  each mo-  

m e n t u m  b m  T h e n  the  con t r ibu t ion  f rom the cont in-  

u u m  was sub t rac ted  and  the  r e m a i n i n g  spectra  were  

f i t ted  wtth  a sum of  a re la t iv is t ic  Bre t t -Wygner  and a 

s m o o t h  background ,  as descr ibed  above  The  ob-  

se rved  n u m b e r  o f A  + + was cor rec ted  for  acceptance ,  

which is flat for  m o m e n t a  larger than  0 8 G e V / c ,  and  

steeply decreases  for  m o m e n t a  be low 0 8 G e V / c  The  

average  accep tance  in the  first two m o m e n t u m  b m s  

therefore  depends  on the  shape o f  the  m o m e n t u m  

d t s t n b u t l o n  The  sys temat ic  er ror  on the acceptance  

was de t e rmined  by using different  assumpt ions  about  

the  m o m e n t u m  spec t rum in the region f rom 0 - 0  8 

G e V / c  [8] 
The  resul t lng/A + ÷ rate f r o m  ~f ( 1 S) d i rec t  decays  

for four  m o m e t i t u m  in terva ls  is shown m fig 3 Sta- 

t ist ical  and  sys temat ic  errors  are  added  in quadra -  

ture  The  spec t rum ~s c o m p a r e d  to the  L u n d  m o d e l  

p red ic t ion  which  is n o r m a h z e d  to the da ta  m the mo-  

m e n t u m  region f rom 0 to 2 G e V / c  [6 ] 
In summary ,  we have  obse rved  for the  first t i m e  

the p roduc t i on  o f  the  A (1232)  ÷ ÷ ba ryon  resonance  

in e ÷ e  - a n m h d a t l o n ,  as well  f rom Y ( I S )  d i rec t  de- 

cays (g luon f r a g m e n t a t i o n ) ,  as in the  n e l g h b o u r m g  

c o n t i n u u m  (qua rk  f r a g m e n t a t i o n )  We f ind a stzea- 

ble p roduc t i on  cross sect ion C o m p a r i n g  our  results 

wi th  m o d e l  predic t ions ,  the  ag reemen t  wi th  the  pop-  

corn  mode l  ts sattsfactory,  whi le  the pure  d lqua rk  

mode l  ~s d l s favoured .  T h e  e n h a n c e m e n t  o f A  + + rate 

in ] ( ' ( IS)  d i rec t  decays  c o m p a r e d  to the  c o n t i n u u m  

6 0 g -  

[~.] 
o 

? 
z zo 

+ 

, i , i , i , i , i 7 
0 0  I 

0 0  0 q 0 8  1 2  1 6  2 0  2 q 8 

p(~ ) [GeV] 

Fig 3 Momentum distribution of A ++ baryons in direct decays 
of the T( 1 S) resonance Statistical and systematic errors are added 
in quadrature The histogram is the prediction of the Lund model 
normalized to the data in the region below 2 GeV/c 

fits well in the pa t te rn  obse rved  with  the o the r  octe t  

and  decuple t  ba ryons  
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