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The final state K +K n +n has been studied in Ty interactions using the ARGUS detector at the e÷e - storage ring DORIS II 
at DESY. Production of the vector meson pair K*°(892) I~*°(892) is observed for the first time. The cross sections for K + K - n  +n - ,  
K*°K-n  + +c.c. and K*°l( *° are all found to be of the order of  a few nb. In the Wry range accessible, a mean upper limit of  0.5 nb 
at 95% CL is derived for ~p0 production. 

Previous observations of vector meson pair pro- 
duction in yy reactions include pOpO [1], cop ° [2] 
and coco [3], and upper limits have been found for 
the cross sections for p+p-  [4], K*°I( *°, ~pO and ~ 
[ 5,6 ]. There are two main types of  models for vector 
meson pair production in Y7 reactions: qClqCt models 
[ 7] and a t-channel factorization model [8]. The 
qCtqdl models predict cross sections for K*°IZ *° of  
about one nb and for ¢pO of several nb, while the fac- 
torization model predicts a epO cross section of 
around 0.5 nb. In addition, a recent calculation of 
yy ~ K*°I( *° has been performed in the QCD frame 
[ 9 ], where a cross section of about 1 nb is predicted. 

This paper reports on a study of the final state 
K + K - n - - n -  produced in Y7 reactions. K*°I~ *° pro- 
duction is observed for the first time and its cross 
section has been measured. An upper limit for ¢pO 
production is also derived. The study was carried out 
using the ARGUS detector at the e+e - storage ring 
DORIS II at DESY. The data corresponds to an in- 
tegrated luminosity of 234.3 events/pb collected at 
beam energies between 4.7 and 5.3 GeV. 

ARGUS is a universal magnetic detector with cy- 
lindrical symmetry described in detail elsewhere 
[ 10]. Its most important features for the present 
study are good momentum resolution and charged- 
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particle identification. The momentum and ioniza- 
tion energy loss (dE/dx) of  a charged particle are ob- 
tained from the drift chamber [ 11 ] measurements, 
and the time of flight (TOF) is measured by an array 
of scintillation counters [ 12 ] surrounding the drift 
chamber. Each of these systems cover 94% of 4n. A 
charged particle is identified on the basis of  the dE/dx 
and TOF informations. Surrounding the drift cham- 
ber and TOF systems is an array of electromagnetic 
calorimeter modules [ 13 ] covering 96% of 4r~. The 
sensitivity for photons down to low energies and the 
high degree of hermeticity make the calorimeter a 
powerful tool for the rejection of events containing 
photons and charged particles with large deposited 
energy. 

In yy reactions the scattered leptons are at such 
small angles that they predominantly stay inside the 
beam pipe and thus never reach the detector. The 
candidates for the reaction yy-~K+K-rc+rc - were 
therefore selected by requiring four charged particles 
with net charge zero originating from a common 
event vertex. Each of the four particles was required 
to be separately identified as a kaon or a pion with 
a likelihood ratio larger than 5% [ 10]. One kaon had 
to be uniquely identified but the other three particles 
were allowed to have more than one acceptable iden- 
tity hypothesis. This strongly suppresses events with 
four pions and, together with the event cuts de- 
scribed below, enhances fully reconstructed events 
with two kaons due to strangeness conservation. No 
activity was allowed in the electromagnetic calorim- 
eter, except for the expected ionization by the four 
charged particles, and for a background consistent 
with calorimeter noise. A cut on the scalar momen- 
tum sum of the four particles, PSUm=~lPil ~<4.0 
GeV/c, was applied to enhance TY events relative to 
incompletely reconstructed annihilation events and 
x pair events. The square of the total transverse mo- 
mentum, p~t= [ZPT.i[, is shown in fig. 1 for the 
events remaining after these selection criteria, to- 
gether with a fit to the data points. This distribution 
exhibits the behaviour expected for exclusive yy 
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Fig. 1. (P~t)z distribution. The fit consists of  a term determined 
from Monte Carlo 77--,K+ K - n  + n -  events, plus a constant to 
describe the background. 

events, namely momen tum balance in the plane 
transverse to the beam axis. The ( p ~ t ) 2  spectrum 
was fitted to an expression derived from a Monte 
Carlo simulation o f Y T ~ K + K - n  + n -  events, plus a 
constant for the background, x pair events and in- 
completely reconstructed events have to good ap- 
proximation a fiat (p~?t)2 distribution for small 
(p~pt)2 .  The fit to the data is consistent with zero 
background level. For  the final selection, a require- 
ment that p~pt < 100 MeV/c was applied to assure that 
background is negligible. This results in a clean sam- 
ple o f  237 y T ~ K + K - n + n -  events. Only seven of  
these have two possible identification assignments. 
No K ° signal is visible in the n + n -  invariant mass 
distribution, even when assigning the pion mass to 
all particles, hence no events o f  the kind K ° K + n -  
are contained in the data. 

To determine the acceptance, 77 reactions were 
generated according to the exact QED expression for 
collisions o f  two transverse photons [ 14 ]. Isotropic 
phase space was used to simulate the final states 
K + K - n + n  - ,  K * ° K - n  +, K*°I( *° and 0p °. The 
K*°(I(*°) and ¢ were generated with Brei t-Wigner 
shaped mass distributions using standard parame- 
ters [ 15 ], and were decayed to K+Tr- ( K - ~  + ) and 
K + K  - ,  respectively. The Monte Carlo events were 
passed through a full detector [ 16 ] and trigger sim- 
ulation before being subjected to the same selection 
criteria as the data. 

The sensitivity, expressed as number  of  events per 
nb o f  the 77 cross section and per 100 MeV/c 2 o f  the 

nb 
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Fig. 2. Topological cross section for 73'--, K+K 7: +Tt- versus Wry. 
The error bars are statistical only. 

Wvv, was calculated for all final states investigated. 
They all turned out to have similar shapes and mag- 
nitudes: zero for Wvv below 1.6 GeV/c2; rising to a 
maximum of  about 3 events/(nb. 100 MeV/c 2) at 2.0 
GeV/c2; and with a slow fall-offwith increasing Wvv. 
The systematic uncertainty is estimated to be _+ 12% 
for the topological K + K - x  + x -  cross section. It con- 
sists o f  the following components:  Monte Carlo and 
detector simulation 10%; trigger simulation 5%; and 
luminosity measurement 5%. The other cross sec- 
tions have an additional systematical error of  15% 
due to the background subtractions needed for their 
derivation, leading to a total systematic uncertainty 
o f  + 20%. 

The topological cross section for 77 --" K + K -  n + n - 
is shown in fig. 2. It reaches a maximum of  about 12 
nb at 2.2 GeV/c 2, and is lower over the whole Wry 
range than the cross sections published by the 
TPC/Two-Gamma Collaboration [5] and by the 
TASSO Collaboration [ 6 ]. 

The invariant K + K  - mass distribution contains 
7 _+ 3 ~ mesons, out of  which five have a mass of  the 
associated ~ +~ pair below 1.2 GeV/c 2, consistent 
with coming from a p o meson. Thus at most five ¢~p ° 
events are observed. This leads to a mean upper limit 
for 7 3 , ~ p  ° o f  0.5 nb at 95% CL in the Wry range 
1.8-3.4 GeV/c 2. For the Wv7 range 1.8-2.2 GeV/c 2 
the limit is 1.0 nb. This agrees with the estimate from 
the t-channel factorization model [ 8], but puts se- 
vere constraints on the qclqdl models [7].  

To study the production o f  K *° and I(  *° mesons, 
events with a ~ candidate, that is with a K + K  - mass 
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Fig. 3. ( a )  Scat ter  plot  o f  the invar ian t  K + n  - mass  on the hori-  
zontal  axis and  the inva r i an t  K - n  + mass  on the ver t ica l  axis. (b)  
Inva r i an t  K + n  - mass  d is t r ibu t ion .  (c)  Inva r i an t  K + x  - mass  
d is t r ibut ion .  

below 1.03 GeV/c 2, were removed• To demons t ra te  
K *° and I~ *° product ion,  fig. 3a shows a scatter  plot  
with the invar iant  K + n  - and  K - ~  + masses along 
the hor izonta l  and  vert ical  axes, respectively. A clear 
clustering appears  in the K*°I~ *° region. The projec- 
t ions onto the K + n  - and  K - n  + axes are shown in 
figs. 3b and 3c, respectively. The number  o f  K *° and 
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Fig. 4. Inva r i an t  mass  of  the K s  sys tem recoi l ing agains t  a K *° 
or I~ *° meson.  The con t r ibu t ion  due to K*°K n + +c.c .  is shown 
as h i s tograms  for the methods  1 (dashed )  and  2 (do t t ed )  as de- 

scr ibed in the text. 

of  I~ *° mesons is found by fit t ing a signal plus a 
smooth  background function.  This signal was rep- 
resented by a Bre i t -Wigner  dis t r ibut ion,  centered at 
892.1 MeV/c 2 and with a width  o f  53 MeV/c 2 which 
inlcudes the detector  resolution. The  da ta  contain  
88 + 15 K *° and 86 + 15 I~ *° mesons,  respectively. A 
fit to the sum of  the spectra from figs. 3b and 3c yields 
a total  number  o f  K *° and I~ *° mesons o f  175 + 21. 

To establish the presence of  a yy  ~K*°I~  *° signal, 
one must  show that  the enhancement  in fig. 3a con- 
tains an excess over  the cont r ibut ion  due to 
7 y ~ K * ° K - T t  + +c.c .  This  was done by making pro-  
jec t ions  of  the scatter  plot  onto the K + n - ( K - ~  +) 
axis for different  intervals  in the K - n + ( K + ~  - )  
mass. For  each mass interval  the spectra  of  the two 
charge conjugate combina t ions  were added• By fit- 
ting each of  these spectra, the mass  d is t r ibut ion  o f  
the K~ pair  recoiling against  the K *° and I{ *° me- 
sons was ob ta ined  (fig. 4).  Note  that  K*°I~ *° events 
enter  twice while K * ° K - n  + +  c.c. events enter  once 
in fig. 4. 

Two methods  were used to es t imate  the shape o f  
the non-resonant  Kn mass  distr ibution• The first 
me thod  used like-sign Kn  combina t ions  in the data. 
The second method  used Monte  Carlo generated 
yy--,  K * ° K - n  -- events, To s imulate  the kinemat ics  of  
the data,  the Wvv dis t r ibut ion  was scaled to the ob- 
served number  of  K *° plus I~ *° mesons in bins of  200 
MeV/c 2, obta ined  f rom data  by fit t ing the sum of  the 
K + ~ -  and K - r t  ÷ mass spectra for each W~ bin. The 
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Fig. 5. Cross sections for the reactions (a) TT~K*°I~*°; (b) 
Ty--,K*°K-n + +c.c.; and (c) Ty--,K+K-n +n (non-resonant). 

number  o f  K*°I< *° events was de te rmined  by fi t t ing 
the d is t r ibut ion  in fig. 4 to l inear  combina t ions  o f  
K*°I{ *° and K * ° K - n + + c . c .  contr ibut ions.  The Z 2 
dis t r ibut ions  have p ronounced  min ima  for K*°I~ *° 
cont r ibut ions  o f  83.6 + 20.3 and 80.0 + 20.3 for the 
two methods,  respectively. Note  that  these numbers  
are twice the number  o f  K*°I~ *° events. The simul- 
taneously de te rmined  K * ° K - n +  + c.c. cont r ibu t ion  
from each o f  the two methods  is also shown in fig. 
4. The number  o f  K*°I~ *° events is der ived  from the 
mean o f  the value from the two methods,  assigning 

the difference between them to the systematic  un- 
certainty.  This  yields 40.9 + 10.2+ 1.0 events in the 
77 ~ K*°I~*° channel.  

To der ive the cross section for 7 7 ~ K * ° I ~  *°, the 
total  K + K - n  + n -  mass d is t r ibut ion  was plot ted  for 
events with the K + n -  and the K - n  + combina t ions  
both having a mass in the range 800-1000 M e W c  2. 
The background shape was represented by the 
K + K - n + n  - mass d is t r ibut ion  for events with the 
like-sign Kn combina t ions  fulfilling the same cuts. 
The par t  o f  this d is t r ibut ion  that  is due to K*°I( *° 
events was extracted by subtract ing the background,  
which was normal ized  to make the difference equal 
to the number  o f  K*°I( *° events. After  correcting for 
the sensit ivity,  B r ( K * ° - - , K + n - ) . B r ( I ~ * ° ~ K - n  +) 
and the mass cuts, the cross section for 7T--,K*°I~ *° 
is der ived  (fig. 5a).  It is considerably larger than the 
predic t ions  by both the qClqO models  [7] and  the 
Q C D  calculat ion [9].  

The cross section for 7T--' K*°K-  n + + c.c. ( fig. 5b) 
was der ived  by subtract ing the K*°I~ *° mass distri-  
but ion  from the previously ment ioned  Wry distr i-  
but ion  o f  the total  number  o f  observed K *° plus I~ *° 
mesons.  

The non-resonant  T T ~ K + K - n + n  events were 
extracted by subtract ing the sum of  the K*°I{ *° and 
K * ° K - n + + c . c .  mass dis t r ibut ions  from the total  
K + K - n  + n  - mass dis t r ibut ion.  Its cross section (fig. 
5c) is found to be about 2 nb in the Wry range 1.6-3.5 
GeV/c  2. Table 1 summarizes  the results. 

To conclude, the react ion T y ~ K + K - n + n  - has 
been studied, where the product ion  o f  K *° and I~ *° 
mesons was seen to be significant. The cross section 
for YT--" K *°I~*° has been measured  for the first t ime. 
It was found to be much larger than predicted by both 
the qdlq~l models  [7] and  the Q C D  approach [9].  

Table 1 
Event decomposition. Only statistical errors are given. Systematic errors of -+ 20% are not included, aBr is the mean cross section without 
correction for branching ratios. 

Final state Events Event fraction aBr 
(nb) 

K+K-n+n - 95.9+34.8 0.40+0.15 2.4_+0.9 
K*°K n + +c.c. 93.2+29.3 0.39_+0.13 2.0_+0.7 
K*°I~ *° 40.9 + 10.2 0.17 _+ 0.04 1.3 _+ 0.4 
~ + n -  7_+3 0.03+0.01 0.2_+0.1 

all 237 1.00 5.9 -4- 0.5 
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The  uppe r  l imi t  on  OpO p r o d u c t i o n  is cons ide rab ly  

lower  than  the  qdlq~l p r ed i c t i on  bu t  agrees wi th  the 

es t imates  f r o m  a t -channel  f ac to r i za t ion  m o d e l  [ 8 ]. 
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