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Abstract. In the analysis of the reaction e+e  
~ e  + e - K ~  ~ clear evidence for exclusive 7 7 ~ f ~  
resonance production is observed. The product 

F ~ . B ( f ~ - - * K K )  is measured to be 0 10 +0.04+0.03 
" - 0 . 0 3 - 0 . 0 2  

keV independent of an a priori assumption on the 
helicity structure. Our data are consistent with a pure 
helicity 2 contribution and we derive an upper limit 
for the ratio F~~ The absence of events in the 
mass region around 1.3 GeV clearly proves destruc- 
tive fz--a2 interference and allows to measure the 
relative phases between f z ,  a2 and f~. Upper limits 
on the production of the glueball candidate states 
fz(1720) and X(2230) as well as the K ~ K~ 
are given. 

In this letter we present an analysis of the reaction 
77 ~ K~ K~ Special emphasis is devoted to the possi- 
ble excitation of the tensor meson states f2(1270), 
a2(1320), f~(1525), f2(1720) (formerly 0(1690)) and  
X(2230) (formerly ~(2220)). This channel has pre- 
viously been analyzed by the TASSO Collaboration 
[,1, 2]. Preliminary results also have been reported 
from M A R K  II [-3] and CELLO [4]. The f~ radiative 
width has also been measured by the DELCO [-5] 
and TPC/Two Gamma [-6] Collaborations using the 
decay into charged kaons. Measurements of tensor 
meson radiative widths are important  to test the va- 
lidity of SU(3) symmetry and are often used to deter- 
mine the octet singlet mixing angle in the 2 + +nonet .  
Together with measurements of the helicity structure 
they can test explicit production models (see e.g. [-7]). 
A small two photon coupling of states copiously pro- 
duced in radiative J/ t )  decays favours their interpreta- 
tion as glueballs [-8]. 

The data were taken with the PLUTO detector 
at the e + e--s torage ring PETRA at an average beam 
energy of 17.43 GeV and correspond to an integrated 
luminosity of 45 p b -  .1 Details of the PLUTO detector 
have been given elsewhere [9]. For  this analysis we 
use track information from the central track detector 
and the two forward spectrometers. Electrons and 
photons are measured in the small angle tagger, the 
large angle tagger, the barrel and endcap calorimeters. 

Identifying the K ~ by their decay into ~+ To, we 
look for events with two positive and two negatively 
charged tracks to isolate the final state K ~ K ~ Events 
containing photons are rejected by demanding that 
no isolated shower with energy larger than 100 MeV 
is detected. Both untagged and tagged events are ac- 
cepted. At this stage the event sample is very much 
dominated by the reaction 77 ~ pO pO. 

We now proceed with two different analyses: The 

first is optimized to find Ks~ at large production 
angles and is achieved by the reconstruction of the 
K ~ decay vertices in the central detector. In the sec- 
ond analysis K~ with small production angles 
are selected. Here we take advantage of the PLUTO 
forward spectrometers and use a special procedure 
to avoid combinatorial background. This second path 
is essential for an experimental distinction between 
helicity 0 and 2 production mechanisms. 

For  the large angle Ks~ selection we search 
for secondary vertices using a slight modification of 
an algorithm previously employed in the analysis of 
the reaction e + e -  ~ e  + e-  K ~  +- ~-v- [10]. The algo- 
rithm searches for oppositely charged pairs of tracks 
in the central detector which intersect at a point with 
positive r ~o-raw decay length. This quantity is defined 
as the component  parallel to the track momentum 
sum of the distance between the track intersection 
point and the interaction point. The latter has been 
determined from Bhabha scattering for each run. All 
such candidates (up to 4 per event) are sorted in the 
order of decreasing raw decay length and fitted to 
the V ~ hypothesis taking into account the position 
of the secondary vertex and the momentum direction 
of the V ~ both in the r~0 and rz-projections. If a 
fit results in an r (p-decay length of more than 2 mm 
at a Z z of less than 12 for 3 degrees of freedom, the 
candidate is accepted as V ~ Further candidates which 
contain one of the tracks of the accepted V ~ are re- 
jected. The invariant mass and the momentum of the 
V ~ are calculated from the sum of the two track mo- 
menta evaluated at the secondary vertex assuming 
pion masses. The rr + ~--mass resolution obtained 
with this procedure is 20 MeV at the K~ (see 
[,103). 

507 events are found with two accepted V~ most 
still being background. Events containing converted 
photons are recognized by a (fitted) r~0-decay length 
consistent with the beam pipe radius or larger and 
an invariant e + e--mass of less than 250 MeV. If all 
four tracks are consistent within 3 standard devia- 
tions with originating from the interaction point in 
r~0 and a common point in z, the event is also rejected. 
We further demand that both decay lengths in units 
of their standard deviations are at least 1, and the 
sum of the squares of these quantities is larger than 
10. Finally only V~ are accepted, which travelled 
at least 15% of the mean decay length of a K ~ with 
the measured momentum. 

To select exclusive events we demand that the 
square of the total transverse momentum is lower 
than 0.08 GeV. z 19 events survive all these cuts, of 
which 10 are clearly o o Ks Ks events, defined by a signal 
region of radius 50 MeV in the rc + re--mass scatter 
plot of the two V~ From the surrounding 



331 

a) 

i .i PLuTo 
Icos 0~ol < 0.8 

- ~iil::l h i s L o g r a m :  f' MC wiL 
.: ~a} -:i!]i!] F ~  = 0 .10  keY o r  

F .  = 0 .17  keV _ :::::: ~0} 

b} 
Icos "OKOl > 0.8 

points: data 
h i s t o g r a m :  f' MC wi t  
F ~  / = 0 .17  keV 
l ine :  n o n  K~ ~ 

b a c k g r o u n d  

i .0  1 . 5  2 . 0  2 . 5  @.0 

m ( K~ ~ cev 

Fig. 1. a Invariant K~176 spectrum for events with [cos0*[ 
<0.8. The shaded histogram represents the Monte Carlo expecta- 
tion for exclusive f~ production with F~(f~). B(f~ -~ K/0 = 0.10 keV 
via helicity 2. The same spectrum is obtained for helicity 0 and 
F~y(f~).B(f~KK)=O.17 keY. b Invariant K~176 spectrum 
for events with [cos 0~[ >0.8. The solid line is the background esti- 
mate due to non-K ~ Ks ~ events. The shaded area denotes the expec- 
tation for f~ resonance production, if the central detector signal 
is assumed to originate from helicity 0 only 

region the b a c k g r o u n d  is calculated as 1.2_+0.6 
events. The invariant  o o Ks Ks mass spectrum of the 
10 candidates  is shown in Fig. l a. There is one 
(tagged) event near the o o Ks Ks threshold;  all o ther  
events have masses a round  1.5 GeV and are taken 
to come f rom exclusive f~ resonance product ion.  

We  now describe the second analysis path  which 
aims at the identification of  events with small f ;  decay 
angles. The transverse m o m e n t u m  of  such K ~ being 
small, a secondary  vertex reconst ruct ion in the r cp- 
plane is not  possible. Ins tead we select events with 
exactly 4 charged tracks which are compat ib le  with 
originat ing f rom the interact ion point.  Especially im- 
por t an t  for this analysis are events with one or  more  
tracks reconstructed in the forward spectrometers.  
Wi thou t  secondary  vertex reconstruct ion there are 
two possibilities to combine  two positive and two 
negative tracks into two neutral  pairs. In  the follow- 
ing, however,  only one combina t ion  is used, namely 
that  which results in a smaller angle between each 
~+ n - - p a i r  m o m e n t u m  sum and the 77 axis in the 
~+ n+zc zc -c.m.s. In  untagged events the 77-axis is 
approx imated  by the e + e--axis .  

Mon te  Carlo  studies (see below) show that  this 
a lgor i thm is able to find the correct  combina t ion  for 
events which really have small f~ decay angles, pro-  
d u c i n g a c l e a r  o o Ks Ks signal in the ~c + ~ - - m a s s  scatter 
plot  obta ined with the selected paired tracks. The 
Monte  Carlo  s tudy also proves that  for these candi- 
dates the decay angle is well reconstructed with a 
s tandard  deviat ion o-(]cos 0"1)~0.01. Again  we define 
a signal region of radius 50 MeV and consider all 
events in this region and with a reconstructed 
Icos0*] >0 .8  as forward K~ candidates. The ap- 
plication of  this procedure  to the data  however  results 
in no significant signal in the K ~ K ~ region. Selecting 
exclusive events by restricting the square of  the total 
transverse m o m e n t u m  to values below 0.04 GeV 2, we 
obtain  11 events in the signal region. The sur rounding  
region gives 12.5 expected background  events. The 
invariant  o o Ks K s mass spectrum of the forward 
K~ is shown in Fig. 1 b a long with an est imation 
of  the background  spectrum. Observing no evidence 
for forward K~ we use this result to derive upper  
limits for the p roduc t ion  of  tensor mesons via helicity 
0 amplitudes.  

In  the following we analyse the untagged K s o Ks o 
mass spectra obta ined by the two selections in order  
to extract informat ion about  resonance parameters  
of  the tensor  meson states f2 (1270), a 2 (1320), f~ (1525), 
fz(1720) and X(2230). The two p h o t o n  coupl ing to 
j e c = 2 +  + states can be described by 5 independent  
form factors [11]. Adop t ing  the form factor definition 
given by Poppe  [7], only two of  them, FTTo(Q 2, Q2) 
and FTT~(Q 2, Q2), describing the coupl ing of  two 
transversely polarized pho tons  to helicity 0 and 2, 
contr ibute  to the radiative wid th* :  

1 1 
- -  V~r  2 (0, O) + - -  W ~- r?T  ~ (0, O) F ~ ( W ) -  80~.  m 120~. m 

F(v~ F(o)(w ~ ~ - - ,  (1) 

where m denotes  the mass of the tensor  meson.  In  
the following the symbol  F~ refers to the energy inde- 
pendent  nominal  radiative width of  (1) evaluated at 
the resonance mass W =  m. The cor responding  helicity 
ampli tudes have the form 

(W + Q I + Q 2 )  - 4 Q 1 Q 2 ;  

w 
M+ _ = FTT ~(Q2, Q2). (2) 

* We treat the form factors Fq as functions of Q~ and Q22 only 
(see e.g. [7, 11]). However, similarly to hadronic decay form factors, 
at least FTTo must exhibit some W dependence, since otherwise the 
elastic 77-cross section via a tensor meson in the helicity 0 state 
would violate unitarity. In the absence of a "standard" prescription 
and because of the insensitivity of our results to the exact parame- 
trisation we neglect this dependence 
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The other three helicity amplitudes involve longitudi- 
nal photons and vanish for Q2 _+ 0 ;  they are neglected 
for the untagged e v e n t s  ( ( Q 2 )  ~0.008 GeV 2 assuming 
a p-pole-like Q2 dependence of the form factors). The 
cross section for tensor meson production and subse- 
quent decay into K K  can thus be written as 

40re 
a,e~K~(W) = ~ 5 - "  (IAo[ 2 + IAz[ 2) (3) 

with 

Ao=BW(W).(~)2.(F(~ 

A 2 = B W(W). (F (2). B (K/()) �89 (4) 

being the helicity 0 and 2 amplitudes respectively. 
BW(W)  denotes the relativistic Breit Wigner ampli- 

tude BW(W)  = m ~ ] / / F ~ / ( W  2 - -  m 2 + im F(W)) with an 
energy dependent width 

F( W) = F(m) . (k* ( W)/k* (m) ) s . (m/ W) . f z ( W) / f  2 (m). 

The energy variation of the decay form factor is as- 
sumed* to be f2(W)oc(9+3(k*r)2+(k*r)4)-I  [12], 
where k* denotes the Ks ~ momentum in the c.m.s. 
of the decaying resonance and the effective interaction 
radius r is taken to be 1 fm. For the analysis of differ- 
ent resonances and interference effects Monte Carlo 
events have been generated with a flat Ks ~ angular 
distribution in the y? c.m.s, and a fixed ?y-cross sec- 

MC for invariant masses from KK'-threshold to tion a~  
3 GeV. For the photon flux we use the exact formulae 
given by Budnev et al. [13]. The events are passed 
through a detailed detector simulation program 
which includes a simulation of the K ~ decay after 
a finite path length in the detector and also the energy 
loss and multiple scattering in the detector material. 
Event reconstruction and selection then proceed as 
for real data, starting from simulated wire hits and 
deposited energies in the shower counters. Resonance 
parameters (denoted as xi) such as radiative widths, 
helicity ratios and relative phases between several res- 
onances now are determined by weighting the MC- 
events with a factor R . . . . . . .  ave t vv, cos0 . . . . .  xi)/ar ~c such 
that optimal agreement between the experimental 
spactra and the corresponding weighted Monte Carlo 
expectation is obtained. 

The only visible structure in the experimental 
mass distribution is around 1.55 GeV and is well de- 
scribed by exclusive f~(1525)-production. We take f~ 
candidate events (1.35 G e V < m K e < l . 7  GeV) with 
* The validity of this ansatz from nonrelativistic potential theory 
in this reaction is questionable. However, it describes the desired 
damping of the amplitude at high W. At the present level of accuracy 
the numerical results are insensitive to the exact form of the para- 
metrisation 

"~.. a' p orations: - 

3 !i ' 

0 
0.0 0.2 0.4 0.6 0.8 1.0 

Icos "0*(K~ 

Fig. 2. f~ decay angle distribution in the f~-c.m.s. The information 
in the region below and above Icos0*l=0.8 is obtained by two 
different selections (see text). The solid curve denotes the MC expec- 
tation for helicity 2, the shaded area for helicity 0. Both expectations 
are normalized such that they fit the central angular  region 

Icos0*l<0.8 from the central detector selection and 
Icos0*l>0.8 from the forward Ks ~ pair selection to 
obtain the decay angular distribution shown in Fig. 2 
(in fact there is one forward candidate event, where 
we expect a background of 2.5 events). As indicated 
by the curves, one respectively needs a radiative f~ 
width of 0.17___0.05 keV or 0.10+_0.03 keV to fit the 
central detector distribution if pure helicity 0 or pure 
helicity 2 production is assumed. A distinction be- 
tween the two possibilities in only the central region 
is not possible, since both distributions differ mainly 
in normalisation and only little in shape. Measure- 
ments reported up to now [1, 3, 5] have needed to 
rely on theoretical arguments [14] and experimental 
results on f2 and a2 production, that the helicity 2 
amplitude dominates at small Q2 and neglect any hell- 
city 0 contribution. The present forward K~ mea- 
surement constitutes the first experimental evidence 
for helicity 2 dominance in 77 ~ f ~  production. 

A fit to the angular distribution (explicitly taking 
into account signal and background contribution in 
the forward region) leads to the negative value 

F(O)~ r'~ B(f~ ~ K / ( ) =  -0 .03 +0.03 keV. (5) 7 ~,J 2! " 

Restricting the result to the physical region, we obtain 
a Poisson upper limit for the helicity 0 radiative 
width: 

'7(o ) [ fq ~j2j.B(f~--~KI~)<0.10 keV at 95% c.1. (6) 

and for the relative helicity 0 contribution: 

(0) , 1~ (f~)/F~(f~)<0.60 at 95% c.1. (7) 



The result for the total fd width is 

r , ,  (fd). B(fd -~ KK) 

+ 0  04 
=0.10_0:03(stat .  ) _+0"032(syst" ) .  keY. (8) 

This does not depend on any a priori assumptions 
on the helicity structure. The systematic error is esti- 
mated from uncertainties in luminosity measurement 
(3%), trigger efficiency (10%), reconstruction effi- 
ciency (e.g. hadronic interactions in the beam pipe) 
(10%), background subtraction (5%) as well as the 
effect of changing kinematic cuts (10%). Also included 
is a possible contribution resulting from the small 
helicity 0 component not excluded by our procedure 
described above. In what follows we show that inter- 
ference with f2, a2 and f2(1720) may alter F~(f~) con- 
siderably. The value given in Eq. 8 remains the most 
probable value, but the systematic error has to be 

increased to + 0.05 keV if one allows arbitrary phases 
- 0.04 

and a non-negligible f2(1720) radiative width. The re- 
sult is in good agreement with previous experiments 
[1, 3-6] and justifies their assumption of helicity 2 
dominance. 

Although the fd is the only structure seen in the 
data, we are able to make quantitative statements 
also about  f2 and a 2 production. Taking measured 
77 partial widths and KK7 branching ratios from the 
Particle Data Group [15] we would expect to see 
3.7f2 and 2.4a2 events (dashed line in Fig. 3) in the 

6 

5 

4 

3 f"~ i \ 
2 / "". ,"" 

! ,.-._~" /// "i 

1.0 

PLUTO 
f2-a2-fz '  fiL resu lLs :  
~(~) ~(f~') G(f~') 

/ "2340 2330 0.13 keV 
................... 1800 0 ~ 0.09 keV 
............. 0 ~ 0 ~ 0.05 keY 
.......... i n c o h e r e n [  0.08 keV 

i 

1.5 

C_~___t .......... 
2.0 

m ( K ~  ~ 

2.5 
GeV 

Fig. 3. Invariant K ~ 1 7 6  spectrum for no-tag events with 
[cos0*[<0.8. The best fit to the spectrum (see text) is indicated 
by the solid line. The dotted line represents the expectation for 
destructive f2-a2 and constructive f2-f~ interference and also 
gives a good fit. Constructive interference (dash-dotted line) and 
incoherent addition (dashed line) describe the data much worse 
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Fig. 4. Likelihood contours in the %2 40z, 2 plane from interference 

fit. Also given are best fit values for F~(f~). B(f;--+ KF~) [keV] at 
some points 

case of incoherent superposition. Coherent addition 
of f2, a2 and f~ amplitudes with a suitable choice 
of phases, however, results in much better agreement 
with the data. Defining the amplitude as 

A = A s + exp (i (P,2)" A,2 + exp (i qOs; ) �9 Asi (9) 

we have fitted the central angular region mass spec- 
trum between 1.1 GeV and 1.7 GeV using a maximum 
likelihood procedure and assuming Poisson statistics. 
The coupling strengths F~7.B(/( ) for the f2 and a 2 
are allowed to vary in the fit, contributing to the likeli- 
hood function as additional measurements with mean 
values and Gaussian errors taken from [-153. The ra- 
diative f~ width is treated as a free parameter. In 
this fit we assume pure helicity 2 coupling for all three 
resonances. The best fit is obtained for: 

o 
~0,= ( __234 + 33~(stat ._)+ 20(syst).) 

(PJ'i = (  233+74"- 50 tstat.) § 20 (syst.)) ~ 

(10) 

Figure 4 shows the fit probability contours in the 
q),2-q~G parameter space. Also given are the results 
for F~(f~) at several points, which vary considerably 
even in the area of good fits (0.07-0.15 keV at the 
1 rr contour). The systematic errors include contribu- 
tions from a possible small mass calibration error not 
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described by the Monte Carlo simulation, a change 
of the total resonance widths within their experimen- 
tal errors [15] and the different possible parametrisa- 
tions of their energy dependence. Assuming the same 
phases for all (2 + + I K/~)  couplings, Lipkin [16] has 
shown that in contrast to the K + K -  final state the 
a 2 ~ K ~  ~ amplitude receives an extra minus sign 
from isospin. This destructive interference (~0yi=0 
(= 360~ (Pa2 = 180~ is indicated by the dotted curve 
in Fig. 3 and results in a reasonably good fit. Con- 
structive interference between f2 and a 2 (dash-dotted 
curve) and incoherent superposition can clearly be 
ruled out. 

Besides the f~ events we observe no evidence for 
nonresonant o o Ks Ks production. From this an upper 
limit of the 77 cross section assuming helicity 2 domi- 
nance is derived: 

o ( 7 7 ~ K ~ 1 7 6  nb at 95% c.1. 

for 1.7 GeV< W<3  GeV. (11) 

This limit still is well above the QCD prediction of 
Brodsky and Lepage [17]. 

We now derive an upper limit for the 77 coupling 
of the glueball candidate state f2(1720) (formerly 
0(1690)). As in the case of the f~, previous measure- 
ments were only able to measure large angle K~-pair 
production. Hence the limits quoted are valid only 
for helicity 2 couplings and have to be multiplied 
by roughly a factor 2 if one also allows helicity 0 
couplings [2]. The mass and width of the f2(1720) 
are taken from [18] to be 1.716 GeV and 0.134 GeV 
respectively. Combining central and forward event se- 
lection in the mass range from 1.55 to 1.9 GeV results 
in the relation: 

F~(2) (f2 (1720)) F~(~~ (f2 (1720)) 
F 

0.07 0.09 

< 1.0 keV/B(f2(1720)~ KK) at 95% c.1. (12) 

including 20% systematic error in the acceptance cal- 
culation. From this one gets 

F~r (/z (1720)). B (/2 (1720) ~ K/s 

<0.07 keV at 95% c.1. (for helicity 2) (13) 

o r  

F~ (f2 (1720)). B(f2 (1720)~ K/s 

<0.09 keV at 95% c.1. (for any helicity). (14) 

If one allows for coherent f~-f2(1720) superposition, 
a suitable choice of the relative phase can reduce the 
cross section in the f2(1720) region. A conservative 
estimate derived from a fit with unrestricted F~(f~) 
and phase results in 

F~.B(O~KK)<0.20 keV at 95% c.1. 

(allowing f~ - f 2  (1720) interference). (15) 

In contrast to the well established f2(1720) the 
existence of the X(2230) (formerly 4(2220)) is still a 
subject of controversial discussion [18, 19]. Neverthe- 
less we also derive an upper limit for the coupling 
of this hypothetical state with m--2.231 GeV, 
F=0.022 GeV and J = 2  [18] to two photons. Since 
the mass is well above all other J = 2 resonances, in- 
terference effects can be neglected. From the non-ob- 
servation of any candidate in neither the central nor 
the forward selection we calculate an upper limit of 

F~2)(X (2230)) ~ F~(~ (X (2230)) 

0.06 0.07 

< 1 keV/B(X(2230) --, KK) at 95% c.1. (16) 

which leads to 

F~ (X (2230)). B (X (2230) --, K/s 

<0.07 keV at 95% c.1. (for any helicity). (17) 

Whether a particle state is primarily built of con- 
stituent quarks or gluons can be described by the 
quantity stickiness S introduced by Chanowitz [8]. 
This is defined as the ratio of F(J/~p~q/X) to 
F (yT~X)  with phase space factors removed. From 
our results presented above and additional numbers 
taken from [15] we get (with SI~ normalised to 1): 

S f2 : S f ,  : S f2(1720): 5x(2230) 

= 1 : 13: > 28(95% c.1.): > 9(95% c.1.). (18) 

The value for the f2(1720) has been calculated using 
(14). The differences between these numbers still are 
much smaller than the those of the pseudoscalar sec- 
tor [20], where the t/(1440) (formerly z(1440)) has a 
stickiness more than 13 times higher than the second 
highest (7'). Given that the f~ is nearly pure s g one 
expects no larger stickiness for any other q ~ combina- 
tion. However, an interpretation of the f2(1720) as 
radial excitation or qc]g hybrid state still cannot be 
ruled out [21]. 

In summary we have analysed the reaction 77 
K ~ K ~ over the entire range of K ~ production an- 

gles. At large production angles we observe f~ produc- 
tion and destructive f 2 -  a2 interference. The product 
FrT(f~). B(f~ --+ KK2) is measured to be 

+ 0  04 
0.10_ 0103(stat.) + 0 0 3 ,  , -0102 tsyst.) keV independent of the- 

oretical input on the helicity structure. A fit to the 
angular distribution results in F~~ -0 .03 _+ 0.03 
keV, thus confirming the dominance of the helicity 
2 amplitude. The phases of the a2 and f~ relative to 



t h e f z a r e m e a s u r e d  to be 

[234 + 3 2  " 20(syst .))  ~ (Pa2 = ~ - 3 6 (stat.) ___ 

a n d  

o 

~0y2,-(- 233 - 5 0  + 74(s ta t  - ) + 20 (syst .)), 

in  r o u g h  a g r e e m e n t  wi th  the  q u a r k  m o d e l  p r e d i c t i o n  
of  180 ~ a n d  360 ~ respect ively.  W e  o b s e rv e  n o  ev idence  
for the  p r o d u c t i o n  of  the  g lueba l l  c a n d i d a t e  s ta tes  
f2(1720) a n d  X(2230)  a n d  u n d e r  r e a s o n a b l e  as- 
s u m p t i o n s  o b t a i n  the  u p p e r  l imi ts  

F~,(f2(1720)).B(f2(1720)--+KK)<O.09 keV at  
9 5 %  c.1. a n d  F ~ ( X ( 2 2 3 0 ) ) . B ( X ( 2 2 3 0 ) - - - , K K ) < 0 . 0 7  
keV  at  9 5 %  c.l., b o t h  va l id  for a n y  helicity.  H o w e v e r ,  
if we a l low a r b i t r a r y  phases  b e t w e e n  all  s ta tes  in-  
vo lved ,  the  u p p e r  l imi t  for the  f2(1720) m u s t  be  in-  
c reased  to 0.20 keV a n d  the  sys t ema t i c  e r ro r  o n  the  

+ 0 . 0 5 ,  , 
f~ r ad ia t ive  w id t h  to _ 0.04 Key.  Th e  a b s e n c e  of  a n y  

even t s  a p a r t  f rom the  f~ c a n d i d a t e s  leads  to a(7 7 
~ K ~ 1 7 6  n b  at  9 5 %  c.1. in  the  W-range  b e t w e e n  
1.7 a n d  3 G e V  a s s u m i n g  hel ic i ty  2 d o m i n a n c e .  
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