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Abstract 

A mass independent amplitude analysis of the 1{1? and 7r+r- 
systems (M < 2 GeV/c”) produced in J/G radiative deca,y is pre- 
sented. For the first time, a large spin zero component in the 0( 1720) 
mass region is observed, with all data samples analyzed. A small 
amount of spin two component in this mass region for the li-1; data 
samples is not ruled out with the present statistics. This study re- 
veals, also for the first time, the production of the .fa(1400) in the 
7r+7rr- channel, and refines previous measurements of the .fz( 1270) and 

.f&525). 
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1. Introduction 

In a preliminary amplitude analysis of the MARK III data on the decays 
J/G -+ YIWL JN + yli’+I(-, the observation of a dominant spin zero compo- 
nent in the 8(1720) [l] mass region of the li’li’ system was reported [2,3] ; consistent 
results were obtained for the individual decay modes. The analysis has since been 
extended to the combined data of these two modes, and an a.nalysis of the data 
from the decay J/T) --+ yr+r- has also been performed. In this report, the results 
of these analyses are presented, with emphasis on the parameters of the resonances 
observed in the Ii’l?, 7r7r systems. 

2. The Data Samples 

The data were acquired with the MARK III detector a.t the SPEAR storage 
ring at SLAC, and correspond to 5.8 x lO”J/$ events. The procedures followed 
in defining the event samples are similar to those applied in previous MARK III 
analyses [4-61. Th e 7r~ invariant mass spectrum for the selected J/t) + -pr+r- 
sample is shown as the histogram in Fig. 1; peaks in the mass regions of the fz(l270) 
and 19(1720) are visible, as is a shoulder on the high mass side of the peak at the 
fz(1270). The peak at the ~(770) and a slowly-varying continuum over the whole 
mass spectrum are also evident; these contributions result from J/y5 t T’T’T- 
background events, for which one photon from n ’ decay ha,s very low momentum in 
the Lab frame and thus is often undetected. These background events are simulated 
using a matrix element determined in a separate study [7] of t,he selected J/G --+ 
x0,+,- data sample. The simulation yields the data points in Fig. 1; the peak at 
the p( 770) is successfully reproduced, and a slowly-varying continuum contribution 
is also obtained. 

3. Amplitude Results 

The amplitude analysis procedure, and tests thereof, .are described in detail 
in Refs. 2 and 3. The resulting distributions of the amplitude intensities for the 
combined lc”ko and li+K- data, and for the background-subtracted 7rr data, are 
plotted as the data points in Fig. 2; here ~~~~~ denotes the amplitude describing 
the sequential decay J/G --+ 7.X,X’ t ICE or 7r7r with the spin and helicity of X 
given by Jx and Xx, respectively. The relative phase angles of the amplitudes are 
also measured; however, the results are not discussed here, since their uncertainties 
are very large due to the statistical limitations of the da,ta sa.mples. In the mass 
region analyzed, only amplitudes corresponding to spin 0 and spin 2 are required in 
the analysis. 
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Fig. 1. The n+r- invariant mass distribution for the selected J/G t 
yr+7r- sample (histogram), a.nd for the simulated ba.ckground 
events from the decay J/y5 + TO,-,+ (data points). The ICI? 
mass spectra for the selected J/t) t yK’+li’- and J/G -+ 
yK,K, samples are shown in Refs. 2 and 3. 

4. Resonance Parameters and Branching Fractions 

The solid curves in Fig. 2 correspond to fits of coherent superpositions of 
individual Breit-Wigner resonances (broken curves) to the data points of each in- 
tensity distribution. Contributions due to the resonances fz(l270) and f;(1525), 
and to resonances in the fo( 1400) and 8(1720) ma,ss regions, are included. The 
mass and width of the fi(l270) and fi(1525) are fixed at the values quoted in the 
Particle Data Book [9], while those of the S wave resonances are to be determined; 
the fits yield M = 1440 f 20 MeV/c 2, l? = 160 f 40 MeV/c2 for the f0(1400), and 
M = 1710 f 20 MeV/c 2, r = 186 f 30 MeV/c2 for the .fo( 1710), the latter be- 
ing the S wave resonance in the 19( 1720) re g ion; the errors are purely statistical. It 
follows from these results that the shoulder in the 7r+r- mass distribution above 
the fz(l270) (cf., Fig. 1) is due to the production of the fo( 1440), and not to an 
f2(1270)-&1525) ’ t f m er erence effect, as previously specula.ted [5,8]. In order to es- 
timate the contribution of a possible spin 2 resonance in the 8(1720) mass region 
in the Ir’li’ data, an fi(1710) is included, with ma.ss and wiclt,h fixed to those of 

.fo( 1710). 

The branching fractions Bf(J/$ t yX, X -+ Ir’lr’ or 7r7r) obtained for 
each resonance “X” and for each helicity amplitude are listed in Table 1; the first 
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Fig. 2. The amplitude intensity distributions for (a) the A’K data, 
(b) the ~7r data; the data points indicate the measured ampli- 
tude intensities; the solid curves correspond to fits of coherent 
superpositions of Breit- Wigner resonances (broken curves) to the 
data points in each amplitude intensity distribution. 

error is statistical and the second is systematic. The systematic error includes 
the uncertainty in the number of J/$ events (S.S%), and that due to the analysis 
procedure (10%). The latter is estimated by varying the event selection criteria 
and the mass binning, and by taking account of events from one a.mplitude wrongly 
attributed to another due to solution ambiguities. 

Monte Carlo studies have shown that events from the a22 amplitude can feed 
into other amplitudes. This contamination is larger when the other amplitudes are 
small; indeed a mathematical solution ambiguity occurs when the contributions of 
the other amplitudes vanish. The ambiguity associated with this amplitude has also 
been pointed out by Yan [lo], whose conclusions are consistent with those above. 
However, for the real data, this ambiguity is not significa.nt, and t,he results obtained 
from multiple independent fits in each mass bin are quite consistent. In addition, a 
check is made of the maximum number of spin 0 J/$ + plC+tlC- events for the 
mass region (1.675 to 1.775) GeV/c2, which might result from misidentified spin 2 
contributions. This is done by applying the analysis procedure to Monte Carlo 
samples generated with amplitude values obtained for the real data in this mass 
region with pure spin 2 amplitudes. The average fraction of events misidentified as 
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S wave is found to be 14.7oj0; this is significantly less than the fraction of spin 0 
real events (74%); this test clearly establishes that the spin 0 enhancement in the 
0( 1720) mass region is real, and does not result from the misidentification of spin 2 
contributions. 

Table 1. Preliminary Bf( J/+ t yX, X + ICI? or 7~) x 104. 

fo(1400) + KI? fo(1710) + Ir’K fo(1400) + 7r7r fo(1710) + 7f?T 

Iaooj2 0.05 f 0.16 f 0.01 6.47 f 1.14 f 0.84 2.69f0.60f0.35 1.94f0.60fO.25 

f2(18’0) + Ii-i? f;(1525) --+ Ir’lr’ f2(1710)(?) t k-k’- fz(1270) -+ TT 

Ia2012 0.50 f 0.13 f 0.06 1.48f0.26f0.19 Not included 6.34f0.42fO.82 

la2112 0.16 f 0.06 f 0.12 1.60f0.29f0.20 0.66 f 0.22 f 0.09 4.12f0.26f0.54 

la22j2 0.24 f 0.10 f 0.13 0.37f0.34f0.05 1.36 f 0.62 f 0.18 2.39f0.28fO.31 

Using the results in Table 1, the amplitude intensity ratios and the tota. 
branching fractions for the tensor resonances are as listed in Ta,ble 2. 

Table 2. Preliminary amplitude intensity ratios and total branching fractions 

&1525) -+ ICI-? fZ(1270) t ICI? fZ(1270) t 7r7r 

( la21 I2 I la2012 > 1.08 f 0.31 0.32 60.2s 0.65 f 0.13 

( la2212 / la2012 ) 0.25 f 0.24 0.48 f 0.36 0.38 f 0.08 

Bf x lo4 3.45 f 0.52 f 0.28 0.90 f 0.11 f 0.07 12.S5 f0.57 f 1.03 

Although the amplitude ratios for the fz(l270) obtained from the ICI? mode 
are poorly measured, they agree within error with those obtained from the 7r7r mode, 
as they should. 

5. Conclusion 

For the first time, a large spin zero component in the 8(1720) mass re- 
gion has been observed in J/t) radiative decay to Ii’17 and 7r+7rW. This is at- 
tributed to the production of an S wave resonance, the fc,(1710), of mass and 
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width M = 1710 f 20 MeV/c2, I’ = 186 f 30 MeV/c”, respectively, with branch- 
ing fractions to 7r7r and li’li’ in the ratio 0.30 f 0.12. The presence of a small 
amount of spin two component (~24%) in this mass region for the Ir’li’ data 
cannot be ruled out with the present statistics. This study a,lso reveals, for the 
first time, the production of the fo(1400), with mass and widt,h measured to be 
M = 1440 f 20 MeV/c2, l? = 160 f 40 MeV/c2 respectively, a,nd demonstrates 
that the shoulder in the 7rs7r- mass distribution above the .f2(1270) (cf., Fig. 1) is 
due to the production of this state, and not to an f2(127O)-fi(1525) interference 
effect, as previously speculated [5,8]. The previous measurements of the fz(l270) 
and ~$(1525) h ave been refined in the present analysis with the simultaneous in- 
clusion of spin 0 and 2 amplitudes in the fit. The ratios of the spin 2 amplitude 
intensities of the ~$(1525) are found to be (I a21 I2 / I a20 I’) = 1.08 f 0.31 and 
(I a22 I2 / ( a20 j2) = 0.25 f 0.24, while those of the fz(l270) take the values 
(I a21 1’ / I a20 12) = 0.65 f 0.13 and (I a22 I2 / I a20 I") = 0.38 +Z 0.08. The exper- 
imental results for the ji(l525) and fz(l270) thus agree within error, although it 
must be acknowledged that the fi(1525) uncertainties are la,rge. Furthermore, these 
results are in good agreement with the predictions of Krammer [ll]. On the other 
hand, while Close and Li [12,13] predict that (I a21 I2 / I a20 I") S 0.8, in agree- 
ment with the present measurements, their prediction that (I a22 I2 / I a;20 I") --" 0 
disagrees with the result obtained for the fz(l270) in the present analysis. 
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