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ABSTRACT 

Evidence for a new resonance 0 * nn in the process 

J/$ -t yrln is presented. The resonance parameters of 

the 0 are M = +100 1640 *50 MeV and I' = 220 _ 7. MeV. 

Jpc = 2++ is preferred over 0 +t 
. 

This letter reports on a new state 6 + nn which we have observed 

in J/jl -+ ynn. We have determined that J PC = 2tt- is preferred from an 

analysis of the decay angular distribution. The 6 cannot be a member of 

the 2 
+t 

ground state nonet since the two isoscalar members of that nonet 

have already been identified. A possible hypothesis is that the 0 is a 

bound state of -two gluons. The existence of 2-gluon resonances' is 

expected within the framework of QCD. 

The data were collected with the Crystal Ball detector at the 

SLAC e+e- storage ring facility SPEAR at the peak of the J/$(3095) 

resonance. The detector, event trigger, and data reduction have been 

described in detail elsewhere.2 The relevant parameters are summarized 

here. The detector consists primarily of a segmented array of NaI(TR) 

crystals for high resolution measurements of the energy and position of 

electromagnetic showers. The photon energy resolution is oE/E = 2.6%/E' 

(E in GeV) and the photon angular resolution is l-2 degrees, depending 

on energy. The solid angle coverage of the main array is 93% of 477 sr 

and is extended to 98% with crystals in the endcap regions. The beam 

pipe is surrounded by magnetostrictive spark chambers and multiwire 

proportional chambers for charged, particle tagging and tracking. The 

innermost spark chamber layer covers 94% of the solid angle. 
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This analysis is based on a sample of 2.2 x lo6 produced J/$ events. 

Each event is required to have five y's with observed energy greater 

than 10 MeV. Photons are identified by energy deposits in clusters of 

several adjacent crystals. Photon directions are determined from the 

position in space of the shower center relative to the interaction point. 

Tracks tagged by the chambers are rejected as charged. To enhance 

charged particle tagging efficiency, we require ~c0s8~~.<0.9 for each y, 

where 8 
Y 

is the polar angle of the y with respect to the beam axis. In 

order to avoid problems with overlapping showers, we require co& 
YY 

< 0.9, 

where 0 
YY 

is the angle between any two photons. 

Figure 1 shows a scatter plot of pairs of yy invariant mass combina- 

tions for events which satisfy 3-constraint (3C) fits3 to the hypothesis 

J/Q + 5~ (1) 

with x 2 < 20. Despite the fact that there are 15 combinations per event, 

clear evidence for the ynn and YTOITO final states4 can be seen. 

Events which satisfied fits to (1) were further constrained to the 

process 

J/$ + yrln , II-tYY l (2) 

Figure 2 shows the nn invariant mass distribution for events which 

satisfy 5C fits to (2) with x2 < 20. (In approximately 10% of the 

events, there is more than one good fit. In such cases, only the fit 

with the best xL is plotted.) A clear signal near 1600 MeV is observed. 

We have named this state 8. A fit to the mass distribution between 1200 

and 2400 MeV with a relativistic Breit-Wigner resonance plus a flat 

background yields 39 z!z 11 resonance events over a background of 0.9 

events per 50 MeV. The statistics are too limited to permit a more 
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complichted background function to be used in the fit. We obtain the 

+100 following resonance parameters: M = 1640 + 50~MeV and I' = 220 -70 MeV, 

where the estimated systematic uncertainties are included in the quoted 

errors. The mass error is dominated by systematic uncertainties while 

the error in the width is predominantly statistical. The width is 

considerably larger than the 20 MeV fitted mass resolution. 

The detection efficiency for (2) was determined to be 0.037 (includ- 

ing factors for the n + yy branching ratio) by Monte Carlo calculation. 

This efficiency is approximately constant over the entire mass region 

of interest. From this and the number of observed 6 events, the product 

branching ratio for 

J/$ -f ye , 0 -t nrl 

is calculated to be B(J/$ -t y0)xB(0 + nn) = (4.9 f 1.4 IL 1.0) x 

(3) 

10-4. 

The first error is statistical and the second is the estimated system- 

atic uncertainty. 

The C-parity of the 0 is even since it is produced in a radiative 

decay from the J/q. The nn decay mode establishes both the spin and 

the parity to be even, i.e., Jp = 0 + + ,2 ,.... We have determined that 

JP = 2+ is favored over O+ from a comparison of the likelihoods of the 

3-dimensional decay angular distributions W(6 Y,Brlf$n) for spin 2 and 

spin 0 hypotheses. (Spins greater than 2 were not considered.) For 

spin 0, 

w(ey,eq,+q) = 1 + c0s2e . 
Y 
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For spin 2, 5 

w(ey,fpq) = 3x2 sin20 sin228 
Y rl 

+ (1 3 c0s2ey) [ (3c0s2e - 
n 

1)2 + -$y" sin4erl] 

+ 6x sin26 
Y 

sin28n [3c0s2en - 1 - 3 &?y sin2en] ~0~4~ 

+ fiy sin20 
Y 

sin26n (3c0s2en - 1) cos2$n , 

where x = AllAo, y = A2/Ao, and AX are the 8 helicity amplitudes. 
eY was 

defined earlier and (en,@,) are the polar and azimuthal angles of one of 

the n's with respect to the y direction in the 8 rest frame. (@, = 0 is 

defined by the electron beam direction.) The probability for the spin 0 

hypothesis relative to the spin 2 hypothesis is 0.045. (The best fit for 

spin 2 was obtained with x = 0.87 t 0.20 and y = -0.64 + 0.39.) Possible 

systematic uncertainties !were not included in the calculation of the 

relative probabilities for the two hypotheses. However, these uncertain- 

ties are not expected to significantly change the results of the analysis, 

in light of the large statistical errors. 

It is of interest to look at the Icos~~) and IcQs~,,~ distributions 

for (3), although the spin determination depends also on additional in- 

formation in the correlations between the angles which cannot be displayed 

in these projections. Figure 3 shows these projections along with the best 

fit distributions for spin 2 and the expected distributions for spin 0. 

These curves are based on Monte Carlo calculations and include detection 

efficiency. Whereas both the spin 0 and spin 2 curves agree reasonably 

well with the lcoseyl distribution, the )cos8,11 distribution is fit better 

by the spin 2 curve than the spin 0 curve. This is primarily due to the 

excess of events with lcosenl > 0.9. The insert in Fig. 3(b) shows 
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these events on an expanded scale. There is no evidence that these events 

are anomalous. 

The radiative decay 

J/JI + ylT”lTo 

was studied for evidence of the decay 8 + no. This analysis was based 

on the sample of events with four observed neutral particles, one of 

which is identified as a r o from the lateral shower distribution (see 

Ref. 4). Other than this, the event selection is identical to that used 

for the 5-y analysis described above. 

No strong evidence for a signal near 1600 MeV is observed, but 

there is significant background from J/$ + yf(1270), f(1270) + .OT'.~ 

The 90% confidence level upper limit on the product branching ratio is 

B($ -f Ye> xB(e -+ TT) < 6 X 10 -4 , where the branching ratio has been 

corrected to account for all 'TT~ charge combinations. 

The 8 is particularly interesting because of the channel in which 

it is observed. According to leading-order QCD predictions, the radiative 

decays of the J/JI are dominated by the final state ygg.7 The 2-gluon 

system must be a color singlet and hence this process is a likely place 

for the production of C-even, 2-gluon resonances. The 2-gluon ground 

states are expected to have J PC = oft- and 2 +!- , and hence the 8 is a 

likely candidate. Although first-order bag model calculations8 of the 

mass of the 2 * ground state (-960 MeV) are somewhat lower than the 0 

mass, introduction of spin-splitting terms can push the predicted mass as 

high as 1650 MeV.' 

An alternative hypothesis is that the 8 is a qiqq state.~ A bag 

model calculation by Jaffel' predicts that the lowest lying 2 +I- 
Gki 
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state has a mass of 1650 MeV. Although the mass agreement is good, it 

is expected that if the 8 were a qqq< state, the width should be much 

larger than the observed width and there would be no evidence for 

resonant structure. 11 
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FIGURE CAPTIONS 

1. yy vs. yy invariant mass (15 combinations per event) for events 

consistent with J/q + 5y. 

2. nn invariant mass distribution for events consistent with J/$J -f ynn. 

Solid curve represents fit to mass distribution. Dashed curve repre- 

sents background. 

3. a) lcoseyl and b) I cosenl distributions for J/$ -+ ye, 8 -+ nn. Solid 

curves are best fit distributions for spin 2. Dashed curves are 

expected distributions for spin 0. Events with lcos0,,l > 0.9 are 

shown in insert. 
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