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ABSTRACT 

We present .a study of the decay sequence J/w + yX, X -+ yp’, p” -+ rr+rr-, 

_. 

based on 5.8 x lo6 produced J/i) collected by the Mark III detector at SPEAR. In 

the yp” mass spectrum, we find two peaks with masses and widths consistent with 

the axial vector mesons ji( 1285) and ji(1420) that have recently been observed in 

two-photon collisions. Fits to the angular distributions confirm that the first peak 

is an axial vector state, but are unable to distinguish between the ji(1420) or the 
\ 

pseudoscalar 77(1430) for the high mass peak. Product branching fractions for both 

objects are presented. 
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.- I. INTRODUCTION - 

.- The 77(1430), originally known as the E and more recently as the ~(1440), att,ract,ed 
r 

considerable attention as a possible glueball when it was found to be the largest 

noncharmonium radiative decay of the J/G. H owever, there is as yet no consensus on 

its quark or glue content, in part due to uncertainties about its basic pr0perties.l It ._ 

has been seen decaying to IC??r and 777~ final states when it is produced hadronically, 

- 

.- 

but no measurement of branching fractions to these states exists since no hadronic 

experiment has measured both. From J/G decays, the lirn channel appears to be 

dominant over the vr”lr channel. The ~~7r channel, however, shows a peak at lower 

mass, 1390 MeV, that does not appear to correspond to the ~(1430) peak in KIT. 

.Moreover, the peak in the Itzr mass distribution has a higher mass, 1452 MeV, than 

the average for the hadronic production experiments, 1422 MeV. Lipkin suggested 

that there are two pseudoscalar states in this mass range, which can account for the 

mass spectra appearing differently depending on the mode of production. Indeed, 

a Dalitz plot analysis3 of the Mark III data on J/G --f ylT??r indicates that there 

may be three components in the ICl(n peak: the high mass portion is predominantly 

pseudoscalar Kr*(892) while the lower mass portion contains some S-wave, or axial 

vector KE*(892) but mostly ao(980)r. A more complete isobar analysis will be 

published soon. 

There is evidence for an object in the 1.4 GeV mass region in J/v,!J + yX, X -+ 

YPO, in results from Mark III* and two other experiments.5 However, for all three 

analyses, the apparent width of the observed object is significantly larger, and the 

mass lower, than that of the ~(1430) seen in Kl(r. Moreover, spin-parity analyses of 

this final state have not been performed. One must consider the possibility of contri- 
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bu+&s from the axial mesons ji(l285) and jr(1420). Since these states have been 

_- seen in two-photon collisions6 and the J/lc, + y ji (1285) decay has been observed, one 

would expect contributions to J/$ + yyp’ from these states by vector dominance 

considerations. It is important to realize that since the yyp” final state represents 

._ a double radiative decay, the nonradiative decay modes of any objects seen must be 

present in J/+ single radiative decays at much higher rates. 

- 
A study of ~(1430) --) yp” has been suggested7 as important for understanding 

the nature of the ~(1430). Th us, we present a new analysis, with increased statistics, 

of the 77~’ final state. 

.-- 
II. DATA SELECTION ._ _. . 

The present analysis uses the full 5.8 x lo6 produced J/+ Mark III data set. 

The-Mark III detector at SPEAR8 is a solenoidal magnetic spectrometer containing 

an inner drift ch a ~nber with 84% acceptance of charged particles surrounded by a 

lead-gas shower counter with 94% acceptance for photons. Events with two charged 

tracks and at least two photon candidates were selected. Due to the possibility of 

pion interactions in the shower counter, we ignore showers within 18” of the entrance 

of a charged particle into the shower counter, and we allow for additional showers 

anywhere in the detector. The shower with the highest energy is assumed to be the 

-. photon from the J/$ ra ia ive decay. Four constraint (4C) fits are performed using d’ t 

it and one of the next two highest energy showers to select the second photon and 

reject most background. The photons used in the fit are referred to as Yhigh and ^floW, 

respectively. Events with a fit probability greater than 5% and with no more than 

50 MeV total energy in candidate photons not used in the fit are selected for further 

analysis. 
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Next, a kinematic requirement is made, that cos 01 < 0.8, where 61 is the angle of - 

the 7r7r system with respect to the 3&h direction in the 7rr~,, frame. This removes 

contributions from two prominent J/G decay modes: J/T/I + 7r”po and J/lc, --+ wf2, 

w + v”, f2 + 7rTsr-, with the r” decaying asymmetrically so one of its photons 

is not detected. The distribution of M(nr~~~) is shown for the remaining events 

in Fig. 1. 

The event sample shown in Fig. 1 is dominated by the 7’. Two peaks appear at 

lower masses: events due to the nry decay of the q, and a few events from J/T,/) ---t 

TOP07 in which the x0 decayed asymmetrically so that one of its photons was not 

detected and was replaced by a “fake” photon from a pion interaction. We turn now 

to the two peaks with masses greater than the 7’ mass. 

A scatter plot of M(rrn,,) versus M(~;R), Fig. 2, indicates that the x+rr- system 

forms a p” for both peaks. Thus, we make a final requirement to reduce non-p’ 

backgrounds, 0.6 < M(7rr) < 0.9 GeV. The resulting distribution in M(~‘rryl,,) is 

shown in Fig. 3, along with the fit described below. 

III. ANALYSIS 

To determine the resonance parameters we perform an unbinned maximum like- 

lihood fit to the data shown in Fig. 3. The fit function, which is overplotted on 

Fig. 3, consists of a linear background plus the incoherent sum of two relativistic 

Breit-Wigner resonances folded with the Gaussian mass resolution of 9 MeV. The 

parameters of the fit are shown in Table I, along with statistical errors. We defer cal- 

culation of the corresponding branching fractions until a discussion of the angular fits. 

We refer to the mass ranges containing the peaks 1.20-l .35 GeV and 1.35-1.50 GeV 

as “D” and “E,” respectively. For comparison, Table I also shows the Particle Data 
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Grog (PDG) values for the pseudoscalar q(1280) and 77(1430), as well as the axiai 

.- vector fr (1285) and fi (1420). 
c 

TABLE I Fits to the rrn,, mass distribution and 
comparisons with known states. 

Mass (MeV) Width (MeV) Events 

“II” Region 
- 

Fit 1271 f 7 31 f 14 45f13 

rlP80> 1279 f 5 32 f 10 

fi(1285) 1283 f 5 253 3 

“E” Region 
.~- 

Fit 1432 f 8 90 f 26 117 xt 22 ._ . . 
ww 1440 f 20 60 f 30 

f1(1420) 1422 f 10 55xt 3 

Since a fit to the mass distribution cannot uniquely identify either peak, we have 
- 

also performed an angular analysis. The sequence of three reactions et-e- + yX, 

X+YPO, PO + x+7rr- is characterized by five angles: or, the angle of the first 

photon with respect to the e+ direction; 81 and $1, the angles of the p” in the helicity 

frame of X; and 62 and $2, the angles of the 7rlr+ in the p” helicity frame.g 

We test the hypotheses that each peak is predominantly pseudoscalar or axial 

vector by fitting the angular distributions of the events in the two regions to either 

O- or l+ plus a phase-space background. The signal fractions in the fit are set 

to values determined by the mass fit, 53% and 66% for the “II” and “E” regions, 

respectively. Allowing the signal fraction to vary does not significantly alter the 
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resti. There are no free parameters for O-. For the l+ hypothesis, the production 

reaction, J/$ + yX, is described b t .- y wo helicity amplitudes, A0 and Al = A-1; 
c 

there are also two helicity amplitudes describing the decay reaction X -+ yp’, Bo and 

B1 = B-1. We determine the product AoBl by the number of events. This leaves 

the two complex ratios, Al/A0 and Be/B 1, as parameters. Since the imaginary parts 

of the ratios were consistent with zero, we fixed them at zero for the fits present,ed 

in Table II. Examining the likelihood ratio of the two candidate hypotheses in each 

m&s region, we find in the D region that the l+ hypothesis is preferred over O- by 

a likelihood ratio of 2200, or N 4a, while the “E” region fits O- slightly better than 

l+ by a likelihood ratio of 9.0, or N 20. 

._ . . TABLE II Angular fit results. 

Mass Range Signal Log Likelihood Helicity Ratios for l+ 
(GeV) Events Fraction o- - 1+ Al ho BoIBl 

1.2 - 1.35 92 53% -7.7 0.35 f 0.19 -0.33 410.16 

1.35 - 1.5 118 66% 2.2 -1.0 f0.2 0.31 f 0.15 

- 

-. 

Figure 4 contains plots of the five angles for the “D” and “E” mass regions, and 

the 7’ for comparison. The “D” and “E” region distributions are overplotted with 

the fit O- and l+ distributions (dotted and dashed, respectively) as predicted by the 

Monte Carlo acceptance. Examining Fig. 4(g), of cos 01, it is apparent why the l+ 

is preferred for the D region. This distribution should be flat for phase space or O-. 

The apparent cos2 81 behavior corresponds to both helicity ratios being zero; that is, 

longitudinal production of the l+ state and its subsequent decay to a transversely 

polarized p”. In this case, the distribution is (1 + cos2 0,) cos2 81 sin2 02, which differs 

from the corresponding O- distribution by the factor cos2 81. 
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Careful consideration4 has been given to potential background processes. Particle 

identification, when available, confirms that the charged tracks are pions. Other .- 
c 

decays producing the final state yr7rn+a- (e.g., p”7r) have been examined and do not 

contribute to the signal observed. It is possible for a final state with more than two 

photons to “feed down” if the photons are unobserved or have small enough energies. 

However, C-invariance requires that there must be an even number of additional 

.- photons. Thus, there must be at least two real photons not used in the kinematic fit for 

such a process to fake our signal. This possibility is eliminated by examination of the 

kinematic fit probability distribution, which has a uniformly distributed component 

consistent with the signal, and by explicit study of final states like p”,rro7ro. 

. 

- 

. The Monte Carlo event sample that was used to calculate normalizations for the 

angular analysis described above was also used to determine the detection efficiency. 

However, the requirements on the kinematic fit probability and extra shower energy 

are not well modelled by the simulation. We estimate these efficiencies instead by a 

study of the effects of these requirements on the 7’ events. The resulting net efficiency 

is 31.5 fl.4%. The systematic error in the following is determined by adding the error 

in the efficiency in quadrature with the 8.5% uncertainty in the number of produced 

J/+. Thus, we obtain 

B(JJ1C: ---t yfi(1285)) . B(fr(1285) + yp’) = (0.25 f 0.07 f 0.03) x 1O-4 , 
_. 

B(J/G + yX(1432)) - B(X(1432) + yp’) = (0.64 f 0.12 f 0.07) x IO-~ . 

IV. DISCUSSION 

Our study of the double radiative decay J/ll, + yyp’ has resolved the broad peak 

seen previously in this channel into two peaks. The lower mass peak is unambiguously 
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ider&ed as due to the axial vector meson fr(l285) but the X( 1432) is not distin- 

guishable between the pseudoscalar ~(1430), the axial vector fr(1420), or indeed a 

mixture of the two. 

The angular analysis that identified the lower mass peak indicates that it is 

produced primarily with longitudinal polarization, and decays into a transversely 

polarized p”. Combining the above product branching fraction with the Mark III 

measurementr’ of the product branching fraction for J/1c, + yfi (1285) -+ y47r, 

the PDG values for B(fr(1285) + 47r) and the total width, we obtain I’(fr(1285) + 

yp’) = 1.7 f 0.7 MeV. 

The decay polarization of the p” in the fr(1285) decay was predicted to be trans- 

verse by Babcock and Rosner r1 based on vector meson dominance and the quark 

transition hypothesis. However, they predict a partial width of N 140 KeV, a factor 

of 12 smaller than our observation. The production mechanism for noncharmonium 

J/4 decays is expected to be dominated by two intermediate gluons. Cahn12 has 

studied the similar production reaction yy* + fr to explain the two-photon results 

discussed earlier. He predicts that the fr is produced with primarily longitudinal 

polarization, as observed here. Finally, a perturbative QCD calculation13 predicts 

B(J/$ + yfr(1285)) = 10-3, about a factor of 4 larger than observed, with the fr 

produced mostly longitudinally. 

We turn to the X(1432). The fact that the yyp’ final state represents two ra- 

diative decays implies that the singly radiative process must also be present in J/t) 

decays at a much larger rate. Of the possible hadronic final states to which an ax- 

ial vector or pseudoscalar object could decay, ~]RT, 4~, and Kli’r, only I<I(r has a 

corresponding peak, the ~(1430). If we identify X(1432) with the 17(1430), then we 
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inf&a ratio of branching fractions for the ~(1430): B(r](1430) + 7p”)/B(7(1430) + 

2. _- KK7r) = (1.4 f 0.4) x lo- One should keep in mind, however, the evidence quoted 
a? 

in the introduction that the Klf~ object is compound, which could mean that the 
-. 

X(1432) represents a different mixture. 
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- FIGURE CAPTIONS 

_- 
1. Distribution of M(7rnyl,,) for the initial data sample. 

2. Scatter plot of the 7~ mass versus 7r~n,, mass. 

3. Histogram of the 7r~yl,, mass with a p” requirement, 0.6 < M,, < 0.9 GeV. 

The curves are a fit to the data contained in the plot. 

4. Angular distributions for the 7’ (a-e), the “D” region (f-j) and the “E” re- 

gion (k-o). In plots (f-o), the dotted and dashed lines represent fits to phase 

space plus O- and l+, respectively. Note that the fits to O- and 1’ are nearly 

._ . . coincident in all the plots except for (g). 
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