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ABSTRACT

Measurements of the two-body decays of the J/y into vector and pseu-
doscalar meson pairs are presented. Using the measured branching ratios,
a phenomenological model of J/y decays indicates that the  and n' are
composed only of light and strange quarks, without 2 gluonium contri-
bution in the n' wavefunction. A measurement of J/¢ — yxFwr~rty-
is presented. The f;(1285) is cbserved and its spin and parity are inves-
tigated. The 7. is observed to decay to p%°, and first indicationa of n,
decays to fzf: are presented. The spin and parity of the . are investi-
gated.
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J/y Decays to Vector Pseudoscalar Meson Pairs."

The J/¢(3097) is the lowest lying cc vector meson. The narrow width (63
keV) of the J/y is a consequence of disconnected quark lines in its decay (OZ1]
rulej. A full set of measurements of J/¢ — VP decays enables us to study the
contributions of the different processes to the decay rates, the mixing angle in the
pseudoscalar meson nonet, and the quark content of the 5 and 5’ mesons.

Our data, taken with the Mark 111 detector at the SLAC e*e~ storage ring
SPEAR, consist of 5.8 x 10° produced J/v 's. Al J/y: —+ V P decays are analyzed.
Most processes are observed in more than one decay mode of the pseudoscalar,
thus enabling us to cross-check our measurements. Qur results are symmarized
in Table I, where the first error is statistical and the second systematic.

Table 1. J/y -+ VP branching ratios.

Jiy — Branching ratio (103) | J/¢ — | Brancking ratio (10-3)

K*tK- + cc. 5.26 + 0.13 £ 0.53 wn® | 0.482 1 0.019 % 0.064

KOK° 4 c.c. 4.33£0.12 £ 045 wn 1.71 £ 0.08 £ 0.20
on 14.2+0.1£1.9 wn' | 0.166 + 0.017 + D.D19
on 0.193 £ 0.013 £ 0.029 | ¢n° <0.0068 {90% CL)
pn' 0.114 +0.014 £ 0.016 | ¢n | 0.661 £ 0.045 + 0.078

on' 0.308 1+ 0.034 1 0.036

The widths of J/v into the V P meson pairs are equzl #o |4, [* x p?,' + where py,.
is the momentum of the vector meson in the rest frame of the J/¢. In a recent
phenomenclogical model™ the amplitudes 4, are composed of strong, SU(3) vio-
lating and electromagnetic processes as well as processes with more than one dis-
connected quark line (DOZ! processes). The n and ' mesons can be parametrized

by: In} = X,,\—llvi|uﬁ+ dd) + ¥, |ss), In) = X,,-V‘i|uﬁ +dd) + Yo |s3). We
fit the phenomenological model to the ten reduced branching ratios with the
constraints X? + ¥? = 1 and Xp = —Y,. The fit yields ¥, = ~0.581 from
which we calculate the mixing angl: in the pseudoscalar nonet to be: 8, =
(—19.2 + 1.4)°. The result for 8, is in good agreement with recent two-photon

results.™ A fit to the data, without the above constraints on X; and ¥, yields
X3+Y!=1001016 and X2 + Y32 =144 0.26. The results of the uncon-

strained fit indicate that the model where the 7 and ' consist of only u,d and s
quarks, with no contribution from gluonium, is consistent with the data.

J/Y Decays to ywto—ats-
The radiative decay J/4 — yr*x "7 n~ has been studied previously by Mark

II, with a smaller data sample.' The present analysis is still in progress, and
is therefore preliminary. Our data, taken with the Mark 111 detector at the
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SLAC e*e~ storage ring SPEAR, consist of 5.8 x 10% produced J/¢ 's. Events
are selected with four charged tracks and one or more photon candidates. The
events are kinematically fitted to the J/y ~ yr+ta~w*7~ hypothesis, looping
over all photon candidates (up to five, ordered in decreasing energy). The fit
with the highest probability is kept. Selection criteria on kinematic quantities are
imposed. The invariant mass distribution of the #*x~xtx~ system is shown in
Figure 1a. A peak at 1.285 GeV/e? is seen, consistent with the f;(1285) mass
and width. A prominent resonance at 2.98 GeV/e?, consistent with the 1.(2980)
mass and width is also seen, To study the first enhancement we ook at the
angular distributions for masses between 1.25 and 1.30 GeV/¢?. Figure 3a shows
the distribution of x, the angle between the decay planes of the w+#~ systems in
the atr~x*x~ rest frame. This distribution is expected to be zero at 0°, rising
to its maximum above 45  for a particle with JF = 0~. In contrast, for JF = 1+,
this distribution is expected to be flat. In Figure 3b the distribution of cos fy+ Is
shown, where f,+ is the polar angle of the 7+ in the #+7~ rest frame. A sin® 8+
distribution is expected for a particle with J¥ = 0~, while a flat distribution is
expected for J¥ = 1%. Our data rules out the pseudoscalar assignment, and is
consistent with the f;{1285) being an axial vector. The branching ratio is given
in Table IL.

To study the n. region we constrain the invariant mass of the wtx~a%¥~
systern from 2.95 to 3.00 GeV/c2, and plot one #*x~ invariant mass versus the
other in Figure 2 (there are two entries for each event). An enhancement js seen in
the p%p° and f2(1270) f2(1270) regions. Such enhancements are not seen in nearby
control regions of My+,—gtg-. Moativated by this, we define: 63.. = (M{y+x-}, —
0.77)* + {M{y+4-), ~ 0.77)* and &}, = (Miy+4-), — 1L21)* + (Mig+5-), ~ 1.27)2. We
restrict 5 < 0.15 and §;, > 0.30 GeV/c® and plot My+g-pty~ in Figure 1b. A
clear 7. signal is seen, and the angular distributions in the n, region (Figures 3c
and 3d) identifv it asa J¥ = 0~ state, in agreement with the DM2 measurement.™

We restrict §y, < 0.175 and §,0 > 0.26 GeV/c? and plot Mptg—g+g~ in Figure
le. A clear 7, signal is seen providing the first evidence of a tensor-tensor decay
of the .. The angular distributions in the 5 region are shown in Figures 3e
and 3f, providing further cvidence for the pscodoscalar assignment of the .. The
branching ratios are given in Table 11, where the first error is statistical and the
second s slemmatic.

Table II. J/y — ya*tx~wtr" Preliminary Brauchlng Ratios.

Process Product branching ratio (1074)
(/¥ = yalfL ~w¥w~atnT) 0.55 + 0.11 + 0.1D
(/6 — m)(ne = wtan-ata") 1.50 £ 0.13 £+ 0.30
(J/d = 4mc) (e = p°°) 0.96 7 0.15 + 0.22
(/¥ = c)(ne = [af2) 1.2+ 0.3+ 04




Canclusions

New measurementis for J/¢ decays to vector pseudoscalar meson pairs are
presented. Using the model of Rel. 2 the n and 7’ are found to be com-
posed of light and strange quarks only, without a gluonium contribution in the
n' wavefunction. Using the results of the model the pseudoscalar mixing angle is
found to be 8, = (~19.2 + 1.4)° in agreement with 4+ resulis. A measurement of
JfY — yxFTa~xtx~ is presented. The f;(1285) is observed and its spin and par-
ity are found to be consistent with an axial vector. The 7, is observed to decay to

2°0°.

First indications of #,. decays to faf2 are presented. Angular distributions

show that the 7, is a pscudoscalar.
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FIGURE CAPTIONS

. The 1r+1r“1r+1r' invnriant.mass distribulion for events of the type: (a} J/¢ —
§

yrtaTxtaT (b) S — 90%°, o o wtat () I fafe 2
nte—,

Scatter plot of My+y- vs. My+y- [or events of the type J/¢ « qr¥a~"ntzx-
where 2.95 < My+g-y+y- < 3.00 GeV/e® (5, region).

The x and cos 8+ angular distributions for events of the type: {a)(b) J/tb -
yhy H —=ata~avam; (c)(d) J/ — e ne v a6 the curves are the
Monte Carlo simulation for a pseodoscalar .: (¢)(F) J/¢ 5 ne = Jafe.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the Linited States
Government. Ncither the United States Government nor any agency thereol, nor any of their
employees, makes any warranty, express or implied. or assumes any legal liability ur responsi-
bility for the accuracy, completeness. or usefulness of any information, apparatus, product. vr
process disclosed, or represents that its use would aot infringe privately owaed rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer. or otherwise does not necessarily constitute of imph its cndorsement, recom-
mendation, or favoring by the United States Guvernment or any agency thercof The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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