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The reactions J/y— wKKr and J/w-~ ¢KKn have been studied in a sample of 5.8x10° produced
J/w decays. The systems K * K8z and K *K ~x° produced in association with an ® have enhance-
ments in the mass distribution near 1.44 GeV/c2 The observed angular distributions are consistent with
JP=1% and do not favor a JP=0" assignment. No signal is seen at the nominal f;(1285) mass. The re-
verse pattern is observed in the KKr system produced in association with a ¢, which shows an enhance-
ment near 1.280 GeV/c 2, and no evidence for structure at 1.4 GeV/c2.

PACS numbers: 13.25.+m, 14.40.Cs

The study of the decays J/y— {y,w,0} X is a useful
tool in the investigation of the quark and possible glu-
onium content of a given state X.' In this Letter, we
describe our use of this technique to examine the
n(1440),% a prime gluonium candidate produced copi-
ously in J/y radiative decays, and other more conven-
tional g states such as the f,(1285) and the f,(1420).°

We report on a study of the KKr final state in the re-
actions

J/wv— oK YK "72°— 2t 7 2K K " 2O, 1)

J/y— oK TKn T -1t 2K *rxtaxt, (2)

JIw— oK K 7~ KK "K*TK "z 3)
and

J/y— oK T Kdr
— KK KKK Tntn— ¥, (4)
based on a sample of 5.8x10° produced J/y’s collected
with the Mark III detector at the SLAC e Ve ~ storage
ring SPEAR.

The Mark III detector has been described in detail
elsewhere.* Charged particles are identified by time of
flight (TOF) and energy loss (dE/dx). A charged parti-
cle is called consistent with a n, K, or p by TOF (dE/
dx) if the measured and calculated times of flight (ener-
gy losses) differ by less than three standard deviations

for a given mass hypothesis; it is called identified with a
particle type if it is consistent with only that particle hy-
pothesis.

The first step in the analysis is to select topologically
consistent events: those events having the correct num-
ber of charged particles and at most four additional neu-
tral showers.®> At least one track must be consistent
(identified) with a K * by TOF (dE/dx). Depending
on the reaction, one- to six-constraint kinematic fits are
applied, trying all possible photon combinations and/or
particle mass assignments. The best combination with re-
gard to particle identification and kinematic fit is re-
tained if the x2 probability of the fit, P(¥3,), exceeds a
minimum value, chosen to optimize the signal-to-back-
ground ratio. The particles assigned to be kaons by the
kinematic fit are not allowed to be identified as pions by
the TOF measurement. To remove background events in
which a 70 is falsely reconstructed from a high-energy
photon and a spurious second shower, the requirement
|E,1 —E,2|/P0<0.95 is imposed in Reactions (1) and
(3).

The events J/y— oK K 2%~ 2t2z"K*K "4y are
selected by six-constraint kinematic fits to the hypothesis
J/ly — x*trn" 7K *K ~2° requiring at least one track
to be consistent with a kaon by TOF and P(x3,) > 0.05.

The J/y— oK TKn T — 2z 2 )K*272y are
selected by five-constraint kinematic fits to the hypoth-
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FIG. 1. Three-pion invariant-mass distribution (a) from

the reaction J/y— n*x " n°K*K " x% and (b) from J/y

— xtr 2%k TKSx ™, with (a) two and (b) six possible en-
tries per event.

esis J/y—ntn 2K Txtr"xF, requiring P(x3)
> 0.05. To select events with a K, at least one of the
six possible 7 ¥z~ combinations must have a vertex de-
tached from the primary vertex and an invariant mass
within 0.02 GeV/c? of the K2 mass.

Figures 1(a) and 1(b) show the distributions of invari-
ant #¥ 7~ x° masses from Reactions (1) and (2). Clear
n and o signals are apparent. Figures 2(a) and 2(b)
show the K K7+ and K *K ~x° invariant-mass spec-
tra for events in which the mass of the recoiling system is
within 0.03 GeV/c? of the nominal @ mass; the summed
spectrum is displayed in Fig. 2(c). The shaded bands
represent the background of events not containing ’s as
obtained from 0.06-GeV/c?-wide sidebands centered
0.09 GeV/c? above and below the nominal w mass. The
overall shapes of the mass distributions resemble that of
J/y— wKKn or J/y— wK*(890)K phase space.® The
mass spectra in Fig. 2 show similar signals near 1.4
GeV/c?, which are correlated with an .

For the two data sets and their sum, maximum-
likelihood fits are performed in the 1.25-1.80-GeV/c?
mass region to extract the mass and width of the reso-
nant state. These fits include a quadratic polynominal
for the background plus a Breit-Wigner parametrization
convoluted with a Gaussian resolution function for the
resonance. Since the mass resolution (6 =0.01 GeV/c?)
is the same for both channels, it is valid to fit the
summed spectrum of Fig. 2(c) to obtain average values.
The results of the fits, under the assumption of KKr
phase-space production, are listed in Table 1. To ac-
count for a possible K*K decay mode of the resonance a
parametrization with a Breit-Wigner shape modified by
K *K phase space is also employed. These fits yield mass
values 0.007 GeV/c? lower as a result of the rapidly ris-
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FIG. 2. (a) IgiK&rI invariant-mass distribution from
J/y— oK *K8r*; (b) K*K ~n° invariant-mass distribution
from J/y— oK*K 7% (c) sum. The shaded bands in
(a)-(c) show the estimate of the background. (d) Distribution
of |cosB,| with prediction for J*=0" (solid curve).

ing phase space above K*K threshold (= 1.38 GeV/
c?). The systematic error is estimated by variation of
the fit intervals and background shapes. The error also
includes a contribution from unresolved discrepancies in
the mass scale ( +0.01 GeV/c?) and accounts for possi-
ble mass shifts due to the KKz substructure [i.e., K*K,
ay(980) x].

The angular distributions of the final-state particles
can be used to determine the spin and parity of the inter-
mediate KKr state. Figure 2(d) shows the acceptance-
corrected distribution of the normal of the w-decay plane
in the o helicity system, ©,, which is obtained by repeti-
tion of the mass fits in four bins of |cos©,|, to deter-
mine the resonant contribution. The curve predicted for
a JP=0" state does not follow the data; a fit yields a
probability of 6% for the hypothesis that all signal events
arise from a pseudoscalar resonance. This result is sup-
ported by a three-channel analysis’ where the KKr sys-
tem is assumed to be composed of a J=0 " state decay-
ing via the a¢(980)x intermediate state, a J¥=171 state
decaying via K*K, and an isotropic distribution. The
analysis assigns the resonant structure to the axial-vector
component.

The events J/y— ¢K+tK 7% 2(K*K )2y are
selected by five-constraint kinematic fits to the hy-
pothesis J/w— 2(K*K ~)z° requiring at least one
track to be consistent with a kaon by TOF and
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TABLE I. Branching ratios and parameters of resonance X. The first four entries corre-
spond to total branching ratios integrated over the allowed kinematic range.

Width of X

Mass of X No. of events Reaction Branching ratio
(MeV/c?) (MeV/c?) observed J/y— (107%)
879 + 41 oK *Kdr T 295+1.4+70
530+ 140 wK*K +c.c. 53+ 14* 14
163+ 15 oK * KT 7.0£06+1.0
155+ 20 oK*K+c.c 20+3+3
wX;X—
1440 = 7%19 34X £5 53¢ K*K " n° 1.3383+0.3
1442 £ 7%(9 4453ER 58+ K*Kn™ 2.1288+0.6
1442+ 5%)9 40*31+5 11%34 KKn 6.8% 3+t 1.7
1285 24 <12 KKn <1.1 (90% C.L.)
oX X —
1420~ 1440 40-60 <21 KKrn <1.2(90% C.L.)
1460 92 <32 KKn <2.1(90% C.L.)
12796 £ 10 14¥83 110 166 KKn 0.6+02+0.1

P(x3,) > 0.05.
The events

J/y— oK KT K K " K*ratn " n*

are selected by requiring five and six charged tracks with
total charge * 1 and 0, respectively. In the case of six
detected charged tracks [Reaction (4), subset (a)l,
four-constraint kinematic fits to the hypothesis J/y
— KYK K *xtx " z7 are applied, and the event is re-
tained if P(x%) > 0.005. In the case of five detected
charged particles [Reaction (4), subset (b)], events are

ENTRIES/(0.005 Gew/c?)

1.00 .05 1.10 LIS

meg  (Gev/c?)

FIG. 3. K*K ™ invariant-mass distribution (a) from J/y
—K*K~"K*K 2% and (b) from J/y— K*K K*K8r™,
with (a) four and (b) two possible entries per event; (c) K2K?
invariant-mass distribution from J/y— KKPK iKSnx with
up to six entries per event. Background from events not con-
taining K&'s is subtracted in (b) and (c).
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accepted if at least two tracks are consistent with kaons
by TOF or dE/dx. One-constraint kinematic fits are
then applied, and the event is retained if P(x%) > 0.10.
It is required that at least one #¥x~ pair has a mass
within 0.02 GeV/c? of the K mass.

The events

J/y— 0K TKn T —atr K trte Tt
[Reaction (4), subset (c)] are selected by one-constraint
kinematic fits with the assumption that a K is missing
in the event. The event is retained if P(x3) > 0.05. To
select J/y— KPKIK T K™ events it is required that
at least one of the six possible (¥ 7 ™) (x*n ™) pairings
has both 777~ masses within 0.02 GeV/c? of the K9
mass, and that at least one 7t x~ pair has a detached
vertex.

Figures 3(a) and 3(b) show the K TK ~ invariant-
mass distributions from Reaction (3) and subsets (a)
and (b) of Reaction (4). The KK mass distribution
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FIG. 4. (a) Summed K"K ~#° and K *K8= ¥ invariant-
mass distributions. (b) Detail of 1.2-GeV/c? mass region after

selection of m(KK) < 1.15 GeV/c2 The shaded area shows
the estimate of the background.
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from subset (c) of Reaction (4) is displayed in Fig. 3(c).
Clear ¢ signals are observed. The summed K *KdnF
and K YK ~ z° mass spectra, for events in which the mass
of the recoiling KK system is within 0.015 GeV/c? of the
nominal ¢ mass, is shown in Fig. 4(a). The shaded area
represents the background of events not containing a ¢,
obtained from a ¢ sideband (1.075+0.030 GeV/c?).
The main feature is a broad distribution following the
shapes of J/y— ¢K*K phase space. The K*K domi-
nance is confirmed by a study of the K *Kdr* system
with the background-free subsample of Reaction (4),
subset (a). No enhancement in the 1.4-GeV/c? mass re-
gion is seen. A small signal at 1.28 GeV/c? is enhanced
by our requiring the KK invariant mass of the KKr sys-
tem to below 1.15 GeV/c? [Fig. 4(b)].

Upper limits for the production of the f;(1420) and
the n(1440) are derived from maximum-likelihood fits
performed on the invariant-mass spectrum in Fig. 4(a) in
the 1.35-1.60-GeV/c? mass region. These fits include a
J/w— ¢K*K phase-space distribution plus a Breit-Wig-
ner parametrization for the resonance. The upper limits,
as well as the fitted parameters of the structure at 1.28
GeV/c?, are listed in Table L.

The detection efficiencies for Reactions (1)-(4) are
obtained by the assumption of isotropic decay angular
distributions for the KKr part,® with the exception of the
pseudoscalar n(1440). The deduced branching fractions
are listed in Table 1. An isoscalar KKx system is as-
sumed in the correction for unobserved decay modes.
The errors include uncertainties due to the fit procedure,
event selection criteria, Monte Carlo simulation of low-
energy photon showers, and flux determination.

In summary, the J/y— wKKnr and J/y— ¢KKn
reactions are dominated by phase-space-distributed
wK*K and ¢K *K intermediate states. The ratio

BU/y— wK*K+c.c) _
B(J/y— ¢K*K+c.c.)

is larger than expected in the SU(3)-symmetric limit
(0.93).° We have observed an enhancement at 1.442
+0.005+8319 GeV/c? in the K TK§x ¥ and K*K ~x°
systems recoiling against an w. The width of 0.024 <T°
<0.084 GeV/c? (90% C.L. limits) and the observed de-
cay angular distributions are not consistent with that of
the pseudoscalar n(1440), as seen in the same experi-
ment. '°

No signal at the nominal f;(1285) mass is seen. The
reverse pattern is observed in the KKr system recoiling
against the ¢. There is no indication for either f(1420)
or n(1440) production, but a small signal at 1.28

27%x1.0

GeV/c? If the observed enhancements are identified
with the f1(1420) and f,(1280) mesons, quark correla-
tions imply a nonideal mixing of the axial-vector nonet.!'
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