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Abstract

New data are presented onJ/ψ → ωK+K− from a sample of 58MJ/ψ events in the upgraded BES II detector at the BE
There is a conspicuous signal forf0(1710)→ K+K− and a peak at higher mass which may be fitted withf2(2150)→ KK̄ .
From a combined analysis withωπ+π− data, the branching ratio BR(f0(1710)→ ππ)/BR(f0(1710)→ KK̄) is < 0.11 at
the 95% confidence level.
 2004 Elsevier B.V.

PACS: 13.25.Gv; 14.40.Gx; 13.40.Hq
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In a recent publication, we have presented new d
on J/ψ → ωπ+π− [1] from a sample of 58MJ/ψ
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events taken in the Beijing spectrometer (BES) de
tor at the Beijing electron–positron collider. Here w
report data onJ/ψ → ωK+K−. Earlier data on this
channel with lower statistics have been published
Mark I [2], DM2 [3] and Mark III [4].

The BES II detector is a large solid-angle magne
spectrometer that is described in detail in Ref.[5].
Charged particles are measured in a vertex cham
and main drift chamber (MDC); these are surround
by a solenoidal magnet providing a nearly unifo
field of 0.4 T. Photons are detected in a Barrel show
counter (BSC) made of gas proportional tubes in
leaved with 12 radiation lengths of lead sheets. A tim
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of-flight (TOF) hodoscope immediately outside t
MDC provides separation between pions, kaons,
protons. The time resolution of the TOF measurem
is 180 ps. Further separation is obtained usingdE/dx

in the MDC.
The point of closest approach of a charged trac

the beam is required to be within 2 cm of the beam a
and within 20 cm of the centre of the interaction reg
along the beam axis. Both photons are required to
isolated from charged tracks by demanding an an
> 8◦ to the nearest charged track. Any photon with
energy deposit< 30 MeV in the shower counter is re
jected. All particles are required to lie well within th
acceptance of the detector, with charged tracks ha
laboratory polar anglesθ satisfying|cosθ | < 0.84 and
with transverse momenta> 60 MeV/c.

The ω is observed decaying toπ+π−π0. The
ωKK events are selected initially by demanding t
photons and four charged tracks with total charge z
If there are more than two photons in an event, all co
binations are used to form the candidateπ0. An extra
photon can arise from interactions of charged partic
in the detector. Kaons can be identified up to mome
of 800 MeV/c by TOF anddE/dx measurements
The two slowest particles always have mome
< 800 MeV/c. The first step is to identify one kao
and one pion using TOF anddE/dx. The other two
tracks often have momenta too high to be identified
TOF anddE/dx, so a four-constraint kinematic fit i
made for theK+K−π+π−γ γ hypothesis. The kine
matic fit requiresχ2(K+K−π+π−γ γ ) < 40.

For a givenω momentum, the mass of the accomp
nyingKK̄ pair is unique. The decay angles ofππ and
KK̄ in the lab frame are very different except nea
or 180◦. There, the backwardπ or K differ strongly
in momentum and are easily distinguished by mom
tum, TOF, anddE/dx. As a result, there is a clea
separation betweenωπ+π− andωK+K−.

Most backgroundoriginates fromK+K−π+π−π0.
The other sources of background areK0

S in final states
K0

SK±π∓π0 and K0
SK±π∓γ . Most KS events are

rejected as follows. If

χ2(K0
SK±π∓γ γ

)
< χ2(K+K−π+π−γ γ

)
or

χ2(K0
SK±π∓γ

)
< χ2(K+K−π+π−γ γ

)
,

events are discarded if anyKπππ combination has
M(π+π−) in the interval 497±25 MeV/c2 andrxy >
Fig. 1. The mass distribution ofπ+π−π0 in KK̄π+π−π0 events.
The full curve is a Gaussian fit to theω, superimposed on a quadrat
background (dotted curve).

3 mm; hererxy is the distance from the beam axis
theπ+π− vertex. This avoids rejecting too many si
nal events; survivingKS background is too small to b
visible. The transverse resolution of the second ve
is 1.2 mm.

The π0 is selected by requiring|Mγγ − Mπ0| <

0.020 GeV/c2; theπ0 mass resolution is∼15 MeV/c2.
The resultingπ+π−π0 mass distribution is show
in Fig. 1. The ω signal is then selected requirin
|Mπ+π−π0 − Mω| � 40 MeV/c2. The background is
fitted by a second order polynomial inM(π+π−π0).
A background of(22.9 ± 2.0)% is estimated fromω
sidebands, defined by 80� |Mπ+π−π0 − Mω| �
160 MeV/c2; the error allows for small variation
when the location and width of the sidebins a
changed. After the background subtraction, there
3438 signal events. From the Monte Carlo simulati
the average detection efficiency is 4.0%.

Fig. 2(a) shows the experimental Dalitz plot, a
Fig. 2(c) and (d) shows projections on to mass
of K+K− and ωK; the shaded area indicates bac
ground events from the sideband estimation.

The channels fitted to the data are:

J/ψ → ωσ

→ ωf0(980)

→ ωf0(1710)

→ ωf2(1270)

→ ωf ′
2(1525) or ωf2(1565)
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,
)

Fig. 2. (a) and (b): Measured and fitted Dalitz plots forωK+K−; (c) and (d) are projections on toK+K− and ωK mass. In the latter
histograms show the maximum likelihood fit; the shaded region indicates the background estimated from sidebins; the dashed curve in (d
shows the magnitude of theK1(1400)contribution and aKω contribution at 1945 MeV/c2; (e) and (f) show mass projections off0 andf2
contributions toK+K−. The dashed curve of (e) shows theσ → K+K− S-wave contribution.
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→ ωf2(2150)

→ K1(1400)K

→ K1(1950)K.

Amplitudes are fitted to relativistic tensor expressio
documented in Ref.[6]. For spin 0 inKK̄ , two tran-
sitions from J/ψ are allowed with orbital angula
momenta� = 0 and 2 in the production process. F
spin 2, there are five amplitudes: one with� = 0, three
with � = 2 and one with� = 4. In fitting these, Blatt–
Weisskopf centrifugal barrier factors are included w
a radius of 0.8 fm, though results are insensitive to th
choice. In the amplitude analysis, information fro
theω → π+π−π0 decay is included in the tensor e
pressions.

The polarisation vector of theω lies along the nor-
mal to its decay plane. The correlation between thi
polarisation vector, the production plane, and the
cay of thefJ to K+K− is sensitive to the spin offJ

and also to the helicity amplitudes for its productio
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This correlation cannot readily be displayed, sinc
depends on five angles; however, tests with differ
JP demonstrate the sensitivity to quantum number

Fig. 2(b) shows the Dalitz plot from the log like
lihood fit described below. Histograms onFig. 2(e)
and (f) show projections off0 and f2 contributions
to this fit.

The ωπ+π− data of Ref.[1] determine all helic-
ity amplitudes for production off2(1270) well. In
fitting present data, the relative magnitudes of th
amplitudes are fixed to values fromωππ . Contribu-
tions from f0(980) are likewise fixed from the sig
nal observed inωπ+π−; its branching ratioKK̄/ππ

is taken from the Flatté formula fitted toJ/ψ →
φπ+π− andφK+K− [7], where there are conspic
ousf0(980)signals. Phases forf2(1270)andf0(980)

amplitudes are fitted freely, since they arise from m
tiple scattering, which is different inKK̄ andππ final
states.

For other components, there is a general problem
isolatingf0 from possiblef2 for two reasons. Firstly
five 2+ amplitudes can simulate two 0+ amplitudes
closely; amplitudes withJP = 2+ may be identified
if they give rise to decay angular distributions whi
are non-isotropic. Secondly, fitted 2+ amplitudes can
fluctuate for angles outside the acceptance. For h
K+K− mass above 2 GeV/c2, this latter problem is
somewhat reduced, because the� = 4 amplitude is
suppressed by the strong centrifugal barrier for p
duction.

We useσ to denote a broadK+K− S-wave contri-
bution. We find that it peaks towards the lowerKK̄

masses as shown by the dashed curve ofFig. 2(e).
However, the dependence on mass above 1 Ge
somewhat uncertain. Many alternative fits have b
tried with similar results. A component peaking t
wards threshold is required; without it, the fit to t
KK̄ mass distribution ofFig. 2(c) is bad. We have
therefore tried parametrisations using theσ pole of
Ref.[1], and a coupling constant of the formG1+G2s

or G1 + G2/s. The optimum fit requires a slightl
more rapid fall withs than theσ pole, in order to
fit four points at the lowestKK̄ masses. Howeve
we regard this as unphysical and therefore eventu
choose to use theσ pole of Ref.[1] unchanged, with
G2 = 0. Note that there is a substantial construc
interference in present data betweenf0(980) and σ

amplitudes at masses close to threshold.
A dominant feature isf0(1710); the present dat

are consistent with earlier studies which identifyJ = 0
[8,9]. They are also consistent with the absence
any significantJ = 2 contribution. A KK̄ fit for
f0(1710)with J = 0 yieldsM = 1738± 30 MeV/c2,
Γ = 125± 20 MeV/c2. The error in the mass i
mostly systematic, and arises from uncertainty
the σ amplitude with which f0(1710) interferes;
the error inΓ is mostly statistical, but includes a
lowance for interference with the remaining 0+ am-
plitude. Earlier BES II data onJ/ψ → γK+K− and
γK0

SK0
S gave M = 1740± 4(stat)+10

−25(syst) MeV/c2

andΓ = 166+5+15
−8−10 MeV/c2 [8].

A fit with J = 2 for thef0(1710), using five ampli-
tudes, gives log likelihood worse only by 15 as co
pared to theJ = 0 case; the fit is shown inFig. 3.
However, the fit with spin 0 uses only two produ
tion amplitudes with� = 0 and 2. The fit with spin 0
requires an� = 0 amplitude which is completely dom
inant over � = 2. However, for spin 2 the� = 2
amplitudes dominate over� = 0. The phase spac
available in the processJ/ψ → ωfJ (1710) is rather
Fig. 3. (a) The projection on toM(K+K−) from an alternative fit usingf2(1710); (b) the contribution fromJP = 2+ .
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limited, and the� = 2 and 4 centrifugal barriers for th
production process should suppress those amplit
strongly. If the� = 2 and 4 amplitudes are remove
spin 0 gives a fit better than spin 2 by 90 in log like
hood.

This pattern of behaviour is symptomatic of wh
is required for spin 2 to simulate spin 0. The spin
amplitude with� = 0 has a unique dependence on
gles; it contains a distinctive term 3 cos2 αK −1, where
αK is the decay angle of theK+ in the resonance res
frame, with respect to the direction of the recoilω.
Simulation of spin 0 requires largeJ = 2 � = 2 and 4
amplitudes to produce compensating terms in sin2 αK .
Although this is suspicious, theJ = 2 possibility can-
not be ruled out from present data.

We discuss next the branching ratio off0(1710)be-
tweenKK̄ andππ , using information fromJ/ψ →
ωπ+π− [1], where statistics of∼ 40K events are
available. In those data, there is no definite evide
for the presence off0(1710). If a J = 0 signal is fitted
with a width of 125 MeV and the normalisation is le
free, a scan of the mass reveals no optimum aro
1710 MeV/c2; the maximum fitted signal in the ma
range 1710–1750 MeV/c2 is only (0.43± 0.21)% of
ωπ+π−.

In theωK+K− data presented here, thef0(1710)

intensity is(38± 6)% of the data within the same a
ceptance as forωπ+π−; the error is almost entirel
systematic, and covers all alternative parametrisat
of the σ amplitude and removing theK1(1400). The
branching fraction forJ/ψ → ωf0(1710),f0(1710)→
K+K− is (6.6±1.3)×10−4. We find at the 95% con
fidence level

(1)
BR(f0(1710)→ ππ)

BR(f0(1710)→ KK̄)
< 0.11,

where all charge states for decay are taken into
count.

One caveat is necessary. In our study ofJ/ψ →
φπ+π− andφK+K− [7], definite evidence is foun
for anf0(1770), distinct fromf0(1710)and decaying
to ππ (and possibly weakly toKK̄). There is a re-
mote possibility thatf0(1710)andf0(1770)are both
present inωππ data but cancel by destructive inte
ference. Such a cancellation would require that they
have the same magnitudes but opposite phases.
then, the cancellation is incomplete, because they ha
different masses and widths. Allowing for this pos
n

ble cancellation, the upper limit of the branching ra
given in Eq.(1) could increase to 0.16 if the magn
tudes happen to be equal, which is unlikely.

The peak inFig. 2(c) at∼ 1550 MeV/c2 may be fit-
ted with eitherf ′

2(1525)orf2(1565), or both. Spin 2 is
required by non-isotropic decay angular distributions
a fit with anf0 with the same mass and width gives
worse log likelihood by 64. Also nof0(1500)is visi-
ble in theωπ+π− data of Ref.[1]. If the peak is fitted
with f ′

2(1525), the branching fraction is close to th
for f2(1270)→ KK̄ . However, because of interfe
ences between helicity amplitudes, the branching f
tion could be a factor 2 larger or smaller. If the pe
is fitted withf2(1565), the branching fraction is sim
ilar to that off2(1565)in ωππ data, but again coul
be a factor 2 larger or smaller. The fit shown inFig. 2
usesf ′

2(1525). The branching ratio off2(1270)be-
tweenKK̄ andππ is (5.2 ± 2.5)%, consistent with
the range of values quoted by the Particle Data Gr
[9]; again the error arises from flexibility in interfe
ences between helicity amplitudes.

There is a further feature at∼ 2150 MeV/c2 in
the K+K− mass spectrum. Some spin� 2 compo-
nent is required by non-isotropic decay angular dis
tributions. An optimum fit to present data may
achieved with a mass of 2150± 20 MeV/c2 and a
width Γ = 150± 30 MeV/c2; these values are withi
a few MeV/c2 of the PDG average:M = 2157±
12 MeV/c2, Γ = 167± 30 MeV/c2 [9]. Errors are
mostly statistical but also cover changes when
small amplitudes are omitted from the fit. The data
not rule out the possibility of spin 4, but the fit is co
sistent with the knownf2(2150).

Fig. 4 shows distributions for four angles after s
lectingMKK > 2000 MeV/c2. The angleχ is the an-
gle between the decay plane ofω → π+π−π0 and
the decay planeX → KK̄; θω is the production an
gle of the ω in the J/ψ rest frame. The angleαK

is the decay angle of theK in the rest frame ofX,
taken with respect to the direction of the recoilω;
βω is the angle between the normal to theω decay
plane and the beam direction. The distribution
cosαK is distinctly non-isotropic, although after in
tegrating over all but one of the angles, much of
spin information is lost; the full amplitude analys
is much more reliable than projections on to indiv
ual angles. The dashed curves illustrate the ac
tance. The shaded histograms at the bottom of e
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er
Fig. 4. Angular distributions forMKK > 2000 MeV/c2 for anglesχ , θω , αK andβω defined in the text; histograms show the fit and the low
shaded histograms the background, taken from sidebands. The dashed histograms show the acceptance.
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A marginal improvement of 21 in log likelihoo
may be obtained by addingf0(2100)→ K+K−.
However, this is not sufficient to be sure of its pre
ence, so it is omitted.

The ωK mass distribution is not fitted perfect
unless a small component decaying toωK is in-
cluded withM ∼ 1945 MeV/c2, Γ ∼ 270 MeV/c2

and JPC = 1++. It is not possible to discriminat
this cleanly from the knownK2(1820)andK(1830)

(JP = 0−) [9] which lie nearby. Conclusions aboutf0
andf2 components are insensitive to this ambigu
At lower masses, inclusion ofK1(1400)→ ωK also
gives a significant improvement of 81 in log like
hood.

In summary, the main features of the data
peaks which may be attributed tof0(1710), f2(2150),
f2(1270) and eitherf ′

2(1525) or f2(1565). An up-
per limit of 0.11 is set on the ratio BR[f0(1710)→
ππ]/BR[f0(1710)→ KK̄]. This upper limit could
rise to 0.16 if there is a fortuitous cancellation
f0(1710)andf0(1770) in ωππ data in both magni
tude and phase.
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