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Study of three-body charmonium decays at BABAR
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We report on new charmonium studies performed by the BABAR experiment located at the PEP-
II asymmetric energy e+e− collider at SLAC. We present analyses of the processes γγ → KK̄π

in which we observe the decays ηc → KSK±π∓ and ηc → K+K−π0. We perform a Dalitz plot
analysis of each ηc final state, and extract the mass-dependent I = 1/2 Kπ S-wave amplitude
and phase using a model-independent partial wave analysis approach. In addition, we study the
reaction e+e−→ γISRJ/ψ , where J/ψ → π+π−π0, and J/ψ → K+K−π0, using events obtained
from the Initial State Radiation (ISR) process. We measure the relative J/ψ branching fraction,
and perform a Dalitz plot analysis of each final state using an Isobar model and, for the π+π−π0

final state, a Veneziano model.
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1. Charmonium Spectroscopy

The charmonium spectrum consists of eight narrow states below the open charm threshold
(3.73 GeV/c2), and several tens of states above the threshold. Below threshold almost all states are
well-established. On the other hand, very little is known above threshold, where there are several
new "Charmonium-like" states that are very difficult to accommodate in the charmonium spectrum.

B-factories are ideal places at which to study charmonium, since charmonium states are pro-
duced in four different processes:

• B decays: charmonium states of any quantum numbers can be produced;

• Two-photon production: in this process two virtual photons are emitted by the colliding e+e−

pair (e+e−→ e+e−γ∗γ∗→ e+e−(cc̄)), and charmonium states with JPC = 0±+,2±+,4±+, ...
3++, 5++,... can be produced;

• Initial State Radiation (ISR): where a photon is emitted by the incoming electron or positron
(e+e−→ γcc̄), and only states with JPC = 1−− are formed;

• Double charmonium production: in this process a J/ψ or a ψ(2S) is produced together with
another charmonium state.

In this report we present two recent results:

• Measurement of the I = 1/2 Kπ S−wave amplitude from Dalitz plot analyses of ηc→ KK̄π

where the ηc is produced in a two-photon interaction;

• Dalitz plot analyses of J/ψ → π+π−π0 and J/ψ → K+K−π0, where the J/ψ is produced
via e+e− annihilation after Initial-State Radiation.

2. Measurement of the I = 1/2 Kπ S-wave amplitude from Dalitz plot analyses of
ηc→ KK̄π , where the ηc is produced in a two-photon interaction

We have performed a Dalitz plot analysis of ηc → K+K−π0, and of ηc → K+K−η , in each
case using an Isobar model [1]. The KK̄π systems are produced in two-photon interactions using
an integrated luminosity of 519 fb−1 recorded at center-of-mass energies at and near the ϒ(nS)
(n=2,3,4) resonances.The analysis reported the first observation of K∗0 (1430)→ Kη , and observed
that ηc decays to these final states are dominated by the presence of scalar meson resonances. We
continued the study of ηc decays to KK̄π and extracted the I = 1/2 Kπ S-wave by performing a
Model Independent Partial Wave Analysis (MIPWA) of the K0

s K±π∓ and K+K−π0 final states [2].
The MIPWA Dalitz plot analyses of the K0

s K±π∓ and K+K−π0 final states were performed
in the ηc mass region using unbinned maximum likelihood fits. The results are summarized in
Table 1. The Kπ S-wave amplitudes dominate, there is small K∗2 (1430)0K̄ contribution and there
are also significant contributions from the a0(1950)π amplitude, where the a0 is a new resonance
which decays to KK̄. A fit without this state gives a poor description of the data, as can be seen in
Figure 1. The statistical significance for this state is 2.5σ for K0

s K±π∓ and 4.2σ for K+K−π0. The
weighted averages for the parameter values of the a0 are m = (1931 ± 14 ± 22) MeV/c2 and Γ =
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(271 ± 22 ± 29) MeV.
In addition we performed an Isobar-model Dalitz plot analysis of the K0

s K±π∓ and K+K−π0

final states, in which all resonances were modeled using Breit-Wigner functions multiplied by
the corresponding angular functions. The description of the data obtained using this model was
significantly poorer than that obtained from the MIPWA method.

We compared these measurements of the I = 1/2 Kπ S-wave amplitude from ηc→ KK̄π with
measurements from LASS [3], and from E791 [4]. While they observed similar phase behavior up
to about 1.5 GeV/c2, they observed striking differences in the mass dependence of the amplitude.

Table 1: Results from the ηc→ K0
s K±π∓ and ηc→ K+K−π0 MIPWA.

ηc→ K0
s K±π∓ ηc→ K+K−π0

Amplitude Fraction (%) Phase (rad) Fraction (%) Phase (rad)
(Kπ S-wave)K̄ 107.3 ± 2.6 ± 17.9 fixed 125.5 ± 2.4 ± 4.2 fixed
a0(980)π 0.8 ± 0.5 ± 0.8 1.08 ± 0.18 ± 0.18 0.0 ± 0.1 ± 1.7 -
a0(1450)π 0.7 ± 0.2 ± 1.4 2.63 ± 0.13 ± 0.17 1.2 ± 0.4 ± 0.7 2.90 ± 0.12 ± 0.25
a0(1950)π 3.1 ± 0.4 ± 1.2 -1.04 ± 0.08 ± 0.77 4.4 ± 0.8 ± 0.8 -1.45 ± 0.08 ± 0.27
a2(1320)π 0.2 ± 0.1 ± 0.1 1.85 ± 0.20 ± 0.20 0.6 ± 0.2 ± 0.3 1.75 ± 0.23 ± 0.42
K∗2 (1430)K̄ 4.7 ± 0.9 ± 1.4 4.92 ± 0.05 ± 0.10 3.0 ± 0.8 ± 4.4 5.07 ± 0.09 ± 0.30
Total 116.8 ± 2.8 ± 18.1 134.8 ± 2.7 ± 6.4
-2logL -4314.2 -2339
χ2/Ncells 301/254=1.17 283.2/233=1.22

Figure 1: The mass projection for (a) K0
s K+ from ηc→ K0

s K±π∓, and b) K+K− from ηc→ K+K−π0. The
histograms show the MIPWA fit projection with (solid, black) and without (dashed, red) the presence of the
a0(1950)→ KK̄ resonance. The shaded regions show the estimated background contributions obtained by
interpolating the results of the Dalitz plot analyses of the sideband regions.

3. Dalitz plot analysis of J/ψ → π+π−π0 and J/ψ → K+K−π0 produced via e+e−

annihilation after Initial-State Radiation

We studied J/ψ → π+π−π0 and J/ψ → K+K−π0 decays, where the J/ψ was produced in
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Figure 2: The ππ mass projections for J/ψ → π+π−π0. The fit in (a) makes use of the Isobar model and
the shaded histogram represents the background distribution obtained from the J/ψ sidebands. The dashed
curve in (a) is the result of the fit with only the ρ(770) resonance. The fit it (b) makes use of the Veneziano
model.

Table 2: Results from the Dalitz-plot analysis of the J/ψ → π+π−π0 channel.
Final state Isobar Fraction (%) Phase (radians) Veneziano Fraction (%)
ρ(770)π 119.0 ± 1.1 ± 3.3 0. 120.0 ± 1.9
ρ(1460)π 16.9 ± 2.0 ± 3.1 3.92 ± 0.05 ± 0.11 1.53 ± 0.13
ρ(1700)π 0.1 ± 0.1 ± 0.2 1.01 ± 0.35 ± 0.79 0.84 ± 0.08
ρ(2150)π 0.04 ± 0.05 ± 0.02 1.89 ± 0.30 ± 0.48 2.03 ± 0.17
ρ3(1690)π 0.09 ± 0.02
Sum 136.0 ± 2.3 ± 4.3 124.5 ± 2.3
χ2/ν 764/552 780/554

Table 3: Results from the Dalitz-plot analysis of the J/ψ → K+K−π0 channel.
Final state Fraction (%) Phase (radians)
K∗(892)K 87.8 ± 2.0 ± 1.7 0.
ρ(1450)0π0 11.5 ± 2.1 ± 2.1 -2.81 ± 0.25 ± 0.36
K∗(1410)K 1.7 ± 0.7 ± 1.1 2.89 ± 0.35 ± 0.08
K∗2 (1430)K 3.8 ± 1.4 ± 0.5 -2.42 ± 0.22 ± 0.07
ρ(1700)0π0 0.9 ± 1.0 ± 0.6 1.06 ± 0.20 ± 0.7
Total 105.6 ± 3.4 ± 3.0
χ2/ν 94/92

e+e− annihilation after initial-state radiation, using an integrated luminosity of 519 fb−1 recorded
at center-of-mass energies at and near the ϒ(nS) (n=2,3,4) resonances. Only an unpublished result
exists for a Dalitz plot analysis of J/ψ decay to π+π−π0 [5].

While large samples of J/ψ decays exist, some branching fractions remain poorly measured.
In particular the J/ψ → K+K−π0 branching fraction has been measured by MarkII [6] using only
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25 events. The BESII experiment [7] has performed an angular analysis of J/ψ→K+K−π0, which
required the presence of a broad JPC = 1−− state in the K+K− threshold region; this was interpreted
as being due to a multi-quark state.

We have performed Dalitz-plot analyses of J/ψ → π+π−π0 and J/ψ → K+K−π0 decays us-
ing unbinned maximum likelihood fits. For the first J/ψ decay mode, we used both an Isobar and
a Veneziano model, while for the second J/ψ decay mode, only an Isobar model has been used,
due to limited statistics.

In Table 2 we summarize the results from the Dalitz-plot analysis of the J/ψ → π+π−π0

channel. The decay is dominated by ρ(770)π amplitudes. Using an Isobar model, there is also an
important contribution from the ρ(1450)π amplitude. From the fit the mass m(ρ(1450))=(1361
± 43) MeV/c2, and width Γ(ρ(1450)) =(479 ± 63 MeV) values were extracted, and these are
consistent with the PDG [8] averages. The Isobar and Veneziano models give similar data repre-
sentation, but they require different fractional contributions. The projections of the fits on the ππ

mass distributions are shown in Figure 2.
In Table 3 we summarize the results from the Dalitz-plot analysis of the J/ψ → K+K−π0

channel. For this channel, only the Isobar model has been used due to limited statistics. The decay
is dominated by K∗(892)K̄ amplitudes. There is also an important contribution from the ρ(1450)π
amplitude. In the fit the mass and the width of the ρ(1450) were fixed to the values obtained from
the π+π−π0 Isobar analysis.

Using the results for these J/ψ decay modes obtained with the Isobar model, we measure the
branching ratio R(ρ(1450)) = B(ρ(1450)→K+K−)

B(ρ(1450)→π+π−) =0.190 ± 0.042 ± 0.049.
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