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1. Introduction

Many charmonium states have been predicted by a varietyeofdical models. All predicted
states below open-charm threshold have been discoveredhe/-factories, many new states
above open-charm threshold have been discovered, but noaraidate states have been reported
below this threshold. An overview of the charmonium and cf@rium-like states is shown in
Fig.[1. The quantum numberd™) of some of the new states have not yet been determined.
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Figure 1: The mass versus the quantum numb@?s) for the charmonium-like states. The boxes represent
the predictions; blue boxes show the established statdgthamred boxes indicate the new states discovered
at theB-factories.

2. TheY (4260 — J/ymm

TheY (4260 was discovered]1] bBABAR in the Initial State Radiation (ISR) processe™ —
YisrY (4260, Y (4260 — J/@mtm . Being formed directly irete~ annihilation, this should be
aJP® = 1~ state. However, its nature is not yet understood, and dofit iato a simple char-
monium model. TheBaBArR Collaboration is finalizing an update, using the full datasi¢th 454
fo=1 [H], on the decay mod¥ (4260 — J/@m" . The preliminary update¥ (4260 mass and
width values aren = 4252+ 6(stat)"3(syst) MeV/c? andl™ = 105+ 18(dtat) g (syst) MeV, re-
spectively. There is no evidence for the enhancement 4005 MeV/c? reported by the Belle
Collaboration [B].
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The BaBAR Collaboration has searched also for the dec&y260 — DD, Y (4260 — D*D,
andY (4260 — D*D* in ISR events[[5]. Th&®D mass distribution for these decay modes is shown
in Fig. B. No evidence for th¥ (4260 is observed in any of these distributions.
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Figure 2: Fits to the (a)DD, (b) D*D, and (c)D*D* mass spectra. The points represent the data and the
curves show the fitted functions. The shaded histogramespond to the smoothed incoherent background
estimated from sidebands. The smooth solid curves représgenonresonant contributions.

3. TheY (4350 — @(2S)mTH

BABAR has searched for the dec¥y4260 — ((2S)m" m~ using a dataset of 298 b [f].
A new structure at- 4.32 GeV/c? in the @(2S)mrH i invariant-mass spectrum, not consistent
with the decayy (4415 — @(2S)rt -, has been observed. The structure also differs from that
reported for ther (4260 in Ref. [1]. The possibility that it represents evidence donew decay
mode for theY (4260 cannot be entirely ruled out. The mass and width obtained fdit to this
structure aren = 4324+ 24 MeV/c? andll = 172433 MeV.

4. The X (3872 — J/yyand X(3872 — Y(29)y

The X (3872 was discovered by the Belle Collaboration in the decay nidde X (3872K,
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X(3872 — J/@mtm [B]. Confirmation of this observation came from CDF, DO, aB4BAR
experiments [[7[]8[]9]. Subsequently other decay modes heene keported such a§(3872 —
DD+ [[G, 1], andX (3872 — J/yy [[4, [13]. TheBaBar Collaboration has updated the mea-
surement ofX(3872 — J/Yy, and also reported a new decay mode3872 — Y (2S)y us-
ing a dataset corresponding to luminosity of 424jf[4]. We measure the branching frac-
tions (Bt — X(3872K™*) x #(X(3872 — J/y) = (2.8 0.8(stat) +0.2(syst)) x 106 and
B(B — X(3872K*) x B(X(3872 — Y(29)y) = (9.9+£2.9(dat) +0.6(syst)) x 10°6. The re-
sulting branching fraction ratio contradicts theoretiegbectation[[15]. Observation of the decays
X(3872 — J/yPyandX (3872 — (2S)y establishes positive C-parity for thg3872).

5. TheY(3940 — J/Yw

The Belle Collaboration reported evidence for thg940 in the decayB — Y(3940K,
Y (3940 — J/w [L4], with mass and width 394811(stat) 4+ 13(syst) MeV/c? and 87 22(stat) +
26(syst) MeV, respectively. ThdABAR Collaboration confirmed[17] the existence of #8940
using a data sample of 348 h but measured a lower mass (3848 (sat) + 2(syst) MeV/c?)
and smaller width (343%(gtat) +5(syst) MeV) than in the Belle analysis. The Belle Collabo-
ration has recently reportefl [18] a new state observed irpfuaion production with a mass of
3914+ 3(dat) + 2(syst) MeV/c?, and a width of 23 10(stat) *3(syst) MeV. These mass and
width values are in a good agreement with BiBAR values for ther (3940, and so might indicate
that these are different decay modes of the same stateBAB® ratio of theB® andB* branching
fractions for they (3940 is 0.277333(stat) 957 (syst). The central value is thus three standard de-
viations below the isospin expectation, but agrees weh wie correspondin® (3872 ratio from
BABAR [L9)].

6. Search for the Z(4430~

The Belle Collaboration reporf [R0] of a charged charmonlika structure, thez(4430,
in the Y(2S) system produced in the decaBs® — @ (2S)m K%~ has generated a great deal
of interest. If confirmed, such a state must have minimumlquoantent ¢cdu) so that it would
represent the unequivocal manifestation of a four-quarkamestate.

The BaBAR Collaboration has analyzed a data sample collected af #®) resonance (413
fb~1) to search for th& (4430~ state in four decay modds— @ K, where = J/y or (25)
andK = Kg or K*. We represent th& 1~ mass dependence of the angular structure irktite
angular distribution at a givemk - in terms of Legendre polynomial8 (cos6bx ), where the an-
gle 6« is between th&K in the K~ rest frame and th& i~ direction in theB rest frame. A
backward-forward asymmetry in cg has been measured, and the details of the obsdétved
mass and angular structure have been carefully taken intuatin evaluating their impact on the
correspondingpm~ mass distribution.

We compare the data and the reflections ofklie structure into thepr~ mass distributions
for the fiveK 77~ regions relevant to the Belle analysis (see Fig. 25 in IR@1){Delow theK*(892);
within 100 MeV/c? of theK*(892); between thé&*(892) and thek; (1430); within 100 Me\V/c? of
theK3(1430); and above th&;(1430. Overall, good agreement between data limd reflection
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Figure 3: The ¢ mass distributions for the combined decay modesB@§ — J/@wm K%+ and (b)
B—0 — @ (25)m K%*. The points show the data after efficiency correction ABdsideband subtraction.
The dashed curves show tKat™ reflection for a flat co6k distribution, while the solid curves show the
result of co¥k weighting. The shaded bands represent the effect of gtatisincertainty on the normalized
moments. In (b), the dot-dashed curve indicates the effeeteighting with the normalized /@K
moments. The dashed vertical lines indicate the valuggf = 4.433 GeV/c?. In (c) and (d), we show the
residuals (data-solid curve) for (a) and (b), respectively

is obtained in the differerK 71~ regions, indicating that no additional structure is neddetescribe
the data. In Fig:]3, we show thggrr~ mass distributions for all of the data. No compelling evitken
for theZ(4430~ is observed.

In Fig.[4 we show fits to theyr~ mass distributions in which thém background shape is
fixed and arS-wave Breit Wigner (BW) is used as a signal function. The B\iapzeters are free
in the fits. Figure$|4(a) and (d) are for the entire data sasnpligured(b) and (e) are for tie
regions, and Fig 4(c) and (f) are for tK&(892) andK} (1430 veto regions combined (the Belle
selection). For thd/y samples, no evidence for any enhancement is obtained. &@(2%) data
small signals are obtained, but their significance is onltha2— 3o range, and in Fig] 4(d) and
(e) the fitted mass is significantly different from the Belldue. In Fig[#(f), the signal mass and
width are consistent with the Belle values, but the signgthificance is only ©o. We conclude
that theBABAR data provide no significant evidence for the existence oZ{4&30 .
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