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1. Introduction

The BABAR experiment - which is described in detail elsewhere [1, 23s Fecently obtained
several important results in charmonium and charmonitihysics. Below th®D threshold,
the expected charmonium states are well established airgptbeerties, when measured, are in
good agreement with predictions. Nevertheless, in theyleats, a plethora of unexpected states
has been observed above BB threshold. This non-regular charmonium genealogy stavitd
the observation of th¥ (3872 resonance [3], and the interpretation of these statedlisrstiear.

In the studies of the charmonium(-like) spectrum, the cateptiata sample collected at the
PEP-Il asymmetric energg" e~ collider has been used. This sample consists of integratad |
nosities of 425.6 fb! recorded at an energy in tlege~ center-of-mass (CM) frame equal to the
Y(4S) mass, 28.0 fo! at theY(3S), and 13.6 fbo! at theY(2S). Samples collected at CM energy
30-40 MeV below eaclN peak, which correspond t010% of the total luminosity are used as well.

Here we present two recent results obtainedbBar. The first concerns the evidence for the
decayX (3872 — J/Ww reported in the study of trg®+ — J /@t m K%+ processes [4], while
the second involves the study of the charmonium resonamoésiged in two-photon interactions,
resulting in theKSK* ™ andK K=" - ri° final states [5].

2. Evidence for the decay X(3872 — J/yw

The X(3872 state has been primarily observed in decaydg ™ [3]. Evidence for
X (3872 — J/y@ydecay has established positive C-parity for the resondjc&loreover, analyses
of therr™ T mass distribution and of the angular distribution haverieist the availablé® values
for X(3872 to 1" or 2 [7].

Here we analyze the deca@®+ — J/ywm"m m°K%*, selecting the mass window for the
three-pion (31) system in thew region as 0740 < mg; < 0.795 GeV/@. The same processes
have already been analyzed in [8], but selectiffi70 < mg,; < 0.795 GeV/&, with the aim of
confirming theY (3490 — J/yw decays. Apart from the enlarged mass window for the 8
system, the same selection criteria as in [8] are applied.

We look at thel /(@ w mass distribution on data collected at tfi@lS) energy, corresponding
to ~ 467 x 10° BE’Tpairs, for both charged and neutBldecays. The mass spectra are shown in
Fig. 1 (a, c), with a zoom in the low-mass region in (b). The éitnponents are thX (3872
resonance, th& (3940 resonance, and a non-peaking background contribution. kdeefvi-
dence for theX (3872 decaying toJ/w with a 400 significance, when considering both sta-
tistical and systematic uncertainties. The mass of thisn@sce is measured to be zg7y =
38730" ijg(stat) +1.3(syst) MeV/c?. We also measure mass and width of {8940 resonance:
My (3040 = 39191734 (stat) +2.0(syst) MeV/c? andly zgag = 3173%(stat) & 5(syst) MeV.

In Fig. 1 (d, e, f) the mass distribution for ther3ystem is shown for charged decays, neutral
decays, and combining them, respectively. Monte Carlo (si@ulated events with eithe$ or
P-wave distributions are superimposed on the distributibr@ioed when combining charged and
neutralB decays. The analysis favors tRewave description, so that among ti® values still
allowed for theX (3872 meson, 2 is preferred. For this assignment, tK¢3872 mass falls
within the broad range available to the;(1D) charmonium state.
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Figurel: Themy,y,, distribution (a) foB* decay, (b) for the low-mass region in detail, and (c)BBdecay.
In each case, the curves indicate the fit result. Medistribution for events with 8625< my, < 3.8825
GeV/c is shown in (d) foB* decay, (B decay, and (f) for the combined distributions. The vertitzghed
line represents the nominal mass. In (f), the solid (dashed) histogram representsghedistribution for
MC J/Yw P-wave Gwave) events.

3. Observation of nc(1S,2S) — K+*K =" ni° in two-photon interactions

The ne(1S,2S) are established states in the charmonium spectrum, but ofatineir prop-
erties, especially for thg:(2S), are not established. In the analysis presented here wg stad
two-photon process e~ — yyete~ — fete, wheref is either aKQK*m™ or aK ¥ K="~ 10
final state. Thee"e™ pair in the final state remains undetected, and the two peaomquasi-real.
This implies that the allowed"C values of the initial state are"d, 2+, with J > 2 suppressed by
decay phase space. The final sﬂa@(irﬁ cannot havel® = 0*. The Kg is reconstructed in the
Kg — "1 mode, and thet® via decay to two photons. All of the available integrated ilusity
(519.2 fb1) is used for this study.

Background contributions come from random combinationpanticles frome*te~ annihi-
lation, other two-photon collisions, and processes inngnitial state radiation (such ak/
production). The signal is identified by the number of chdrgacks in the final state, the number
of additional reconstructed photons, the transverse mamedistribution and the missing mass
of the event. The signals are extracted by means of a binn&thmm-likelihood fit to the invari-
ant mass distributions of final state particles, which amwshin Fig. 2. Each fit contains several
components: the(1S,2S), the x02(1P), and the non-resonant and resonant backgrounds. All
the signal yields are corrected for the presence of peakaogdrounds. No signal is found for the

Xc2 (ZP) .
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Table 1: Measured™, x % products for the transitions examined in [9],, indicates the two-photon

coupling. The first error is statistical, the second system&he upper limits are at the 90% confidence
level.

Transition My x #(keV) [5]
ne(1S) — KK 0.386+0.008-+ 0.021
Xe2(1P) — KKt (1.8+0.5+0.2) x 103
ne(2S) — KK 0.041+ 0.004- 0.006
Xe2(2P) — KKt <21x10°3

Ne(1S) — K*K-mmm® | 0.190+0.006+ 0.028
Xco(1P) — K*K-mtmm® | 0.0264 0.004+0.004
X2(1P) — K*K—mrm m® | (6.54+0.9415) x 103
Ne(2S) — K*K-m*mm® | 0.030+0.006+ 0.005
Xc2(2P) — K*K—mrm m° <34x10°3
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Figure 2: Fit to (a) thngKirﬁ and (c) theK K~ - m® mass spectrum. The background-subtracted

distributions are shown in (b) and (d), respectively. Thi@dmes show the fit results, the dashed lines the
background contributions.

We provide the most precise mass and width measurementiear:(2S): M(n¢(29)) =
36385+ 1.5(stat) & 0.8(syst) MeV/c?, andl (n¢(2S)) = 13.44+ 4.6(stat) + 3.2(syst) MeV. Sev-
eral branching fractions are also measured, as summarizédble 1. In particular, we report
observation of the).(2S) exclusive hadronic decay to a final state other thi&.

References

[1] B. Aubertet al. (BaBar Collaboration), Nucl. Instrum. Methods Phys. ResA? (2002) 1.
[2] W. Menges, IEEE Nucl. Sci. Symp. Conf. Ré&c(2006) 1470.

[3] S. K. Choiet al.(Belle Collaboration), Phys. Rev. Letl (2003) 262001.

[4] P. del Amo Sancheet al. (BaBar Collaboration), Phys. Reld82 (2010) 011101(R).

[5] P. del Amo Sancheet al. (BaBar Collaboration), Phys. Reld84 (2011) 012004(R).

[6] B. Aubertet al. (BaBar Collaboration), Phys. Rev. Lett02 (2009) 132001.

[7] A. Abulenciaet al. (CDF Collaboration), Phys. Rev. Le6 (2006) 102002; Phys. Rev. Le@8
(2007) 132002.

[8] B. Aubertet al. (BaBar Collaboration), Phys. Rev. Lett01 (2008) 082001.



