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By 2010, experiments with the Belle detector [1] at KEKB and the BaBar detector [2] at PEP-
11 have accumulated together more than 1.5 ab—* of data. Such a data sample provides a possibility
to study CP-violation in B-decays, charm- and t- physics. In this presentation we report results of
a search for new charmonium and charmonium-like states in these experiments.

B-factories allow to perform a search for new states in different processes: fragmentation of
light quarks (u, d, s, ¢) in e" e annihilation, production of new particles in B-meson decays, for-
mation of C-even states in two-photon processes, production of J°¢ = 1~ in initial state radiation
(ISR). After ten-year operation about 15 new heavy particles have been discovered including both
conventional charmonia as well as exotic charmonium-like states, which cannot be explained in the
frame of a simple quark model.

X(3872) — is the most studied charmonium-like state which does not fit the standard qg-
spectroscopy. It was observed in 2003 while studying the 7" J/ mass spectrum in BT —
K+t J/ decays with a sample of 152 MBB events [3]. In addition to a large peak corre-
sponding to ¢/ — 1t 1T J /1P, a significant spike at 3872 MeV/c? was found. A signal of 35.7+6.8
events with a significance of 10.3 ¢ was observed. The mass corresponding to the peak is M =
3872.4 +0.6 £0.5 MeV/c? and an upper limit for width is ' < 2.3 MeV. The existence of
X(3872) was confirmed by BaBar [4], CDF [5] and DO [6]. The 7t invariant mass distribu-
tion is consistent with the X(3872) — J/@p? intermediate state. BaBar performed a search for
decays B® — K= m°J/y and B~ — Kgrr 7/ and found no signals in the 7 r°J /¢ mass
distribution [7] for both decays indicating that X(3872) is an isoscalar and isospin is violated in
B — X(3872)K decays.

Analyzing the data sample of 275 MBB events Belle found evidence for X(3872) — yd/y [8]
decays confirmed by BaBar [9]. These results established the charge-conjugation parity of X(3872)
asC=+1

Using a larger data sample Belle examined a possible JP assignment for the X (3872) [10].
Angular correlations between the final state particles in X — " mJ/¢ ruled out the 0" and 0~
options. The shape of the rrrr mass distribution favors an S—wave over P—wave as a relative orbital
momentum between the final-state dipion and J/¢, strongly disfavoring 1,2~ assignments. The
accumulated evidence strongly favors a 17+ assignment for the X(3872). CDF [11] using larger
data sample repeated angular correlations and 77T mass spectrum analysis and came to the same
conclusion in the case of description of p by simple relativistic Breit-Wigner. However if they
add momentum-dependent formfactor for p and include p — w-interference, both solutions with
assumption of 1+ and 2~ were allowed.

Some models predicts existence of an X(3872)-doublet. BaBar and Belle have measured
X(3872) production in both charged and neutral B-decays. No statistically significant mass dif-
ference has been found either by BaBar AM = 2.7 + 1.6 0.4 MeV/c? [12] or by Belle AM =
0.18+0.89+0.26 MeV/c? [13]. The ratios % measured by BaBar and Belle are 0.41 +
0.24 £0.05 and 0.82 +0.22 4 0.05, respectively. In 2008 Belle found a new production mode
B® — XK+ [13], where the KT system is dominated by nonresonant K it with a branching frac-
tion product Z(B® — X(K* 1 )Nr)B(X — /Wt m ) =8.1+£2.171.1_14 x 1075 while for the
K* contribution the upper limit was set %(B® — XK*(892))%(X — J/ymm ) < 3.4 x 1075,

In 2009 BaBar published the observation of the new decay mode X(3872) — (2S)y with
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branching fractions product 2(B* — XK*) x (X — (2S)y) = (9.5+2.7+0.6) x 107°. The
observed ratio of the branching fractions %;%(/ng) = 3.4+ 1.4 disfavors the DD*-molecule.

The proximity of the X mass to D*D threshold was suspicious, and eventually decays to D*D
were observed by BaBar [14] and Belle [15]. Both Belle and BaBar have observed X (3872) signals
in the D*°DO final state with branching fractions about ten times higher than for J/@ " i~ and the
mass peak close to that for the latter decay.

Although X(3872) is well studied, its interpretation demands much more experimental stud-
ies. Its apparent quantum numbers, mass, and decay patterns make it an unlikely conventional
charmonium candidate, and no consensus explanation has been found yet.

In 2005 analysing the spectrum of recoil mass to J/¢ Belle [16] found both the peaks corre-
sponding to the well-known nc, Xco, Nc(2S) states and a peak with mass of about 3940 MeV/c?.
It was shown that it does not decay to J/@ew and is not the same particle as Y(3940) discovered
by Belle [17] in B~ — J/@wK ™~ and confirmed by BaBar [18]. Belle measurement [19] with the
reconstruction of the DD* system gave M = 3942*% + 6MeV/c? and width I = 37428 4+ 8MeV.
Analysing dataon ete™ — J/L,UD*D_* Belle also observed a new state decaying to D*D* with mass
M = 4156125 + 15 MeV/c? and width I = 139721 4+ 21 MeV.

Rich results on C-even states are provided by a study of two-photon collisions. In 2006 Belle
observed a peak in the DD system with the angular distribution consistent with a spin-2 hypothesis
and mass and width M = 3929 +5+2 MeV/c? I' = 29410+ 2 MeV [20]. This measurement has
been confirmed by BaBar which mass and width are consistent with Belle: M = 3926.7 £2.7 +
1.1 MeV/c® T =21.3+6.843.6 MeV [21]. This state can be interpreted as the xc»(2P)-state.

Belle searched in two-photon collisions for the Y(4143) particle observed by CDF [22] and
set upper limits of 'y, Z(Y — @J/) < 36 (5.3) eV for I = 0*(2") [23]. However, evidence of
another peak with a significance of 3.2 o with mass and width M = 4350.6 8% +£0.7 MeV/c? T =
131%8 +4 MeV was found. The interpretation of this peak is unclear and more studies are necessary.
Analysis of another final state in yy — wJ/ performed by Belle showed the presence of the peak
with mass and width of M = 3914 +3+2 MeV/c? I =23+ 10f§ MeV [24]. Its interpretation is
also unclear.

Five new states with 1=~ quantum numbers have been observed in ISR processes [25]-[31].
The masses, widths and decay modes of these states are listed in Table 1. All these states cannot
be interpreted as conventional charmonia because all 1=~ in this energy range have been already
discovered and assigned and neither of these new states have decay modes with open charm.

The Z*(4430) was observed by Belle [32] in 2007 in B — (¢(2S)mm K decay in the ¢(2S)
mass spectrum after removing events corresponding to the K*(892) and K*(1430) states. Mass
and width M = 4433 £4 +2 MeV/c? T = 4518730 MeV and the branching fraction prod-
uct Z(B° — ZTK)Z(Z" — Y(29m") = (4.1+£1.0 £ 1.4) x 10~ were measured. BaBar [33]
did not confirm Z* and set an upper limit on this particle production £(B° — Z*K)%#(Z+ —
Y29 mmt) < (3.1) x 1075, However, this upper limit is just 1.7 o part from the Belle value. Belle
performed Dalitz plot analysis [34] of B — ¢(2S)m K including the contributions of various Kt
states (k, K*(892), K*(1410), K;(1430), K5(1430), K*(1680)) and confirmed Z(4430) existence
with mass and width shown in Table 1 and the branching fraction product #(B% — Z*K)%(Z" —
W) = (3.273833) 1075, Fits with and without Z* have probabilities 36% and 0.1%,
respectively.
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State | M(MeV) | r(MeV) | J™ | Process (mode) | Experiment
B-decays
ne(29) 36374 147 0+t | KKK~ 1) Belle(2002), BaBar, CLEO
X(3872) | 3871.52+£0.20 | 1.3+£0.6 | 1¥+/2=F | K(m"m J/y) | Belle(2003), BaBar,CDF,DO
K(D*°DO), ...
Y (3940) 3915.7+4.2 | 41+12 0/2" | K(wd/y) Belle(2004), BaBar
Z1(4050)* 4051+23 82+t ? K(rr" xc1(1P)) | Belle (2008)
Zy(4250)* | 424871% 1773} ? K(m xe(1P)) | Belle (2008)
Z(4430)* 4443432 10743 ? K(rrty(29)) Belle (2007)
Double charmonium
X (3940) 394213 3772 it J/y(DD¥) Belle (2007)
X (4160) 4156722 | 139713 [ 97F [ J/y(D'D*) | Belle (2007)
ISR
Y (4008) 40081121 226497 1~ (- 3/ W) Belle (2007)
Y (4260) 4263+5 108+14 1~ (mrtmJ/y) BaBar (2005), Belle, CLEO
Y (4360) 4353 +11 9642 1~ (r@(2S)) | BaBar (2007), Belle
X (4630) 463473 924 17— | (AA) Belle (2007)
Y (4660) 4664+12 48415 1~ (rm @(2S)) | Belle (2007)
Two-photons
Xc2(2P) 3927.2+26 | 241461 | 2tt | (DD) Belle(2005), BaBar
X(3915) 3914 + 4 2373 0,27 | (wd/y) Belle(2009)
X (4350) 4350.672% | 13.3"184 | 027" | (@I/Y) Belle(2009)
Energy scan and Y transitions
Nb(1S) 9390.7 +£2.9 ? 0=t | y+(.) BaBar(2008), CLEO
Yo 10889.6+2.3 | 54.7182 1 | mtmY(ns Belle (2008)

Table 1: Heavy quarkoniadiscovered at B-factories

Another two charged Z-states with masses shown in Table 1 were observed in the BY —
K~ 1t x. Dalitz plot analysis performed by Belle [35].
The observed charmonium-like charged Z states are particularly interesting. If these states
were mesons, they would necessarily have a minimal 4-quark substructure of ccud and therefore

be exotic.

The list of all heavy-quarkonium states discovered at Belle and BaBar is listed in Table 1. Now
the list contains more than 15 states. The data analysis is in progress and more states are expected
to be discovered. Super B-factories will give more data and more experimental information for
understanding the nature of the new states.
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