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Abstract We review the recent experimental results on hadron spectroscopy from B-factories focusing on the
exotic charmonium-like states. Among them we discuss the X(3872), Y(3940), Z(4430)", Z(4050)", Z(4250)"
and Y (4140) states found in B-meson decays, the X(3940) and X(4160) states produced in double charmonium
production, the Y(4260), Y(4325), Y (4660) and X(4630) states produced with initial-state radiation in e*e”
annihilation and the X(3915), Y(4350) states observed in two-photon collisions.
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1 Introduction

Recent intensive development of hadron spec-
troscopy became possible due to a very high lumi-
nosity of B-factories, constructed to search for CP-
violation in B mesons. Using various possible mecha-
nisms of particle production at at center-of-mass en-
ergy near 10.6 GeV, the Belle and BABAR collabo-
rations have made significant contributions to charm,
charmonium and bottomonium spectroscopy. As it is
impossible to cover such a wide field in a short re-
view, we discuss here only the most puzzling charmo-
nium spectroscopy. The other topics could be found
in Ref. [1].

The first charmonium state J/{(15), the bound
system consisting of the charmed quark ¢ and anti-
quark ¢, was discovered in 1974 [2]. Nine more
charmonium states, the n.(15), xco(1P), xa(1P),
Xe2(1P), W(25), ¥ (3770), ¥(4040), ¥(4160) and
1(4415) were observed shortly afterwards. During
the next two decades no other charmonium states
were found. A new charmonium era started in 2003.
During the past six years numerous charmonium-
like states were discovered. Among them, only the
he(1P) [3], nc(25) [4] and Z(3930) = x.2(2P) [5] have
been identified as candidates for conventional char-
monium, while a number of other states with masses

above open charm threshold?, the X(3872) [6],
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the Y(3940) [7] and X(3915) [8], the Z(4430)* [9],
7(4050)*, and Z(4250)* [10], the Y(4260) [11],
Y (4325) [12] and Y(4660) [13], the X(4630) [14] and
the X(3940) [15] states, have serious problems with a
charmonium interpretation.

There are a variety of theoretical explanations
for the new states. Conservative models [16] sug-
gest to reconsider the effect of the numerous open
charm thresholds on the parameters of the conven-
tional cc states predicted within the potential models.
However, most recent approaches admit the existence
of exotic states in the charmonium-like spectrum.
Among them are the models suggesting multiquark
states that include either molecular states [17], or
tetraquarks [18], charmonium hybrids [19] and hadro-
charmonium [20].

2 The X(3872) state

The narrow charmonium-like state X(3872) pro-
duced in the exclusive decay B* — K*ntn—J/®
was discovered by Belle in 2003 [6] with a statistical
significance of 10.30. The mass of this state, which
decays in wt7~J/1p, was measured to be (3872.0
0.6+0.5) MeV/c? in close proximity to the Mpo+Mp+o
mass threshold. The width of the X(3872) was found
to be surprisingly small: I' < 2.3 MeV at the 90%
C.L. The existence of the X(3872) was confirmed by
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CDF [21] and DO [22], which observed of a w7~ J /1
resonance consistent with X(3872) produced inclu-
sively in pp collisions, and by BABAR [23] who found
X(3872) in BT = K*mwtm~J /1 decays.

It was found by Belle [6] and confirmed by
CDF [24] that the m'7~ invariant masses concen-
trate near the upper kinematic boundary that cor-
responds to the p° meson mass. Charmonium de-
cays to p°J/1 violate isospin and are expected to
be strongly suppressed. Observation of the decay
X(3872) — J/ipy [25, 26] and indications of the
decay X(3872) — wJ/ fix Cx = +1 and confirm
that the decay X(3872) — mtm~J/{ proceeds via
p°J/\p. Spin-parity analysis of the X(3872) in the
final state u™ =7t~ performed by CDF [27] demon-
strated that only C-even assignments J¢ =1+ and
2=+ with decay via J/{p° in both cases, describe the
data. Belle measurements [28] favor quantum num-
bers JFPC =1+,

Neither the x.1(2P) (corresponding to
17) nor the 1. (corresponding to J¥¢ =27F) are
expected to have such a large branching fraction for
the decay to the isospin violating p°J/{ mode. More-
over, the mass of the X(3872) is ~ 100 MeV /c? smaller
than the expected x.1(2P) mass. The most pop-
ular option for the X(3872) interpretation is an S-
wave D°D*® molecular state [29]. This proposal is
motivated by the proximity of the X(3872) to the
D’D* threshold: Mx ~ Mpo + Mp+o = (3871.81+
0.25) MeV/c? [30]. Other options for an X(3872) are
tetraquark states [31], hybrids [32] or threshold ef-
fects [33].

In 2008 BABAR updated the measurement of
X(3872) — J/iy and reported a new decay mode,
X(3872) — W(25)y [34]. The branching fraction
B(B*+ — X(3872)K*) x B(X(3872) — J/ipy) = (2.8 +
0.8+£0.2) x 107% is in agreement with previous mea-
surements [25, 26], while B(BT — X(3872)K™) x
B(X(3872) — h(28)y) = (9.9£2.94£0.6)x 10~° is found
to be unexpectedly large. According to Ref. [35]
this measurement is inconsistent with a pure D°D*°
molecule interpretation of X(3872) and favors the
model assuming mixing of a D°D*® molecule with a
conventional charmonium state.

As a check of the tetraquark hypothesis, BABAR
searched for a charged partner of the X(3872) in the
decay B — X(3872) K, X(3872)" — J/pm e [36].
The obtained upper limits on the production of
charged X(3872) partners found to be B(B° —
X(3872)"K™) x B(X(3782)" — J/Ymn?) < 5.4 X
10-° at the 90% C.L. and B(B~ — X(3872) KY) x
B(X(3872)~ — Jpm1°) < 221076 at the 90% C.L.

JPC —

exclude an isovector hypothesis for the X(3872).

The diquark-diantiquark model [31] predicts that
the observed X(3872) is one component of a dou-
blet of states. In this model, the X(3872) produced
in charged B decays would have a mass that is dif-
ferent from its counterpart in neutral B decays by
AM = (7+2)/cos(20) MeV/c?, where 6 is a mixing
angle that is near £20°. In order to test this hy-
pothesis, both BABAR [37] and Belle [38] performed
studies of the X(3872), produced in BT — X(3872)K+
and B — X(3872)K¢ decays, where X(3872) —
J/pmtn=.  The ratios of the branching fractions
B(B® — X(3872)K?)/B(B*T — X(3872)K™) found to
be 0.41+0.244+0.05 (BABAR) and 0.82+0.224+0.05
(Belle) are consistent with unity. The mass differ-
ence between the X(3872) states from charged and
neutral B decay modes, AM = Myx+ — Mxxgo,is
found to be (2.7+1.6+£0.4) MeV/c*> (BABAR) and
(0.184+0.8940.26) MeV/c* (Belle) is consistent with
zero.

In addition, Belle searched for the X(3872) in the
decay BY — X(3872)K*+n—, X(3872) — J/{pmtm~ [3§]
and measured B(B° — X(3872)(K™7T )nonres) X
B(X(3872) — J/Ppmtn) = (8.142.0714) x 10-. Un-
like conventional charmonium the resonant contri-
bution is found to be unexpectedly small: B(B® —
X(3872)K*(892)%) x B(X(3872) — J/Ymtm~) < 3.4 x
107% at the 90% C.L.

To test the hypothesis that the X(3872) signal
observed in the 7t~ J/1{ decay mode contains two
different states, CDF [39] performed a study of the
X(3872) line shape.
resonances, their mass splitting was found to be
AM < 3.2(3.6) MeV/c? at the 90% (95%) C.L., as-
suming an equal fraction for the two states in the
peak. The measured X(3872) mass value by CDF,
Mx =(3871.61+0.16+£0.19) MeV/c?, is the most pre-
cise mass measurement at the current time.

If there are two overlapping

In 2005 Belle showed a 6.4 excess of events in the
D°D°n° invariant mass in the channel B — D°D°n°K,
with a mass of (3875.240.7+92) MeV/c? [40]. In 2008
BABAR reported an observation of X(3875) decays
to D°D*° [41] with the mass (3875.175740.5) MeV /2.
The weighted average was 4.50 away from the mass
measured in the J/{Pp7ttnt~ decay mode. In 2008 Belle
presented an updated study of the near-threshold
8.80 enhancement in the D°D*? invariant mass spec-
trum in B — D°D*°K decays [42]. The measured
mass (3872.67075 £0.4) MeV/c? and width are con-
sistent with the current world average values for the
X(3872) in the mwt7t=J /1 mode [30]. Recently it was
shown [43] that the BABAR data [41] prefer the dy-
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namically generated virtual state in the DD* system,
while the new Belle data [42] clearly indicate a sizable
¢ 2P, component in the X(3872) wave function.

In spite of a large amount of accumulated exper-
imental data and numerous theoretical approaches,
the nature of X(3872) state remains to be established.

3 ISR family with JP€=1""

An entire family of unexpected charmonium-like
states with masses above open charm threshold were
discovered in the ete™ — 7wt~ J /P (P(25))ysr pro-
cesses. (Measured masses and widths of the Y states
are presented in Table 1.) The production via initial-
state radiation (ISR) fixes the quantum numbers of
these states to be JF¢=1"".

Table 1. Measured parameters of the Y states.

state M/(MeV/c?) TI'iot/ MeV decay
Y(4008) [44] 4008+40T32* 226444487 mred
Y(4260) [11] 42594872 88+23%¢ mred [
Y(4260) [45] 42524672 105+18*¢ o]
Y(4260) [44] 4247+127%17 108+£19+10 ] [
Y(4325) [12] 4324424 172433 (285
Y (4325) [13] 4361+9+9 74415410 (285
Y (4660) [13] 4664+ 1154 4841543 (285
X(4630) [14] 46347513 92t30+10 ATAS

The first state, called the Y(4260)V, was dis-
covered by BABAR as an accumulation of events
near 4.26 GeV/c? in the invariant mass spectrum
of mrw=J/ip [11]. The new resonance was con-
firmed by CLEO [46, 47] and Belle [44]. In addi-
tion Belle has found another wide cluster of events
in the w*7t~J /1 invariant mass distribution, around
4.0 GeV/c?, called the Y(4008) [44]. In 2008 BABAR
presented an update of the Y(4260) resonance study
and did not confirm the broad structure around
4.0 GeV/c? [45].

Another structure, called the Y(4325)?, was ob-
served by BABAR in the ete™ — = {(2S) cross-
section near 4.32 GeV/c? [12]. Belle performed a sim-
ilar study [13] and claimed the existence of two reso-
nant structures, one, in agreement with the BABAR
study, near 4.36 GeV/c? and another, called Y (4660),
near 4.66 GeV/c*>. No sign was found either of
the Y(4260) (Y (4008)) decay to mrm—(2S5), or of
the Y(4325) (Y(4660)) decay to mrm~J/1. Partial
widths of Y decay channels to charmonium plus light
hadrons are found to be much larger than those usual
for conventional charmonium states.

1)In PGD [30] this state is called the X(4260)
2)In PGD [30] this state is called the X(4360)

The observation of the Y(4260) motivated numer-
ous measurements of exclusive ete™ cross sections
for open charm near threshold. Belle presented the
first results of the exclusive ete™ cross sections to
DD (D=D° or D*), D*D*~, D**D*~, D°D~7n* and
D°D*~ 7" final states using ISR [48-51]. BABAR
has measured cross sections for efe~ — D®D® us-
ing ISR [52, 53]. CLEO-c performed a scan over
the energy range from 3.97 to 4.26 GeV and mea-
sured exclusive cross sections for D(s)ﬁ(s), D(s)ﬁ;)
and DZS)DIS) final states [54].
dence for open charm production associated with any
of the Y states (which is expected for a conventional
charmonium with such large masses and widths) has
been observed.

The absence of available J¥¢ =1~

levels for the Y states is another problem for their

Surprisingly, no evi-

charmonium

interpretation. To resolve this problem some models
calculate \ levels with shifted masses [55]. Coupled-
channel effects and re-scattering of charm mesons
are other possible ways to explain the observed
peaks [56]. Other suggestions are hybrids [57], hadro-
charmonium [20]; tetraquark [58], DD; or D°D*°
molecules [59].

In 2008 Belle has reported a significant near-
threshold enhancement in the ete™ — ATA] exclu-
sive cross section, called the X(4630) [14]. Both the
mass and width of the X(4630) (Table 1) are con-
sistent within errors with those of the Y(4660) sup-
porting explanation that X(4630) = Y(4660) [60].
Among interpretations for the X(4630) are a conven-
tional charmonium state [61], a baryon-antibaryon
threshold effect [62], point-like baryons [63] and a
tetraquark state [64].

4 The XYZ(3940) family

Curiously, four states were observed with similar
masses near 3.91 — 3.94 GeV/c?, but in quite differ-
ent processes (Table 2). The Z(3930) state found
by Belle in two-photon collisions yy — DD with a
mass ~ 3.930 GeV/c? [5] and recently confirmed by
BABAR [67] was identified as the X.2(2P) charmo-
nium state.

The X(3940), has been observed by Belle in dou-
ble charmonium production via the process ete™ —
J/PDD* in the mass spectrum recoiling against the
J /1 [15] and confirmed in 2008 with a significance of
5.70 [65]. In addition Belle found a new charmonium-
like state, X(4160), decaying into D*D* with a signi-
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Table 2. Measured parameters of the XYZ(3940) states.
state M/(MeV/c?) TI'iot/ MeV JPC decay production collaboration
X(3940) 39427F +6 37130 +8 77+ DD* ete™ — J/PX(3940) Belle 07 [65]
X (4160 4156122 + 15 1391111 £ o1 27+ D*D* ete™ — J/PX (4160 Belle 07 [65
20 61
Y (3940) 3943411413 87422426 27+ wl /P B — KY(3940) Belle 05 [7]
Y (3940 3914.6138 +20 34t1%2 45 27+ wlJ /P B — KY(3940 BABAR 08 [66
3.4 8
7(3930) 392945+2 2041042 2+ DD vy — Z(3940) Belle 05 [5]
X(3915) 39154+3+2 1741043 0+? 2+7 wl /P vy — X(3915) Belle 09 [8]

ficance of 5.10 in the processes ete™ — J/PX(4160).
Both the X(3940) and the X(4160) decay to open
charm final states and therefore could be attributed
to 3'S, and 4'S, conventional charmonium states.
However, potential models predict masses for these
levels to be significantly higher than measured ones.

The Y(3940) state has been observed by Belle as
a near-threshold enhancement in the wJ /1 invariant
mass distribution for exclusive B — KwJ/1{ decays
with a significance of 8.1¢ [7]. BABAR has confirmed
the Belle result in the decays B+t — K>twJ/{ [66]
and but obtained a lower mass ~ 3.915 GeV/c* and
smaller width. The ratio of B® and Bt decay to
Y(3940)K, Ry = 0.2770337001, is found to be ~ 3
standard deviations below the isospin expectation,
but agrees with that for the X(3872) [37].

The obtained upper limits: B(Y(3940) —
wJ/P)/B(Y(3940) — D°D*°) > 0.71 at the 90%
C.L. [15] and B(X(3940) — wJ/YP)B(X(3940) —
D°D*%) < 0.58 at the 90% C.L. [42], allow to claim
that the X(3940) and the Y(3940) are different states.

This year Belle observed a significant (7.70) peak
just above threshold near ~ 3.915 GeV/c? in two-
photon collisions yy — wJ/, called the X(3915) [8].
The X(3915) mass is ~ 20 lower than the Z(3930)
mass but is in a good agreement with mass of the
Y (3940) measured by BABAR. The same decay chan-
nel wJ /1P and similar widths are two more arguments
to claim that X(3915) =Y(3940).

5 New Y(4140) and X(4350) states

This year CDF reported evidence for a narrow
structure near the J/1p¢ threshold in exclusive BT —
J/PPK™ decays produced in pp collisions at /s =
1.96 TeV [68]. Assuming an s-wave relativistic BW,
the mass and width of the structure, called Y(4140),
were measured to be (4143.0£2.9+1.2) MeV/c? and
(11.7135 4 3.7) MeV, respectively. As conventional
charmonium with such mass is expected to decay into
an open charm pair dominantly and to have a tiny
branching fraction into J /¢, the Y(4140)¥, is a can-

didate to be exotic charmonium-like state.

The Belle collaboration has found no signal for
the Y(4140) using the same process with 772 x 10°
BB pairs [69]. However, the upper limit on the pro-
duction rate B(BT — Y (4140)K*,Y(4140) — J/Vd)
measured to be 6x 1076 at the 90% C.L. is not incon-
sistent with central value of the CDF measurement
(9.0£3.4+£2.9)x 1075,

Belle has not observed a Y (4140) signal in the two-
photon process yy — J /1 as well [70]. Conservative
upper limits on the product of the two-photon decay
width and branching fraction of Y(4140) — J/\¢ are
established at I7,,(Y(4140))B(Y(4140) — J/¥é) <
40 eV for J¥ = 0%, or < 5.9 eV for JF = 27 at
the 90% C.L. and are lower than calculated values
of (176%457) eV for JPC = 0+ and (1891157) eV for
JEC =2+ [70].

In the same process in the J/iP¢d mass spec-
trum Belle has found an unexpected new narrow
structure at 4.35 GeV/c? with a significance of
3.20 [70]. If this structure, called Y(4350), is in-
terpreted as a resonance, its mass and width are
(4350.613¢+0.7) MeV/c? and (13.3737° +4.1) MeV,
respectively. The product of its two-photon decay
width and branching fraction to J/{d is measured
to be I, (Y (4350))B(Y(4350) — J/bd) = (6.7755 +
1.1)eV for J¥ =0%, or (1.510¢+£0.3) eV for J* =0+

The statistical significances of both the Y(4140)
and the X(4350) are less than 40 and therefore these
states need confirmation. We do not discuss here nu-
merous interpretations of them.

6 The
nonzero electric charge

charmonumlike states with

In 2007 Belle reported an observation of the first
candidate charmonium-like state with nonzero elec-
tric charge [9]. Such a state, if it exists, could only be
a multiquark state and not conventional charmonium
or a hybrid. A distinct peak, called the Z(4430)",
was found in the 7t (2S) invariant mass distribu-
tion near 4.43 GeV/c? in B — K™ (25) decays with

1) similar to the Y(3940), which decays to wJ /1 near threshold
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Table 3. Measured parameters of the Z* states.
state M/(MeV/c?) Tiot/ MeV JPC decay modes production collaboration
7(4430)* 4433 +4+2 45115 +39 277 P (29) B — KZ*(4430) Belle 07 [9]
7(4430)* 4443%15 19 10785+ Te 277 P (29) B — KZ*(4430) Belle 09 [72]
7(4050)+ 4051414729 g2+t 277 ™ Xe1 B — KZ(4050)+ Belle 08 [10]
Z(4250)* 4248155 T80 177155516 777 Xl B — KZ(4250)* Belle 08 [10]

a statistical significance of 6.50. A fit using a Breit-
Wigner resonance shape yields a peak mass and
width presented in Table 3. The product branch-
ing fraction is determined to be B(B — KZ(4430)*) x
B(Z(4430)* — mtp(25)) = (4.1£1.04£1.4) x 1075,

In 2008 BABAR presented a search for
7(4430)" — J/Pm~ and Z(4430) — P(25)m in
B — KnJ/Y(W(25)) decays, where K = K2 or
K+t [71]. BABAR performed a detailed study of
K7t~ reflections into the J/{P7mt~ and P (25)mt masses
(in S-, P-, D-waves) to describe background for both
J /P and P(2S) modes. From the fits to J/{rt™ mass
distribution, in which background shape was fixed
and s-wave Breit-Wigner was used as signal function,
no evidence for any enhancement for J/i samples
was found. From a similar fit for {(25) data, small
signals with significance less than 30 were obtained.
BABAR claimed no significant evidence for existence
of the Z(4430)~.

This year Belle performed a Dalitz plot analysis of
B — K7™ (2S5) decays [72] using the same data sam-
ple reported in Ref. [9]. The obtained mass and width
of the signal (Table 3) and product branching frac-
tion B(B — KZ(4430)*) x B(Z(4430)* — rrtp(25)) =
(3.2F5158)x107° agree with previous Belle measure-
ments. The statistical significance of the Z(4430)% is
6.40 (including systematic uncertainty from the fit
models reduces this to 5.40).

Two more resonance-like structures were observed
by Belle in the 7t y.; invariant mass distribution near

4.1 GeV/c? in exclusive B — K~ 7" x.; decays [10].
From a Dalitz plot analysis in which the 7t*y.; mass
structures are represented by Breit-Wigner resonance
amplitudes, Belle determined masses and widths of
these new structures (Table 3) and product branch-
ing fractions of B(B® — K~Z{,) x B(Z{, = 7 xa) =
(3.055 315 %) x 107 and (4.073:375%™) x 1075, respec-
tively. The significance of each of the 7wty struc-
tures exceeds 5o, including the effects of systematics

from various fit models.

7 Conclusion

The discovery of numerous charmonium-like
states discussed in this review became possible due
to the excellent performance of both the KEKB and
PEPII B-factories. Surprisingly, the major fraction
of the observed charmonium-like states with masses
above open charm threshold cannot be explained as
conventional charmonium. Although the number of
exotic theoretical interpretations of these states is
growing, they can still not explain all of the existing
observations. More efforts are needed both to im-
prove the theoretical understanding and to perform
more precise measurements of exotic states at Super
B-factories.

The author would like to thank Belle, BABAR,
BES, CLEO, CDF and DO collaborations for inter-
esting results presented in this review.

References

1 Pakhlova G. Hadron Spectroscopy from B-Factories, talk at
the 5-th International Conference on Quarks and Nuclear
Physics, Beijing, September 21-26, 2009

2 Aubert J J et al (E598 collaboration). Phys. Rev. Lett.,
1974, 33: 1404-1406; Augustin J E et al (SLAC-SP-017
collaboration). Phys. Rev. Lett., 1974, 33: 1406-1408

3 Rosner J L et al (CLEO collaboration). Phys. Rev. Lett.,
2005, 95: 102003

4 Choi S K et al (Belle collaboration). Phys. Rev. Lett., 2002,
89: 102001

5 Uehara S et al (Belle collaboration). Phys. Rev. Lett., 2006,
96: 082003

6 Choi S K et al (Belle collaboration). Phys. Rev. Lett., 2003,
91: 262001

7 Choi S K et al (Belle collaboration). Phys. Rev. Lett., 2005,
94: 182002

8 Olsen S. Experimental Overview Talk: X, Y States, talk at
International Conference on CHARM 2009, Leimen, Ger-
many, May 20-22, 2009

9 Choi S K, Olsen S L et al (Belle collaboration). Phys. Rev.
Lett., 2008, 100: 142001

10 Mizuk R, Chistov R et al (Belle collaboration). Phys. Rev.
D, 2008, 78: 072004

11 Aubert B et al (BABAR collaboration). Phys. Rev. Lett.,
2005, 95: 142001

12 Aubert B et al (BABAR collaboration). Phys. Rev.
Lett.,2007, 98: 212001

13 WANG X L et al (Belle collaboration). Phys. Rev. Lett.,
2007, 99: 142002

14 Pakhlova G et al (Belle collaboration). Phys. Rev. Lett.,
2008, 101: 172001

15 Abe K et al (Belle collaboration). Phys. Rev. Lett., 2007,
98: 082001



1200 Chinese Physics C (HEP & NP) Vol. 34
16 Bugg D V. Phys. Lett. B, 2004, 598: 8-14 42 Zwahlen N, Aushev T et al (BABAR collaboration). arXiv:
17 Voloshin M B, Okun L B. JETP Lett., 1976, 23: 333-336; 0810.0358

Bander M, Shaw G L, Thomas P. Phys. Rev. Lett., 1976, 43 Kalashnikova Yu S, Nefediev A V. Phys. Rev. D, 2009, 80:
36: 695-697; Rujula A De, Georgi H, Glashow S L. Phys. 074004
Rev. Lett., 1977, 38: 317-321; Térnqvist N A. Z. Phys. C, 44 YUAN C Z et al (Belle collaboration). Phys. Rev. Lett.,
1994, 61: 525-537; Manohar A V, Wise M B. Nucl. Phys. 2007, 99: 182004
B, 1993, 399: 17-33; Toérnqvist N A. Phys. Lett. B, 2004, 45 Aubert B et al (BABAR collaboration). arXiv: 0808.1543
590: 209-215; Close F E, Page P R. Phys. Lett. B, 2003, 46 Coan T E et al (CLEO collaboration). Phys. Rev. Lett.,
578: 119-123; Wong Cheuk-Yin. Phys. Rev. C, 2004, 69: 2006, 96: 162003
055202; Braaten E, Kusunoki M. Phys. Rev. D, 2004, 69: 47 HE Q et al (CLEO collaboration). Phys. Rev. D, 2006, 74:
114012; Swanson E S. Phys. Lett. B, 2004, 588: 189-195 091104
18 Maiani L, Piccinini F, Polosa A D, Riquer V. Phys. Rev. 48 Pakhlova G et al (Belle collaboration). Phys. Rev. D, 2008,
D, 2005, 71: 014028; Bigi I et al. Phys. Rev. D, 2005, 77: 011103
72: 114016; Maiani L, Piccinini F, Polosa A D. Phys. Rev. 49 Pakhlova G et al (Belle collaboration). Phys. Rev. Lett.,
Lett., 2007, 99: 182003 2007, 98: 092001
19 Barnes T, Close F E, Swanson E S. Phys. Rev. D, 1995, 50 Pakhlova G et al (Belle collaboration). Phys. Rev. Lett.,
52: 5242-5256; Lacock P, Michael C, Boyle P, Rowland P. 2008, 100: 062001
Phys. Lett. B, 1997, 401: 308-312; Kalashnikova YU S, 51 Pakhlova G et al (Belle collaboration). Phys. Rev. D, 2009,
Nefediev A V. Phys. Atom. Nucl., 2009, 72: 333-338 80: 091101
20 Dubynskiy S, Voloshin M B. Phys. Lett. B, 2008, 666: 344— 52 Aubert B et al (BABAR collaboration). Phys.Rev. D, 2007,
346 76: 111105
21 Acosta D et al (CDF collaboration). Phys. Rev. Lett., 2004, 53 Aubert B et al (BABAR collaboration). Phys. Rev. D, 79:
93: 072001 092001
22 Abazov V M et al (DO collaboration). Phys. Rev. Lett., 54 Cronin-Hennessy D et al (CLEO collaboration). Phys. Rev.
2004, 93: 162002 D, 2009, 80: 072001
23 Aubert B et al (BABAR collaboration). Phys. Rev. D, 55 DING Gui-Jun et al. Phys. Rev. D, 2008, 77 :014033;
2005, 71: 071103; Aubert B et al (BABAR collaboration). Badalian A M, Bakker B L. G, Danilkin I V. Phys. Atom.
Phys. Rev. D, 2005, 71: 011101 Nucl., 2009, 72: 638-646
24 Abulencia D et al (CDF collaboration). Phys. Rev. Lett., 56 Voloshin M V. arXiv: 0602233
2006, 96: 102002 57 ZHU Shi-Lin. Phys. Lett. B, 2005, 625: 212-216; Close F
25 Aubert B et al (BABAR collaboration). Phys. Rev. D, E, Page P R. Phys. Lett. B, 2005, 628: 215-222; Kou E,
2006, 74: 071101 Pene O. Phys. Lett. B, 2005, 631: 164-169
26 Abe K et al (Belle collaboration). arXiv: 0505037 58 Maiani L, Riquer V, Piccinini F, Polosa A D. Phys. Rev.
27 Abulencia D et al (CDF collaboration). Phys. Rev. Lett., D, 2005, 72: 031502; Ebert D, Faustov R N, Galkin V O.
2007, 98: 132002 Eur. Phys. J. C, 2008, 58: 399-405
28 Abe K et al (Belle collaboration). arXiv: 0505038 59 LIU Xiang, ZENG Xiao-Qiang, LI Xue-Qian. Phys. Rev.
29 Close F E, Page P R. Phys. Lett. B, 2004, 578: 119-123; D, 2005, 72: 054023; DING Gui-Jun. Phys. Rev. D, 2009,
Swanson E S. Phys. Lett. B, 2004, 588: 189-195; Térnqvist 79: 014001
N A. Phys. Lett. B, 2004, 590: 209-215; Voloshin M B. 60 Bugg D V. J. Phys. G, 2007, 36: 075002
Phys. Lett. B, 2004, 579: 316-320 61 Segovia J, Yasser A M, Entem D R, Fernandez F. Phys.
30 Amsler C et al. Phys. Lett. B, 2008, 667: 1-6 Rev. D, 2008, 78: 114033; LI Bai-Qing, CHAO Kuang-Ta.
31 Maiani L, Polosa A D, Riquer V. Phys. Rev. Lett., 2007, Phys. Rev. D, 2009, 79: 094004
99: 182003; Bigi I, Maiani L, Piccinini F, Polosa A D, 62 Eef van Beveren, Liu X, Coimbra R, Rupp G. Europhys.
Riquer V. Phys. Rev. D, 2005, 72: 114016; Maiani L, Pic- Lett.. 2009, 85: 61002
cinini F, Polosa A D, Riquer V. Phys. Rev. D, 2005, 71: 63 Baldini R B, Pacetti S, Zallo A. arXiv: 0812.3283
014028 64 Ebert D, Faustov R N, Galkin V O. Eur. Phys. J. C, 2008,
32 LI Bing-An. Phys. Rev. Lett. B, 2005, 605: 306-310 58: 399-405; Cotugno G, Faccini R, Polosa A D, Sabelli
33 Dunwoodie W, Ziegler V. arXiv: 0710.5191; Hanhart C, C. arXiv: 0911.2178
Kalashnikova Yu S, Kudryavtsev A E, Nefediev A V. Phys. 65 Pakhlov P et al (Belle collaboration). Phys. Rev. Lett.,
Rev. D, 2007, 76: 034007; Voloshin M B. Phys. Rev. D, 2008, 100: 202001
2007, 76: 014007; Braaten E, LU M. Phys. Rev. D, 2008, 66 Aubert B et al (BABAR collaboration). Phys. Rev. Lett.,
77: 014029 2008, 101: 082001
34 Aubert B et al (BABAR collaboration). Phys. Rev. Lett., 67 Santoro V. Studies of Exotic Charmonium-like Hadrons at
2009, 102: 132001 BABAR, talk at 13th International Conference on Hadron
35 Swanson E S. Phys. Rept., 2006, 429: 243-305 Spectroscopy, Florida, USA, November30-December4, 2009
36 Aubert B et al (BABAR collaboration). Phys. Rev. D, 68 Aaltonen T et al. Phys. Rev. Lett., 2009, 102: 242002
2005, 71: 031501 69 Brodzicka J. Heavy Flavour Spectroscopy. XXIV Interna-
37 Aubert B et al (BABAR collaboration). Phys. Rev. D, tional Symposium on Lepton Photon Interactions, Ham-
2008, 77: 111101 burg, Germany, August 17-22, 2009
38 Trabelsi K et al (Belle collaboration). arXiv: 0809.1224 70 SHEN C P et al (Belle collaboration). arXiv:0912.2383,
39 Aaltonen T et al (CDF collaboration). Phys. Rev. Lett., 2009
103: 152001 71 Aubert B et al (BABAR collaboration). Phys. Rev. D,
40 Gokhroo G et al (Belle collaboration). Phys. Rev. Lett., 2009, 79: 112001
2006, 97: 162002 72 Mizuk R et al (Belle collaboration). Phys. Rev. D, 2009,

41

Aubert B et al (BABAR collaboration). Phys. Rev. D,
2008, 77: 011102

80: 031104



