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Introduction
Charmonium spectrum: observation and prediction

Current status of charmonium spectrum

n 2s+1 lJ JPC mass MeV width MeV discovery

ηc pseudoscalar 1 1S0 0−+ 2980 25.5 1980
J/ψ vector 1 3S1 1−− 3097 0.093 1974
hc axial vector 1 1P1 1+− 3524 2005
χc0 scalar 1 3P0 0++ 3415 10.4 1975
χc1 axial vector 1 3P1 1++ 3511 0.89 1975
χc2 tensor 1 3P2 2++ 3556 2.06 1975

ψ(3770) vector 1 3D1 1−− 3771 23.0 1977
ηc(2S) pseudoscalar 2 1S0 0−+ 3637 < 55 2002
ψ(2S) vector 2 3S1 1−− 3686 0.337 1974

J (total spin): |l − s| < J < |l + s|
l (orbital angular momentum):

S-wave (l = 0), P-wave (l = 1), D-wave (l = 2)...

s (spin): 1 (quark spin parallel) or 0 (quark spin anti-parallel)

P (parity): (−1)l+1

C (charge): (−1)l+s.

n: radial excitation (ground state n = 1)

Established charmonium below open-charm threshold (2mD)

10±4

<1



Introduction
Charmonium spectrum: observation and prediction

Recent discoveries of X, Y, Z

Identification of X, Y, Z requires information not only mass and width but
also quantum number, decay channels, etc...

Observed charmed mesons Potential model prediction
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! Identified chamonium ! Recent discoveries

Good agreement below the threshold 
Difficulties above the threshold → appearance of exotic states
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TABLE 9: As in Table 4, but for new unconventional states in the cc̄ and bb̄ regions, ordered by mass. For X(3872), the values
given are based only upon decays to π+π−J/ψ. X(3945) and Y (3940) have been subsumed under X(3915) due to compatible
properties. The state known as Z(3930) appears as the χc2(2P ) in Table 4. See also the reviews in [81–84]

State m (MeV) Γ (MeV) JPC Process (mode) Experiment (#σ) Year Status

X(3872) 3871.52±0.20 1.3±0.6 1++/2−+ B → K(π+π−J/ψ) Belle [85, 86] (12.8), BABAR [87] (8.6) 2003 OK

(<2.2) pp̄ → (π+π−J/ψ) + ... CDF [88–90] (np), DØ [91] (5.2)

B → K(ωJ/ψ) Belle [92] (4.3), BABAR [93] (4.0)

B → K(D∗0D̄0) Belle [94, 95] (6.4), BABAR [96] (4.9)

B → K(γJ/ψ) Belle [92] (4.0), BABAR [97, 98] (3.6)

B → K(γψ(2S)) BABAR [98] (3.5), Belle [99] (0.4)

X(3915) 3915.6± 3.1 28±10 0/2?+ B → K(ωJ/ψ) Belle [100] (8.1), BABAR [101] (19) 2004 OK

e+e− → e+e−(ωJ/ψ) Belle [102] (7.7)

X(3940) 3942+9
−8 37+27

−17 ??+ e+e− → J/ψ(DD̄∗) Belle [103] (6.0) 2007 NC!

e+e− → J/ψ (...) Belle [54] (5.0)

G(3900) 3943± 21 52±11 1−− e+e− → γ(DD̄) BABAR [27] (np), Belle [21] (np) 2007 OK

Y (4008) 4008+121
− 49 226±97 1−− e+e− → γ(π+π−J/ψ) Belle [104] (7.4) 2007 NC!

Z1(4050)
+ 4051+24

−43 82+51
−55 ? B → K(π+χc1(1P )) Belle [105] (5.0) 2008 NC!

Y (4140) 4143.4± 3.0 15+11
− 7 ??+ B → K(φJ/ψ) CDF [106, 107] (5.0) 2009 NC!

X(4160) 4156+29
−25 139+113

−65 ??+ e+e− → J/ψ(DD̄∗) Belle [103] (5.5) 2007 NC!

Z2(4250)
+ 4248+185

− 45 177+321
− 72 ? B → K(π+χc1(1P )) Belle [105] (5.0) 2008 NC!

Y (4260) 4263± 5 108±14 1−− e+e− → γ(π+π−J/ψ) BABAR [108, 109] (8.0) 2005 OK

CLEO [110] (5.4)

Belle [104] (15)

e+e− → (π+π−J/ψ) CLEO [111] (11)

e+e− → (π0π0J/ψ) CLEO [111] (5.1)

Y (4274) 4274.4+8.4
−6.7 32+22

−15 ??+ B → K(φJ/ψ) CDF [107] (3.1) 2010 NC!

X(4350) 4350.6+4.6
−5.1 13.3+18.4

−10.0 0,2++ e+e− → e+e−(φJ/ψ) Belle [112] (3.2) 2009 NC!

Y (4360) 4353± 11 96±42 1−− e+e− → γ(π+π−ψ(2S)) BABAR [113] (np), Belle [114] (8.0) 2007 OK

Z(4430)+ 4443+24
−18 107+113

− 71 ? B → K(π+ψ(2S)) Belle [115, 116] (6.4) 2007 NC!

X(4630) 4634+ 9
−11 92+41

−32 1−− e+e− → γ(Λ+
c Λ

−
c ) Belle [25] (8.2) 2007 NC!

Y (4660) 4664±12 48±15 1−− e+e− → γ(π+π−ψ(2S)) Belle [114] (5.8) 2007 NC!

Yb(10888) 10888.4±3.0 30.7+8.9
−7.7 1−− e+e− → (π+π−Υ(nS)) Belle [37, 117] (3.2) 2010 NC!

no D∗0-mass constraint, and measured a mass value of
3875.2 ± 0.7+0.3

−1.6 ± 0.8 MeV.) Belle [95] fit to a conven-
tional Breit-Wigner signal shape convolved with a Gaus-
sian resolution function. BABAR [96] fit the data to an
ensemble of MC samples, each generated with different
plausible X masses and widths and assuming a purely
S-wave decay of a spin-1 resonance. The BABAR X mass
from D∗0D̄0 decays is more than 3 MeV larger than the
world average from π+π−J/ψ, which engendered specu-
lation that the D∗0D̄0 enhancement might be a different
state than that observed in π+π−J/ψ, but the smaller
value observed by Belle in D∗0D̄0 seems to make that
possibility unlikely. The two X mass measurements us-

ing D∗0D̄0 decays are inconsistent by 2.2σ, and are 1.8σ
and 4.7σ higher than the π+π−J/ψ-based mass. How-
ever, important subtleties pointed out by Braaten and
co-authors [121, 122] appear to explain at least qualita-
tively why masses extracted in this manner are larger
than in π+π−J/ψ.

Measuring theX mass with theD∗0D̄0 decay is consid-
erably more challenging than with π+π−J/ψ for several
reasons [121, 122]. If conceived as a bound or virtual
D∗0D̄0 state [123], the X lineshape in this decay mode
is determined by the binding energy, the D∗0 natural
width, and the natural width of the X itself, which is
at least as large as the D∗0 width [121]. Because the

Quarkonium working group report:  1010.5827
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Quarkonium working group report:  1010.5827

Today I focus on 
these two states.
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X(3872)
Discovery in 2003

X(3872)

It is observed firstly in Belle in 2005 and confirmed by Babar, CDF, D0...

! Mass: 3872.0 ± 0.6 ± 0.5 MeV

! Width: < 2.3 MeV

! Discovery channel: B → KJ/ψππ

! Favoured quantum number: 1++ S. Olsen, hep-ex/0407033

! Decay characteristics: large isospin breaking

Br(X → π+π−π0J/ψ)

Br(X → π+π−J/ψ)
= 1.0 ± 0.5

2003

How to determine it?                                                  



X(3872)
Determining its spin parityQuantum number identification: e.g. X(3872)

! C− is excluded from radiative decays

Observation of radiative decays is important to identify the charge con-

jugation. X(3872) → J/ψγ is observed, thus C = +1!

! 1−+,2−+ are ruled out from recoil mass distribution of X → J/ψρ

(1−+,2−+) → ρJ/ψ is only allowed for P -wave. Thus, the following result

for the recoil mass distribution of ππ rules out this possibility:

χ2/dof = 43/39 S-wave. χ2/dof = 71/39 P -wave

! 0++ and 0−+ are ruled out from angular correlations

Angular correlations of B → KJ/ψππ

dΓ(B → KJ/ψππ)

Γd cos θlπ
=

3

4
sin2 θlπ while exp. peaks at | cos θlπ| # 1

d2Γ(B → KJ/ψππ)

Γd cos θdφd cosψ
= sin2 θ sin2 ψ while exp. peaks at | cosψ| # 1

S. Olsen hep-ph/0407033

Two possibilities,1++ or 2++, were left...
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Figure 1: Definition of the helicity angles (top) and of the azimuthal angles between the de-
cay planes (bottom) used in the description of angular distribution in B+ → X(3872)K+,
X(3872)→ ρJ/ψ , ρ→ π+pi−, J/ψ → µ+µ−.

liminary analysis of the 2011 data [7] confirmed these conclusions with 164 signal events43

reconstructed in a sample corresponding to 1 fb−1 of integrated luminosity.44

In this analysis, we almost double the signal statistics in the 2011 sample by em-45

ploying the multivariate data selection previously developed for the published analyses46

of B+
c → J/ψπ+π−π+ [8] and B+ → J/ψK+K−K+ [9] decays. More importantly, we47

analyze 5-dimensional correlations in the full angular phase space for B+ → X(3872)K+,48

X(3872) → π+π−J/ψ , J/ψ → µ+µ− decay, which allows us to resolve the 1++ and 2−+
49

with arbitrary complex value of α with overwhelming significance, and therefore, we de-50

termine JPC of X(3872) with no ambiguity for the first time.51

2

     X(3872) JPC Measurement!
!! Analysis performed in 5D, considering all angular correlations in B+ decay!
!! The PDF for each JPC is f(                                                   , !

"built as a product of the expected matrix element and the !
"reconstruction efficiency.!

!

!

!

!! Helicity amplitudes can be expressed !
!! Without free parameters : JPC = 1++ !

!! With a complex parameter (!) : JPC = 2-+ !

!! To discriminate between the two hypotheses we built a test statistic t= ratio of the 
likelihoods of the two JPC values, such that !
!! t > 0 -> 1++ favoured !
!! t < 0 -> 2-+ favoured !

!! RESULTS: !

!! tData prefers the 1++ hypothesis! " !
"(tested with simulation)!

!! 2-+ hypotesis rejected with > 8"#

12.03.2013! G.Manca, Moriond QCD 2013! 13!

arXiv:1302.6269  
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Figure 1: Distribution of ∆M for B+ → J/ψK+π+π− candidates. The fits of the ψ(2S) and
X(3872) signals are displayed. The solid blue, dashed red, and dotted green lines represent the
total fit, signal component, and background component, respectively.

decays as found by studying the K+π+π− mass distribution.
The angular correlations in the B+ decay carry information about the X(3872)

quantum numbers. To discriminate between the 1++ and 2−+ assignments we use the
likelihood-ratio test, which in general provides the most powerful test between two hy-
potheses [22]. The PDF for each JPC hypothesis, JX , is defined in the 5D angular
space Ω ≡ (cos θX , cos θππ,∆φX,ππ, cos θJ/ψ ,∆φX,J/ψ ) by the normalized product of the
expected decay matrix element (M) squared and of the reconstruction efficiency (ε),
P(Ω|JX) = |M(Ω|JX)|2 ε(Ω)/I(JX), where I(JX) =

∫
|M(Ω|JX)|2 ε(Ω)dΩ. The efficiency

is averaged over the π+π− mass (M(ππ)) using a simulation [23–27] that assumes the
X(3872) → ρ(770)J/ψ , ρ(770) → π+π− decay [6,16,28]. The observed M(ππ) distribution
is in good agreement with this simulation. The lineshape of the ρ(770) resonance can
change slightly depending on the spin hypothesis. The effect on ε(Ω) is found to be very
small and is neglected. We follow the approach adopted in Ref. [12] to predict the matrix
elements. The angular correlations are obtained using the helicity formalism,

|M(Ω|JX) |2 =
∑

∆λµ=−1,+1

∣∣
∑

λJ/ψ ,λππ=−1,0,+1

AλJ/ψ ,λππ ×DJX
0 ,λJ/ψ−λππ

(φX , θX ,−φX)×

D1
λππ , 0(φππ, θππ,−φππ)×D1

λJ/ψ ,∆λµ
(φJ/ψ , θJ/ψ ,−φJ/ψ )

∣∣2 ,

where λ are particle helicities and DJ
λ1 ,λ2

are Wigner functions [13–15]. The helicity

3•! PDF = Probability Density Function!

Angular correlations 
go in here, !

expressed in the 
helicity formalism!

falls into the region where the probability density for the 1++ simulated experiments is
high. Integrating the 1++ distribution from −∞ to tdata gives CL (1++) = 34%. We also
compare the binned distribution of single-event log-likelihood-ratios with sWeights applied,
ln[P(Ωi|2−+, α̂)/P(Ωi|1++)], between the data and the simulations. The shape of this
distribution in data is consistent with the 1++ simulations and inconsistent with the 2−+

simulations, as illustrated in Fig. 3.
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Figure 2: Distribution of the test statistic t for the simulated experiments with JPC = 2−+ and
α = α̂ (black circles on the left) and with JPC = 1++ (red triangles on the right). A Gaussian fit
to the 2−+ distribution is overlaid (blue solid line). The value of the test statistic for the data,
tdata, is shown by the solid vertical line.

We vary the data selection criteria to probe for possible biases from the background
subtraction and the efficiency corrections. The nominal selection does not bias the M(ππ)
distribution. By requiring Q = M(J/ψππ)−M(J/ψ )−M(ππ) < 0.1 GeV, we reduce the
background level by a factor of four, while losing only 21% of the signal. The significance
of the 2−+ rejection changes very little, in agreement with the simulations. By tightening
the requirements on the pT of π, K and µ candidates, we decrease the signal efficiency by
about 50% with similar reduction in the background level. In all cases, the significance of
the 2−+ rejection is reduced by a factor consistent with the simulations.

In the analysis we use simulations to calculate the I(JX) integrals. In an alternative
approach to the efficiency estimates, we use the B+ → ψ(2S)K+ events observed in the
data weighted by the inverse of 1−− matrix element squared. We obtain a value of tdata
that corresponds to 8.2σ rejection of the 2−+ hypothesis.

As an additional goodness-of-fit test for the 1++ hypothesis, we project the data onto
five 1D and ten 2D binned distributions in all five angles and their combinations. They
are all consistent with the distributions expected for the 1++ hypothesis. Some of them

5

) 

Spin 2++ excluded by LHCb 
at 8 σ level!

LHCb, 1302.6269



X(3872)
Discovery in 2003

X(3872)

It is observed firstly in Belle in 2005 and confirmed by Babar, CDF, D0...

! Mass: 3872.0 ± 0.6 ± 0.5 MeV

! Width: < 2.3 MeV

! Discovery channel: B → KJ/ψππ

! Favoured quantum number: 1++ S. Olsen, hep-ex/0407033

! Decay characteristics: large isospin breaking

Br(X → π+π−π0J/ψ)

Br(X → π+π−J/ψ)
= 1.0 ± 0.5

2003

1++                                             



What is X(3872)?

! Can X(3872) be a conventional charmonium?

A possible 1++ is the excited state of P -wave charmonium, χ′
1c. However,

the predicted mass for χ′
1c is 3956 MeV, which is too high comparing to

X(3872). Moreover, the large isospin breaking decay is impossible for

charmonium... So X(3872) is unlikely a charmonium

! Various theoretical models as an interpretation of X(3872):

" D0D̄∗0 Molecule (Deuson) Model N. A. Tornqvist PLB (2004)

X(3872) might be a DD̄∗ a D and D̄∗ loosely bounded by

a π exchange.

" Tetraquark Model L. Maiani, F. Piccinini, A. Polosa, V. Riquer, PRD (2005)

X(3872) is one of the mixing states of

Xu = [cu][c̄ū], Xd = [cd][c̄d̄]

(
Xh
Xl

)

=

(
cos θ − sin θ
sin θ cos θ

) (
Xu
Xd

)

X(3872)
It’s not charmonium ?! 

Where are the charged partners?



Y(4260)
Discovery in 2005! 

Y (4260)

A resonance observed in initial-state radiation process e+e− → (γIR)π+π−J/ψ
Babar collab., PRL 95 (2005) Confirmed by CLEO and Belle.

e−

e+ γ J/ψ

π+

π−
Y (4260)
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! Mass: 4259 ± 8+2
−6 MeV (Note: Belle find 4295± 10+11

−5 )

! Width: 88 ± 23+2
−6 MeV

! Significance: 125 ± 23 events (8σ signal)

Also found in B± → K±π+π−J/ψ decays (3.1σ signal)

Babar collab., hep-ex/0507090.

! Decay characteristics: Decay to D(∗)D̄(∗) is suppressed?

−→ hybrid candidate?!

                                                            

Typical signature of hybrid! EK, O. Pene, PLB631 (‘05)

CLEO, Belle, BES.



What is 1−− hybrid meson?

(cc̄)+constituent gluon

c
c̄

g

lcc̄

lg

P = (−1)lg+lcc̄ C = (−1)lcc̄+scc̄+1

! Unnatural quantum number is possible

e.g. (0+−,1−+,2+−)

" The 1−− meson can be composed in two ways, (lg, lcc̄, scc̄) =

(0, 1, 1) or by (1, 0, 0). However, the state (lg, lcc̄, scc̄) =

(0, 1, 1) has been excluded due to its strong coupling to the

continuum DD̄ (the width exceeds 1 GeV). F. Iddir, S. Safir and

O. Pene, PLB (1998)

" Thumb rule for the (lg, lcc̄, scc̄) = (1, 0, 0) mass

Mcc̄ + Mg + Mexcited " (3.0 + (0.7 ∼ 1) + 0.4) GeV

is approximately right. (−→ interesting challenge for lattice, see

e.g. S. Perantonis and C. Michael, NPB (1990) ).

Y(4260)
Is it a Hybrid? 

What is 1−− hybrid meson?

! (qq̄)+constituent gluon

c
c̄

g

lcc̄

lg

P = (−1)lg+lcc̄ C = (−1)lcc̄+scc̄+1

" Unnatural parity is possible

e.g. (0+−,1−+,2+−)

! The 1−− meson can be composed in two ways, (lg, lcc̄, scc̄) =

(0, 1, 1) or by (1, 0, 0).

! The state (lg, lcc̄, scc̄) = (0, 1, 1) has been excluded due

to its strong coupling to the continuum D(∗)D̄(∗) (the width

exceeds 1 GeV). F. Iddir, S. Safir and O. Pene, PLB (1998)

! Thumb rule for the mass Mcc̄ + Mg + Mexcited # (3.0+ (0.7 ∼
1) + 0.4 GeV. (−→ interesting challenge for lattice, see e.g.

S. Perantonis and C. Michael, NPB (1990) ).



What is 1−− hybrid meson?

(cc̄)+constituent gluon

c
c̄

g

lcc̄

lg

P = (−1)lg+lcc̄ C = (−1)lcc̄+scc̄+1

! Unnatural quantum number is possible

e.g. (0+−,1−+,2+−)

" The 1−− meson can be composed in two ways, (lg, lcc̄, scc̄) =

(0, 1, 1) or by (1, 0, 0). However, the state (lg, lcc̄, scc̄) =

(0, 1, 1) has been excluded due to its strong coupling to the

continuum DD̄ (the width exceeds 1 GeV). F. Iddir, S. Safir and

O. Pene, PLB (1998)

" Thumb rule for the (lg, lcc̄, scc̄) = (1, 0, 0) mass

Mcc̄ + Mg + Mexcited " (3.0 + (0.7 ∼ 1) + 0.4) GeV

is approximately right. (−→ interesting challenge for lattice, see

e.g. S. Perantonis and C. Michael, NPB (1990) ).

Y(4260)
Is it a Hybrid? 

Selection rule for hybrid decays

Spacial symmetry forbids (lg, lcc̄, scc̄)=(1, 0, 0) decaying

into any two S-wave final states.

! The selection rule was first proven by using the chromo-

harmonic model

see e.g. A. Le Yaouanc, L. Oliver, O. Pene, J. C. Raynal and S. Ono,

Z. Phys. C (1985)

! Later confirmed using more general potential and also flux

tube model

see e.g. F. E. Close, P. R. Page, NPB (1995) and P. R. Page, PLB

(1997)



What is 1−− hybrid meson?

(cc̄)+constituent gluon

c
c̄

g

lcc̄

lg

P = (−1)lg+lcc̄ C = (−1)lcc̄+scc̄+1

! Unnatural quantum number is possible

e.g. (0+−,1−+,2+−)

" The 1−− meson can be composed in two ways, (lg, lcc̄, scc̄) =

(0, 1, 1) or by (1, 0, 0). However, the state (lg, lcc̄, scc̄) =

(0, 1, 1) has been excluded due to its strong coupling to the

continuum DD̄ (the width exceeds 1 GeV). F. Iddir, S. Safir and

O. Pene, PLB (1998)

" Thumb rule for the (lg, lcc̄, scc̄) = (1, 0, 0) mass

Mcc̄ + Mg + Mexcited " (3.0 + (0.7 ∼ 1) + 0.4) GeV

is approximately right. (−→ interesting challenge for lattice, see

e.g. S. Perantonis and C. Michael, NPB (1990) ).

Y(4260)
Is it a Hybrid? 

Selection rule for hybrid decays

Spacial symmetry forbids (lg, lcc̄, scc̄)=(1, 0, 0) decaying

into any two S-wave final states.

! The selection rule was first proven by using the chromo-

harmonic model

see e.g. A. Le Yaouanc, L. Oliver, O. Pene, J. C. Raynal and S. Ono,

Z. Phys. C (1985)

! Later confirmed using more general potential and also flux

tube model

see e.g. F. E. Close, P. R. Page, NPB (1995) and P. R. Page, PLB

(1997)

Allowed decays of 1−− hybrid

Main decay channel

c

c̄

hybrid

J/ψ

π

π

! Hybrid, 0−+ colour-octet

cc̄ state with a magnetic

gluon, decays into 1−− char-

monium and 0++ two-gluon

state which decays into 0++

two-pion.

" DD∗ may occur from the mixing of hybrid to excited states

of S-wave charmonium. But this effect must be small.

see e.g. F. E. Close and P. R. Page, hep-ph/0507199

" D∗∗D∗ is not forbidden! We expect decay process such as

Y (4260) → D∗D∗π’s.

 The suppression of  Y(4260) decaying into 
the D(*)D(*) final states can be understood by 
assuming Y(4260) to be a hybrid, due to its  
selection rule. 

 After various experimental attempts (CLEO, 
BES etc...), the suppression of the D(*)D(*) final 
states are still observed... 

 Further tests at LHC will be interesting! 



Zc±(3900)
More surprise?! 
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BESIII collaboration catches new particle
A new particle spotted at China’s Beijing Electron Positron Collider raises more
questions than it answers.
By Kelen Tuttle
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BESIII experiment

IHEP press release: Observation of a

charged charmonium-like structure at

BESIII

SLAC press release: BaBar finds new

massive particle

The plot has thickened for scientists studying a recently discovered

particle at the Beijing Electron Spectrometer. For the past three months,

the BESIII collaboration has studied the “Y(4260)” particle, discovered in

2005, to try to understand why this anomalous creature refuses to

conform to scientists’ understanding of similar particles. Surprisingly, the

first result from these studies is the observation another new, unexpected

and mysterious particle named the “Z_c(3900).”

The Y(4260), originally discovered by the BaBar collaboration, is a bit

of an odd duck. Other particles with similar characteristics—called

“charmonium”—are composed of a charm quark and an anti-charm quark

held together by the strong force. Yet the Y(4260) doesn’t seem to fit this

model and its building blocks remain unclear.

In an attempt to better understand the Y(4260), researchers collided

electrons and their antimatter counterparts, positrons, at the Beijing

Electron Spectrometer using just the right energy to produce more than

1000 observed Y(4260) decays. By seeing how these Y(4260) particles

decay into other particles, researchers seek to clarify their internal

structure.

Yet, so far, what they’ve seen is even more mysterious than the

question they set out to answer. In addition to more common particles, the

Y(4260) also decays into the newly discovered  Z_c(3900) particle, which

also does not fit into the “charmonium” box. While standard charmonium

particles are neutral, the Z_c(3900) is charged.

Both the Y(4260) and the Z_c(3900) appear to be members of a new

class of particles  called the XYZ mesons. Further studies will seek to

reveal the building blocks of both the Y(4260) and the Z_c(3900).

"We are very excited about this," says Yifang Wang, director of the

Institute of High Energy Physics at Beijing, in a press release issued by

the institute. "With our Beijing collider, we can accumulate a lot more data

that will permit more comprehensive investigations of the nature of this

unusual, electrically charged charmonium state. When all of these results
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 While BESIII investigates 
Y(4260) in details, they found a 
decay of  Y(4260) into “charged 
charmonium” Zc±(3900)!  

 There are theoretical papers 
indicating it might be the missing 
charged partner of X(3872)!!! 

BESIII, 1303.5949

BELLE, 1304.0121

Faccini et al. 1303.6857
Voloshin, 1304.0380

Wang et al, 1303.6355
.........



Conclusions 

Charmonium spectrum below threshold is well established and 
well understood while the above threshold is more puzzling. 

X(3872) and Y(4260) are rather well-established exotic states: 
they have decay characteristics which is not possible from the 
conventional charmonium.  

LHC study of XYZ states will be useful to further clarify the 
situation. 



Suppression of two S-wave final states

The spacial overlap of HB → DD can be written in terms of three inde-

pendent parameters ±pf (D(D̄) meson mom.), pcc̄ (reltv. mom. between

c − c̄), k (reltv. mom. between cc̄ − g)

I =
∫ d !pcc̄ d!k

√
2ω(2π)6

dΩf Ψ
mH
lH

(!pcc̄, !k) Ψ
mB ∗
lB

(!pB) Ψ
mC ∗
lC

(!pC) Y m ∗
l (Ωf)

Let us consider the change of variable

!k → −!k −→ (!pB ↔ −!pC).

! The hybrid wave function is odd in k since lg = 1.

! In the case of S-wave final mesons, the wave functions are

even in pB and pC. Thus, their product remains unchanged.

! The spherical harmonic function Y m ∗
l (Ωf) is a function of

the unit vector p̂f and is thus unchanged.

The decay HB → D(∗)D(∗) is forbidden in any potential model.

Suppression of S-wave final state

EK, O. Pene, PLB631 (‘05)


