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@ Charmonium is a bound cC state

@ Models have been extremely

successful in predicting most of the
states

@ The discovery of the XYZ states
shed new light on charmonium
system

@ What do these new states mean?
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Theoretical Interpretations

diquark-diantiquark D® - D “molecule”

qq-gluon“hybrid”
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Hybrid Charmonium

@ Excited gluonic field
between the quarks acts
as a constituent gluon

o Expected mass of
charmonium hybrid:
4.2-4.5 GeV?

o Allows for an extra
quantum number: fg0n

qa-gluon“hy brid” ?E. Kou and O. Pene, Phys. Lett. B

631, 164 (2005) [hep-ph/0507119)
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Lattice QCD

Transitions to xco | lNat/keV | Texp/keV | Transitions to nc | TNat/keV | Texp/keV
Xco — I/ 199(6) 131(14) I/ = ney 2.51(8) | 1.85(29)
O = Xeoy 26(11) 30(2) P~ 0.4(8) | 0.95(16)
T X0y 265(66) | 199(26) O ey 10(11) -

Yhyb = Xc0Y <20 - Yhyb —> 1Y 42(18) -

Table: J. J. Dudek, R. Edwards, and C. E. Thomas, Phys.Rev. D79, 094504 (2009)

Recall: radiative transitions that involve a spin flip in the final state are suppressed by
1/m32.
q
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Lattice QCD

Transitions to xco | lNat/keV | Texp/keV | Transitions to nc | TNat/keV | Texp/keV

Xeo — J/0y 199(6) | 131(14) /0 — 1y 2.51(8) | 1.85(29)

O Xeov 26(11) 30(2) O ey 0.4(8) | 0.95(16)
P = xcoy 265(66) 199(26) P — ney 10(11) -
Yhyb = Xc0Y <20 - Yhyb —> MY 42(18) -

Table: J. J. Dudek, R. Edwards, and C. E. Thomas, Phys.Rev. D79, 094504 (2009)

Recall: radiative transitions that involve a spin flip in the final state are suppressed by
1/mg.

The Y(4260) has JFC = 1=~ and decays into 7rJ /4

If the Y(4260) is a conventional meson then: spin triplet resonance with ¢
constituent quarks, similar to 1(2S)
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Lattice QCD

Transitions to xco | lNat/keV | Texp/keV | Transitions to e | TNat/keV | Texp/keV

Xeo — I/ 199(6) | 131(14) 14 = ey 2.51(8) | 1.85(29)

& = xco 26(11) 30(2) -~ 0.4(8) | 0.95(16)
P — xcoY 265(66) 199(26) P — ney 10(11) -
Yhyb — X0 <20 - Yhyb = Y 42(18) -

Table: J. J. Dudek, R. Edwards, and C. E. Thomas, Phys.Rev. D79, 094504 (2009)

Recall: radiative transitions that involve a spin flip in the final state are suppressed by
l/mg.

The Y(4260) has JP¢ = 1=~ and decays into 7nJ /v

If the Y(4260) is a conventional meson then: spin triplet resonance with ¢
constituent quarks, similar to 1(25)

Implies:

Y (4260) — vxco does NOT involve a spin flip

Y (4260) — ~ync does involve a spin flip
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Lattice QCD

Transitions to xco | [Nat/keV | Texp/keV | Transitions to nc | TNat/keV | Texp/keV
Xeo — I/ 199(6) | 131(14) 14 = ney 2.51(8) | 1.85(29)
O Xeov 26(11) 30(2) O ey 0.4(8) | 0.95(16)
D xeoy 265(66) | 199(26) P 10(11) -
Yhyb = X0 <20 - Yhyb = MY 42(18) -

Table: J. J. Dudek, R. Edwards, and C. E. Thomas, Phys.Rev. D79, 094504 (2009)

Recall: radiative transitions that involve a spin flip in the final state are suppressed by
l/mf,.

Example:

(Y = vxco) = 26 keV

(' — ync) = 0.4 keV

T’ —>vxc0) _
r(y'—yne) — 65
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Lattice QCD

Transitions to Xco | Mat/keV | Texp/keV | Transitions to ne | TMat/keV | Texp/keV
Xco — I/ 199(6) 131(14) I/ — ney 2.51(8) | 1.85(29)
P — X0y 26(11) 30(2) P = ney 0.4(8) 0.95(16)
V" — Xxcoy 265(66) 199(26) " — ney 10(11) -

Yhyb — Xc0Y <20 - Yhyb = 1Y 42(18) -

Table: J. J. Dudek, R. Edwards, and C. E. Thomas, Phys.Rev. D79, 094504 (2009)

Recall: radiative transitions that involve a spin flip in the final state are suppressed by
1/m32.

q
If the Y(4260) is a hybrid then: ¢ pair coupled to a constituent P-wave gluon
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Lattice QCD

Transitions to xco | [Nat/keV | Texp/keV | Transitions to e | TNat/keV | Texp/keV
Xeo — J/vy 199(6) | 131(14) I/ — 1y 2.51(8) | 1.85(29)
O Xy 26(11) 30(2) O ey 0.4(8) | 0.95(16)
P —" 265(66) | 199(26) O S ey 10(11) -
Yhyb = Xc0Y <20 - Yhyb = 7Y 42(18) -

Table: J. J. Dudek, R. Edwards, and C. E. Thomas, Phys.Rev. D79, 094504 (2009)

Recall: radiative transitions that involve a spin flip in the final state are suppressed by
1/m2.

If the Y(4260) is a hybrid then: c€ pair coupled to a constituent P-wave gluon
Implies:

Y (4260) — vxco does involve a spin flip

Y (4260) — ync does NOT involve a spin flip
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Lattice QCD

Transitions to xco | lNat/keV | Texp/keV | Transitions to ne | TNat/keV | Tep/keV

Xco — I/ 199(6) 131(14) I/ — ney 2.51(8) | 1.85(29)

P = X0y 26(11) 30(2) P 0.4(8) | 0.95(16)
D7 = Xeo 265(66) | 199(26) V7 ey 10(11) -
Yhyb — Xc0Y <20 - Yhyb = 1Y 42(18) -

Table: J. J. Dudek, R. Edwards, and C. E. Thomas, Phys.Rev. D79, 094504 (2009)

Recall: radiative transitions that involve a spin flip in the final state are suppressed by
l/mg.

Example:

I (Yhyb = YXc0) < 20 keV

F(Yhyb — ’yﬁc) = 42 keV

T'(Yhyb—¥Xc0)

F(Yhyyb—Vmc) <05
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Lattice QCD

Transitions to xco | lNat/keV | Texp/keV | Transitions to e | [Nat/keV | Texp/keV

Xeo — J/0y 199(6) | 131(14) I/ — 1y 2.51(8) | 1.85(29)

O Xeov 26(11) 30(2) O = ey 0.4(8) | 0.95(16)
P — xcoy 265(66) 199(26) P — ney 10(11) -
Yhyb = Xc07 <20 - Yhyb = MY 42(18) -

Table: J. J. Dudek, R. Edwards, and C. E. Thomas, Phys.Rev. D79, 094504 (2009)

Recall: radiative transitions that involve a spin flip in the final state are suppressed by
1/m§.

BF(Yhyp = V1) = oy = 4.4 x 1074

BF(Yhyb — YXc0) < 2.1 x 1074

Oupper ||m|t(e e — Y(4260)) =1x ].04pb1

O upper I|m|t(e+e — Y(4260) — 'ync) = 4.4pb

Oupper Iimit(e+e* — Y(4260) — 'YXCO) =2.1pb

1T, E. Coan et al. (CLEO Collaboration), Phys. Rev. Lett.96, 162003 (2006)
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The BES Il Detector

= - - - ——

RF "~ RF

The BESIII Detector

SC magnet
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Tic Decay Mode

Branching Fraction (%)

atr—ata— a0x0 17.23
atw— x0x0 4.66
et xta— 4.40
KEksnFatr— 2.75
KEKenF 26
atr~xt e Tt 2.02
ate T nta— 172
nrta— 1.66
KTKk— =0 1.04
KtK—xtn— 0.95
Ktk nta—ntsr 0.83

Table: n¢ branching fractions taken from BESIII

measurements

April APS Meetin

X o Decay Mode Branching Fraction (%)

T a— 7070 BiS)
2>ntwT) 2.25
3(rtxT) 1.77
KTK—ntm— 1.20
KTKk— 0.598
T r T KsKg 0.57
KsKs 0.31

nn 0.3
2(KTK™) 0.277
=t pp 0.21
v/ p(ete” /utnT) 0154

Table: xco branching fractions taken from PDG
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(xc=5pb, lum=500pb) Simultaneous Fit To Mode 2
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o The BES Event Generator is used to generate background for each mode
reconstructed.
A Breit-Wigner function is used for the signal shape

o Background Components

o Continuum: 2nd order Chebychev Polynomial
o ISR: Double Gaussian
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Conclusion

This is an ongoing analysis, paper should be out in the coming months
These are exciting times at BESIII. 5 papers have been published using the 4260 data
set with many more coming in the following months.

o XYZ Data collection period: December 2012 - June 2013 and 2014

o About 4.5 fb~! of data was collected, mostly at 4.23, 4.26, 4.36, 4.42, and 4.6
GeV

@ Y(4260) publications published thus far:

@ Observation of a charged charmoniumlike structure in eTe™ — 77~ J/2 at 1/5=4.26
GeV, Phys. Rev. Lett(2013) 252001

@ Observation of a charged charmoniumlike structure Z.(4020) and search for the
Z.(3900) in ete™ — 7t 7~ h, Phys. Rev. Lett. 111, 242001 (2013)

@ Observation of a charged (D* D*)® mass peak in ee™ — 7D*D* at \/s=4.26 GeV,
Published in Phys. Rev. Lett 112, 022001 (2014)

@ Observation of ete™ — vX(3872) at BESIII, Published in Phys.Rev.Lett. 112 (2014)
092001

@ Observation of ete™ — 7%7%h. and a neutral charmoniumlike state 23(4020),
Published in Phys.Rev.Lett. 113 (2014) 21, 212002
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