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Introduction Introduction –– QCD and confinementQCD and confinement
From about 10From about 10−−66 s on, all quark and antis on, all quark and anti--quarkquark
became confined inside the became confined inside the hadronhadron matters. matters. 
Only proton and neutron remained after aboutOnly proton and neutron remained after about
1 second.  1 second.  

No matter how hard one strikes the proton, No matter how hard one strikes the proton, 
One cannot liberate an individual quark/gluonOne cannot liberate an individual quark/gluon

Interaction between quarks unknown Interaction between quarks unknown 
throughout 98% of the throughout 98% of the hadronhadron volumevolume

How does QCD give rise to How does QCD give rise to hardonshardons??

WhatWhat’’s the role of gluon inside s the role of gluon inside hadronhadron? ? 
What are the properties of predicted states beyond the What are the properties of predicted states beyond the 
quarkquark--antianti--quark  systems (hybrid, quark  systems (hybrid, glueballglueball, multi, multi--quark statesquark states……))

Need to map out spectrum, new states using experiments and theorNeed to map out spectrum, new states using experiments and theoryy
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Introduction Introduction –– experimentsexperiments
B factories: BABAR and Belle experiments B factories: BABAR and Belle experiments 

Large sample of Large sample of ΥΥ((nSnS) and B mesons ) and B mesons 
Also large sample of charm and  Also large sample of charm and  charmoniacharmonia :  :  σσ((ee++ee−−→→ccbarccbar) =1.3 ) =1.3 nbnb
Charm and Charm and CharmoniumCharmonium from B decays,  ISR and from B decays,  ISR and γγγγ processes. processes. 

Charm factories: CLEOCharm factories: CLEO--cc andand BESBES--III  III  ee++ee––→→J/J/ψψ, , ψψ(2S), (2S), ψψ(3770)  scan 2.0(3770)  scan 2.0--4.8 4.8 GeVGeV
BEPCII/BESIII: designed: L~10BEPCII/BESIII: designed: L~103333/cm/cm22/s; /s; 
reached peak Luminosity:   6.4reached peak Luminosity:   6.4××10103232/cm/cm22/s/s
Dedicated to charm/charmoniaDedicated to charm/charmonia, , 
BESIII is a factory for light BESIII is a factory for light hadronhadron in in charmoniumcharmonium decaysdecays

TevatronTevatron: D: DØØ and and CDF  CDF  
pppp collidercollider √√ss~1.~1.9696 TeVTeV, L~10fb, L~10fb––11 per experimentper experiment
GoodGood place to study Bplace to study Bcc , b, b--baryonsbaryons as well as as well as charmoniumcharmonium/charm states/charm states

Many experiments for light Many experiments for light hadronhadron and charm/and charm/charmoniacharmonia : KEDR/KLOE/COMPASS/...  : KEDR/KLOE/COMPASS/...  

Experiments at LHC, Experiments at LHC, 
LHCbLHCb, CMS and ATLAS are also important for , CMS and ATLAS are also important for charmoniumcharmonium and and bottomoniumbottomonium statesstates

Future: PANDA, Future: PANDA, GlueX/JLabGlueX/JLab, Belle, Belle--II, SuperII, Super--B B abdabd LHCbLHCb upgradeupgrade……
Sorry, cannot cover all of them!Sorry, cannot cover all of them!
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Light meson spectroscopy and decaysLight meson spectroscopy and decays 
most recent resultsmost recent results
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ηη
 

meson decays at KLOEmeson decays at KLOE
First observation of  First observation of  
η→η→ee++ee−−ee++ee−−

Test of Test of ChPTChPT at low energyat low energy
theoretical prediction:  BR(theoretical prediction:  BR(η→η→4e)=4e)=(2.4 (2.4 −−

 
2.7)2.7)××1010−−5 5 

[ J. [ J. BijnensBijnens and F. and F. PerrssonPerrsson, hep, hep--ph/0106130 ]ph/0106130 ]

CLEO

CLEO result (2007)  is CLEO result (2007)  is 
2 2 –– 3 3 σσ

 
lower than PDGlower than PDG: : )0030.00005.01838.0(

)(
)(

0 sysstat ±±=
→Γ
→Γ

−+

−+

πππη
γππη

Based on 558pbBased on 558pb−−1 1 on on φφ
 

peak,peak,
KLOE preliminary result:   KLOE preliminary result:   

Precision measurement of : Precision measurement of : [[arXiv:1107.5733arXiv:1107.5733 ]] VDM Contact term

KLOE results based on 1.7fbKLOE results based on 1.7fb−−1 1 on on φφ
 

peak peak 
[arXiv:1105.6067]: [arXiv:1105.6067]: 

http://arxiv.org/abs/1107.5733
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New results on New results on η′→η′→33ππ
 

in J/in J/ψ→γψ→γππππππ
 

at BESIIIat BESIII

J/ψ→γπ+π−π0
J/ψ→γπ0π0π0

BESIII preliminaryBESIII preliminary BESIII preliminaryBESIII preliminary

PDG2010:    (3.6+1.1
−0.9 )×10−3 (2009 CLEO-c)

PDG2010:  (1.68±0.22)×10−3 (1984: GAM2)

Preliminary results:Preliminary results:

Two times ofTwo times of
PDG 2010 valuePDG 2010 value

Improved by Improved by 
factor of 3factor of 3

With 225M J/With 225M J/ψψ
 

collected in one and half monthcollected in one and half month
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Search for spin exotic statesSearch for spin exotic states

COMPASS: PRL 104 (2010) 241803COMPASS: PRL 104 (2010) 241803

⇒⇒
 

Confirm the 1Confirm the 1−−+  +  ππ11 (1600)(1600)
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Confirm Confirm ππ11 (1600) at COMPASS(1600) at COMPASS

2008 run: 2008 run: 
190 190 GeVGeV ππ−−

 

beam beam 
on liquid Hon liquid H2 2 
ππ−−

 

+ p+ p→→ππ−−ππ−−ππ++ + p+ p
100 M events 100 M events 

PreliminaryPreliminary

2008 run: 2008 run: 
190 190 GeVGeV ππ−−

 

beam beam 
on liquid Hon liquid H2 2 
ππ−−

 

+ p+ p→→ η′η′

 
ππ−−

 

+ p+ p
Strong 1Strong 1−−++ signalsignal
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Evidence for Evidence for ππ11 (1600) in (1600) in χχc1c1 →η′→η′ππ++ππ−−
 

at CLEOat CLEO--cc
Very low background in ψ′→γχc1→η(′)π+π−
Opportunity to study χc1→η(′)π+π−

study (ππ)-S-wave 
search for spin exotic, 
1−+, ηπ

 
or η′π

 
states 

A full amplitude analysisA full amplitude analysis
with isobar model :with isobar model :

χχc1c1 →→

 

isobar + bachelor isobar + bachelor hadronhadron

BW for most of resonancesBW for most of resonances
FlatteFlatte:  a:  a00 (980)(980)
ππππ

 
S wave S wave : KK, : KK, ππππ

 
scatteringscattering

M. Kornicer
PANIC11

CLEO-c preliminary 

χχc1c1
χχc1c1



2011-8-22 Hai-Bo Li (IHEP) 11

Assuming BW shape for 1Assuming BW shape for 1−−+ + : : 
M=1670M=1670±±3030±±20 MeV/c20 MeV/c22

ΓΓ

 
=240 =240 ±±50 50 ±±60 60 MeVMeV

Significance >4.0 Significance >4.0 σσ

First evidence for a0 →η′π:

M. Kornicer PANIC11

CLEO-c preliminary 

First evidence in charmonium decays
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First Partial Wave Analysis near pp threshold First Partial Wave Analysis near pp threshold 
in J/in J/ψ→γψ→γpp at BESIIIpp at BESIII Preliminary

pc

19 2
17

11 2 2
33

1.5 5
5.1

J 0
M 1832 5(stat) (syst) 19 MeV/c

13 20(stat) (syst) 4(mod)MeV/c or 48MeV/c @90% . .

( / ( )) ( ( ) ) (9.0 0.7(stat) (syst) 2.3 mod ) 10

C L

B J X pp B X pp ppψ γ

−+

+
−

+
−

+ −
−

=

= ± ±

Γ = ± ± Γ <

→ → = ± ± ×

(mod)

（ ）

ff00 (2100) and  f(2100) and  f22 (1910)  fixed to PDG. (1910)  fixed to PDG. 
Significance of Significance of X(ppX(pp) >>30) >>30σσ

pc

19 2
17

11 2 2
33

1.5 5
5.1

J 0
M 1832 5(stat) (syst) 19 MeV/c

13 20(stat) (syst) 4(mod)MeV/c or 48MeV/c @90% . .

( / ( )) ( ( ) ) (9.0 0.7(stat) (syst) 2.3 mod ) 10

C L

B J X pp B X pp ppψ γ

−+

+
−

+
−

+ −
−

=

= ± ±

Γ = ± ± Γ <

→ → = ± ± ×

(mod)

（ ）

>6.8σ
 

better than other Jpc
 

assignments.
Spin-parity, mass, width and B.R. of X(pp):
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χcJ

ηc

Obviously different line 
shape of ppbar mass 
spectrum near threshold 
from that in J/ψ decays

PWA Projection:PWA results:
• Significance of X(pp) is larger than 6.9σ.
• The production ratio R:

• It is suppressed compared with “12% rule”.

first measurement

PWA on the pp mass threshold structure inPWA on the pp mass threshold structure in ppψ γ′→

BESIII

+0.72
-3.83= (5.08 0.5

( (

6(

))R
( / (

stat) (syst) 0.12(mod)
)

)%
)

B X pp
B J X pp

ψ γ
ψ γ
′→

=
→

± ±

Preliminary 
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X(1835) consistent withX(1835) consistent with
00−−++, but the others are , but the others are 
not excludednot excluded

Confirmation of X(1835) and two new structures at BESIIIConfirmation of X(1835) and two new structures at BESIII

σ
= ± ±

Γ = ± ±

  (Stat. sig. ~ 7.7 ) :

  1833.7 6.1( ) 2.7( )

67.7 20.3(stat) 7.7(syst)MeV

BESII result

M stat syst MeV

)2(GeV/c’ηππM
1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

)2
Ev

en
ts

/(0
.0

2G
eV

/c

0

100

200

300

400

500

)2(GeV/c’ηππM
1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

)2
Ev

en
ts

/(0
.0

2G
eV

/c

0

100

200

300

400

500
BESII PRL 95,262001(2005)BESII PRL 95,262001(2005)

Resonance M( MeV/c2) Γ( MeV/c2) Stat.Sig.
X(1835) 1836.5±3.0+5.6

-2.1 190.1±9.0+38
-36 >20σ

X(2120) 2122.4±6.7+4.7
-2.7 83±16+31

-11 7.2σ

X(2370) 2376.3±8.7+3.2
-4.3 83±17+44

-6 6.4σ

BESIII fit results:

BESIIBESII

BESIII: PRL 106, 072002(2011)

ff11 (1510)(1510)

two news!two news!

An amplitude analysis will help with An amplitude analysis will help with 
interpretation for the additional new structures!interpretation for the additional new structures!
Mostly are candidates of Mostly are candidates of ηη

 
excited states.excited states.

J/J/ψ→γη′ψ→γη′ππ++ππ−−
η′→ηη′→ηππ++ππ−−
η′→γη′→γρρ

BESIII: 225M BESIII: 225M 
J/J/ψψ

 
events:events:

η′η′

 
excited states?excited states?

GlueballGlueball candidates?candidates?
The same state The same state 
as that in ppas that in pp
enhancement?enhancement?
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X(1870) in J/X(1870) in J/ψ→ψ→ωωX, XX, X→→aa00 (980)(980)ππ
 

(a(a00 →η→ηππ)) at BESIIIat BESIII
J/ψ→ωηπ+π−,  a0 (980) reconstructed in ηπ±

ff11 (1285)(1285)
ηη(1405)(1405)

BR(J/ψ→ωX, X→
 

)

Identification of X(1870):Identification of X(1870):
00−−++(?)(?)
It is X(1835)? It is X(1835)? 
Need PWA! Need PWA! 

BESIII preliminary

X(1870): X(1870): 
7.27.2σσ
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CharmoniaCharmonia

2 M(D)

recently measuredrecently measured

Quantum numbersQuantum numbers

ψ(4160)

ψ(4415)

ψ(4040)

ψ(3770)
χc2′

ψ′

ηc 
′

η
c

J/ψ

χc2

χc0

hc
χ
c1

n(2S+1)LJ

c c
New measurements of New measurements of 
mass and width formass and width for
ηη

 
cc (1S)/ (1S)/ ηη

 
cc (2S)/h(2S)/hcc (1P) (1P) 

First observation of First observation of ψ′→γψ′→γ

 
ηη

 
cc (2S)(2S)

Observation of new Observation of new ηη
 

cc (2S)(2S)
decay mode decay mode 

Determination of  resonant Determination of  resonant 
parameters for J/parameters for J/ψψ, , ψψ(2S) and (2S) and 
ψψ(3770) (3770) 
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Status of Status of ηη  cc (1S) and (1S) and ηη  cc (2S)(2S)

ηη
 

cc (1S) observed by several experiments, (1S) observed by several experiments, 
but there is a large spread in mass and but there is a large spread in mass and 
width measurements width measurements 
ΓΓ((ηη

 
cc (1S)) (1S)) ≈≈

 
15 15 MeVMeV

(J/(J/ψψ, , ψψ(2S) (2S) radiativeradiative decays) decays) 
ΓΓ((ηη

 
cc (1S)) (1S)) ≈≈

 
30 30 MeVMeV

(B decays / (B decays / γγγγ
 

productions )productions )

Until recently has been only Until recently has been only 
observed in exclusive decayobserved in exclusive decay
KKKKππ. Precise measurement of. Precise measurement of
ηη

 
cc (2S) parameters will help (2S) parameters will help 

discriminate among different discriminate among different 
charmoniumcharmonium model.model.
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KsKπ K+K−π0 π+π−η

KsK3π
2K2ππ0 6π

ηηCC resonance parameters from resonance parameters from ψ′→γηψ′→γηC C at BESIIIat BESIII

mass: 2984.4mass: 2984.4±±0.50.5statstat ±±0.60.6syssys MeV/MeV/cc22

width: 30.5width: 30.5±±1.01.0statstat ±±0.90.9syssys MeVMeV
φφ:     2.35:     2.35±±0.050.05statstat ±±0.040.04syssys radrad

φφ: relative phase between : relative phase between ηη
 

cc and and 
nonnon--resonant component. resonant component. An universal An universal 
phase for different modes is used.phase for different modes is used.

Considering the interference between Considering the interference between ηη
 

cc and nonand non--resonant decays,resonant decays,
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First observation of  First observation of  ηηcc (2S) in (2S) in ψ′→γηψ′→γηcc (2S),(2S),ηηcc (2S)(2S)→→KKss KKππ

M1 transition

ΓΓ((ηη
 

cc (2S)) fixed to 12MeV (world average)(2S)) fixed to 12MeV (world average)

M(ηc (2S)) = (3638.5±2.3±1.0) MeV/c2

N(ηc (2S)) = 50.6±9.7
Statistical significance larger than 6.0σ!

BESIII preliminary

Br(ψ’ γηc(2S) γKsKπ)
=(2.98±0.57stat ±0.48sys ) ×10-6

+
Br(ηc (2S) KKπ)=(1.9±0.4±1.1)%

From BABAR(PRD78,012006)

Br(ψ’ γηc(2S))
=(4.7±0.9stat ±3.0sys ) ×10-4

CLEO-c: <7.6×10−4 PRD81,052002(2010)
Potential model: (0.1Potential model: (0.1−−6.2)6.2)××1010−−44

PRL89,162002(2002)PRL89,162002(2002)

With 106M ψ′
 

events at BESIII:
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ηη
 cc
 

and and ηη
 cc
 

(2S) in B(2S) in B±±→→KK±±(K(K
 SS

 
KKππ))0 0 at Belleat Belle

arXiv:1105.0978Considering the interference between Considering the interference between 
ηη

 
cc //ηη

 
cc (2S) signal and non(2S) signal and non--resonanceresonance

Using Using M(KsKM(KsKππ) and ) and coscos((θθ) distributions) distributions
to distinguish signal from nonto distinguish signal from non--resonantresonant
backgroundsbackgrounds⇒⇒

 
2D2D--fit fit 
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ηη
 cc
 

(1S)/(1S)/ηη
 cc
 

(2S) in two photon fusion at BABAR(2S) in two photon fusion at BABAR

Full data set at BABAR: 519 fbFull data set at BABAR: 519 fb--11

First observation

X

undetected

undetected

Hadron: 0±, 2±, 3±, 4±PRD 84, 012004
(2011) 

M(M(ηη
 

cc (1S)) = (1S)) = 2982.22982.2±±0.40.4±±1.4 MeV/c1.4 MeV/c22

ΓΓ((ηη
 

cc (1S)) (1S)) = 32.1= 32.1±±1.11.1±±1.3 1.3 MeVMeV
M(M(ηη

 
cc (2S))(2S)) = = 3638.53638.5±±1.51.5±±0.8 MeV/c0.8 MeV/c22

ΓΓ((ηη
 

cc (2S)) (2S)) == 13.413.4±±4.64.6±±3.2 3.2 MeVMeV
Most precise measurement for Most precise measurement for ηη

 
cc (2S)(2S)
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Comparison of the mass and width for Comparison of the mass and width for ηηcc //ηηcc (2S)(2S)
BESIII [2011]BESIII [2011]
preliminarypreliminary

ψψ(2S)(2S)→γη→γη

 

cc //ηη

 

cc (2S)(2S)

Belle[2011]Belle[2011]
arXiv:1105.0978arXiv:1105.0978

B decaysB decays

BABAR[2011]BABAR[2011]
PRD 84 012004PRD 84 012004

γγ

 

γγ

 

fusionfusion

PDG 2011PDG 2011

M(M(ηηcc ), MeV/c), MeV/c22 2984.42984.4±±0.50.5±±0.60.6 2985.42985.4±±1.51.5+0.2+0.2 
--2.02.0 2982.22982.2±±0.40.4±±1.41.4 2980.3 2980.3 ±±

 

1.21.2

ΓΓ((ηηcc ),MeV),MeV 30.530.5±±1.01.0±±0.90.9 35.135.1±±3.13.1+1.0+1.0 
--1.61.6 32.132.1±±1.11.1±±1.31.3 28.6 28.6 ±±

 

2.22.2

M(M(ηηcc (2S)),MeV(2S)),MeV 3638.53638.5±±2.32.3±±1.01.0 3636.13636.1+3.9+3.9 
--1.51.5 

+0.5+0.5 
--2.02.0 3638.53638.5±±1.51.5±±0.80.8 36373637±±44

ΓΓ((ηηcc (2S)),MeV(2S)),MeV 12 (fixed) 12 (fixed) 6.66.6+8.4+8.4 
--5.15.1 

+2.6+2.6 
--0.90.9 13.413.4±±4.64.6±±3.23.2 14 14 ±±

 

77

First observation of First observation of ηηcc(2S) in (2S) in ψψ(2S) (2S) radiativeradiative decay from BESIII decay from BESIII 
Most precise measurement for Most precise measurement for ηηcc parameters is from BESIIIparameters is from BESIII
Most precise measurement for Most precise measurement for ηηcc(2S) parameters is from BABAR (2S) parameters is from BABAR γγ γγ fusionfusion

Hyperfine splitting: Hyperfine splitting: ΔΔM(1S) = 112.5 M(1S) = 112.5 ±± 0.8 0.8 MeVMeV;  ;  ΔΔM(2S) = 47.6 M(2S) = 47.6 ±± 1.7 1.7 MeVMeV

ΔM(1S) ≈
 

118 MeV
ΔM(2S) ≈

 
68 MeV

Discrepancies on M(Discrepancies on M(ηη
 

CC ) and ) and ΓΓ((ηη
 

CC ) disappear in different production processes.) disappear in different production processes.

K. Seth, arXiv:0912.2776K. Seth, arXiv:0912.2776
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hhCC (1(111PP11 ) in ) in ψ′→ψ′→ππ00hhcc ,, hhcc γηγηcc,, ηηcc XXii (16 (16 ηηC C modes)modes)
Sum of π0 recoil mass

M(hM(hcc ) =3525.31) =3525.31±±0.110.11(stat)(stat) ±±0.150.15(sys)(sys) MeV/cMeV/c22

ΓΓ((hhcc ) =  0.70) =  0.70±±0.280.28(stat)(stat) ±±0.250.25(sys) (sys) MeVMeV
N   =  832N   =  832±±3535

ΔΔMMhfhf = = --0.010.01±±0.110.11±±0.14 0.14 MeVMeV ((HypefineHypefine splitting)splitting)

Simultaneous fit to π0 recoiling mass
in 106M ψ′

 
sample: 

Consistent with BESIII inclusiveConsistent with BESIII inclusive
results  PRL104,132002(2010)results  PRL104,132002(2010)

CLEOCLEO--c c exlusiveexlusive results:  results:  
M(hM(hcc )=3525.21)=3525.21±±0.270.27±±0.14 MeV/c0.14 MeV/c22

N   =  136N   =  136±±1414
PRL101, 182003(2008)PRL101, 182003(2008)
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Determination of Determination of ψψ(3770) parameters by KEDR/VEPP(3770) parameters by KEDR/VEPP--4M4M

Interference between resonance and Interference between resonance and 
continuum is important for mass and continuum is important for mass and ΓΓeeee

PDG: PDG: ΓΓeeee = (259 = (259 ±±
 

16) 16) keVkeV w/o interferencew/o interference

Anomalous Anomalous lineshapelineshape is not observedis not observed

BESII observed BESII observed lineshapelineshape anomaly anomaly 
[BESII, PRL 101, 102004(2008)] [BESII, PRL 101, 102004(2008)] 

The potential model favors low The potential model favors low ΓΓ
 

eeee

KEDR final results on KEDR final results on ψψ(3770) parameters:(3770) parameters:

Evgeny Baldin EPS2011

Interference between AInterference between Aψψ(3770)(3770) and Aand Aψψ(2S) (2S) isis
important, and was firstly considered in important, and was firstly considered in 
Mod.Phys.LettMod.Phys.Lett. A 23, 3113 (2008) [Yang]. A 23, 3113 (2008) [Yang]
and PRD  81, 011501(R) [LI, and PRD  81, 011501(R) [LI, QinQin and Yang]and Yang]
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Determination of Determination of ψψ(3770) parameters by KEDR/VEPP(3770) parameters by KEDR/VEPP--4M4M

Interference between resonance and Interference between resonance and 
continuum is important for mass and continuum is important for mass and ΓΓeeee

PDG: PDG: ΓΓeeee = (259 = (259 ±±
 

16) 16) keVkeV w/o interferencew/o interference

Anomalous Anomalous lineshapelineshape is not observedis not observed

BESII observed BESII observed lineshapelineshape anomaly anomaly 
[BESII, PRL 101, 102004(2008)] [BESII, PRL 101, 102004(2008)] 

The potential model favors low The potential model favors low ΓΓ
 

eeee

KEDR final results on KEDR final results on ψψ(3770) parameters:(3770) parameters:

BESII (2008)BESII (2008)
anomalous anomalous 
lineshapelineshape. . 

BESIII analysisBESIII analysis
is on going.is on going.

Evgeny Baldin EPS2011
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CharmoniumCharmonium--like and like and BottomoniumBottomonium--like stateslike states

XYZ from B factories cannot fill into the XYZ from B factories cannot fill into the 
empty slots.empty slots.

New resultsNew results
X(3872) from Belle, CMS and X(3872) from Belle, CMS and LHCbLHCb
X(4260) from B factoriesX(4260) from B factories
X(4140) from X(4140) from LHCbLHCb

Indication of (Indication of (XYZ)XYZ)bb like states from like states from 
factories. factories. 

New observations: New observations: 
hhbb (1P), h(1P), hbb (2P), (2P), 
charged Zcharged Zb1b1 and Zand Zb2b2
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X(3872) propertiesX(3872) properties
X(3872) X(3872) first observed by Belle in 2003 in Bfirst observed by Belle in 2003 in B KK X, X X, X JJ//ψψ ππ++ππ−−. . 
Mass is close to the (DMass is close to the (D00 antiDantiD*0*0)) threshold. Width is less than experimental threshold. Width is less than experimental 
resolution. Confirmed by BABAR, CDF, D0resolution. Confirmed by BABAR, CDF, D0, , LHCb, CMSLHCb, CMS.. Nature not known.Nature not known.

Determination of quantum numbers of X(3872) Determination of quantum numbers of X(3872) 
Evidence for X(3872)Evidence for X(3872)→→J/J/ψγψγ established C = +1 established C = +1 

[Belle arXiv:1105.0177; BABAR PRL 102 132001][Belle arXiv:1105.0177; BABAR PRL 102 132001]
X(3872)X(3872)→→J/J/ψψππ++ππ−− by CDF by CDF ⇒⇒ 11++++ or 2or 2−−+  +  [PRL 98 132002][PRL 98 132002]
X(3872) not seen X(3872) not seen χχc1c1γγ, , χχc2c2γγ and J/and J/ψηψη modes modes 
indicate that X may be not a conventional cc stateindicate that X may be not a conventional cc state

X(3872) X(3872) →→J/J/ψψ ωω by BABAR favors 2by BABAR favors 2−−++ [PRD 82 011101][PRD 82 011101]

q
cq

c
π

D        D(*)

q c
qc

c
c

g

c
c

Conventional:Conventional:

Molecular:Molecular:

TetraquarkTetraquark::

Hybrid :Hybrid :Still experimental results appear: Still experimental results appear: 
new results from full Belle data sample: 711 fbnew results from full Belle data sample: 711 fb--11
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Update of X(3872)Update of X(3872)→→J/J/ψψππ++ππ−−
 

in B decay at Bellein B decay at Belle

ΔΔMMXX = (= (--0.69 0.69 ±±
 

0.97 0.97 ±±
 

0.19) 0.19) MeVMeV ⇒⇒
 

is consistent with zero, the same particleis consistent with zero, the same particle.

Full Belle data sample: 711 fbFull Belle data sample: 711 fb−−11

DiquarkDiquark--antidiquarkantidiquark modelmodel predicts mass difference predicts mass difference ΔΔMMXX on the X mass in the two on the X mass in the two 
modes Bmodes B++→→KK++(J/(J/ψψππ++ππ−−) and B) and B00→→KK00(J/(J/ψψππ++ππ−−) ) 

arXiv:1107.0163arXiv:1107.0163

BB++→→KK++XX BB00→→KK00XX

MMXX = (3871.84 = (3871.84 ±±
 

0.27 0.27 ±±
 

0.19 ) 0.19 ) MeVMeV ΓΓ

 
X X < 1.2 < 1.2 MeVMeV (90% C.L.)(90% C.L.)

B(BB(B++→→KK++X)X)××B(XB(X→→J/J/ψψππ++ππ−−) = (8.61 ) = (8.61 ±±
 

0.82 0.82 ±±
 

0.52) 0.52) ××
 

1010−−66

B(BB(B00→→KK00X)X)/B(B/B(B++→→KK++XX) = (0.50 ) = (0.50 ±±
 

0.14 0.14 ±±
 

0.04) 0.04) 

Improved the previousImproved the previous
UL on the width by a UL on the width by a 
factor of 2factor of 2CDF: MMXX = (3871.61 = (3871.61 ±±

 
0.16 0.16 ±±

 
0.19 ) 0.19 ) MeVMeV [PRL103,152001][PRL103,152001]
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Angular analysis of X(3872)Angular analysis of X(3872)→→J/J/ψψππ++ππ−−
 

at Belleat Belle

Angular correlation (Angular correlation (θθXX , , χχ, , θθll ))
θθXX : J/: J/ψψ

 
and direction of opposite to K in and direction of opposite to K in 

X rest frame X rest frame 
⇒⇒11++++ and 2and 2−−++ are both possible,are both possible,
⇒⇒ more statistics needed.more statistics needed.

x
y

z

Fit to the M(Fit to the M(ππ++ππ−−) distribution taking ) distribution taking ρ−ρ−ωω
mixing mixing into account  into account  ⇒⇒

 
11++++ and 2and 2−−++ are both are both 

possible possible 

2−+ 1++

cos(θX )

cos(θl )

cos(χ)

arXiv:1107.0163arXiv:1107.0163
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Search for charged XSearch for charged X++→→
 

J/J/ψψππ++ππ00

X(3872): singlet or triplet?X(3872): singlet or triplet? MMbcbc M(J/M(J/ψψππ++ππ00))

BB00→→KK−−XX++

BB++→→KK00XX++

BR(BBR(B00→→KK−−XX++))××BR(XBR(X++→→

 
J/J/ψψππ++ππ00)< 4.2 )< 4.2 ××

 
1010−−6 6 (90%CL)(90%CL)

BR(BBR(B++→→KK00XX++))××BR(XBR(X++→→

 
J/J/ψψππ++ππ00)< 6.1 )< 6.1 ××

 
1010−−66 (90%CL)(90%CL)

No evidence for chargedNo evidence for charged
partner   partner   ⇒⇒ ΙΙ

 
= 0= 0

arXiv:1107.0163arXiv:1107.0163
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X(3872)X(3872)→→J/J/ψψ((ψ′ψ′))γγ

CL) (90% XXKB

J/XXKB
6

648.0
44.0

1045.3)'()(

10)12.078.1()()(
−++

−+
−

++

×<→•→

×±=→•→

γψ

ψγ

BB

BB
Using full data at Belle: 711 fb−1

Molecular model: XMolecular model: X→ψ′γ→ψ′γ

 
is highly suppressed compared to Xis highly suppressed compared to X→→J/J/ψγψγ..

BABAR results: B(X BABAR results: B(X →ψ′γ→ψ′γ) is 3 times larger than B(X) is 3 times larger than B(X→→J/J/ψγψγ) [PRL 102 132001]) [PRL 102 132001]
Can be an indication of a (c antiCan be an indication of a (c anti--c) admixture with a (Dc) admixture with a (D00 antianti--DD*0*0) component.) component.

B(X →ψ′γ) / B(X→J/ψγ)  < 2.1 (90% CL) BABAR: BBABAR: B(X (X →ψ′γ→ψ′γ) / B(X) / B(X→→J/J/ψγψγ)  = 3.4 )  = 3.4 ±±
 

1.41.4

BB++→→KK++X(X(→→J/J/ψγψγ)) BB00→→KKSS X(X(→→J/J/ψγψγ)) BB00→→KKSS X(X(→→ψ′γψ′γ))BB++→→KK++X(X(→→ψ′γψ′γ))
X(3872) may not have a X(3872) may not have a (c anti(c anti--c) admixture with a (Dc) admixture with a (D00 antianti--DD*0*0) molecular) molecular

Belle: arXiv:1105.0177Belle: arXiv:1105.0177
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X(3872) at X(3872) at LHCbLHCb and CMS and comparisonand CMS and comparison
CMSCMS
2011 data2011 data

LHCbLHCb
35pb35pb--11

D. D. FasanellaFasanella EPS2011EPS2011

Y. Zhang EPS2011Y. Zhang EPS2011

ExperimentExperiment X mass (MeV/cX mass (MeV/c22))

CDF IICDF II 3871.61 3871.61 ±±
 

0.16 0.16 ±±
 

0.190.19

BABAR (BBABAR (B++)) 3871.4 3871.4 ±±
 

0.6 0.6 ±±
 

0.10.1

BABAR (BBABAR (B00)) 3868.7 3868.7 ±±
 

1.5 1.5 ±±
 

0.40.4

D0D0 3871.8 3871.8 ±±
 

3.1 3.1 ±±
 

3.03.0

Belle (full dataset)Belle (full dataset) 3871.84 3871.84 ±±
 

0.27 0.27 ±±
 

0.190.19

World AverageWorld Average 3871.62 3871.62 ±±
 

0.190.19

LHCbLHCb (new)(new) 3871.96 3871.96 ±±
 

0.46 0.46 ±±
 

0.100.10

World Average againWorld Average again 3871.67 3871.67 ±±
 

0.170.17

M(DM(D00)+M(D*)+M(D*00) PDG2010) PDG2010 3871.79 3871.79 ±±
 

0.300.30

Indistinguishable from DD* thresholdIndistinguishable from DD* threshold
New: New: ΔΔm = m = --0.12 0.12 ±±

 
0.35 0.35 MeVMeV

Binding energy becomes smaller. Binding energy becomes smaller. 

CMS: MCMS: MXX =3871.5 =3871.5 ±±
 

0.5 MeV/c0.5 MeV/c22

LHCbLHCb: M: MXX =3871.96 =3871.96 ±±
 

0.46 0.46 ±±0.10 MeV/c0.10 MeV/c22

S. S. ChoiChoi, FPCP2011, FPCP2011
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Search for Y(4140) at Search for Y(4140) at LHCbLHCb
Preliminary

PreliminaryPreliminary

M(J/M(J/ψψφφ) ) −−
 

M(J/M(J/ψψ))

LHCbLHCb (2010+2011 0.4 fb(2010+2011 0.4 fb--11))

CDF 6.0 fbCDF 6.0 fb--11::

Y. Zhang, EPS2011

LHCbLHCb does not confirm Y(4140does not confirm Y(4140)
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Y(4260) propertiesY(4260) properties

4260

BES  PRL 88, 101802 (2006)

First observed by BABAR in 2005 in First observed by BABAR in 2005 in ee++ee−−→→(J(J//ψψππ++ππ−−)) ISRISR
Confirmed by Belle and CLEO.Confirmed by Belle and CLEO.

Production in ISR Production in ISR 
⇒⇒

 
JJPCPC = 1= 1––

Family of 4 Y resonances from BelleFamily of 4 Y resonances from Belle
ee++ee−−→→(J(J//ψψππ++ππ−−)) ISRISR: Y(4008), Y(4260) : Y(4008), Y(4260) 
ee++ee−−→→((ψψ(2S)(2S)ππ++ππ−−)) ISRISR: Y(4360), Y(4660) : Y(4360), Y(4660) 

Possible interpretation: Possible interpretation: 
•• Undiscovered Undiscovered CharmoniumCharmonium statesstates
but cannot fit into spectrum but cannot fit into spectrum 

•• Hybrid ?Hybrid ?
•• TetraquarksTetraquarks ? ? 

•• (D anti(D anti--DD11 ) or (D) or (D00 antianti--D*D*00) molecules ? ) molecules ? 
•• ff00 (980)(980)ψψ(2S) molecule for Y(4660) ? (2S) molecule for Y(4660) ? 

BABAR: PRL 95 142001BABAR: PRL 95 142001

J/J/ψψππ++ππ−−



2011-8-22 Hai-Bo Li (IHEP) 35

Search for Y(4260)Search for Y(4260)→→J/J/ψψππ00ππ00

Belle preliminary

IsospinIsospin symmetry  symmetry  ⇒⇒
 

Y(4260) Y(4260) →→J/J/ψψππ00ππ0 0 should be half the rate of should be half the rate of J/J/ψψππ++ππ−−

Large Large isospinisospin symmetry violation could be a strong evidence of the exotic symmetry violation could be a strong evidence of the exotic 
nature of Y.nature of Y.
Study of the crossStudy of the cross--section section ee++ee−−

 

→→J/J/ψψππ00ππ0 0 as a function of mass based on 790 fbas a function of mass based on 790 fb--11

ΓΓ

 
eeee ((ψψ(2S)) = (2.30 (2S)) = (2.30 ±±

 
0.10) 0.10) keVkeV

consistent with PDG: consistent with PDG: 
ΓΓ

 
eeee ((ψψ(2S))= (2.35 (2S))= (2.35 ±±

 
0.04) 0.04) keVkeV

ΓΓ

 
eeee ××B(B(J/J/ψψππ00ππ00 ) = (3.19) = (3.19 ) ) eVeV

ΓΓ

 
eeee ××B(B(J/J/ψψππ++ππ−−

 

) = 2) = 2××(3.0(3.0 ) ) eVeV [PDG][PDG]+0.6+0.6
−−0.50.5

+1.82+0.64+1.82+0.64
−−1.531.53−−0.350.35

Consistency with Consistency with isospinisospin expectation. expectation. 

))
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Puzzles of Puzzles of ϒϒ(5S) decays(5S) decays

Rb

PRL100,112001(2008) Γ(MeV)

102

PRD82,091106R(2010)Anomalous production of ϒ(nS) π+π- with 21.7 fb-1

(1) Rescattering ϒ(5S)→BBππ→ϒ(nS)ππ

(2) Exotic resonance Yb near ϒ(5S)
Simonov JETP Lett 87,147(2008)

analogue of Y(4260) resonance 
with anomalous Γ(J/ψ π+π-) ? 

Dedicated energy scan ⇒
 shapes of Rb and σ(ϒππ) different (2σ)

ϒ(5S) is very interesting and not yet understood
Finally Belle recorded 121.4fb-1 data set at ϒ(5S) 

A. Bondar
FPCP2011
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⇒⇒
 

Belle search for Belle search for hhbb in in ϒϒ(5S) data(5S) data

MotivationMotivation for looking at for looking at ϒϒ(5S)(5S) hhbb(nP)(nP)ππππ

Energy dependence 
of the cross section Enhancement of Enhancement of σσ((hhcc ππ++ππ--)) 

@ Y(4260)@ Y(4260)

σσ((hhbb ππ++ππ--) is enhanced @ ) is enhanced @ YYbb ??

Observation of Observation of ee++ee-- →→ ππ++ππ-- hhcc by by CLEOCLEO--cc arXiv:1104.2025

FPCPFPCP 20112011, , J.RosnerJ.Rosner
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Introduction to Introduction to hhbb (nP(nP))
(bb) :  S=0 L=1  J(bb) :  S=0 L=1  JPCPC=1=1++−−

ΔΔMMHF HF ⇒⇒

 
test of hyperfine interactiontest of hyperfine interaction

_

Expected massExpected mass ((CoGCoG of of χχ
 

bJbJ )) 
≈≈

 
(M(Mχχb0b0 + 3 M+ 3 Mχχb1b1 + 5 M+ 5 Mχχb2b2 ) / 9 ) / 9 

ϒϒ(3S) (3S) →→
 

ππ0 0 hhbb (1P) (1P) →→
 

ππ0 0 γγ

 
ηηbb (1S)(1S)

Evidence from Evidence from BaBarBaBar arXiv:1102.4565

3.0σ

Υ(32D)

Υ(31D)
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Observation of Observation of ϒϒ(5S)(5S) hhbb(nP)(nP)ππππ at Belleat Belle
Search for signal ϒ(5S) → hb(nP) π+π-

Pϒ(5S) is given by 
c.m. energy and boost

Pπ+π- is measured

Mhb(nP) = √
 

( Pϒ(5S) – Pπ+π-)2 ≡

 
MM(π+π−)

⇒Search for hb (nP) peaks in MM(π+π-) spectrum
⇒ reconstruct μ+μ−

 

in addition to π+π- to suppress background

“blind analysis”

Method : 
missing mass 
technique

arXiv:1103.3419v2
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Mass measurements in Mass measurements in ϒϒ(5S)(5S) hhbb(nP)/ (nP)/ ϒϒ(nS) (nS) ππππ

Significance w/ systematics
hb (1P)  5.5σ;  hb (2P) 11.2σ

arXiv:1103.3419v2

Deviations from CoG of 
χbJ masses:

hb (1P):

hb (2P):

ΔMHF

Agree with expected zero!

Process with spin-flip of heavy quark is not suppressed

for hb(1P)
for hb(2P)

S(hb ) = 0 ⇒ spin-flip 
no spin-flip

=

No hb signal at ϒ(4S)

⇒⇒Mechanism of Mechanism of ϒϒ(5S) (5S) →→
 

hhbb (nP(nP) ) ππ++ππ−−
 

decay is exotic!decay is exotic!
This This is the is the motivatmotivationion to study resonant substructure of thisto study resonant substructure of this processprocess

A. Bondar
FPCP2011
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Resonant substructure of Resonant substructure of ϒϒ(5S) (5S) →→
 

hhbb ((nnPP) ) ππ++ππ−−

P(hb) = Pϒ(5S) – P(π+π-)  ⇒
 

M(hbπ
+) = MM(π−) ⇒ measure ϒ(5S)→hbππ yield

in bins of MM(π)

Data 
121.4 fb−1

PHSP

Data 
121.4 fb−1

PHSP

Fit function: 

arXiv: 1105.4583
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Fit resultsFit results
~BB* threshold

_

~B*B* threshold
__

arXiv: 1105.4583

ZZb1b1 and Zand Zb2b2 are also observed in are also observed in ϒϒ(5S) (5S) -->>ϒϒ((nSnS) ) ππ++ππ−−
 

decays (n=1,2,3)decays (n=1,2,3)
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Summary of parameters of charged Summary of parameters of charged ZZbb statesstates

Zb1(10610)
M=10608.4±2.0 MeV

Γ=15.6±2.5 MeV

Zb2(10650)
M=10653.2±1.5 MeV

Γ=14.4±3.2 MeV

Relative phases: Relative phases: ϒϒ((≈≈00oo), h), hbb((≈≈180180oo))
Mass just above B*B and B*B* thresholdsMass just above B*B and B*B* thresholds
Angular analysis favors JAngular analysis favors JPP=1=1++

Indicates Indicates ZZbb ’’ss could be moleculescould be molecules

Many theoretical papers: Many theoretical papers: 
molecules interpretations: molecules interpretations: 
arXiv:1106.2968arXiv:1106.2968 , , arXiv:1105.5935arXiv:1105.5935
arXiv:1105.5829arXiv:1105.5829, , arXiv:1107.0254arXiv:1107.0254
X. Liu, X. Liu, S.L.ZhuS.L.Zhu, G. Ding et. al  , G. Ding et. al  

tetraquarktetraquark statesstates
arXiv:1108.2197arXiv:1108.2197 A. Ali (beauty11)A. Ali (beauty11)
cusp effect: cusp effect: 
arXiv:1105.5492arXiv:1105.5492 D. D. BuggBugg

arXiv: 1105.4583

http://arxiv.org/abs/1106.2968
http://arxiv.org/abs/1105.5935
http://arxiv.org/abs/1105.5829
http://arxiv.org/abs/1107.0254
http://arxiv.org/abs/1108.2197
http://arxiv.org/abs/1105.5492
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SummarySummary
New results on spin exotic 1New results on spin exotic 1−−++, , ππ11(1600), first evidence in (1600), first evidence in charmoniumcharmonium decaysdecays

BESIII providing exciting data on light BESIII providing exciting data on light hadronhadron and and charmoniacharmonia
The spinThe spin--parity of the parity of the ppbarppbar mass threshold enhancement in J/mass threshold enhancement in J/ψψ γγ ppbarppbar was was 
first determined asfirst determined as 00--++..
Two new structures above 2.0 Two new structures above 2.0 GeVGeV observed in J/observed in J/ψ→γη′ψ→γη′ππ++ππ-- decays decays 
The first observation of The first observation of ηηcc(2S) in (2S) in ψ′→γηψ′→γηcc(2S) decay. (2S) decay. 
Precision measurements of Precision measurements of ηηCC(1S) parameters in (1S) parameters in ψ′→γηψ′→γηcc(1S).(1S).

B factories gave a dramatic contributions to heavy flavor spectrB factories gave a dramatic contributions to heavy flavor spectroscopy, still oscopy, still 
analyzing data, analyzing data, charmoniumcharmonium--like XYZ states are still mystery  like XYZ states are still mystery  

Updated results on X(3872) from B factories, Updated results on X(3872) from B factories, 
isospinisospin test favors I=0,  and Jtest favors I=0,  and JPCPC is 1is 1++++ or 2or 2−−++

Still statistical limited Still statistical limited 

Indication for (Indication for (XYZ)XYZ)bb in in bb--antianti--bb sector, exotic states Zsector, exotic states Zb1b1 and Zand Zb2b2

LHC starting exploit their data: X(3872) is confirmed by both CMLHC starting exploit their data: X(3872) is confirmed by both CMS and S and LHCbLHCb
Y(4140) is not observed by Y(4140) is not observed by LHCbLHCb with 3.2 times larger B sample than that of CDF with 3.2 times larger B sample than that of CDF 

SuperSuper--flavor factories (Belleflavor factories (Belle--II, II, superBsuperB, LHC, LHC--b upgrade, PANDAb upgrade, PANDA……) ) 
being expected to identify the being expected to identify the charmoniumcharmonium--like and like and bottomoniumbottomonium--like states. like states. 
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Finally, I would thank my colleagues: 
TorstenTorsten SchrSchrööderder from BABARfrom BABAR
KarimKarim TrabelsiTrabelsi, A. , A. BondarBondar, S. , S. Choi from Bellefrom Belle
Roy A. Roy A. BriereBriere, K. Seth, M. , K. Seth, M. KornicerKornicer from CLEO from CLEO 
Diego Diego TonelliTonelli, Giovanni , Giovanni PunziPunzi, Robert M , Robert M RoserRoser, , 
Robert Robert HarrHarr from CDF and D0from CDF and D0
Y.N. Y.N. GaoGao from from LHCbLHCb
Hal Evans for ATLAS and CMSHal Evans for ATLAS and CMS
Simon I. Simon I. EidelmanEidelman,, EvgenyEvgeny BaldinBaldin from KEDRfrom KEDR
SimonaSimona GiovannellaGiovannella,, Paolo Paolo GauzziGauzzi from KLOEfrom KLOE
H.S.ChenH.S.Chen, Y.F. Wang, S. Jin, , Y.F. Wang, S. Jin, X.Y.ShenX.Y.Shen ,,C.Z.YuanC.Z.Yuan, , 
Y.H.ZhengY.H.Zheng, J.Z. Zhang from BESIII, J.Z. Zhang from BESIII

Thank you! Thank you! 
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Back up 
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(ππ) S wave in χc1 →η(′)π+π−
 

at CLEO-c

M. Kornicer PANIC11

CLEO-c preliminary 
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Threshold enhancement in pp mass

First seen in J/ψ→γpp by BESII
Confirmed by BESIII and CLEO-c
Not seen in ψ′→γpp, J/ψ→→ωpp 
and Υ(1S)→γpp
Enhancement seen in  e+e−→pp
and B+→K+pp

BESIII preliminary in J/ψ→γpp: FSI effect 
Baryonium (i.e. proton-antiproton 
bound state)
Something of both 
…

BESII

BESIII

CLEO-c
BABAR

CLEO Υ(1S)→γpp

BESII 
J/ψ→ωpp

BESIII
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B+ signal

CDFCDF
φ

 
signal

arXiv:1101.6058
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Exclusive Exclusive ϒϒ(5S) (5S) -->>ϒϒ((nSnS) ) ππ++ππ−−
ϒ(5S) → ϒ(nS) π+π−

ϒ(nS) → μ+μ−
(n = 1,2,3)

ϒ(1S)

ϒ(2S)

ϒ(3S)

reflections

Full reconstructions
Clear signal 
⇒ Dalitz analysis

arXiv: 1105.4583
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ϒϒ(5S) (5S) -->>ϒϒ((nSnS) ) ππ++ππ−−  DalitzDalitz plotsplots

Y(1S)π+π- Y(2S)π+π- Y(3S)π+π-

9.43 GeV <MM(π+π-) < 9.48 GeV 10.05 GeV <MM(π+π-) < 10.10 GeV 10.33 GeV <MM(π+π-) < 10.38 GeV

Dalitz distributions for events in Y(nS) signal regions. 

M2(π+π-)M2(π+π-)M2(π+π-)

γ

 
conversions Fit region 

Fit function:

arXiv: 1105.4583
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BEPCII storage rings
Beam energy: 

1.0-2.3 GeV
Design Luminosity: 

1×1033  cm-2s-1

Optimum energy:
1.89 GeV

Energy spread:
5.16 ×10-4

No. of bunches:
93

Bunch length:
1.5 cm

Total current:
0.91 A

Circumference：
237m
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Data samples
So far BESIII has collected :

2009: 225 Million J/ψ
2009: 106 Million ψ’
2010-11: 2.9 fb−1 ψ(3770)

(3.5 ×
 

CLEO-c 0.818fb−1)
- May 2011: 0.5fb−1 @4010 MeV

(one month) for Ds and XYZ 
spectroscopy

BESIII will also collect:
more J/ψ, ψ’, ψ(3770)
data at higher energies （for 
XYZ searches, R scan and Ds 
physics）
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luminosity since startup

2009: ψ′
 

& J/ψ

2010: ψ(3770)

2011: ψ(3770) & 
ψ(4040) for Ds

Note that luminosity is lower at J/ψ, 
and machine is optimal near ψ(3770)

Integrated luminosity: Jan. 2009– June 3 2011 
about 4.0 fb-1 @ different energies
Note increase in slopes!  
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