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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 hadrons?How does QCD give rise to hadrons?

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 in experiments and theoryNeed to map out spectrum, new states in experiments and theory
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QCD and the Origin of mass

How does the rest of the proton mass arise? 
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Einstein Energy

CERN的LEP    E= 200 GeV
LHC    E= 14 TeV
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Probe micro structures

Two methods

从原子核结构到粒子
物理是类似的
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Deep inelastic experiments

Jerome I. Friedman 等，1990 Nobel

Nuclear atom

Proton/neutron

quarks

MIT: 
Friedman, Jerome
Kendall, Henry
SLAC
Taylor, Richard E.,

http://www.slac.stanford.edu/slac/faculty/hepfaculty/taylor.html
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Constituent Quark Model
In 1964 the model was proposed independently by Gell-Mann and Zweig. 
Three fundamental building blocks 1960’s (p,n,λ) ⇒ 1970’s (u,d,s)

Mesons are bound states of quark and antiquark:

Baryons are bound states of 3 quarks:
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Successful of Quarks

Google search: 
Quark: 32,800,000 results（ 0.38 seconds）
Pope BeneDict:   58,400,000 results (0.32 seconds)

Quark is probably the most well known particle physics quantity 
among general public. 
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Light mesons come from nonets
Following SU(3), the nine possible qq’bar combinations containing u, d, s light
quarks are grouped into an octet and a singlet 

S=0, L=0 S=1, L=0
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P-wave meson nonets above 1.0 GeV

Spin-triplets

Spin-singlets

Scalar Axial-vector Tensor

S=1, L=1

S=0, L=1
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Baryons come into octets & decuplets from SU(3)
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夸克模型的预言

质量公式预言

 mΩ

 

= 1670 MeV 
实验:    
m Ω

 

= 1672.45 ±
 

0.29 MeV

Ω −
 

(sss)

1965:  the Ω−

 

was discovered at
the Brookhaven Lab in NY. USA 
with S=‐3 & M = 1672 MeV,

near the Gell‐Mann‐Okubo prediction
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Ω− s‐1/3

s‐1/3
s‐1/3

three s-quarks
in the same

quantum state

Das ist verboten!!
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The strong interaction “charge” of each quark comes in 3 
different varieties

Y. Nambu
M.‐Y. Han

s‐1/3

s‐1/3

s‐1/3

the 3 s-1/3 quarks in the
Ω−

 
have different strong

charges (colors) & evade Pauli

Ω‐

1 2

3

PRB,139,1006(1965)
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Strong interaction—potential model
Potential model: 

Hadron level
Confinement 
（夸克禁闭）

High energy region 
asymptotic freedom(渐进自由）
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QCD: real particles are color-singlets
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Exotic color-free states
Other possible “white” combinations of quarks and gluons
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What’s resonances?

Resonance: ρ+ →π+π0

Quantum number: IG (JPC)
ρ: I+(J − −

 

)
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Invariant mass-dependence of a resonance
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Evidence for lightest scalar mesons
1.  Lightest scalar meson nonets: 

2. Too many “light” scalar mesons, a puzzle: 
f0 (600), f0 (980), f0 (1370), f0 (1500), f0 (1710), f0 (1790)…

Which one is nr =0 state? 
S=1, L=1
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0++ resonances at BES

J/ψ
 

radiative
 

decays

J/ψ
 

hadronic
 

decays

σ ,  κ, f0

 

(980), f0

 

(1370), f0

 

(1500) and f0

 

(1710)
are well established in PDG.   

OZI suppressed decays
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σ  and it’s pole
0++ 2++

b1

 

(1235)π background

J/ψ→ωπ+π−

BESII, PLB 598(2004)149

ψ′→ππJ/ψ

BESII PLB 645(2007)19
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κ
 

and it’s pole

Neutral κ

Charged κ
BESII PLB693(2010)88

PLB698(2011)183
κ+→Ksπ+

K*→Ksπ−
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Signal of f0 (980) ππ, KK



2014-08-23 李海波 25



2014-08-23 李海波 26

Also: 
1. Where are the light JP=1+ and 2++ partner nonets? 
2. In qqbar meson nonets, the I=1 state (a0 (980)), has no s quarks.
3. m(f0 (980))=m(a0 (980)) implies that mixing & small s quark content in f0 (980) and 

a0 (980) 
4. f0 (980) and a0 (980) are possible di-quark-anti-diquark bound states or loosely 

bounded  meson-antimeson molecule states.  
R.L. Jaffe PRD 15, 267 (1977),  J.D. Weinstein &N. Isgur PRD 27, 588(1983) 
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Too many light 0++ scalar in J/ψ
 

decays!
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What’s the nature of the light scalar?
The structures of scalars are complicated! 
The isoscalar members couple to the vacuum of QCD and reflect its structure. 
The fact that there is not just one scalar, but many, may be echoed as GeV scales 
give way to TeV and we learn, as the LHC has found Higgs scalar(s), 
that break electroweak symmetry.

Recent review: M. Schumacher ArXiv:1403.7804
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Mixing with a scalar glueball
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New results from BESIII
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Satellite view of BEPCII /BESIII

BESIII 
detector

LINAC

2004: start BEPCII construction
2008: test run of BEPCII 
2009-now: BECPII/BESIII 

data taking   

South
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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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Energy range of BEPCII

R ≡ μ-

e+

e-

μ+

hadrons-e

e+

q-

q
σ

σ
flavor
color

= ΣQf
2

lowest
order

2.0 – 4.6 GeV

( ) ( ) ( ) 2][3 2
3
12

3
12

3
2 =++=
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BES-III
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Japan (1)
Tokyo Univ.

US (6)
Univ. of Hawaii

Univ. of Washington
Carnegie Mellon Univ. 

 
Univ. of Minnesota 

 
Univ. of Rochester 
Univ. of Indiana

Europe (13)
Germany: Univ. of Bochum, 

Univ. of Giessen, GSI
Univ. of Johannes Gutenberg
Helmholtz

 

Ins. In Mainz
Russia: JINR Dubna; BINP Novosibirsk 

Italy: Univ. of Torino，Frascati

 

Lab, Ferrara Univ.
Univ. of Perugia, Univ. of Eastern Piedmont

Netherland：KVI/Univ. of Groningen
Sweden: Uppsala Univ. 

Turkey:

 

Turkey Accelerator Center

China(29)
IHEP, CCAST, GUCAS, Shandong Univ., 

Univ. of Sci. and Tech. of China
Zhejiang

 

Univ., Huangshan

 

Coll. 
Huazhong

 

Normal Univ., Wuhan

 

Univ.
Zhengzhou

 

Univ., Henan

 

Normal Univ.
Peking Univ., Tsinghua

 

Univ. ,
Zhongshan

 

Univ.,Nankai

 

Univ., Beihang

 

Univ.
Shanxi

 

Univ., Sichuan Univ., Univ. of South China
Hunan Univ., Liaoning

 

Univ. 
Nanjing

 

Univ., Nanjing

 

Normal Univ.
Guangxi

 

Normal Univ., Guangxi

 

Univ.
Suzhou

 

Univ., Hangzhou

 

Normal Univ.
Lanzhou

 

Univ., Henan

 

Sci. and Tech. Univ.
Shanghai Jiaotong

 

Univ.

Korea (1)
Seoul Nat. Univ.

Pakistan (2)
Univ. of Punjab
COMSAT CIIT

~355 members
53 institutions from 11 countries 

The BESIII Collaboration

35
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BESIII data taking status 
Previous 
data 

BESIII present & future Goal

J/ψ BESII: 58M 1.2 B      20* BESII 10 B
ψ’ CLEO: 28 M 0.5 B      20* CLEOc 3B
ψ” CLEO: 0.8/fb 2.9/fb    3.5*CLEOc 20/fb
4040/4160/4260 
/4360 MeV

CLEO: 0.6/fb
@ ψ(4160)

2011:  0.5/fb @ ψ(4040)
2013：2/fb@4260, 0.5/fb 4360 

50-60/pb  3.81-4.42 GeV
2014:   1.0/fb  @ 4.42 GeV

0.5/fb @4.6 GeV
for XYZ

5-10/fb

R scan BESII   2012: R @2.23,2.4,2.8,3.4GeV 
25/pb tau threshold 

2013-2014: 100 points scan 
3.85—4.59 GeV
5 - 10 MeV step 
6−8 pb−1 per point 
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BESIII – physics using “charm”
Charmonium physics:   

- Spectroscopy 
- transitions and decays 

Light hadron physics:  
- meson & baryon spectroscopy  
- glueball & hybrid  
- two-photon physics 
- e.m. form factors of nucleon 

Charm physics:  
- (semi)leptonic + hadronic decays
- decay constant, form factors 
- CKM matrix: Vcd, Vcs
- D0-D0bar mixing and CP violation 
- rare/forbidden decays 

Tau physics:  
- Tau decays near threshold 
- tau mass scan 

…and many more. 
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New results on light scalar
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Statistics limited, but we have a lot of more data ready. 
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Anomalous lineshape of f0 (980) in J/ψ→γf0 (980)π0 , f0 π+π−

Fitted mass: 
M = 989.9±0.4 MeV
Γ= 9.5 ±

 
1.1 MeV

The peak is midway
between 2mK0 and 2mK+ mass
& width = 2(mK0 -mK+ ) 

The width is so narrow!
about 2(mK0 −mK+ )=7.8 MeV! 

PDG2010:
Γ=40—100 MeV

Preliminary
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f0 (980) π0 mass in J/ψ→γf0 (980)π0,  f0 (980)→ππ

f0
 

(980)→π−π+
f1

 

/η
3.7σ

f1
 

/η
1.2σ f0

 

(980)→π0π0

η(1405) η(1405)

BESIII: PRL 108 (2012) 182001

First observation of
η(1405)→f0

 

(980)π0

(isospin
 

violated decays)
and J/ψ→γf0

 

(980)π0
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4.2)%(17.9 
))980(a)1405((BR
))980(f)1405((BR 

0

0
0 ±≈

π→η
π→η

Comparison:  isospin breaking: η(1405)→f0 (980)π0

BESIII: PRL 108 (2012) 182001

In general,  magnitude of isospin
 

violation in strong decay should be 
less than 1% or at 0.1%

 
level.  For example:  

%9.0
)'(BR
)'(BR  ,

|P|
|P|102.0

)/J'(BR
)/J'(BR 0

3

3
2

0

=
ηππ→η
πππ→η

××=
ψη→ψ
ψπ→ψ

−+

−+

η

π−

However:
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η′→3π
 

in J/ψ→γπππ
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Scalar in J/ψ→γηη

• f0
 

(1710) and f0
 

(2100) are  
 dominant scalars

• f0
 

(1500) exists (8.2σ)

• f2
 

’(1525) is the dominant 
 tensor

• f2
 

(1810) and f2(2340) exist  
 (6.4 and 7.6σ)

• No evidence for fJ
 

(2220)

Phys. Rev. D. 87, 092009 (2013)
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Decay rate of pure glueball from 
LQCD

BR(J/ψ→γ
 

G(0++)) = 3.8(9)×10−3

Pure scalar‐glueball
 

rate in J/ψ
 

radiative
 

decays: 
Long‐Cheng Gui

 
et al. 

PRL 110 (2013) 021601 

γf0
 

(1710) → γηη

Pure Tensor‐glueball
 

rate in J/ψ
 

radiative
 

decays: 

BR(J/ψ→γ
 

G(2++)) = 1.1(2)×10−2 Yi‐Bo Yang et al. 
PRL 111(2013)091601Large decay rate is predicted! 

But no experimental evidence!

Need more experimental information!
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Proton-antiproton threshold 
enhancement and 0−+ particles



2014-08-23 李海波 50

Observation of pp mass threshold enhancement 
at BESII and BESIII

Mpp -2mp (GeV)
0 0.1 0.2 0.3

  J / ψ → γ pp

BESII

M=1859 MeV/c2

Γ
 

< 30 MeV/c2 (90% CL)

+3    +5
−10  −25

PRL 91 (2003) 022001

J / ,J / ppψ π π ψ ψ γ+ −′ → →

Chinese Physics C 34, 421 (2010)

M=1861 +6 
-13

+7
-26 MeV/c2

Γ
 

< 38 MeV/c2 (90% CL)

2014-8-23
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55.1
0.5

4.0
1.1

2210
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218
17
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5
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10))model(3.2.)syst(.)stat(0.9()ppX(Br)X/J(Br

.)L.C90@c/MeV60(c/MeV )model(4.)syst(.)stat(3913

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

−+
−

+
−

+
−

+
−

+
−

+−

×±=→γ→ψ

<Γ±±=Γ

±=

=

51

PWA of J/ψ→γpp @ BESIII

f0 (2100) / f2 (1910)  fixed to PDG. 
Sig. of X(ppbar) >>30σ

BESIII: PRL 108, 112003 (2012)

Different FSI models  Model dependent uncertainty
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X(1835) in J/ψ→γη′π+π−
 

at BESII

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

PRL 95,262001(2005)

BESII J/ψ→γη′π+π−
η′→ηπ+π−
η′→γρ

BESII: 58M 
J/ψ

 
events,
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X(1835) consistent with
0−+, but the others are 
not excluded

Confirmation of X(1835) in J/ψ→γη′π+π−
 

at BESIII

)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

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:

PRL 106, 072002(2011)

f1(1510)

two news!

BESIII: 225M 
J/ψ

 
events,

new structures!
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What’s the nature of new structures?
PRD73,014516(2006) Y.Chen

 
et al

0−+: 2560(35)(120)
2++: 2390(30)(120)

It is the first time resonant structures 
are  observed in the 2.3 GeV/c2 region, 

LQCD predicts that the lowest lying 
pseudoscalar glueball: around 2.3 GeV/c2. 

J/ψ-->γππη' decay is  a good channel 
for finding 0-+ glueballs. 

Nature of X(2120)/X(2370) 
pseudoscalar glueball ? 
η/η′

 
excited states? 

PRD82,074026,2010 J.F. Liu, G.J. Ding and M.L.Yan
PRD83:114007,2011

 
(J.S. Yu, Z.-F. Sun, X. Liu, Q.

 
zhao),

and more…

http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yu%2C%20Jie%2DSheng%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Sun%2C%20Zhi%2DFeng%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Liu%2C%20Xiang%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22zhao%2C%20qiang%22
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X(18??) near the threshold position of proton-antiproton

★
 

J/ψ→γ
 

(3(π π))   X(1840) arXiV:1305.5333
○ J/ψ→ ω

 
(ηππ)    X(1870)  PRL107, 182001 

▲ J/ψ→γ
 

(η’ππ)     X(1835)  PRL106, 072002 
■ J/ψ→γ

 
(ppbar)   X(pp) PRL108,112003 

┼ J/ψ→γ
 

(ωφ)       X(1810)  PRD 87, 032008

Are they the same particle? 
It is crucial to identify these 
Observations.
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Charmonium family
c c

L
S

S

1

2

S = S  + S1 2

J = L + S

C = (-1)
L + S

P = (-1)
L + 1

n(2S+1)LJ

J= total ang. mom.S= spin (0 or 1)

n=radial q.n. L= S, P, D, …

It is one of the simplest 
bound states of QCD. 
(like positronium or
Hydrogen in QED)

Open
Charm
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ηc (1S)
• The lowest lying S-wave spin singlet charmonium, discovered in 

1980 by MARKII. Properties not well known.
• J/ψ

 
radiative transition:   M ~ 2978.0MeV/c2,        Γ

 
~ 10MeV

γγ
 

process:            M = 2983.1±1.0 MeV/c2,   Γ
 

= 31.3±1.9 MeV
• CLEOc found the distortion of the ηc line shape in ψ’ decays.
• hyperfine splitting M(J/ψ)-M(ηc (1S)) is the important exp. input to 

test LQCD, but is dominated by error on M(ηc (1S)).

Mass width

C.L.<0.0001C.L.=0.0014

cc

γγ,  pp, B decays
ψ(1S, 2S) γηc
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Possible interference has been taken into account

KsKπ KKπ0 ππη

KsK3π 2K2ππ0 3(ππ)

ηC resonance parameters from ψ′→γηC at BESIII

mass: 2984.3±0.6stat
 

±0.6sys
 

MeV/c2

width: 32.0±1.2stat
 

±1.0sys
 

MeV

Phys.Rev.Lett. 108 (2012) 222002
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Comparison of the mass and width for ηc
 

(1S)

• The most precise measurement
• Better agreement with LQCD

calculation.

Hyperfine splitting: 

ΔM(1S) = 112.6 ± 0.8
 

MeV
BESIII

Lattice 2012: arXiv:1211.2253
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Method for studying hc (1p1 )
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ψ’ π 0hc, hc γηc , ηc exclusive decays

Simultaneous fit to π0

 

recoiling mass χ2/d.o.f. = 32/46
Mass  =  3525.31±0.11±0.14 MeV/c2

Width =  0.70±0.28±0.22 MeV/c2

CLEOc
 

exclusive results  
Mass =3525.21±0.27±0.14 MeV/c2

evts.  =136±14

Summed distribution 

832±35 evts.

CLEOc: PRL 101 182003 (2008)

BESIII: PRD 86, 092009 (2012)

Hyperfine mass splitting
 

: 
DMhf(1P)= M(hc

 
) ‐

 
<m(1 3PJ

 

)>
BESIII: 0.01±0.11±0.14 MeV/c2
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First observation of ψ′ γηc(2S)@BESIII

• Observed signal in Ks

 

K+π‐+c.c.，found evidence in K+K‐π0

• First measured Br(ψ‘
 

→γηc

 

(2S))=(6.8±1.1±4.5) ×10‐4   

Potential model expectation:  (0.1‐6.2)×10‐4    
 

PRL 89 162002 (2002)
CLEOc: <7.6×10‐4

 

PRD 81 052002 (2010)

Statistical significance >10 σ BESIII:  PRL109, 042003 (2012)
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The “XYZ” Charmonium-like mesons
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Conventional Charmonium spectrum
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Most of them from 
B factories and 

BESIII, Belle, CLEO-c
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“XYZ”: Charmonium-like states



2014-08-23 李海波 73

J/J/ψψππ++ππ−−
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e+e-→ π+π-J/ψ
 

events at BESIII

• Four charged tracks, two soft charged pions, and J/ψ l+l−

J/ψ e+e-J/ψ μ+μ-
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J/ψ
 

signal
BESIII:  PRL110, 252001 (2013)

882±33
J/ψ μ+μ-

595±28
J/ψ e+e-
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e+e-→ π+π-J/ψ
 

cross section 
Belle:  PRL99, 182004 (2007)

BaBar:  PRD86, 051102 (2012)

BESIII: σ(e+e-→ π+π-J/ψ)
= (62.9±1.9±3.7) pb

agree with BaBar
 

& Belle
with higher precision! BESIII:  PRL110, 252001 (2013)
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Dalitz plots and 1D projections

79

BESIII:  PRL110, 252001 (2013)
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Is it real signal?

80

Is it from π+π- S-waves,  σ, f0(980)?                                  NO
Is it from π+π- D-wave,  f2(1270)?                                      NO
Are there two states (near 3.4, and 3.9 GeV?                   NO
Do we see it  in both J/ψ→e+e- and μ+μ- ?                      YES
The signal appears in both low and high π+π- mass ?       YES 
Statistic fluctuation ?                                         NO
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Belle ISR,  PRL 110, 252002
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e+e−→π±(D*0D)++c.c.

• M = 3883.9±1.5±4.2 MeV; Γ
 

= 24.8±3.3±11.0 MeV
• σ×B

 
= 85.3±6.6±22.0 pb

Assume Zc (3885) = Zc (3900)

Large non-DD decays！
84

BESIII: PRL,112,022001

演示者
演示文稿备注
… the recoil mass of the bachelor pion show clear signal of the Zc(3900) close to the threshold, in both a neutral D and a charged D*, or a charged D and a neutral D* modes. The fit yields mass and width of the structure very close to those from the piJ/psi mode, and the cross section times the branching fraction of the Zc to DD* is around 80 pb, which is large. Comparing with the measurement from pi+pi-J/psi, we get the ratio of the decay rates of Zc to DD* and piJ/psi is 6.2 plus-or-minus around 3, this means the coupling of the Zc(3900) to the DD* final state is much larger than that of piJ/psi. This is essential in understanding the nature of this state.
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Quantum number of Zc(3885)

BESIII: PRL,112,022001
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Zc(4025) in e+e− π− (D*D*)++c.c. @4.26 GeV

Fit to π±

 
recoil mass yields 401±47 Zc

 

(4025) events.     >10σ
The pole mass and with: 
M(Zc

 

(4025)) = 4026.3±2.6±3.7 MeV;  Γ(Zc
 

(4025)) = 24.8±5.7±7.7 MeV

)%6965(
))D(e(e

))D(Ze(e
R

**-

**
c

-

±±=
→

→→
=

±+

±±+

m

mm

D

D

πσ

ππσ pb )159137())D(e(e **- ±±=→ ±+ mDπσ

86

arXiv:1308.2760

 
submitted to PRL 

Partial reconstruction technique:  reconstruct D+

 

from D*+
 

decay, bachelor π−, 
and at least one soft π0 from D*  D0 πor D*+ D+π0 decays . 

http://arxiv.org/abs/arXiv:1308.2760
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Cross-sections of e+e−→ π+π−hc
 

(1P)

Reconstruct hc
 

→γηc

 

, 
ηc

 

→16 exclusive modes 
using data 2.4/fb 
at different energy points.

BESIII:PRL,111,242001
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Puzzle of “Y(4260)”

)%6.70.66(
))1()4260((
))1()4260((

±=
→Γ
→Γ

−+

−+

SY
PhY c

ψππ
ππ

S(hc
 

(1P)) = 0 
S(J/ψ) = 1

Mechanism of π+π−hc
 

production is exotic!  
Study of the substructure is motivated !

Spin‐flip   No spin‐flip

Process with spin‐flip of heavy quark is not suppressed.

Assuming the π+π−hc
 

(1P) 
 

is from Y(4260) decay: 
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Discovery of  e+e-→ π±Zc(4020) π+ π-hc(1P)

• Obvious structure near 4.2 GeV
• Indication of Zc

 

(3900) state
• About 1500 hc

 
events observed @4.23, 4.26 和

 
4.36 GeV

89

BESIII:PRL,111,242001
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Discovery of Zc
 

(4020)

Combing 4.23/4.26/4.36 
GeV

 
data, 16 ηc

 

decay 
modes  significance
8.9σ

M(Zc
 

(4020)) = 
4022.9±0.8±2.7 MeV;  

Γ(Zc
 

(4020)) = 
7.9±2.7±2.6 MeV

BESIII:PRL,111,242001

σ(e+e- π+π-hc) :
8.7±1.9±2.8±1.4 pb

 
@ 4.230 GeV

7.4±1.7±2.1±1.2 pb
 

@ 4.260 GeV
10.3±2.3±3.1±1.6 pb

 
@ 4.360 GeV

No significant Zc
 

(3900)  (2.1σ)

90
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Natural of isospin
partner, ZC

0(4020)
observed. 
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Summary of Z states

Close to 
D*D* threshold=4017 MeV

Close to 
D*D* threshold=3875 MeV

With electric charge thus has two more light quarks!  Nquark ≥ 4 !  
Clear 

 
signature of exotic state
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What’s X(3872)?
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Nature of X(3872)
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X(3872) at BESIII: e+e- γX(3872)

Sum of these energy points
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Discovery of e+e- γX(3872)

初态辐射产生的 ψ’
 

信号用于质量、分辨率、效率刻度。
N=1818;  ΔM=0.34±0.04 MeV; ΔσM

 

=1.14 ±0.07 MeV

N(X(3872))  =  20.1±4.5              6.3σ
M(X(3872)) = 3871.9±0.7±0.2 MeV

 
[PDG: 3871.68 ±0.17 MeV]

BESIII: PRL112,092001

97

演示者
演示文稿备注
The pipijpsi mass distribution summed over all the energy points is fitted to extract the mass and signal yields of the X(3872). The X(3872) signal is described by a MC simulated signal shape convolving a Gaussian function which represents the difference between data and MC, while the background events are described by a linear function. The mass resolution difference between data and MC simulation, the absolute mass and the cross section calibration are obtained using the ISR psip signal. The fit yields 20 X(3872) signal events with a mass consistent with the PDG value. The statistical significance of X(3872) is estimated to be 6.3 Gaussian standard deviation.



2014-08-23 李海波 98

Indication of Y(4260) γX(3872)

需要高能量数据
 

更精确地确定激
 

发曲线。

BESIII: 1310.4101

          
] J/ψππB[Y(4260)

γX(3872)]B[Y(4260)
5%J/ψππB[X(3872)  takeand  Y(4260), from all Assuming

102.2)(5.7
J/ψππee

J/ψπγπγX(3872)ee 3

%11

]

)(

)(

=
→
→

=→

×±=
→

→→

−+

−+

−
−+−+

−+−+

σ
σ

演示者
演示文稿备注
Using the signal events observed, the Born cross section times the branching fraction of X(3872) decays into pipijpsi are calculated as listed in this table. For 4009 data and 4360 data, since the signals are not significant, upper limits on the production rates at 90% confidence level are set. The observation suggests that the X(3872) might be from the radiative transition  of the Y(4260). Combining the cross section of electron positron goes to pi pi jpsi measured by BESIII and take the branching fraction of X(3872) decays to pi pi jpsi as 5 percent, the cross section ratio of Y(4260) decays into gamma X(3872) to Y(4260) decays into pipijpsi is about 11 percent, which is a relatively large transition ratio.
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“XYZ” at LHC: observation of X(3872)  at CMS

In addition to the discovery channel B X(3872)K(*), X(3872) is 
observed in pp and ppbar collisions at LHC(CMS and LHCb) and 
Tevetron. 

Inclusive production

Inclusive production: pp π+π− J/ψ + anything: 10<pT<50 GeV & |y|<1.2

CMS: JHEP 1304(2013)154; LHCb, EPJC 72 (2011)1972
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XYZ at LHC
Advantage:  

High statistics, B decay events, 
LHCb identified spin-parity of X(3872):  1++, PRL 110, 222001 (2013) 
Confirmations of Zc(4430): LHCb PRL112, 222002 (2014)
Confirmation of X(4140) and observation of X(4300): LHCb, CMS PLB734(2014)261

Inclusive productions (X(3872)), LHCb, CMS  
Access differential cross-sections of prompt X productions 

Disadvantage: 
High backgrounds and large combinatorial background
Hard to probe the XYZ states correlated with e+e- production 
processes, like Y(4260), Y(4360), Y(4660), and related Zc states
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Heavy flavored hadrons and their excited states

• B/Bs/Bc mesons and their excited states
• b-baryon families, Λb , Ξb , Ωb and excited states 
• D/Ds mesons and their excited spectrum:  LHCb, CMS, ATLAS 
• Charm-baryon sectors: LHCb, CMS, ATLAS 
• Precise test of QCD production mechanism  

I don’t have time to discuss these topics in this talk. 
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Summary
BESIII providing exciting data on light BESIII providing exciting data on light hadronhadron and and charmoniacharmonia

The light scalar in QCD plays an important ruleThe light scalar in QCD plays an important rule hadronhadron massmass
The spinThe spin--parity of the parity of the ppbarppbar mass threshold enhancement in mass threshold enhancement in 
J/J/ψψ γγ ppbarppbar was first determined aswas first 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). 
XYZ states at BESIII are just at start point XYZ states at BESIII are just at start point 
Many others are not presented hereMany others are not presented here……

LHC will play important role in the study of  Charmonium-lke states in both B decays 
and inclusive  production in pp collision. 
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