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Beijing Electron Positron Collider-II 
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BESIII detector
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e-
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BESIII  Data Samples
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Charmonium &XYZ

• Introduction  to  charmonium & XYZ

• Recent results of XYZ

– X(3872), X(3823) 

– Y Hadron + lower charmonia

– Zc(3900)/Zc(3885) 

– Zc(4020)/Zc(4025)

• Recent results of charmounium

– ψ(3770)→γχc2

– isospin-violating transitions χ c0,2 →π0ηc
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Hadrons: normal & exotic

• Quark Model:

• Exotic states are also predicted by QCD:

– Glueball: (gg, ggg, …)

– Hybrid: (qqg, …)            

– Multi-quark state: (qqqq, qqqqq, …)

– Molecule: bound state of two hadrons
2015/9/10-2015/9/13

CPS Fall meeting, Jilin University, 
Changchun, China
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Charmonium spectroscopy
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Below the open charm 
threshold, good 
agreement between 
experiments and theory.

Many expected states are not 
observed;
Many unexpected states are 
observed:    XY states.
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About X(3872)

• Very close to D0D*0 threshold, very narrow, 
< 1.2 MeV

• JPC=1++

• Production 
– in pp/pp collison – rate similar to charmonia
– In B decays – KX similar to cc, K*X smaller 

than c c
– Y(4260)γX(3872) 

•Decay BR: 
– open charm ~ 50%
– charmonium~O(%) 

•Nature (very likely exotic) 
– D0D*0 bound state (like deuteron)? 
– Mixture of excited χc1 and D0D*0 bound state? 
– χc1 (2P)? Hybrid? Tetraquark? 

2015/9/10-2015/9/13
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Firstly observed in 
Belle (2003):
B±
 K ±⁺⁻J/ψ.

Also observed in 
Belle and tevatron.
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Observation of e⁺e⁻γX(3872)

• Via X(3872)⁺⁻J/ψ, J/ψ l⁺l⁻,l=e,μ

• Observed Y(4260)γX(3872)for the first time; 

• M = 3871.9±0.7±0.2 MeV/c2 (PDG: 3871.68±0.17 MeV/c2)

• Taken B(X(3872)⁺⁻J/ψ)~5%,
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6.3σ

PRL112, 092001 (2014)
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About X(3823) 

• QCD predicted ψ2(1D) , 2⁻⁻

• Firstly observed @ Belle: 
Bχc1γK ;

• The measured mass and width 
are consistent with the 
missing ψ2(1D) state. 

2015/9/10-2015/9/13
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Changchun, China

PRL111, 032001 (2013) , 
Belle

3.8σ
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e+e-π⁺π⁻X(3823) π⁺π⁻ γχc1

• M = 3821±1.3±0.7 MeV, Г < 16 MeV, Significance: 6.2σ
• R = B[X(3823)γχc2]/B[X(3823)γχc1]<0.43 @ 90% C.L. 
• Both Y(4360) and ψ(4415) line shape give reasonable description
• Agree with BELLE’s measurement
• Agree with ψ(13D2) candidate

2015/9/10-2015/9/13
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Phys. Rev. Lett. 115, 011803 

6.2 σ 
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About Y(4260)
• Charmonium-like, first observed in 

its decay to π⁺π⁻J/ψ @BaBar via 
e⁺e⁻ ISR process; 

• Small coupling to open charm 
decay modes;

• Y(4260) decays to charged 
charmonium-like states: 
– Zc(3900) (πJ/ψ)
– Zc(3885) (DD*)
– Zc(4020) (hc)
– Zc(4025) (D*D*)

• Nature: a quark-gluon 
charmonium hybrid, a tetraquark
state, a hadrocharmonium, or a 
hadronic molecule?
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BaBar

PRL 95, 142001 (2005)

BESIII is measuring cross 
sections at more energy 
points, and more data 
being taken!
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Other Y states
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Y Hadron + lower charmonia

2015/9/10-2015/9/13
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Changchun, China

Belle, PRD 87, 051101(R) (2013)

BESIII, PRD 86, 071101(R) 

CLEO-c, PRL 96, 162003 (2006) Hadronic transitions (by η, π0 or a 
pion pair) to lower charmonia (J/ψ…): 
sensitive probes to study the 
properties of these Y states.

no evidence for the Y(4260), Y(4360), Y(4415), 
or Y(4660) in the ηJ/ψ final state.

Open-charm effects: PRD 84 014007
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Searching for ηJ/ψ, J/ψ, J/ψ l⁺l⁻,l=e,μ



Observation of e⁺e⁻ωχc0 (χc0 ⁺⁻/K⁺K⁻)
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@4.23GeV

@4.26GeV

PRL 114, 092003 (2015)

By assuming the ωχc0 come from a single 
resonance, and Fit with a single BW :
Mass = 4230±8±6 MeV
Width = 38±12±2 MeV
Significance > 9σ

Nature is not clear to us:
A tetraquark? (PRD 91,117501 (2015)) 
ψ(4S)? (EPJC 74:3208 (2014)) 
Or Threshold effect? 
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Observation of e⁺e⁻η J/ψ(l⁺l⁻,l=e,μ)

2015/9/10-2015/9/13
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PRD 91, 112005 (2015)

•Structure near 4.23 GeV is observed
•No ⁰ J/ψ evidence
• Agree with previous results, more precision
• More data @4.10~4.20 GeV is needed!
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Searching for iso-spin violating decays in 
Y(4260)η: J/ψ(l⁺l⁻,l=e,μ)

• Theory prediction:
– Hadron-quarkonium/tetraquark of Zb and Zc in ϒ(5s) η: + bottomonium

• M.Voloshin, PRD 86 034013 
• A. Ali et al., PRL 104 162001, PRL 106 092002 

– Tetraquark model: Zc η J/ψ or : J/ψ
• L. Maiani et al., PRD 87 111102 

– Y(4260) as a D1D molecule: 
• X. Wu et al., PRD 89 054038 

• No statistically significant signal is observed. 

2015/9/10-2015/9/13
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Changchun, China

PRD 92, 012008(2015)

@4.226 GeV @4.257 GeV
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Charged charmonium-like states, Zc

• Decay into a charmonium, thus contains cc

• Have electric charge, thus has two light 
quarks≥4 quarks

• Could exist in π±J/ψ, π±ψ(2S), π±hc, π
±χcJ,…

• Experimental search:

– BESIII/CLEO-c: e⁺e⁻π± exotics,…

– Belle/BaBar: e⁺e⁻(γISR)π± exotics,…

– Belle/BaBar/LHCb: BK exotics,…

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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About Zc (3900)±

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

BESIII: PRL 110, 252001 (2013) 

Belle with ISR data (PRL 110, 252002) CLE0c data at 4.17 GeV (PLB 727, 366) 

Tetraquark?
Molecule?
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About Zc (3900)0

• Observation of Zc(3900)0 in e⁺e⁻ to ::J/ψ

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

A structure on ⁰J/ψ invariant mass spectrum 
can be observed:
Mass = 3894.8±2.3±2.7 MeV
Width = 29.6±8.2±8.2 MeV
Significance = 10.4σ

CLE0c data at 4.17 GeV (PLB 727, 366) 

arXiv:1506.06018,

Submitted to PRL
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Search for Zc(3900)±ω±

2015/9/10-2015/9/13
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@4.23GeV
@4.26GeV

•No  significant  Zc(3900)±:

• since ω is a typical light hadron decay mode for  IG(JP)= 1+(1+)  
 imply the annihilation  of c c is suppressed.

PRD 92, 032009 (2015)
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Observation of Zc(3885)±in e⁺e-→π±(DD*)∓

@4.26GeV using single D tag method 

2015/9/10-2015/9/13
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Changchun, China

An enhancement  near the DD*, 
Mass = 3883.9±1.5±4.2 MeV, (fit 
with BW function) 
Width = 24.8±3.3 ±11.0 MeV
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Is Zc(3885)± is Zc(3900)± ?

2015/9/10-2015/9/13
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Changchun, China

• Their mass and width are consistent within 2 σ

• If so, open charm decays are suppressed, since

Compared with ,e.g.

Different dynamics 
in Y(4260)-Zc(3900) 
system! 
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Zc(4020)±/0 via ±/0 hc
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PRL 111, 242001 (2013)

PRL 113, 212002 (2014)

• hcγηc, ηc16 hadron decay 
modes;

•Zc(4020)±/0 is observed; another 
isospin triplet Zc(4020)0 is 
established.

•A weak evidence for Zc(3900)±
± hc ;
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Observation of Zc(4025)±in e⁺e-→π±(D*D*)∓

@4.26GeV

Tag a D⁺ and a bachelor ⁻, reconstruct one ⁰
to suppress the background. A structure, 
named as Zc (4025), can be observed in the 
recoil mass of the bachelor ⁻.

PRL 112, 132001 (2014) 

M(Zc(4025)) = 4026.3±2.6±3.7 MeV; 
Γ(Zc(4025)) = 24.8±5.6±7.7 MeV
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charmonium

• Measurement of B(ψ(3770)→γχc1 ) and 
search for ψ(3770)→γχc2

• Searches for isospin-violating transitions 
χ c0,2 →π0ηc

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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Measurement of B(ψ(3770)→γχc1 ) and 
search for ψ(3770)→γχc2 (via χc1,2γJ/ψ,J/ψl⁺l⁻)

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

Ψ(3770)non-DD decays is used to test and probe:
its constituent , S-D mixing model, decay mechanics…

PRD 91, 092009 (2015)
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Searches for isospin-violating 
transitions χc0,2→π0ηc (via ηcK0

SK
±π∓)

• No significant ηc signals are observed, and upper limits are set.

• The comparison indicates that the QCD multipole expansion 
(PRD 75, 054019) predicts that the branching fraction is 20 times 
of magnitude larger than our measurement.

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

Based on 106 × 106 ψ(3686) dataPRD 91, 112018 (2015)
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Light Hadron Spectroscopy
• Introduction

• Recent results
– PWA

• Observation and Spin-Parity Determination of the X(1835) in 
J/ ψ→γ K:s K:sη

• An amplitude analysis of the :: system produced in 
radiative J/ψ decays

– Y(2175)
• The study of J/η

– Abnormal decays PVl⁺l⁻
• Observation of the Dalitz decay η’ → γe⁺e⁻

• Observation of η′ →ωe⁺e⁻

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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• LQCD:
• 0++ ,  low mass glueball, 1.5~1.7 

GeV
• Ј∕ψ→γPP, even++

• f0(1710), f0(1500): 
glueball candidates.

• Experiments:  f0(1710), 
f0(1790),X(1810);

the same resonance?

Scalar glueball candidates 

32



About X(18XX)

• J/ψ→γPP:
– Mass close to the pp threshold

– What is the spin and parity?

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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J/ψ, ψ(3686)pp
• is consistent with the X(1835), 

but Γ is narrower.

• Need further measurement to 
clarify whether or not the 
X(pp)and the X(1835) are the 
same states.

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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X(1835) in J/ψ→γη’⁺⁻
• X(1835)  previously observed at 

BES and BESII, now confirm 
@BESIII with two additional 
structures above 2 GeV/c2.

• Nature interpretations: glueball, 
pp bound state, excited η 
meson…

• angular distribution
consistent with pseudoscalar, but
other spin-parity assignments not 
excluded

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

PRL 106, 072002 (2011)
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Other observations of X(18XX)

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

J/ψωη⁺⁻
PRL 107, 182001

PRL 106, 072002 (2011)

PRL 108, 112003 (2012)
We need more 
measurement, 
more decay modes,
More statistic.
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Observation and Spin-Parity Determination of the X(1835) 

in J/ ψ→γ K⁰s K⁰sη

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

PRL 115, 091803 (2015)1.3 billion J/ψ data taken in 2009 and 2012
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Observation and Spin-Parity Determination of the X(1835) 

in J/ ψ→γ K⁰s K⁰sη

PRL 115, 091803 (2015)

•Partial Wave analysis is performed with 
M(K:s K:s) <1.1 GeV/c2 , <M(K:s K:s η) <2.8 
GeV/c2 ;
•Dominant by fₒ(980)K:s K:s ;
• 0⁻⁺ , mass and width  in agreement with 
the X(1835) in J/ψ→γη’⁺⁻

•These results are all first-time 
measurements and provide important 
information to further understand the 
nature of the X(1835).
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PWA of J/ψ→γ::

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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arXiv: 1506.00546
Accepted by PRD1.3 billion J/ψ data taken in 2009 and 2012

• Only significant 0++ and 2++ contributions
• Model Independent Partial Wave Analysis

Background level: 1.8%
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•From 0++, significant structures around 1.5, 1.7 and 2.0 GeV
are observed.
•Br(J/ψ→γ::)= (1.15±0.05(sys.))×10-3 

•Results may be combined with other related results for 
development of phenomenological models…

arXiv: 1506.00546
Accepted by PRD

Two non-trivial ambiguous solutions exist in 
most bins above KK threshold 

Impossible to determine "physical" solution 
without model dependent assumptions



About Y(2175)
• Y(2175):     -gluon Hybrid as a counterpart of Y(4260),  

or 23D１quarkonium ?

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

ss

PRD 74, 091103(R) PRL 100, 102003 PRD 80, 031101(R) PRD86, 012008  
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Study of Y(2175) in J/ψ→ηπ+π- at BESIII

• Confirmation of Y(2175) in 

J/ψ→ηπ+π- at BESIII(>10)

PRD 91,052017(2015)

Confirm the existence of Y(2175)(>10)
• Unknown BG: two dimensional sidebands of , f0(980);
• Mass & width: Consistent with former results .

42
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+- mass spectrum recoiling 
against the 
• Br(J/ψ→ f1(1285)) ;
• (1405)/(1440) quark content : u and 
d;
• searches for the X(1835) and X(1870);

43
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PVl⁺l⁻, l=e,μ
• Study of the rare and 

forbidden decays of η/η′:  
probe to test fundamental 
symmetries of QCD and 
search for new physics 
beyond the SM.

• Vector meson dominance 
(VMD) models have reached 
good agreement in 
describing the experimental 
data of the triangle anomaly 
sector and are also valid in 
the box anomaly sector.

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

PRC 61 035206
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PVl⁺l⁻, l=e,μ

e.g. single pole 
approximation:

VMD model: bη′=1.45 GeV-2

Chiral perturbation theory: 
bη′=1.60 GeV-2

Used to test the VMD model chiral perturbation 
theory.
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Observation of the Dalitz decay η’ → γe⁺e⁻

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

measured for the first time

The results are consistent with 
the prediction of the VMD
model:
bη′=(1.60 ±0.17±0.08)GeV-2

PRD 92, 012001 (2015)

46

J/ψ→γη



The observation of  e+ e -

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

J/ψ→γη,η→ωｅ+ｅ-

• (different from other analysis!) Fit to M(π0π+π-e+e-)-M(π0π+π-):  improve the mass 

resolution and BG description;

Br( e+ e - )

=(1.97±0.34±0.17)×10-4

consistent well with theory prediction.

arXiv: 1507.06734
accepted by PRD

47

1.3 billion J/ψ data taken in 
2009 and 2012



Baryon Spectroscopy

• Introduction 

• Recent results
– Observation of two hyperons -(1690) and -(1820)

– Observation of two new excited baryon states in 
ψ(3686)→pp :

– N(1535) in ψ(3686)→pp η

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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introduction

• An important field for 
understanding the structure 
of hadron. 

• Non-relativistic quark 
model(NRQCD): 

– successful in interpreting 
baryon resonances. 

– an explicit classification 
for light baryons in terms 
of group symmetry. 

– “miss resonance problem” 

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

Theory
Exp
Missing 

49



• BESIII, high charmonium
statistics : a good 
measurement of baryon 
spectroscopy
– Isospin 1/2 filter: 𝝍→𝑵𝑵
𝝅, 𝝍→𝑵𝑵 𝝅𝝅

– Missing N* with small 
couplings to 𝝅𝑵 & 𝜸𝑵 , 
but large coupling to gggN : 
𝝍→𝑵𝑵 𝝅/𝜼/𝜼′/𝝎/𝝓, 𝒑 𝜮
𝝅, 𝒑 𝜦𝑲 … 

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

introduction
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About 

• Quark model predicts over 30 
* states, only 11 * states 
have been observed to date. 
Few of them are well 
established with spin parity 
determined.

• most observations:  bubble 
chamber experiments or 
diffractive K−p interactions.

• Charmonium decays offer 

a good opportunity to study : 
narrow width, low background, 
high statistics…

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

, hyperons with strangeness S =−2
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Observation of two hyperons -(1690) and -(1820)
in ψ(3686)K⁺Λ ⁺+c.c.

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

PRD 91, 092006 (2015)

Based on 106 × 106 ψ(3686) data
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ψ(3686)γK⁺Λ ⁺

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

These BRs are 
measured at first 
time! 

PRD 91, 092006 (2015)
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Observation of two new excited baryon states in 

ψ(3686)→pp ⁰

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

• Two body decay:
 ψ(3686) pN*, N*p π0 +c.c

 Xπ0 , Xpp

 Isospin conservation:  suppressed; 

• The best solution:
N(1440),N(1520),N(2090),N(1535),N(1650),
N(1720),N(2300),N(2570)

(JPC);

• No significant evidence.
 N(1885) and N(2065), pp enhancement;

 The uncertainties from additional possible 
resonances are considered.

PRL  110, 022001(2013) 

PWA results
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Observation of two new excited baryon states in 

ψ(3686)→pp ⁰
PRL  110, 022001(2013) 

•B(ψ(3686)→ppπ0)=(1.650.030.15)10-4

•2 new resonances
•No significant N(1885) or N(2065)(<5σ)
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N(1535) in ψ(3686)→p p η

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

• PWA results.

• Best solution: N(1535) 
combined with an interfering 
phase space;

• N(1535):

 M=15245+10
-4 MeV/c2

 Г=130+27
-24

+56
-10 MeV/c2

PRD 88,032010(2013)

•Supressed compare with 
“12% rule”:

•pp enhancement <3σ;
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Charm

• Leptonic decays 

– 𝐷+→𝜇𝜈

• Semi-leptonic decays 

– Measurement of yCP in D0D0 oscillation 

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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Leptonic decays 



Measurement of ℬ(𝐷⁺→𝜇⁺𝜐𝜇), 𝑓𝐷⁺ and 𝑉𝑐𝑑

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

PRD89 (2014) 051104
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http://dx.doi.org/10.1103/PhysRevD.89.051104


Comparison of of ℬ(𝐷⁺→𝜇⁺𝜐𝜇), 𝑓𝐷⁺

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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Using Semi-leptonic decays to measure yCP

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

Phys.Lett. B744 (2015) 339-346 
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ycp results

http://dx.doi.org/10.1016/j.physletb.2015.04.008
http://dx.doi.org/10.1016/j.physletb.2015.04.008
http://dx.doi.org/10.1016/j.physletb.2015.04.008
http://dx.doi.org/10.1016/j.physletb.2015.04.008


Summary &outlook

• Many progress @ BESIII recently;
• XYZ decaymodes, espectially Zc process,

• new measurement about important 

parameters&constants,  

• newly discovered resonance…

• More results  are on the way! 

• BESIII may continue data taking until 2020-
2022 .

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

Thanks very much for 

your attention!
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Back Up

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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Light Hadron Spectroscopy

• Observation and Spin-Parity Determination of the X(1835) 
in J/ ψ→γKsKsη

• The study of J/η
• Observation of the electromagnetic doubly OZI-suppressed 

decay J/ψ → ϕπ0
• Observation of the isospin-violating decay J/ψ → ϕπ0f 0980
• Observation of the Dalitz decay η0 → γete−
• Observation of electromagnetic Dalitz decays J/ψ → Pete−
• Observation of J/ψ → omegaete−

• Measurement of the proton form factor by studying ete− → 
p¯

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China
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• -(1690) and -(1820) are firmly established.

2015/9/10-2015/9/13
CPS Fall meeting, Jilin University, 

Changchun, China

Observation of two hyperons -(1690) and -(1820)

in ψ(3686)K⁺Λ ⁺+c.c. 
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