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(Beijing Electron Positron Collider)
e+e− collisions from 2.0 to 4.6 GeV
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(Beijing Spectrometer)
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Data Sets (highlights):
(e+e− collisions at ECM between 2.0 and 4.6 GeV)

2009:  106M ψ(2S)
    225M J/ψ

2010:   975 pb−1 at ψ(3770)
2011:   2.9 fb−1 at ψ(3770) (total)
            482 pb−1 at 4.01 GeV
2012:  0.45B ψ(2S) (total)

    1.3B J/ψ (total)
2013:    1092 pb−1 at 4.23 GeV

      826 pb−1 at 4.26 GeV
      540 pb−1 at 4.36 GeV
     ~50 pb−1 at 3.81,  3.90,  4.09,  4.19,  4.21, 

                              4.22,  4.245,  4.31,  4.39,  4.42 GeV
2014:  1029 pb−1 at 4.42 GeV

   110 pb−1 at 4.47 GeV
   110 pb−1 at 4.53 GeV
    48 pb−1 at 4.575 GeV
    567 pb−1 at 4.6 GeV

0.8 fb−1 R-scan from 3.85 to 4.59 GeV (104 points)
2015:  R-scan from 2-3 GeV + 2.175 GeV data
2016:  ~3fb−1 at 4.18 GeV (for Ds)   ONGOING
2017:  ~10 × 500 pb−1 between 4.19 and 4.30 GeV
          2017 UNDER DISCUSSION, SUBJECT TO CHANGE!

Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014
see Jake Bennett’s talk:  
Charmonium Decays into Light Hadrons from BESIII

            QWG 2016 |    Charmonium decays to light hadrons at BESIII            |          J. Bennett

Study	of	ψ	decays	to	Ξ-ΞR +	and	Σ(1385)∓ΣR (1385)±

PRD	93,	072003	(2016)

• Based	on	(223.7	±	1.4)	x	106	J/ψ	and	(106.4	±	0.9)	x	106	ψ’	decays	
• Avoid	full	reconstruc=on	of	both	baryons	(low	efficiency)	

• Iden=fy	ΞR +	or	ΣR (1385)±	from	  
recoil	mass	against	π±Λ

8

Ξ-ΞR + Σ(1385)-ΣR (1385)+ Σ(1385)+ΣR (1385)-

J/ψ

ψ’

            QWG 2016 |    Charmonium decays to light hadrons at BESIII            |          J. Bennett

Study	of	ψ	decays	to	Ξ-ΞR +	and	Σ(1385)∓ΣR (1385)±

Not	in	agreement	 
with	12%	rule

PRD	93,	072003	(2016)

9

• Based	on	(223.7	±	1.4)	x	106	J/ψ	and	(106.4	±	0.9)	x	106	ψ’	decays

Extensions of the “ρπ Puzzle”…
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𝐷𝑠∗ → 𝛾𝐷𝑠
The same method as that in 𝐷𝑠 to extract 
the signal and estimate the upper limits.

Semileptonic Decays

7

Phys. Rev. D 90, 112014

Best results ever: <3.5 × 10−5.

2016/6/8 Junhao Yin

see Junhao YIN’s talk:
Charmonium Rare Decays at BESIII

𝐷𝑠∗ → 𝛾𝐷𝑠
The same method as that in 𝐷𝑠 to extract 
the signal and estimate the upper limits.

Semileptonic Decays

7

Phys. Rev. D 90, 112014
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2016/6/8 Junhao Yin

𝐷𝑠∗ → 𝛾𝐷𝑠
The same method as that in 𝐷𝑠 to extract 
the signal and estimate the upper limits.

Semileptonic Decays

7

Phys. Rev. D 90, 112014

Best results ever: <3.5 × 10−5.

2016/6/8 Junhao Yin

Semileptonic J/ψ Decays…
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Charmonium Spectrum
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see Jielei ZHANG’s talk:
Charmonium Radiative Transitions from BESIII

Study ψ(1S,2S) → γηc(1S) in two steps:
    get ηc(1S) BF’s using hc(1P) → γηc(1S) decays;
    measure ψ(1S,2S) → γηc(1S) using those BF’s.
      (active working group) QWG2016 6

PDG 12 ave.

PDG 14 ave.

PDG 12 ave.

PDG 14 ave.

Suggest a common phase in all the modes.
QWG2016 5

PRL 108,222002

Simultaneous fit with modified Breit-Wigner (hindered M1)
Significance of interference is 15𝜎
(may partly explain the discrepancy among measurements)

QWG2016 7

𝐸𝛾3 × 𝐵𝑊 𝑚 × 𝑓𝑑 𝐸𝛾 ⊗ 𝑅𝑖(𝑚)

𝑀 𝜂𝑐 = 2984.40 ± 1.16 ± 0.52 MeV/𝑐2
Γ 𝜂𝑐 = 36.4 ± 3.2 ± 1.7MeV

Sum of 16 modes

Energy of photon in
rest frame of ℎ𝑐

For convergence Resolution for 𝑖th mode

Signal:

PRD 86,092009

Huge interference in 𝜓 3686 → 𝛾𝜂𝑐

The 𝜂𝑐 amplitude in ℎ𝑐 decays is
larger than in 𝜓(3686) decays

Weaker interference in ℎ𝑐 → 𝛾𝜂𝑐

Easier and better than 𝜓 3686 → 𝛾𝜂𝑐

ℎ𝑐 E1 transition to 𝜂𝑐

QWG2016 5

PRL 108,222002

Simultaneous fit with modified Breit-Wigner (hindered M1)
Significance of interference is 15𝜎
(may partly explain the discrepancy among measurements)

Improve Measurements of the ηc(1S) Parameters…

ψ(2S)→ 
γηc(1S)

hc(1P) → γηc(1S)
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2009:  106M ψ(2S)
    225M J/ψ

2010:   975 pb−1 at ψ(3770)
2011:   2.9 fb−1 at ψ(3770) (total)
            482 pb−1 at 4.01 GeV
2012:  0.45B ψ(2S) (total)

    1.3B J/ψ (total)
2013:    1092 pb−1 at 4.23 GeV

      826 pb−1 at 4.26 GeV
      540 pb−1 at 4.36 GeV
     ~50 pb−1 at 3.81,  3.90,  4.09,  4.19,  4.21, 

                              4.22,  4.245,  4.31,  4.39,  4.42 GeV
2014:  1029 pb−1 at 4.42 GeV

   110 pb−1 at 4.47 GeV
   110 pb−1 at 4.53 GeV
    48 pb−1 at 4.575 GeV
    567 pb−1 at 4.6 GeV

0.8 fb−1 R-scan from 3.85 to 4.59 GeV (104 points)
2015:  R-scan from 2-3 GeV + 2.175 GeV data
2016:  ~3fb−1 at 4.18 GeV (for Ds)   ONGOING
2017:  ~10 × 500 pb−1 between 4.19 and 4.30 GeV
          2017 UNDER DISCUSSION, SUBJECT TO CHANGE!

Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014

Ψ(3686)!π�J/ψ,		ηJ/ψ@BESIII	
Ψ(3686)!π�J/ψ	
J/ψ!e+e-	

Ψ(3686)!π�J/ψ	
J/ψ!μ+μ-	

Ψ(3686)!ηJ/ψ	
J/ψ!e+e-	

Ψ(3686)!ηJ/ψ	
J/ψ!μ+μ-	

• Two photons, two leptons are reconstructed, 4C kinematic fit is used
• Signal peak is fitted with MC shape       gaussian function.
• B(Ψ(3686)!π�J/ψ)= (1.26±0.02±0.03)×10-3

 B(Ψ(3686)!ηJ/ψ) = (33.75±0.17±0.86)×10-3

 Rπ�/η = (3.74±0.06±0.04)%  agrees with CLEO’s measurement 8	

PRD	86,	092008(2012)	

€ 

⊗

see Zhentian SUN’s talk:
Charmonium Hadronic Transitions from BESIII 

Precision Hadronic Transitions…
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                              4.22,  4.245,  4.31,  4.39,  4.42 GeV
2014:  1029 pb−1 at 4.42 GeV

   110 pb−1 at 4.47 GeV
   110 pb−1 at 4.53 GeV
    48 pb−1 at 4.575 GeV
    567 pb−1 at 4.6 GeV

0.8 fb−1 R-scan from 3.85 to 4.59 GeV (104 points)
2015:  R-scan from 2-3 GeV + 2.175 GeV data
2016:  ~3fb−1 at 4.18 GeV (for Ds)   ONGOING
2017:  ~10 × 500 pb−1 between 4.19 and 4.30 GeV
          2017 UNDER DISCUSSION, SUBJECT TO CHANGE!

Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014
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2014:  1029 pb−1 at 4.42 GeV

   110 pb−1 at 4.47 GeV
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2015:  R-scan from 2-3 GeV + 2.175 GeV data
2016:  ~3fb−1 at 4.18 GeV (for Ds)   ONGOING
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          2017 UNDER DISCUSSION, SUBJECT TO CHANGE!

Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014

There is a lot left to do with the J/ψ and ψ(2S) data!!
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014

see Yu HU’s talk:
Non-DDbar Decays of the psi(3770) at BESIII

Measurement of the ℬ(𝜓(3770) → γ𝜒𝑐0)

12

• The analysis is based on the 2.92 fb-1

𝜓(3770) data and 106 million 𝜓(3686) 

data .

• 𝜒𝑐𝐽 is reconstructed via 𝐿𝐻(2 𝜋+𝜋− ,

𝐾+𝐾−𝜋+𝜋−, 3 𝜋+𝜋− , 𝐾+𝐾−.

• Obtained the Br by taking the relative 

strength to the 𝜓(3686) E1 transition, 

avoiding introducing large uncertainties 

of the branching fractions for 𝜒𝑐𝐽 → 𝐿𝐻 .

Experiment Method:
𝜓(3686) 

𝜓(3770) 

PLB 753 (2016) 103–109
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014

see Haiming HU’s talk:
R Measurement at BESIII

R value measurements at BESII  

6.6% 

3.5% 

6 

23 

Integrated luminosities of the data samples 

The luminosities at all of the 149 scanned energy points are measured 
with about precision of 1%.    

⊕BESIII Simulation 

• The QED processes  

are used to measure luminosity.  

BESII Measurement of R… Data Sets for BESIII…
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014

see Bin ZHONG’s talk:
Radiative Transitions in e+e− Collisions at BESIII

2016-06 8

Observation of X(3872)
 

(2)

e+e−
→ Y(4260)?? 
→ γX(3872)

Observation of the X(3872)…
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2016:  ~3fb−1 at 4.18 GeV (for Ds)   ONGOING
2017:  ~10 × 500 pb−1 between 4.19 and 4.30 GeV
          2017 UNDER DISCUSSION, SUBJECT TO CHANGE!

Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014



Data Sets (highlights):
(e+e− collisions at ECM between 2.0 and 4.6 GeV)

2009:  106M ψ(2S)
    225M J/ψ

2010:   975 pb−1 at ψ(3770)
2011:   2.9 fb−1 at ψ(3770) (total)
            482 pb−1 at 4.01 GeV
2012:  0.45B ψ(2S) (total)

    1.3B J/ψ (total)
2013:    1092 pb−1 at 4.23 GeV

      826 pb−1 at 4.26 GeV
      540 pb−1 at 4.36 GeV
     ~50 pb−1 at 3.81,  3.90,  4.09,  4.19,  4.21, 

                              4.22,  4.245,  4.31,  4.39,  4.42 GeV
2014:  1029 pb−1 at 4.42 GeV

   110 pb−1 at 4.47 GeV
   110 pb−1 at 4.53 GeV
    48 pb−1 at 4.575 GeV
    567 pb−1 at 4.6 GeV

0.8 fb−1 R-scan from 3.85 to 4.59 GeV (104 points)
2015:  R-scan from 2-3 GeV + 2.175 GeV data
2016:  ~3fb−1 at 4.18 GeV (for Ds)   ONGOING
2017:  ~10 × 500 pb−1 between 4.19 and 4.30 GeV
          2017 UNDER DISCUSSION, SUBJECT TO CHANGE!

BESIII Overview and Future Prospects

20

ηc(11S0)

J/ψ(13S1)

ψ′(23S1)

ψ′′(13D1)

hc(11P1)

χc0(13P0)

χc1(13P1)
χc2(13P2)

ηc′(21S0)

3.0

3.2

3.4

3.6

3.8
2MDM

AS
S 

  [
G

eV
/c

2 ]

0−+ 1−− 1+− 0++ 1++ 2++

JPC

ψ(33S1)

ψ(43S1)

ψ(23D1)

χc2(23P2)

4.4

4.2

4.0 ηc(31S0)

ηc(41S0)

hc(21P1)

χc0(23P0)

χc1(23P1)

χc2(33P2)
hc(31P1)

χc0(33P0)

χc1(33P1)Y(4260)

Y(4360)

X(3872)

predicted, discovered

predicted, undiscovered

unpredicted, discovered

Z(4430)

Z(3900)

Z(4020)

Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014see Jingzhi ZHANG’s talk: 
Observation of the X(3823) at BESIII

Simultaneous Fit  to the Mrecoil(p+p-) 
For gcc1 events For gcc2 events 

•  y’ is used to calibrate the absolute mass scale. 
• Simultaneous fit with common  X(3823) mass for diff. energies and         

for gcc1, gcc2 mode. 
• Signal: MC shape ⨂ Gauss; bkg:  linear function.  

M=3821.7±𝟏. 𝟑𝐌𝐞𝐕 
G(x)<16 MeV at 90% C.L. 
Significance: 6.2 s  𝐢𝐧 gcc1 

 No X(3823) events in gcc2  
 B(XÆgcc2)/B(XÆgcc1)<0.42 

y’ 
y’ 

X(3823) 

8 

19±5 Evts 

Observation of e+e− → π+π−X(3823) [ψ2]…
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)
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see Jianming BIAN’s talk:  
Hadronic Transitions in e+e− Collisions at BESIII
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M  (MeV) Γtot  (MeV) Γee�Br  (eV) φ  (rad) 

Y(4220) 4218.4±4.0±0.9 66.0±9.0±0.4 4.6±4.1±0.8 -- 

Y(4390) 4391.6±6.3±1.0 139.5±16.1±0.6 11.8±9.7±1.9 3.1±1.5±0.2 

significance of two structures 
assumption over one structure > 
10 σ

Fit to the π+π-hc cross section 

Bi(m): constant width Breit-Wigner 
function 
P(m): 3-body phase space factor 
φ: relative phase between two 
resonances 
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ch-π+πBESIII: 

ch-π+πCLEO-c: 

Observation of e+e-→ π+π-hc(1P) 

•  Reconstruct hc→γηc, ηc →hadrons [16 exclusive decay modes] 
•  σ(e+e-→ π+π-hc) ~ σ(e+e-→ π+π-J/ψ) but line shape different  
•  Local maximum ~ 4.23 GeV for e+e-→ π+π-hc�
•  Broad structure at high energy region?  

6 

4.26 GeV 4.36 GeV 

J/ψ(1S)  cc ↑↑ 
hc(1P)    cc ↑↓ 

hc(1P)àγηc hc(1P)àγηc 

Belle: PRL110, 252002 (2013) 
BESIII: PRL111, 242001 (2013) 
CLEO-c PRL107, 041803 (2011) 

BESIII:  
e+e-→ π+π-hc at 13 energies	

Complications with the Y’s…
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014

see Landiao LIU’s talk:
Zc States at BESIII Summary of Zc states at BESIII

e+e- → π+ π- J/ Ψ e+e- → π0 π0 J/ Ψ

e+e- → π+ ( 𝑫∗ഥ𝑫∗)- e+e- → π0 (𝑫∗ഥ𝑫∗)0

e+e- → π+ π- hc e+e- → π0 π0 hc

e+e- → π+ ( 𝐃ഥ𝑫∗)- e+e- → π0 (𝐃ഥ𝑫∗)0

Zc(3900) ±? Zc(3900)0? Zc(4020) ±? Zc(4020)0?

12

Studies of the Zc States using data with ECM = 4.23 and 4.26 GeV…
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0.8 fb−1 R-scan from 3.85 to 4.59 GeV (104 points)
2015:  R-scan from 2-3 GeV + 2.175 GeV data
2016:  ~3fb−1 at 4.18 GeV (for Ds)   ONGOING
2017:  ~10 × 500 pb−1 between 4.19 and 4.30 GeV
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Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)

measurements from PDG 2014

Summary:
• there is a lot left to explore in the “old” data 

sets  (especially for physics below open 
charm threshold)

• new XYZ data should allow us to continue to 
make progress

Further in the Future:
• continue a detailed scan?
• take higher statistics at large ECM?
• scan a bit above 4.6 GeV (depends on BEPC)


