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Beijing Electron Positron Collider (BEPC)

Linac

BEPCII

(Beijing Electron-

Positron Collider)

BESIII 

detector

• founded: 1984

• 1989-2005  (BEPC): 

Ecm = 2-5 GeV 

Lpeak=1.0x1031 /cm2s 

• 2008-now (BEPCII):

Ecm = 2-4.9 GeV

Lpeak=1.0x1033/cm2s

(Apr. 5, 2016)
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10x109 0.5x109

2.9 fb-1

0.5 fb-1

3.2 fb-1

1.9 fb-1

1.1 fb-1

~16 fb-1 XYZ 
scan data

~1.3 fb-1 R scan, 130 pts 

~ 0.5 fb-1 R scan 

Can cover 0-4.9 GeV from 

direct annihilation or ISR

From 

2020
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Study of QCD & 

EW interactions:

• Light Hadron 

Spectroscopy 

• Charmonium & 

XYZ states

• Charm physics

• R & QCD

• Baryon properties

•  physics

• New physics



Selected topics

• X(3872) BRs

• Y DD1,DD2

• Zc(3900) & Zc(4020)c
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X(3872): observed 16 years ago, it is still very mysterious 
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PRL91 262001 (2003)

140/fb data

35.76.8 events (10.3s)
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X(3872) decays

• Open charm 

• Transitions                           

– Hadronic transitions   

– Radiative transitions   

• Hadronic decays

• Radiative decays

D0D*0? Threshold?

D0D00

D0D0

D+D

J/, (2S) 

J/, J/,

cJ, cJ, c, …



Observation of e+e-
X(3872)
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arXiv: 1310.4101, PRL 112, 092001 arXiv: 1903.04695, PRL122, 232002

New!

11.6 fb-1, 799 evts4.0 fb-1, 205 evts

X 3872 → J/ψ

𝜎(𝑒+𝑒− → 𝛾𝑋 3872 , 𝑋 → 𝐽/𝜓)=(0.290.11) pb @ 4.226 GeV



Observation of 𝑿(𝟑𝟖𝟕𝟐) → 𝝎𝑱/𝝍

Signal process: 𝑒+𝑒− → 𝛾𝑋 → 𝛾𝜔𝐽/𝜓, with 𝜔 → 𝜋+𝜋−𝜋0, 𝐽/𝜓 → 𝑙+𝑙−
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 Signal PDF: 

 3 resonances: (X(3872), X(3915) and X(3960))

𝑁𝑠𝑖𝑔(𝑋 3872 ) = 45 ± 9 ± 3

 Two resonances: (X(3872), X(3915))

𝑁𝑠𝑖𝑔(𝑋 3872 ) = 40 ± 8 ± 2

5.7𝜎
3.1𝜎

3.4𝜎

5.1𝜎

6.9𝜎

Hard to distinguish the two hypotheses since only 2.5𝜎 difference.

arXiv: 1903.04695, 

PRL122, 232002

There were only evidence at Belle (4.3s) 
and BaBar (4s) experiments!

New!



Measurements of e+e-
X(3872), X→ 𝜸𝑱/𝝍, 𝜸𝝍(𝟑𝟔𝟖𝟔)

𝑋 3872 → 𝛾𝐽/𝜓

𝑋 3872 → 𝛾𝜓(3686)

𝐽/𝜓 → 𝜇𝜇/𝑒𝑒

𝜓 3686 → 𝜋+𝜋−𝐽/𝜓

𝜓 3686 → 𝜇𝜇

Expectation strength

𝐵 𝑋 3872 →𝛾𝜓 3686

𝐵 𝑋 3872 →𝛾𝐽/𝜓
< 0.59 at 90% C.L.

 Simultaneous fit; significance > 3.5𝜎

 Simultaneous fit; NO evident signal! 
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New!

preliminary

Belle (4.9s); BaBar (3.6s); LHCb (>5s)

Belle (0.4s); BaBar (3.5s); LHCb (4.4s)

It is still not clear if X(3872)(2S) exists or not!

New!



Measurements of e+e-
X(3872), X→ 𝑫𝟎 𝑫∗𝟎, 𝜸𝑫+𝑫−

𝑋 3872 → 𝐷0 𝐷∗0 + 𝑐. 𝑐.
𝐷∗0 → 𝛾𝐷0, 𝜋0𝐷0

𝐷0 → 𝐾𝜋,𝐾𝜋𝜋, 𝐾𝜋𝜋𝜋

𝑋 3872 → 𝛾𝐷+𝐷−

𝐷± → 𝐾𝜋𝜋,𝐾𝜋𝜋𝜋
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New!

preliminary

Relative branching ratio compared with 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓



Observation of e+e-
X(3872), X→ 𝝅𝟎𝝌𝒄𝟏

𝒆+𝒆− → 𝜸𝑿(𝟑𝟖𝟕𝟐), 𝑿(𝟑𝟖𝟕𝟐) → 𝝅𝟎𝝌𝒄𝑱 (with 𝝌𝒄𝑱 → 𝜸𝑱/𝝍, 𝑱/𝝍 → 𝒍+𝒍−)
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 Clear signal of 𝑋(3872) in Y(4260) region, 𝑁𝑋(3872) = 16.9−4.9
+5.2

 No 𝑋(3872) events outside of 𝑌(4260)

 Clear cluster of  𝜒𝑐1(1𝑃) events in X(3872) mass window 

 First observation of 𝑋(3872) → 𝜋0𝜒𝑐1(1𝑃) with significance >5𝜎 .

arXiv: 1901.03992,

PRL 122, 202001

𝐵(𝑋 3872 → 𝜋0𝜒𝑐1)

𝐵(𝑋 3872 → 𝜋+𝜋−𝐽/𝜓)

= 0.88−0.27
+0.33 ± 0.10

New!
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Production of X(3872) in B decays

  L. C. 90%at      102.3)3872( 4  KXBBf
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Production of X(3872) in B decays

  L. C. 90% at 107.2)3872( 4  KXBBf

arXiv:1709.06108, Phys. Rev. D 97 (2018) 012005, 711/fb
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G. Wormser, QWG2019 

New!
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G. Wormser, QWG2019 

New!
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New!



Global fit to X(3872) decays
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Chunhua Li and CZY, arXiv:1907.09149, PRD 100, 094003 (2019)



X(3872) decay BRs
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A global fit to BaBar/Belle/LHCb/BESIII data (2/ndf=25/17):

𝜎(𝑒+𝑒− → 𝛾𝑋 3872 , 𝑋 → 𝐽/𝜓)=(0.290.11) pb @ 4.226 GeV

• 𝐵(𝑋 3872 → 𝐽/𝜓) = (4.1−1.1
+1.9)%

• 𝐵(𝑋 3872 → 𝜔𝐽/𝜓) = (4.4−1.3
+2.3)%

• 𝐵(𝑋 3872 → 𝛾𝐽/𝜓) = (1.1−0.3
+0.6)%

• 𝐵 𝑋 3872 → 𝐷∗0 𝐷0 + 𝑐. 𝑐. = (52−14
+25)%

• 𝐵(𝑋 3872 → 𝜋0𝜒𝑐1) = (3.6−1.6
+2.2)%

• 𝐵 𝑋 3872 → unknown = (32−32
+18)%

𝜎 𝑒+𝑒− → 𝛾𝑋 3872 = (5.5−3.6
+2.8) pb @ 4.226 GeV

𝜎(𝑒+𝑒− → 𝐽/𝜓)   = (85.15.1) pb @ 4.226 GeV

New! Chunhua Li and CZY, arXiv:1907.09149

PRD 100, 094003 (2019)



The Y states
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The Y states Belle: PRL99,142002, 670/fb

BaBar: PRD89, 111103, 520/fb

PRL110,252002 

967/fb

PRD86,051102 

454/fb

M(c
+c

-)

PRL101,172001 

695/fb

Y(4008)

Y(4260)

Y(4360)

Y(4630)

Y(4660)



Y(4260)Y(4220): more modes
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Y(4220) appears in 𝜔𝜒𝑐0, 𝜋+𝜋−J/, 𝜋+𝜋−′, 𝜋+𝜋−ℎ𝑐, 𝐷0𝐷∗−𝜋+

Mass~4220 MeV, width~ 60 MeV!

New!

New!

PRD99, 091103 (2019) PRD96, 032004 (2017)PRL118, 092001 (2017)

PRL122, 102002 (2019)PRL118, 092002 (2017)

Y(4390)



𝑒+𝑒− → 𝜋+𝜋−𝐷0 𝐷0 and 𝜋+𝜋−𝐷+𝐷− PRD100, 032005 (2019)

e+e−

π+π−߰’’

e+e− 

D1 2420  D

s=4.36 GeV

s=4.36 GeV

s=4.42 GeV

s=4.42 GeV

s=4.60 GeV

s=4.60 GeV

Double tag analysis

𝐷0 → 𝐾−𝜋+, 𝐾−𝜋+𝜋0, 𝐾−𝜋+𝜋+𝜋− and 𝐾−𝜋+𝜋+𝜋−𝜋0

𝐷+ → 𝐾−𝜋+𝜋+, 𝐾−𝜋+𝜋+𝜋0, 𝐾𝑠
0𝜋+, 𝐾𝑠

0𝜋+𝜋0，and 𝐾𝑠
0𝜋+𝜋+𝜋−



Cross sections of 𝒆+𝒆− → 𝝅+𝝅−𝑫 𝑫

 Two decay modes (𝐷+𝐷− and 𝐷0 𝐷0) are used to reconstruct ’’

 Three decay channels (𝐷0𝜋+𝜋−, 𝐷∗+𝜋−, and 𝐷+𝜋+𝜋−) are used to search for 𝐷1 2420

 Clear structure at ~4.4 GeV in the line-shapes of e+e− π+π−߰’’ and 𝑒+𝑒− → 𝐷1 2420  𝐷

 No abnormal threshold effect seen
23

PRD100, 032005 (2019)

Y(4360)?

Y(4390)?
߰(4415)?

e+e− π+π−߰’’ e+e− 𝑫𝟏
𝟎 2420  𝐷0 + 𝐜. 𝐜. e+e− 𝑫𝟏

+ 2420 𝐷− + 𝐜. 𝐜.
Y(4360)?

Y(4390)?
߰(4415)?

Y(4360)?

Y(4390)?
߰(4415)?



e+e− → +−D+D−
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arXiv:1909.12478

Evidence for 
Y(4360)/Y(4390)/(4415)DD1(2420)?

Evidence for 
Y(4360)/Y(4390) )/(4415) ’’?

 Single tag analysis 𝐷+ → 𝐾−𝜋+𝜋+



Observation of 𝒆+𝒆− → 𝐃𝐬
+𝐃𝐬𝟏(𝟐𝟓𝟑𝟔)

− + 𝐜. 𝐜.

Possible background from e+e− → Ds
∗+(→ Ds

+γ)Ds1(2536)
−, where the photon from the Ds

∗+ remains 

undetected is studied in data, no obvious structure is observed in e+e− → Ds
∗+(→ Ds

+γ)Ds1(2536)
−.   

An unbinned simultaneous likelihood fit to the M(Ds
+Ds1(2536)

−)

distribution for selected Ds1(2536)
− candidates, normalized 

Ds1(2536)
− mass sidebands, and e+e− → Ds

∗+Ds1(2536)
−

background contribution. 

Four components in the fit:

• signal: BW convolved with a Gaussian function, then multiplied 

by an efficiency function

• Ds1(2536)
− mass sidebands: threshold function

• e+e− → Ds
∗+Ds1(2536)

− background: threshold function

• non-resonant: two-body phase space 

M=(𝟒𝟔𝟐𝟓. 𝟗−𝟔.𝟎
+𝟔.𝟐(𝐬𝐭𝐚𝐭. ) ± 𝟎. 𝟒(𝐬𝐲𝐬𝐭. ) 𝐌𝐞𝐕/𝐜𝟐

𝜞 = (𝟒𝟗. 𝟖−𝟏𝟏.𝟓
+𝟏𝟑.𝟗(𝐬𝐭𝐚𝐭. ) ± 𝟒. 𝟎(𝐬𝐲𝐬𝐭. ) 𝐌𝐞𝐕

𝚪𝐞𝐞 × 𝓑(𝐘 → 𝐃𝐬
+𝐃𝐬𝟏(𝟐𝟓𝟑𝟔)

−) × 𝓑(𝐃𝐬𝟏 𝟐𝟓𝟑𝟔)− →  𝐃∗𝟎𝐊− = 

(𝟏𝟒. 𝟑−𝟐.𝟔
+𝟐.𝟖(𝐬𝐭𝐚𝐭. ) ± 𝟏. 𝟓(𝐬𝐲𝐬𝐭. ) 𝐞𝐕

5.9σ

New!arXiv:1911.00671



Comparison between D1 2420  D and Ds1(2536)
+Ds

−

26

D1 and Ds1 are jl
P=3/2+ heavy-light states;

Y(4360)/Y(4390)/(4415) & Y(4630)/Y(4660) 

are just above DD1 and DsDs1 thresholds, 

respectively.

Do Y(4360)/Y(4390)/(4415) & Y(4630)/Y(4660) have similar structure?



Other jl
P=3/2+ states: D2 2460  D and Ds2(2573)

+Ds
−
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D2 2460  D

Ds1 2536 Ds

D1 2420  D

Ds2 2573 Ds ?

Do Y(4360)/Y(4390)/(4415) & Y(4630)/Y(4660) have similar structure?



Are jl
P=1/2+ heavy-light states also produced by resonances?

28

D0 and D1 are wide

Ds0(2317) & Ds1(2460) are narrow and Ds
*Ds0(2317) & DsDs1(2460) thresholds ~ 4430 MeV

BESIII has a data sample at ~ 4440 MeV!



Zc(3900) & Zc(4020)

29



Discovery of the Zc(3900)
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 Mass  =  (3899.0±3.6±4.9) MeV

 Width =  (46±10±20) MeV

 Fraction = (21.5±3.3±7.5)%

In e+e-+-J/ events at 4.26 

GeV, a particle decays into J/

is observed!

• Couples tocc

• Has electric charge

• At least 4 quarks

• A tetraquark state?

ADD* molecule?

PRL110, 252001 (2013)

Significance 
>8s
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Properties of the Zc(3900) & Zc(4020)

 IG=1+

 JPC=1+-

 Decay modes

 J/

 DD*

 c (4.2s)

 hc (2.1s)

 Not to light hadrons

 Partner state: Zc(4020)

 IG=1+; JPC=??-

 Couples to hc andD*D*

 Couples possibly to ’

 M=4022.92.8 MeV

 =7.93.7 MeV

PWA of e+e-+-J/

• Asymmetric line shape

• JP=1+ preferred over  

0-, 1-, 2-, 2+ by at 

least 7s.

• Significant f0(980) 

contribution

•  D-wave fraction 

increases as Ecm

increases

4.23 GeV
1092/pb

4.26 GeV
826/pb

PRL 119, 072001 (2017)

PRL 111, 242001 (2013)



Evidence for Zc c
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arXiv:1906.00831

Decay mode BR

ηc→ 𝒑 𝒑 ~0.13%

ηc → 2(K+K−) ~0.15%

ηc → π+π−K+K− ~1.50%

ηc → K+K−π0 ~1.20%

ηc → 𝒑 𝒑π0 ~0.18%

ηc → KSKπ ~1.80%

ηc → π+π−η ~1.60%

ηc → K+K−η ~0.57%

ηc → π+π−π0π0 ~2.40%

• 𝑒+𝑒− → 𝜋+𝜋−𝜋0𝜂𝑐
• 𝜂𝑐→9 hadronic decays

• Strong evidence of e+e-→ 𝜋𝑍𝑐 , 𝑍𝑐 → 𝜌𝜂𝑐 at 

𝑠 = 4.23, statistical significance is 4.2σ. 

(3.9σ including systematics)

• e+e-→ 𝜋𝑍𝑐
′ , 𝑍𝑐

′ → 𝜌𝜂𝑐 not seen.

e+e-→ 𝜋𝑍𝑐 , 𝑍𝑐 → 𝜌𝜂𝑐 @ 4.23 GeV

New



Evidence for Zc c
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• Measure Born cross section at 4.23 GeV:

𝜎𝐵(𝑒+𝑒− → 𝜋+𝜋−𝜋0𝜂𝑐) = (46 +12
11± 10 ) pb

𝜎𝐵(𝑒+𝑒−→ 𝜋𝑍𝑐 , 𝑍𝑐 → 𝜌𝜂𝑐) = 48± 11 ± 11 pb

𝑅𝑧 =
𝐵(𝑍𝑐 → 𝜌𝜂𝑐)

𝐵(𝑍𝑐 → 𝜋𝐽/𝜓)
𝑅𝑧′ =

𝐵(𝑍𝑐
′ → 𝜌𝜂𝑐)

𝐵(𝑍𝑐
′ → 𝜋ℎ𝑐)

A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)

New

Zc states have both tetraquark and molecule components? Refined calculations needed!

arXiv:1906.00831
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Summary

• BESIII achieved a lot in the experimental study of the XYZ states.

• X(3872) BRs are determined, still ~30% decays unknown.

• Y jl
P=1/2 + jl

P=3/2+ heavy-light mesons may help reveal the nature 

of Y(4360)/Y(4390)/(4415) & Y(4630)/Y(4660) states.

• Zc states are still very puzzling.

• More analyses with BESIII data are on going, lots of fun ahead, and 

also lots of Opportunities and Challenges for QCD!

Thanks a lot!



Thank you!

谢谢！
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BKX(3872), XJ/ & ’ from BaBar

X(3872) J/  X(3872) 2S 

BABAR BABAR

PRL 102, 132001 (2009), 424/fb

3.6s
3.5s

Bf(B+X3872K
+)×(X3872J/)

=(2.8 ± 0.8 ± 0.1) × 10-6

Bf(B+X3872K
+)×(X3872’)

=(9.5 ± 2.7 ± 0.6) × 10-6

B(X3872’) > B(X3872J/) bad for molecules Swanson PLB 598, 197 (2004)
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BKX(3872), XJ/ & ’ from Belle

X(3872) J/  X(3872) 2S 

PRL 107, 091803 (2011), 711/fb
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BKX(3872), XJ/ & ’ from LHCb

X(3872) J/ 

X(3872) 2S 

NPB 886 (2014) 665, 3/fb
Ns=591±48

Ns=36.4±9.0, 4.4s
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BESIII detector

Be beam pipe

SC magnet, 1 T
Magnet yoke

MDC, 120 m 

0.5% at 1 GeV/c

CsI(Tl) calorimeter, 2.5% @ 1 GeV

BTOF, 70 ps

ETOF, 60 ps

RPC

Total weight 750 tonnes, 

~40,000 readout channels, 

Data rate: 5 kHz, 50 Mb/s

Has been in full operation since 2008, 

all subdetectors are in very good status!

CGEM-IT is 

being built & 

placed here



BESIII Collaboration

15 countries, 72 institutions

~500 members

40


