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BEPCII @ IHEP

To be upgraded
in 2024 to increase
luminosity at high
energy and extend
the cme energy range

Electron-positron collider

Ecm = 2 – 4.95 GeV

Luminosity = 1033 cm-2s-1
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BESIII @ BEPCII
1 Tesla Magne+c field

Muon counters:
δrφ = 1.4 cm – 1.7 cm 

Electromagne8c
Calorimeter:
dE/√E (1 GeV) = 2.5 %

Electromagnetic
Calorimeter:
dE/√E (1 GeV) = 2.5 %

Time Of Flight:
σt (barrel) = 70 ps
σt (endcap) = 60 ps  

Main DriP Chamber:
σx (1 GeV/c) ~ 130 μm
dp/p (1 GeV/c) = 0.5 %
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BESIII @ BEPCII
1 Tesla Magne+c field

Muon counters:
δrφ = 1.4 cm – 1.7 cm 

Electromagnetic
Calorimeter:
dE/√E (1 GeV) = 2.5 %

Electromagne8c
Calorimeter:
dE/√E (1 GeV) = 2.5 %

Time Of Flight:
σt (barrel) = 70 ps
σt (endcap) = 60 ps  

Main DriP Chamber:
σx (1 GeV/c) ~ 130 μm
dp/p (1 GeV/c) = 0.5 %

CGEM-IT from 2024
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BESIII datasets guarantee
rich physics program

- world’s largest 10B J/ψ dataset 
for light hadron searches

- 2.7B ψ(2S) for conventional
charmonia below threshold

~30/fb for XYZ measurements
and above threshold searches

- fine scan at low mass for R
and light hadron searches (about
139 points)

Optimised for flavour physics in the
τ-charm region
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A personal selection!

Outline

Physics with baryons
q Hyperon polarization
q Hyperon scattering
q Charmed baryon EMFF
q Dark photon from charmed baryons
XYZ states
q X(3872) production at BESIII
q X(3872) coupled channel analysis
q Status of Y states
q Zcs(3985) isospin triplet
Light Hadron spectroscopy
q 10B era: X(2600) in J/ψ → γη’ππ
q η1(1855)
q Observation of the narrow structure near the 

pΛbar Threshold 
KLIMT
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Physics with Baryons

…………..Understanding the structure of the baryons and more
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Ξ0 hyperon polarization

Formalism exploits polarization, entanglement and sequential decays
PRD 99(1019) 056008
PRD 100(2019) 114005

9-dim phase space given by 9 helicity angles, 
8 free parameters determined by unbinned MLL method

Phys. Rev. D 108, L031106 BEPCII as an hyperon factory with 10B J/y
Hyperons have the most precise CP measurements in the baryon sector
Doubly strange hyperons can be used as a probe for weak and strong phase differences by 
measuring the sequential decay chain

<latexit sha1_base64="5WNd4Plb5ypo/Ucxyh8nVuRkENs=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSlIhYKxgQUxFog+pSSvHdVqrjh3ZDqiK+gss/AoLAwixsrHxNzhtBmi5kqXjc+659j1BzKjSjvNtLS2vrK6tFzaKm1vbO7v23n5TiURi0sCCCdkOkCKMctLQVDPSjiVBUcBIKxhdZXrrnkhFBb/T45j4ERpwGlKMtKF6dvnmxIsVhZ6kg6FGUooH6LVp1/GEsWVTU3OddJ2eXXIqzrTgInBzUAJ51Xv2l9cXOIkI15ghpTquE2s/RVJTzMik6CWKxAiP0IB0DOQoIspPpxtN4LFh+jAU0hyu4ZT97UhRpNQ4CkxnhPRQzWsZ+Z/WSXR44aeUx4kmHM8eChMGtYBZPLBPJcGajQ1AWFLzV4iHSCKsTYhFE4I7v/IiaFYr7lmlentaql3mcRTAITgCZeCCc1AD16AOGgCDR/AMXsGb9WS9WO/Wx6x1yco9B+BPWZ8/TpudVg==</latexit>

J/ ! ⌅0⌅
0

<latexit sha1_base64="tazy4ntAFmB6vSgGUJNi1u8jIRo=">AAACCHicbVC7TsMwFL3hWcorwMiARYXEVCUVAsYKFgaGItGH1ITKcZzWquNEtgOqqo4s/AoLAwix8gls/A1umwFajmTp6Jx7dH1PkHKmtON8WwuLS8srq4W14vrG5ta2vbPbUEkmCa2ThCeyFWBFORO0rpnmtJVKiuOA02bQvxz7zXsqFUvErR6k1I9xV7CIEayN1LEPkNdid44nWbensZTJA/KuTTzEyEuN0bFLTtmZAM0TNyclyFHr2F9emJAspkITjpVqu06q/SGWmhFOR0UvUzTFpI+7tG2owDFV/nByyAgdGSVEUSLNExpN1N+JIY6VGsSBmYyx7qlZbyz+57UzHZ37QybSTFNBpouijCOdoHErKGSSEs0HhmAimfkrIj0sMdGmu6IpwZ09eZ40KmX3tFy5OSlVL/I6CrAPh3AMLpxBFa6gBnUg8AjP8Apv1pP1Yr1bH9PRBSvP7MEfWJ8/bhqY+A==</latexit>

⌅0 ! ⇤⇡0

<latexit sha1_base64="AvHPZo5WampLrZ+7FJhrR9Ys8UI=">AAACHnicbVA7T8MwGHR4lvIKMLJYVEhMVVLxGitYGBiKRB9Sk1aO47RWnTiyHVAV5Zew8FdYGEAIiQn+DU6bobScZOl0953t77yYUaks68dYWl5ZXVsvbZQ3t7Z3ds29/ZbkicCkiTnjouMhSRiNSFNRxUgnFgSFHiNtb3Sd++0HIiTl0b0ax8QN0SCiAcVIaalvnkGHaz+Pp06HZj3LEXQwVEgI/jjr3eo7fZRBJ6Y9q29WrKo1AVwkdkEqoECjb345PsdJSCKFGZKya1uxclMkFMWMZGUnkSRGeIQGpKtphEIi3XSyXgaPteLDgAt9IgUn6mwiRaGU49DTkyFSQznv5eJ/XjdRwaWb0ihOFInw9KEgYVBxmHcFfSoIVmysCcKC6r9CPEQCYaUbLesS7PmVF0mrVrXPq7W700r9qqijBA7BETgBNrgAdXADGqAJMHgCL+ANvBvPxqvxYXxOR5eMInMA/sD4/gVnQaNE</latexit>

⌅
0 ! ⇤⇡0
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Ξ0 hyperon polarization

Results:

🌼 First measurement of Ξ0 transverse polarization

🌼 Ξ0Ξ0 decay parameters with unprecedented accuracies

🌼 First direct measurement of weak phase difference
(improved compared to Ξ- decay – Nature 606 (2022) 64)

🌼 Independent CP tests: the most precise values for
CP asymmetry observables !!!

Significant
Polarization
of Ξ0 hyperons
From J/y decay!

Phys. Rev. D 108, L031106 

No polarization found in y(3686) decay
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Ξ0n → Ξ-p scattering

Clear signal found with 7.1σ significance
Cross section estimated to be

Hyperon-nucleon scattering with a
Ξ0 beam with 818 MeV/c momentum
(direct reaction, pure surface process)

Ξ0 from the decay
<latexit sha1_base64="5WNd4Plb5ypo/Ucxyh8nVuRkENs=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSlIhYKxgQUxFog+pSSvHdVqrjh3ZDqiK+gss/AoLAwixsrHxNzhtBmi5kqXjc+659j1BzKjSjvNtLS2vrK6tFzaKm1vbO7v23n5TiURi0sCCCdkOkCKMctLQVDPSjiVBUcBIKxhdZXrrnkhFBb/T45j4ERpwGlKMtKF6dvnmxIsVhZ6kg6FGUooH6LVp1/GEsWVTU3OddJ2eXXIqzrTgInBzUAJ51Xv2l9cXOIkI15ghpTquE2s/RVJTzMik6CWKxAiP0IB0DOQoIspPpxtN4LFh+jAU0hyu4ZT97UhRpNQ4CkxnhPRQzWsZ+Z/WSXR44aeUx4kmHM8eChMGtYBZPLBPJcGajQ1AWFLzV4iHSCKsTYhFE4I7v/IiaFYr7lmlentaql3mcRTAITgCZeCCc1AD16AOGgCDR/AMXsGb9WS9WO/Wx6x1yco9B+BPWZ8/TpudVg==</latexit>

J/ ! ⌅0⌅
0

the neutron is a component of
nuclei in the beam pipe. 

First study of hyperon-nucleon interaction at an electron-positron collider

Beam pipe

MDC inner wall

Product of the BR of all intermediate resonances

PRL130 (2023) 251902

<latexit sha1_base64="AvHPZo5WampLrZ+7FJhrR9Ys8UI=">AAACHnicbVA7T8MwGHR4lvIKMLJYVEhMVVLxGitYGBiKRB9Sk1aO47RWnTiyHVAV5Zew8FdYGEAIiQn+DU6bobScZOl0953t77yYUaks68dYWl5ZXVsvbZQ3t7Z3ds29/ZbkicCkiTnjouMhSRiNSFNRxUgnFgSFHiNtb3Sd++0HIiTl0b0ax8QN0SCiAcVIaalvnkGHaz+Pp06HZj3LEXQwVEgI/jjr3eo7fZRBJ6Y9q29WrKo1AVwkdkEqoECjb345PsdJSCKFGZKya1uxclMkFMWMZGUnkSRGeIQGpKtphEIi3XSyXgaPteLDgAt9IgUn6mwiRaGU49DTkyFSQznv5eJ/XjdRwaWb0ihOFInw9KEgYVBxmHcFfSoIVmysCcKC6r9CPEQCYaUbLesS7PmVF0mrVrXPq7W700r9qqijBA7BETgBNrgAdXADGqAJMHgCL+ANvBvPxqvxYXxOR5eMInMA/sD4/gVnQaNE</latexit>

⌅
0 ! ⇤⇡0

For the single neutron (effec<ve number=3)

DT technique
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LN → 𝜮+X inelastic scattering

Beam pipe

hBps://arxiv.org/abs/2310.00720v1 submiBed to PRL

DT:
TAG 𝜮+

TAG L

𝜮+ cand.

<latexit sha1_base64="wSdgUNPPNh1LKtbgaTJnCr2HUVs=">AAACF3icbVC7SgNBFJ2Nrxhfq5Y2g0GIBMJuEB9diI2FRUTzgGwS7k4myZDZBzOzSgj5Cxt/xcZCEVvt/Btnky008cDA4ZxzuXOPG3ImlWV9G6ml5ZXVtfR6ZmNza3vH3N2rySAShFZJwAPRcEFSznxaVUxx2ggFBc/ltO4OL2O/fk+FZIF/p0YhbXnQ91mPEVBa6pgFR7K+BznnWs90AefbF7hMsSNYf6BAiOABO7dxop3H+cZxx8xaBWsKvEjshGRRgkrH/HK6AYk86ivCQcqmbYWqNQahGOF0knEiSUMgQ+jTpqY+eFS2xtO7JvhIK13cC4R+vsJT9ffEGDwpR56rkx6ogZz3YvE/rxmp3nlrzPwwUtQns0W9iGMV4Lgk3GWCEsVHmgARTP8VkwEIIEpXmdEl2PMnL5JasWCfFoo3J9lSOakjjQ7QIcohG52hErpCFVRFBD2iZ/SK3own48V4Nz5m0ZSRzOyjPzA+fwDoxZ3g</latexit>

�(⇤+9 Be ! ⌃+ +X)
<latexit sha1_base64="mK57KohzdW0TbEObTjq3u3rR9zQ=">AAACD3icbVC7TgJBFJ3FF+Jr1dJmItFgs9kFFBsToo0lJvJIgJDZYYAJM7ubmbsmZMMf2PgrNhYaY2tr5984PAoFTzLJuefcmzv3+JHgGlz320qtrK6tb6Q3M1vbO7t79v5BTYexoqxKQxGqhk80EzxgVeAgWCNSjEhfsLo/vJn49QemNA+DexhFrC1JP+A9TgkYqWOfXuUKJafQiiQuOqVOooHAeFIVnHNTjTSMz7D0O3bWddwp8DLx5iSL5qh07K9WN6SxZAFQQbRuem4E7YQo4FSwcaYVaxYROiR91jQ0IJLpdjK9Z4xPjNLFvVCZFwCeqr8nEiK1HknfdEoCA73oTcT/vGYMvct2woMoBhbQ2aJeLDCEeBIO7nLFKIiRIYQqbv6K6YAoQsFEmDEheIsnL5Na3vEunPxdMVu+nseRRkfoGOWQh0qojG5RBVURRY/oGb2iN+vJerHerY9Za8qazxyiP7A+fwCnnpqU</latexit>

= (37.3± 4.7stat ± 3.5syst)mb

momentum within [1.057, 1.091] GeV/c. 

Assuming surface reac<on(factor 1.93)

first attempt to investigate Λ-nucleus interactions at an e+e− collider

https://arxiv.org/abs/2310.00720v1
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Measurement of the Energy-Dependent EMFF 
of a Charmed Baryon arXiv:2307.07316v1 Submitted to PRL

@ 12 c.m.e. from 4.6119 to 4.9509 GeV

<latexit sha1_base64="xmAamQMsSGtuN5Ty3XCMG/Yp98M=">AAACHHicbVDLSgMxFM3UV62vUZdugkUQxDJTRV0W3bhwUcE+oNOWTHrbhmYmQ5JRytAPceOvuHGhiBsXgn9j2s5CWw8EDufck+QeP+JMacf5tjILi0vLK9nV3Nr6xuaWvb1TVSKWFCpUcCHrPlHAWQgVzTSHeiSBBD6Hmj+4Gvu1e5CKifBODyNoBqQXsi6jRBupbZ9A6whax9iTrNfXRErxgL0bk+8Q3KbYEyY8vjtJxZFR23 beKTgT4HnipiSPUpTb9qfXETQOINSUE6UarhPpZkKkZpTDKOfFCiJCB6QHDUNDEoBqJpPlRvjAKB3cFdKcUOOJ+juRkECpYeCbyYDovpr1xuJ/XiPW3YtmwsIo1hDS6UPdmGMt8Lgp3GESqOZDQwiVzPwV0z6RhGrTZ86U4M6uPE+qxYJ7VijenuZLl2kdWbSH9tEhctE5KqFrVEYVRNEjekav6M16sl6sd+tjOpqx0swu+gPr6wfmSaFJ</latexit>

e+e� ! ⇤c⇤c

Approach combines ST and DT to reduce systematics

Unique key to access internal structure. They encode all the information concerning 
their dynamics.
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Measurement of the Energy-Dependent EMFF 
of a Charmed Baryon

arXiv:2307.07316v1 Submitted to PRL

The three-pole model used to fit the |Geff|

Nature Physics 
17,1200–1204 oscillatory behavior expected in the residuals..

No discernable oscillatory behaviour unlike n and p.

⇒ equivalent to |GM| under 
the  assumption |GE|=|GM|

Sachs parameterization:
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Measurement of the Energy-Dependent EMFF 
of a Charmed Baryon

arXiv:2307.07316v1 Submitted to PRL

@ 12 c.m.e. from 4.6119 to 4.9509 GeV

<latexit sha1_base64="xmAamQMsSGtuN5Ty3XCMG/Yp98M=">AAACHHicbVDLSgMxFM3UV62vUZdugkUQxDJTRV0W3bhwUcE+oNOWTHrbhmYmQ5JRytAPceOvuHGhiBsXgn9j2s5CWw8EDufck+QeP+JMacf5tjILi0vLK9nV3Nr6xuaWvb1TVSKWFCpUcCHrPlHAWQgVzTSHeiSBBD6Hmj+4Gvu1e5CKifBODyNoBqQXsi6jRBupbZ9A6whax9iTrNfXRErxgL0bk+8Q3KbYEyY8vjtJxZFR23 beKTgT4HnipiSPUpTb9qfXETQOINSUE6UarhPpZkKkZpTDKOfFCiJCB6QHDUNDEoBqJpPlRvjAKB3cFdKcUOOJ+juRkECpYeCbyYDovpr1xuJ/XiPW3YtmwsIo1hDS6UPdmGMt8Lgp3GESqOZDQwiVzPwV0z6RhGrTZ86U4M6uPE+qxYJ7VijenuZLl2kdWbSH9tEhctE5KqFrVEYVRNEjekav6M16sl6sd+tjOpqx0swu+gPr6wfmSaFJ</latexit>

e+e� ! ⇤c⇤c

The three-pole model used to fit the |Geff|

Nature Physics 
17,1200–1204 

oscillatory behavior expected in the residuals..
No discernable oscillatory behaviour unlike n and p
Eff. FF

From polar angular analysis,                               is obtained 

Damped oscillations found with frequency about 
3.5 times greater than that for proton

FIRST MEASUREMENT
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Dark photon in Charmed baryon decays

ULà B(Λc → pγ’) < 8x10-5 @ 90% C.L.

PRD 106, 072008 (2022)

FCNC transitions can provide
indications for BSM physics.

Double tag approach used to 
remove larger backgrounds and 
search for massless dark photon (g’).

no significant signal is observed,

BR predicted ~ 10-5 

(PRD 102 (2020) 115029)

SR
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New hadrons @ BESIII

Manifestly exotic
• Quark contents more than qq or qqq
• Quantum number JPC not reachable
for ordinary mesons or baryons

‘Cryptoexotic’ exotic
• overpopulation of states
• mass/width not fitting in spectra
• production and/or decay patterns
incompatible with standard mesons/baryons

Science Bulletin 68 (2023) 2148-2150
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XYZ states

Reviews in Physics 8 (2022) 100070

Beyond the conventional baryon and meson picture…
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X(3872) (cc1(3872)) production

new
X(3872) mass

PRL 130, 151904 (2023)
PRD 107 (2023), 032007

γγ → ππJ/ψ
e+e- → ωππJ/ψ

20th anniversary of X(3872) discovery. Still, only clues on its nature.

4.66 < Ecm < 4.95 GeV
UL:  (Γee × B)<7.5 × 10−3 eV @ the 90% C.L., 

7.8σ

FIRST OBSERVATION
FOR THIS PRODUCTION MODE

Two-photon fusion process
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A coupled-channel analysis of the X(3872) line-shape
arXiv:2309.01502v1 Submitted to PRL

Differential decay rates

Simultaneous fit to IM in the two decay channels of X(3782)

11 c.m.e. @Y(4230) [4.178, 4.278] GeV

effects of the coupled-channels and the off-shell D∗0
width included in the parameterization of the lineshape

Eff. Coupling const of
the X(3872) to D*D 
Intermediate stateAll production details
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A coupled-channel analysis of the X(3872) line-shape

Lineshape best estimation
adding all channels together

Syst. Uncert.

Parameters determination

arXiv:2309.01502v1 Submitted to PRL

0.44 MeV FWHM
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KKJ/ψ

ππJ/ψ

ππψ(2S)

ππψ2(3823) ππDD

PRL 129 (2022) 102003

CPC 64 (2022) 111002 PRD 104 (2021) 052012

PRD 106 (2022) 052012

Vector charmonium-like states

Y(4230)
Y(4230)Y(4500)

Y(4390)

Y(4660)
Y(4230)

Y(4320)

Y(4660)ψ(4415)

ψ(4415) Y(4700)

D*0D*-π+

PRL 130, 121901 (2023)

Y(4660)
Y(4500)Y(4230)

PRD 106, 072001 (2022)
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Zcs(3985)±,0

Observation in
(Ds

-D*0 + Ds*-D0)

Evidence (4.6σ) in
(Ds

+D*- +Ds*+D-)

17

PRL 126 (2021) 102001

PRL 129 (2022) 112003

Minimal quark content  �̅�𝑐𝑠�̅�

<latexit sha1_base64="iNpJWB+T43LqJUKQ8rDHQathFIQ="></latexit>

e+ + e� ! K0
SD

+
SD

⇤�,K0
SD

⇤+
S D�
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Zcs(3985)±,0

Observation in
(Ds

-D*0 + Ds*-D0)

Evidence (4.6σ) in
(Ds

+D*- +Ds*+D-)

17

PRL 126 (2021) 102001

PRL 129 (2022) 112003

Minimal quark content  �̅�𝑐𝑠�̅�

<latexit sha1_base64="iNpJWB+T43LqJUKQ8rDHQathFIQ="></latexit>

e+ + e� ! K0
SD

+
SD

⇤�,K0
SD

⇤+
S D�

Iso-Vector open 
strangeness triplet

Observation in
(Ds

-D*0 + Ds*-D0)

Evidence (4.6σ) in
(Ds

+D*- +Ds*+D-)
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Light hadrons spectroscopy

……..Hunting exotics in gluon-rich charmonia decays
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225 Million J/ψ

X(1835) confirmed
other two structures emerge

?

X(2120)
X(2370)

PRL 95 (2005) 262001 PRL 106 (2011) 072002

A «generous» decay

1.3 Billion J/ψ

@ 1835 MeV:
2 states or threshold effect?

PRL 117 (2016) 042002

58 Million J/ψ

Clear signal of exotic X(1835)

Radiative J/ψ → γη’π+π-

BESII
BESIII
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10B J/ψ era

Most accurate measurement of this final state. Confirmed known states
✼ Observed a new state!

Phys. Rev. Lett. 129 (2022) 042001

Strongly correlated with structure M𝝅𝝅 ∼1.5 GeV 

η’ → ηππ
η’ → γππ

Simultaneous fit with the twoh’ decay modes (> 20σ )

X(2600)
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Observation of Exotic Isoscalar State η1(1855) in J/𝜓→γηη’

PWA of J/𝜓→γηη’ using 10 Billion of J/𝜓 data @ 
BESIII
η→γγ and η’→γπ+π−/ ηπ+π−

An isoscalar 1−+ state, η1(1855), has been observed
with statistical significance >19σ
Mass is consistent with LQCD calculation for the
1−+ hybrid (1.7 – 2.1 GeV/c2)

PRL 129, 192002 (2022)
PRD 106,072012 (2022)
PRD 107,079901 (2023)
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Observation of the Narrow Structure near the pΛ Tthreshold

Anomalous enhancement near the pΛ mass threshold first observed by BESIII

<latexit sha1_base64="EYrcxtns1vOdPq5xdmR3JwAnTeI=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCgZJUCBgrWBAwFIk+pCZUjuO0Vp04sh1QFfUbWPgVFgYQYmVi429w2gxQuJKlo3Puudf3eDGjUlnWl1GYmZ2bXygulpaWV1bXzPWNpuSJwKSBOeOi7SFJGI1IQ1HFSDsWBIUeIy1vcJbprTsiJOXRjRrGxA1RL6IBxUhpqmvuXRw4saSOoL2+QkLwexjDy9t9h2tXNjR1rvQ0H426ZtmqWOOCf4GdgzLIq941Px2f4yQkkcIMSdmxrVi5KRKKYkZGJSeRJEZ4gHqko2GEQiLddHzSCO5oxocBF/pFCo7Zn44UhVIOQ093hkj15bSWkf9pnUQFJ25KozhRJMKTRUHCoOIwywf6VBCs2FADhAXVf4W4jwTCSqdY0iHY0yf/Bc1qxT6qVK8Py7XTPI4i2ALbYBfY4BjUwDmogwbA4AE8gRfwajwaz8ab8T5pLRi5ZxP8KuPjG1wNne0=</latexit>

J/ ! pK�⇤

X(2085)

20 s

The spin and parity of X(2085) determined to be 1+ with 
a statistical significance greater than 5σ

may suggest exotic properties!!!!! 

amplitude analysis
for spin parity determination

8.35 e−1 @

PRL 131, 151901 (2023)

narrow Near threshold
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Summary and outlook

💐BESIII is taking data since 2008. It will continue to run till ~2030. 
💐This year the landmark of 500 publications was reached!
💐It is an excellent laboratory to study a wide physics program.
💐A personal selection of latest BESIII physics results is presented
💐Latest large data-sets under studyà STAY TUNED!
💐BEPCII-U will extend the lifetime of BESIII (3x lum above 4 GeV &max 

energy to 5.6 GeV)! Exciting times are coming!

Chin.Phys.C 44 (2020) 4, 040001
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BACKUP



9.940 km
Where is IHEP?



Where is IHEP?
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Ξ0 polariza(on
Helicity angles definition CP variables

AΞ
CP is sensi(ve to weak phase

difference and it can be washed out 
if small phase
ΔϕΞ

CP has no dependence so it more sensi(ve to CPV

Polarization term in moment distribution



1)Establish the spectrum: search for more XYZ states, determine their properties 
and investigate new decays for known ones
2) Build connections: look for transitions between different states 

• Tetraquarks
• Bound states of (coloured diquark anti-diquark), Large number of states (charged
and neutral) foreseen (a nonet for each spin-parity) ,
Small widths above threshold

• Hadronic Molecules
• Loosely bound states of  pair of mesons, Small number of states, 
Small widths above  threshold

• Hybrids
• Bound States with a pair of quarks and excited gluonic degrees of freedom
• Lattice and model predictions for the lowest-mass hybrid ~ 4.2 GeV/c2

• Glueball
Bound states of gluons 

• HadroCharmonium  

Compact charmonium enbadded in light  quark mesonic excitation interacting by analog of Van der 
Waals force
• Others: Threshold, cusp, or coupled-channel effect produce a  cross section enhancement

D0

D*0

π

Nature of XYZ states

EXPERIMENTAL CONTRIBUTION

Unprecedented possibility to test our
knowledge of the QCD
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The X(3872) was discovered by Belle in 2003 in 
M = 3871.69 ±0.17 MeV/c 2

Very close to the D!)D∗!threshold,Very narrow(< 1.2 MeV/c2)
Confirmed by BABAR, CDF, D0, LHCb. 
-JPC = 1++,
-no isospin partners currently known –
-decays into J/y p +p – , D∗!)D!, J/y p +p – p 0, D0D0p0 ,gJ/y, gy(2S). Also isospin-
violating à ρJ/ψ and ωJ/ψ .
Unconventional meson candidate :
molecular states, tetraquark states, mixture of excited χc1 and D0D*0
bound state. …
Much is now known about the X(3872), except exactly what it is

X(3872)



Zc(3900), Zc(4020) 

• Observed  in various channels
• strong coupling with 𝑫𝑫∗. 𝑫∗𝑫∗
• 2  Isospin triplets estabilished by BESIII

Zc(3900)/Zc(4020)

PRL110, 252001 (2013) 

PRL115 , 182002(2015) 

PRD 92, 092006

PRL111, 242001 (2013) 
PRL113, 212002 (2014) 

PRL112, 022001 (2014) PRL115, 222002 (2015) PRL112, 
132001 (2014) 

40

Must contain at least a 𝑐 ̅𝑐 and a light q.𝑞 pair:exotic! 



Light hadron spectroscopyLight Hadron Spectroscopy

• BESIII advantages?
Charmonium decays can be used (high statistics)
• Gluon rich processes
• Kinematics favorable  
• Clean environment, no combinatorial bkg
• JPC and Isospin filters in strong decays 

compared to hadron colliders 

Conventional hadrons: 

But  QCD allows other forms of hadrons:
ü Multi-quark state: > 3 quarks 
ü Glueball: gg, ggg, …
ü Hybrid: :  𝑞"𝑞𝑔,       𝑞𝑞𝑞𝑔 ... 
ü molecule: bound state of 

more then 2 hadrons

Lots of candidates 
but not established yet 
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Meson Baryon



Hunting Glueballs

• Lattice QCD prediction
• 0++ ground state: 1~1.7 GeV/c2
• 2++ ground state: 2.3~2.4 GeV/c2
• 0-+ ground state: 2.3~2.6 GeV/c2

J/ψ radiative decays are gluon-rich 
environment (large BR forseen): 
an ideal place to search for glueballs. Glueballs from quenched LQCD

PRD 73 (2006) 014516

Systematic experimental studies needed:
• Map of the resonances
• Study of the production patterns 

(J/ψ→γ/𝟂/𝟇+X)
• Study of the decay patterns

They can mix with ordinary 𝑞"𝑞 states
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Glueball is important : 
fundamental test of QCD, critical information to gluon field and confinement
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Simultaneous fit results with the two
h’ decay modes
More than 20σ significance for the 3
resonances

Structure @ 1.5 GeV well described by 
interference between f0(1500) and X(1540)

X(2600)
η’ → ηππη’ → γππ

Phys. Rev. Lett. 129 (2022) 042001

X(2600) 
JPC = 0-+ or 2-+ 



Γ µ Vertex contains the unknown structure,
parametrized by F1 and F2: 

ElectroMagnetic Form Factors

test ground for our understanding of the strong interactions 

Hadrons are not point-like particles 
o Internal structure 
o Internal dynamics → Mhadron = ̸ ∑ mq-valence

Dirac FF: related to the charge 

Pauli FF: related to the Magnetization

Form Factors (FFs) used to parametrize the
structure and internal dynamics: 
2 FFs involved for nucleons
EMFF simplest structure observables
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SPACE-LIKE FF
(Real functions)

TIME-LIKE FF
(Complex functions)

Electron scattering
q2 < 0

Annihilation processes
q2 > 0

q24MN
20

Unphysical 
region


