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BESIII Physics Program
• Light Hadrons

– Meson and baryon spectroscopy 
– Search for exotic hadrons, e.g. 

glueballs, hybrids, tetraquarks
– Light meson decays (η(‘), ω)

• Charmonium Physics
– X, Y, and Z states
– Decays and transitions

• Open Charm Physics
– D meson decays 
– DD mixing

• And many further topics 
– e.g. tau and two-photon physics
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Today: Recent highlights from 
light hadron and (exotic) 
charmonium spectroscopy



BESIII at BEPC II

Symmetric electron-positron collider BEPC II
• Energy range: √s = 2.0 - 4.6 GeV (~5 GeV since summer 2019)
• Design luminosity achieved: 1x1033 cm-2s-1 (at               )
• Energy spread: ~5x10-4

• Operating since March 2008
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The BESIII Detector
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Data Samples
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1.3	109
events

0.5	109 events
(à 3x109) 2.9/fb 0.5/fb 3.2/fb 1.9/fb 1.1/fb

5.6/fb
at	10	points
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Clean environment, complementary to hadron machines
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QCD Bound States

6

baryons: qqqmesons: qq

Conventional hadrons

Exotic hadrons (other color-neutral configurations)

tetraquarks: qqqq molecules: [qq][qq] hybrids: qqg glueballs: gg, ggg

Candidates for exotic hadrons exist
Nature of these states is far from being understood 



Glueball Spectrum 
(Lattice QCD)

Y.	Chen	et	al.,	Phys.	Rev.	D73,	014516	(2006)

Glueballs

• Lattice predictions
– 0++: m ~ 1710 MeV
– 2++: m ~ 2390 MeV
– 0-+: m ~ 2560 MeV 

• Production in (gluon-rich) 
radiative        decays

large BFs predicted

• Mixing with nearby qq states 
complicates the clear 
identification 
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JPC
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CLQCD,	Phys.	Rev.	Lett.	110,	021601	(2013)
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Partial Wave Analyses
• Partial Wave Analyses of 

– many broad and overlapping resonances, many open channels
– complex structure, parameterization challenging

• Approach: Model Independent Partial Wave Analysis
– do not parameterize mass-dependent kinematics of the amplitudes
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Partial Wave Analysis of
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Phys.	Rev.	D	98,	072003	(2018)

Extracted	Intensity Relative	Phase	wrt/	2++ E1	amplitude

- Only 0++ and 2++ contribute significantly
- Ambiguities are resolved in a model-dependent fit

nominal	solution
ambigous	solution

0++

2++ E1

2++ M2
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Partial Wave Analysis of
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Parameterization:
7 contributions 0++

4 contributions 2++

K*(892) and K1(1270) in
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Partial Wave Analysis of
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Phys.	Rev.	D	87,	
092009	(2013)
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10x larger BF for f0(1710) compared 
to f0(1500) observed in both channels

Phys.	Rev.	D	98,	
072003	(2018)



Partial Wave Analysis of
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Phys.	Rev.	D	93,	112011	(2016)

dominant 0-+ component

broad 2++ component at ~2.3 GeV       
f2(2010), f2(2300) and f2(2340)
previously observed in        scattering 
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First Observation of      

Study of                      produced in
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Phys.	Rev.	D	101,	012012	(2020)
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X(1835) 
• Systematic study of X(1835) at BESIII 

with large statistics 
– previously observed at BES and BESII 

• JPC consistent with 0-+

• observed in
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Phys.	Rev.	Lett.	106,	072002	(2011)
Phys.	Rev.	Lett.	115,	091803	(2015)	

non-resonant	
background

225	M	J/ψ events

1310	M	J/ψ events
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Nature of X(1835) unclear, 
interpretations include glueball, 
pp bound state, excited η meson

X(1835)

X(1835)

X(2370)X(2120)



Studies of X(1835)

Search for X(1835) in
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Figure 3. Fits to the Mγφ distributions (two combinations
per event) for the case of (a) constructive and (b) destructive
interference. The dots with error bars are the data. The
(red) solid, (green) dash double-dotted, dash triple-dotted,
(black) dashed, (blue) dotted and long-dashed lines are the
fit results, the structures around 1.47, 1.83 GeV/c2, f1(1285),
backgrounds and interference contributions, respectively.

with those of the η(1475) taken from PDG [5]. For the
resonance around 1.83 GeV/c2, the obtained mass and
width are 1839± 26 MeV/c2 and 175± 57 MeV, respec-
tively, which are consistent with the measurements of the
X(1835) [14, 15].

The polar angle distribution of the radiative photon
in the J/ψ rest system, cos θγ , is used to investigate the
spin-parity JPC of the two new observed resonances. The
full cos θγ range of [-1, 1] is divided into 19 and 16 bins
for the candidate events within 1.4 < M(γK+K−) <
1.6 GeV/c2 and 1.75 < M(γK+K−) < 1.90 GeV/c2,
respectively. The signal yield in each cos θγ bin is deter-
mined by a fit to the M(K+K−) spectrum as described
above. The obtained cos θγ distributions corrected for
detection efficiency are shown in Fig. 4. For J/ψ radia-
tive decays to a pseudo-scalar meson, cos θγ is distributed
according to (1 + α · cos2 θγ) with α = 1. Three least-
χ2 fits are carried out on the cos θγ distributions under
the assumptions of α = −1, 0, and 1, respectively. As
shown in Fig. 4, the resulting χ2/d.o.f for the resonance
around 1.47 GeV/c2 are 152.0/18, 32.5/18, and 13.8/18
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Figure 4. Fits to the efficiency-corrected cos θγ distribu-
tions for (a) 1.4 < M(γK + K−) < 1.6 GeV/c2 and (b)
1.75 < M(γK + K−) < 1.9 GeV/c2. The dots with error
bars represent data. The solid (pink), dashed (green) and
dotted (blue) lines correspond to the hypotheses α = 1, 0 and
−1, respectively.

for α = −1, 0, and 1, respectively, which favor α = 1 and
a JPC = 0−+ assignment for this structure corresponding
to η(1475). For the resonance around 1.83 GeV/c2, the
resulting χ2/d.o.f. are 55.8/15, 15.1/15, and 7.2/15 for
α = −1, 0, and 1, respectively, which favors α = 1 and an
assignment of JPC = 0−+ for the X(1835) assumption.

Alternative fits are performed that include an addi-
tional f1(1420) or η(1760) with mass and width fixed to
the PDG values [5]. They result in a statistical signifi-
cance of less than 1.0σ for f1(1420) and η(1760), respec-
tively. The statistical significance of the mass difference
for the resonance around 1.47 GeV/c2 between the fit
result and the world average value of the η(1475) [5] is
calculated as χ2

fix − χ2
free = 0.01 corresponding to less

than 0.1σ. Here, χ2
fix and χ2

free are the chi-squared val-
ues of the fits with the mass fixed at the world average
value of the η(1475) and left free, respectively. The sta-
tistical significance of the mass difference between the fit
result and the world average value of the η(1405) [5] is
5.8σ. The statistical significances of mass difference for
the resonance around 1.83 GeV/c2 between the fit result
and those in Refs. [13, 15] are both less than 1.0σ.
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Alternative fits are performed that include an addi-
tional f1(1420) or η(1760) with mass and width fixed to
the PDG values [5]. They result in a statistical signifi-
cance of less than 1.0σ for f1(1420) and η(1760), respec-
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fix − χ2
free = 0.01 corresponding to less

than 0.1σ. Here, χ2
fix and χ2
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ues of the fits with the mass fixed at the world average
value of the η(1475) and left free, respectively. The sta-
tistical significance of the mass difference between the fit
result and the world average value of the η(1405) [5] is
5.8σ. The statistical significances of mass difference for
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and those in Refs. [13, 15] are both less than 1.0σ.
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Study of X(2120) and X(2370)
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2341.6± 6.5± 5.7MeV/c2
<latexit sha1_base64="rx+AIddzyZk/QTSpGLbnDhsOlR4="></latexit>

� = 117± 10± 8MeV

<latexit sha1_base64="4JTKCFl3tmLxxmIKulv1fohJqOE="></latexit>

8.3�
<latexit sha1_base64="bU+ecAE+R+UQNeHGUAHS81DnHS0="></latexit>

X(2370) ! KK̄⌘0



Study of X(2370)
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https://inspirehep.net/files/0705cbe7d7148d50cb8fcf555b277cea

<latexit sha1_base64="zbxxyoRqGHFFkOMfbjdpGG+SIxk="></latexit>

⌘0 ! ⌘⇡+⇡�<latexit sha1_base64="5cN2xeKbFMcWjJI1fxuGllattWo="></latexit>

⌘0 ! �⇡+⇡�

<latexit sha1_base64="Zp0IbQESPq0IBeJgkd0/oHjoXcg="></latexit>

B(J/ ! �X)B(X ! ⌘⌘⌘0) < 9.2 · 10�6 (at	90%	CL)

Phys.	Rev.	D	103,	012009	(2021)

W.	I.	Eshraim,	S.	Janowski,	F.	Giacosa,	
and	D.	H.	Rischke,	Phys.	Rev.	D	87,	054036	(2013)	

<latexit sha1_base64="H5z/Zw3yWK+pppjtH0mIPmkqV0c="></latexit>

J/ ! �X(2370) ! �⌘⌘⌘0Search for X(2370) in

does not contradict calculation for X(2370) as 0-+ glueball: 
<latexit sha1_base64="bpMwMTQ01OlR9WvSswCUUqd30Pk="></latexit>

B⌘⌘⌘0/BKK̄⌘0 ⇡ 0.075



First Observation of
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https://inspirehep.net/files/0705cbe7d7148d50cb8fcf555b277cea

<latexit sha1_base64="zbxxyoRqGHFFkOMfbjdpGG+SIxk="></latexit>

⌘0 ! ⌘⇡+⇡�<latexit sha1_base64="5cN2xeKbFMcWjJI1fxuGllattWo="></latexit>

⌘0 ! �⇡+⇡�

Phys.	Rev.	D	103,	012009	(2021)

<latexit sha1_base64="NGGx+JvA2/64tWzcqP7zOzMRALw="></latexit>

B(J/ ! �⌘c)B(⌘c ! ⌘⌘⌘0) = (4.86± 0.63stat ± 0.45sys) · 10�5

<latexit sha1_base64="Kg0AU+2hn9305iqILjFYDQGyvi4="></latexit>

⌘c ! ⌘⌘⌘0



Light Hadron Decays of hc

• Knowledge on hc decay modes is 
still sparse
–
– search for decays into light 

hadrons

• Access via
– fully reconstruct events and 

inspect recoil mass of

19

<latexit sha1_base64="HyyRKNP4ixOKFoeARdFZgBX0lao="></latexit>

 (2S) ! ⇡0hc

decay	mode

<latexit sha1_base64="kLEvHJlAlVPDhfgGwajWRLe7/+0="></latexit>

B(hc ! �⌘c) ⇡ 0.5

<latexit sha1_base64="7PlCO5J3LMAotWQuXgsMbR8yxTM=">AAACGnicbVC7SgNBFL3r2/iMljaDQbDK7oqonYKNpYLRQBLk7uRuMmT2wcysGkN+wdYH/oitndja+DfOJhaaeGDgzDn3MHdOkEqhjed9OROTU9Mzs3PzhYXFpeWV1eLahU4yxanCE5moaoCapIipYoSRVE0VYRRIugw6x7l/eU1KiyQ+N92UGhG2YhEKjiaX6qm4u1oteWVvADZO/B9SOnx9yvF8elV0oN5MeBZRbLhErWu+l5pGD5URXFK/UM80pcg72KKavm7FGJFu9G4H2/bZlnWbLEyUPbFhA/V3pIeR1t0osJMRmrYe9XLxP6+WmfCg0RNxmhmK+fChMJPMJCz/OmsKRdzIriXIlbDLMt5GhdzYggr1QZC5FW1vboSKuzeJ6rjnVHWbFGo3wACVXaxs6NZ25o82NE4udsr+XnnnzCsd7cIQc7ABm7ANPuzDEZzAKVSAQxvu4QEenRfnzXl3PoajE85PZh3+wPn8BtXrpCw=</latexit>

⇡0

Phys.	Rev.	D	99,	072008	(2019)	



Light Hadron Decays of hc
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observed for the first time
<latexit sha1_base64="2vu9iyb4sNqq/tw2qBcVfnZmQRk="></latexit>

B(hc ! K+K�⇡+⇡�⇡0) = (3.3± 0.6± 0.6)⇥ 10�3

Branching fractions of the five 
observed hc decays into light hadrons 
sum up to about 2% only

Phys.	Rev.	D	102,	112007	(2020)	



Charged Charmonium-like States
• BESIII has established isospin triplets of 

charmonium-like Zc(3900) and Zc(4020) 
seen in

• Zc(3885) seen in 
Zc(4025) seen in

• Nature is unclear: tetraquarks, hadronic 
molecules, threshold effects, …?

• Do strange partners exist?

21

More on exotic charmonium at BESIII 
in Frank Nerling’s talk

Phys.	Rev.	Lett.	112,	132001	(2014)

<latexit sha1_base64="6DHDte+/l2Z4RRoKMjoFPoAd4z0="></latexit>

e+e� ! (D⇤D̄⇤)+⇡�

<latexit sha1_base64="CK4K9Aqih2h4qNtXa27DiBja8Y4="></latexit>

e+e� ! (DD̄⇤)+⇡�

Phys.	Rev.	Lett.	112,	022001	(2014)

<latexit sha1_base64="+aQ3FR4yZPWHPd8K65IgS+Lg1/Q="></latexit>

e+e� ! (J/ , hc)⇡⇡



Search for strange cc-like states

• Study 
– at cms energies of 4.628, 4.641, 4.661, 4.681, and 4.698 GeV
– total integrated luminosity: 3.7 / fb (~1.6 / fb at 4.681 GeV)
– 2/3 of the data recorded at 4.681 GeV was blinded 

• Partial event reconstruction:                                        and K+

• Identify signal in recoil system

22

Phys.	Rev.	Lett. 126,	102001 (2021)
<latexit sha1_base64="kWXwLL3Cm8HrPAPqP5XMNdCCM3A="></latexit>

e+e� ! K+D�
s D

⇤0,K+D⇤�
s D0

<latexit sha1_base64="3d3KJqrlKuhyLLHF3yLHKy1+L8U="></latexit>

D�
s ! K+K�⇡�,K0

SK
�



Search for strange cc-like states

Signal in the recoil mass in the        mass region
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<latexit sha1_base64="7UzfQxevjTB9OmeP20QXBI3Flkw="></latexit>

D⇤0
<latexit sha1_base64="kWXwLL3Cm8HrPAPqP5XMNdCCM3A="></latexit>

e+e� ! K+D�
s D

⇤0,K+D⇤�
s D0

Phys.	Rev.	Lett. 126,	102001 (2021)

<latexit sha1_base64="1ms2pvHLoVSMJO+zM++4IHveR9E="></latexit>

�,⇡0



First Observation of Zcs(3985)
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Backgrounds from open charm 
channels estimated from control 
data samples 

Significant (        ) enhancement at 
threshold over estimated 
backgrounds at 4.681 GeV

à Breit-Wigner parameterization    
mass
width

<latexit sha1_base64="CnYf4pDzcdQITDh0g8Mm238ZDeU=">AAACH3icbVC5TgMxFHzLTbihpLGIkKj24O5AoqEEiUBQEqG3zttgxd5d2V4givgKKhAUfAZfQIdo+RuchIJrJEvjmTfy88S5FMaG4Yc3NDwyOjY+MVmamp6ZnZtfWDw1WaE5VXgmM12N0ZAUKVWssJKquSZUsaSzuH3Q88+uSBuRpSe2k1NDYSsVieBonXS+5W/UjWgpvJgvh37YB/tLoi9S3nu57+Hh6GLBg3oz44Wi1HKJxtSiMLeNLmoruKTbUr0wlCNvY4tq5qqVoiLT6N70V75lq85tsiTT7qSW9dXvkS4qYzoqdpMK7aX57fXE/7xaYZPdRlekeWEp5YOHkkIym7He/1lTaOJWdhxBroVblvFL1Mita6lU7wdZUDHuFijUPLjOdDs4oWrQpMQEMcao3WK+pRvXWfS7ob/kdN2Ptv3147C8vwkDTMAyrMAaRLAD+3AIR1ABDgru4BGevGfv1Xvz3gejQ95XZgl+wPv4BNkypbI=</latexit>

5.3�

Is this connected to the 10x 
broader 
observed by LHCb in B decays?

<latexit sha1_base64="UH36mNYTFh4fnE6mGpxHQP7Jvps="></latexit>

Zcs(4000) ! J/ K+

Phys.	Rev.	Lett. 126,	102001 (2021)

Signals ccsu quark content 
of new Zcs(3985)-



Zcs(3985) Cross Sections
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Phys.	Rev.	Lett. 126,	102001 (2021)



Summary

• BESIII is successfully operating since 2008 and is collecting large 
data samples in electron-positron annihilation for the next years

• Excellent laboratory for hadron spectroscopy, complementary to 
hadron machines
– light and charm quark mass region
– low backgrounds

• Light hadrons: Systematic studies of glueball candidates
– scalar, tensor states, X(1835), and X(2370)

• Conventional charmonium: new decay modes of      and
• Exotic charmonium: further exploration of X, Y,  states

– first observation of Zcs(3985) in

• Studies in all areas are ongoing with more exciting results to come     
26

<latexit sha1_base64="WsdsOjl4YkMn3riGIgnhLsaeH1Q="></latexit>⌘c
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hc

<latexit sha1_base64="kWXwLL3Cm8HrPAPqP5XMNdCCM3A="></latexit>
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s D
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à Frank Nerling’s talk
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The	BESIII	Collaboration

eQCD, 11-15/03/2018 Frank Nerling  Latest XYZ results from BESIII  
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