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Introduction
• Quarks and gluons not isolated in nature. 

– Formation of colorless bound states: “Hadrons” 
– 1-fm scale size of hadrons? 

• Hadron spectroscopy provides 
opportunities to study QCD in the non-
perturbative region
– Extensive and precise spectroscopy combined 

with a thorough theoretical analysis, will add 
substantially to our knowledge of QCD 

Hardon size
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• Complex exotic hadrons can reveal new or 
hidden aspects of the dynamics of strong 
interactions
– Predicted in quark model

– Recent results show strong evidence 
for their existence



Different types of hadrons 
to be explored
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The Zc(s) Family at BESIII
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Zc(3885)+ Zc(3885)0

Zc(3900)+ Zc(3900)0

Zc(4025)+ Zc(4025)0

Zc(4020)+ Zc(4020)0

!!!" → ##(%∗%&∗)#!!!" → ##(%∗%& )#

PRL 110, 252001 (2013) 

PRL 115, 222002 (2015) PRL115, 182002 (2015)PRL 112, 132001 (2014)ST: PRL 112, 022001(2014)
DT: PRD92, 092006 (2015)

PRL 115, 112003 (2015) PRL 111, 242001(2013) PRL113,212002 (2014)

𝒆!𝒆" → 𝑲!(𝑫∗𝟎𝑫𝑺" + 𝑫𝟎𝑫𝑺∗")

𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 !

PRL 126, 102001 (2021)

𝒆!𝒆" → K&𝟎(𝑫∗"𝑫𝑺! + 𝑫"𝑫𝑺∗!)

𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 𝟎

PRL 129 , 112003 (2022)



First observation of !!!#̅ 3900 ±
in %%%& → '%'&(/*

PRL 110, 252001 (2013)

Observation of !!!#̅ 3900 ±

in e%e& → '∓ ,,-∗ ±

PRL 112, 022001 (2014)

Observation of !!!#̅ 3900 )

in neutral process

PRL 115, 112003 (2015)
PRL 115, 222002 (2015)

First Determination of
(* of !!!#̅(3900)
PRL 119, 072001 (2017)

First observation of the coupling 
between !!!#̅(3900) and *(4230)

PRD 102, 012009 (2020)

Study of !!!#̅(#$%%) at BESIII

Investigate the 
decay property of !!!#̅(3900)

Decay mechanism

Production mechanism
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Time
Spin and Parity of !!!̅(4020)

Investigate the coupling 
between !!!̅(4020) and *

PRL 111, 242001 (2013) PRL 113, 212002 (2014)
PRL 115, 182002 (2015)

PRL 112, 132001 (2014)

Study of !!!̅('%(%) at BESIII

First observation of !!!̅ 4020 ±
in %%%& → '%'&ℎ!

Observation of !!!̅ 4020 ±

in %%%& → '∓ ,∗,-∗ ±

Observation of !!!̅ 4020 )

in neutral process

Decay mechanism Production mechanism

Investigate the 
decay property of !!!̅(4020)

What	is	the	)!quantum	number	of	2""̅ 4020/4025 ?
From PDG

PDG naming: $! 3900/3885 = ,!!#̅ 3900 , 		 $!(4020/4025) = ,!!̅(4020)

To explore the property of the 
𝑻𝒄"𝒄(𝟒𝟎𝟐𝟎)
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Multi-channel joint analysis for 
𝑻𝒄"𝒄(𝟒𝟎𝟐𝟎)

• For !∗"!∗#"$: Double-tag method is used, details in Appendix.
!∗"!∗#"$ → !"""(γ) [!(""#]"$

• For	"$"#$/&: Full reconstruction method is used.
*/, → -$-# (- = /, 1)

• For	"$"#'%: Full reconstruction method is used.
ℎ% → 34%, 4% →16	channels

&! →

Three Channels:  ($(# → *∗(*∗#+$, 	+$+#-/., +$ +#ℎ)

PRL 112, 132001 (2014) PRL 118, 092001 (2017) PRL 111, 242001 (2013)

The event selection criteria are consistent with published results.

ü The charge conjugated 
channels are implied.

• Data samples collected at 4.395 and 4.416 GeV are used

arXiv:2603.05564

吕晓睿 全国重味物理与量子色动力学研讨会 6



Mass Spectra at 𝟒. 𝟒𝟏𝟔 GeV

𝐷∗'𝐷∗"𝜋! 𝜋!𝜋"𝐽/𝜓 𝜋!𝜋"ℎ(

arXiv:2603.05564
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Baseline model:
𝐷∗"𝐷∗#𝜋$: 	𝑇% ̅% 4020 #𝜋$, 𝐷∗0𝐷' 2420 , 𝑁𝑅𝐷∗"
𝜋$𝜋#𝐽/𝜓: 𝑇% ̅% 4020 ∓𝜋±, 𝑇% ̅%' 3900 ∓𝜋±, 𝜎𝐽/𝜓, 𝑓" 980 𝐽/𝜓,
𝑓" 1370 𝐽/𝜓, 𝑓* 1270 𝐽/𝜓
𝜋$𝜋#ℎ%: 𝑇% ̅% 4020 ∓𝜋±, 𝜎ℎ%, 𝑓" 980 ℎ% 

• Full procedure uses helicity 
amplitude formalism based on 
TF-PWA package
• Simultaneously fit on sampels at 
4.395	GeV	and 4.416 GeV with 
sharing parameters of the decay 
dynamics of the 𝑇! ̅! 4020 #

Partial Wave Analysis
arXiv:2603.05564
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https://tf-pwa.readthedocs.io/en/latest/index.html


𝐷∗'𝐷∗"𝜋! 𝜋!𝜋"𝐽/𝜓 𝜋!𝜋"ℎ(

Fit result at 𝒔 = 𝟒. 𝟑𝟗𝟓 GeV
arXiv:2603.05564
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𝐷∗'𝐷∗"𝜋! 𝜋!𝜋"𝐽/𝜓 𝜋!𝜋"ℎ(

Fit result at 𝒔 = 𝟒. 𝟒𝟏𝟔 GeV
arXiv:2603.05564
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𝑻𝒄"𝒄(𝟒𝟎𝟐𝟎) resonance parameters and 
spin-parity

Γ 𝑚 =
1
8π

5
)! ,)"

𝐻)! ,)"
+ , |𝐩|

𝑚,
𝑅 𝑚 =

1
𝑚, −𝑀, + 𝑖𝑚[Γ-∗$-∗% 𝑚 + Γ+//0 𝑚 + Γ1&0 𝑚 + Γ2 𝑚 ]

𝑻𝒄%𝒄(𝟒𝟎𝟐𝟎)è 𝑻𝒄%𝒄𝟏(𝟒𝟎𝟐𝟎) 𝑱𝑷 = 𝟏$ with > 𝟏𝟏. 𝟕𝝈

arXiv:2603.05564
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Simultaneously Fit 𝒔 = 𝟒. 𝟑𝟗𝟓 GeV 𝒔 = 𝟒. 𝟒𝟏𝟔 GeV
𝑫∗𝟎𝑫∗!𝝅$ FF(𝑇% ̅%

!𝝅$) (%) 75.1 ± 4.3 61.4 ± 4.6

𝝅$𝝅!𝑱/𝝍
FF(𝑇% ̅%

$𝝅!) (%) 4.4 ± 1.4 5.1 ± 1.5
FF(𝑇% ̅%

!𝝅$) (%) 4.4 ± 1.4 5.1 ± 1.5

𝝅$𝝅!𝒉𝒄
FF(𝑇% ̅%

$𝝅!) (%) 35.0 ± 6.4 33.5 ± 4.7
FF(𝑇% ̅%

!𝝅$) (%) 35.0 ± 6.4 33.5 ± 4.7
𝝈𝟐𝒃𝒐𝒅𝒚
𝑩 ⋅ 𝑩 𝑻𝒄:𝒄 𝟒𝟎𝟐𝟎 ± → 𝑫∗𝟎𝑫∗" 𝒄. 𝒄.  (pb) 335.2 ± 21.0 336.4 ± 25.7
𝝈𝟐𝒃𝒐𝒅𝒚𝑩 ⋅ 𝑩 𝑻𝒄:𝒄 𝟒𝟎𝟐𝟎 ± → 𝝅±𝑱/𝝍  (pb) 1.1 ± 0.3 1.4 ± 0.3
𝝈𝟐𝒃𝒐𝒅𝒚𝑩 ⋅ 𝑩 𝑻𝒄:𝒄 𝟒𝟎𝟐𝟎 ± → 𝝅±𝒉𝒄  (pb) 30.4 ± 4.5 29.6 ± 3.3

• The relative branching fractions of 𝑇% ̅% 4020 ± combing two datasets 
(weighted by yields) :

Relative Branching Fractions

𝐵[𝑇! ̅!# 4020 $ → 𝜋$𝐽/𝜓]/𝐵[𝑇! ̅!# 4020 $ → 𝐷∗&𝐷∗$] = (3.6 ± 0.6 ± 1.6)×10$'

𝐵[𝑇! ̅!# 4020 $ → 𝜋$ℎ!]/𝐵[𝑇! ̅!# 4020 $ → 𝐷∗&𝐷∗$] = (8.9 ± 1.3 ± 2.3)×10$(

arXiv:2603.05564
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first evidence!
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Joint PWA of 𝒆!𝒆" → 𝝅!𝝅"𝑱/𝝍
• Based on 12.0 fb34 of 𝑒5𝑒3 collision 

data between 4.1271 and 4.3583 GeV
• 𝑍6(3900): BW model with constant 

width
• 𝑓7(980) seen at all energy points 

PRD112, 092013 (2025)
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Cross sections of 𝒆!𝒆" → 𝝅!𝒁𝒄 𝟑𝟗𝟎𝟎 "

PRD112, 092013 (2025)
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Vector Charmonium-like States
Over the past two decades, a series of charmoniumlike states 
with 𝐽@A = 1##, referred to as the Y states, have been observed 
by a number of experiments.
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Improved measurement of 
𝝈(𝒆!𝒆" → 𝝅!𝝅"𝒉𝒄) PRL135, 071901 (2025)

• Initially observed by CLEO-c at √s=4.17 GeV [PRL107, 041803 (2011)]
• Cross sections of 𝑒$𝑒# → 𝜋$𝜋#ℎ% obtained by BESIII at 3.9-4.6 GeV, found 

two structures [PRL118, 092002 (2017)]
• New data collected by BESIII between 4.18-4.95 GeV (27 data samples)

PRL135, 071901 (2025)
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Study of 𝝈(𝒆!𝒆" → 𝝅𝟎𝝅𝟎𝝍(𝟑𝟔𝟖𝟔)) 
arXiv:2601.02136

following isospin 
symmetry
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Amplitude analysis of 𝑩) → 𝑲𝑺
𝟎𝝅)𝝍(𝟐𝑺）

PRD 113 (2026) L071101

4-dimensional amplitude analysis based on RUN 2 data

K* states alone cannot 
describe the 𝜓 2𝑆 𝜋) 
enhancement around 
4.4 GeV in data

model with a rel. BW state

• 𝐽* = 1) is determined unambiguously
• consistent with previous measurements
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Amplitude analysis of 𝑩𝟎 → 𝑲!𝝅"𝜼𝒄
arXiv:2509.03133

RUN1+2

RUN1+2

𝜼𝒄 → 𝒑E𝒑

An evidence of a charged 𝑇% ̅% (4100) was reported previously 
with 2011, 2012 and 2016 data

While a better description of the data is achieved when including 
𝑇% ̅% (4100), the contribution is not significant

EPJC78, 1019 (2018)
4.7	fb!"

> 𝟑𝝈
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𝑻𝒄%𝒔
𝟎/!!

 in 𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 ! → 𝑫𝒔!𝝅!𝝅"
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Sci. Bull. 70, 1432 (2025)Joint amplitude analysis of the three channels
 𝑩$ → -𝑫𝟎𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 $, 𝑩𝟎 → 𝑫 ∗ #𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 $ (𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 $ → 𝑫𝒔$𝝅$𝝅#)

puzzling structure

• 𝑇! ̅,
&/)) is observed with 

significance larger than 10𝜎
• 𝐽* favours 0)

Resonance Mass (MeV) Width (MeV) FF (%)

𝑓# 500 474 ± 30 ± 18 224 ± 23 ± 16 248!$%&%# ± 39

𝑇'(
&&/# (K-matrix) 2327 ± 13 ± 13 96 ± 16 ± 23 156!*+&,- ± 25
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𝑻𝒄%𝒔
𝟎/!!

 in 𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 ! → 𝑫𝒔!𝝅!𝝅"
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Sci. Bull. 70, 1432 (2025)Joint amplitude analysis of the three channels
 𝑩$ → -𝑫𝟎𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 $, 𝑩𝟎 → 𝑫 ∗ #𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 $ (𝑫𝒔𝟏 𝟐𝟒𝟔𝟎 $ → 𝑫𝒔$𝝅$𝝅#)

An alternative model: 𝒇𝟎 𝟓𝟎𝟎 + 𝒇𝟎 𝟗𝟖𝟎 + 𝒇𝟐 𝟏𝟐𝟕𝟎

Resonance Mass (MeV) Width (MeV) FF (%)

𝑓# 500 376 ± 9 ± 16 175 ± 23 ± 16 197 ± 35 ± 23

𝑓# 980 945.5 167 187 ± 38 ± 43

𝑓, 1270 1275.4 186.6 29 ± 2 ± 1

Not a favorite model:
• Very large interference between 𝑓& 500

and 𝑓& 980  to present the double-peak 
lineshape in 𝑚 𝜋𝜋 .

• Large contribution from the tail of the 
𝑓( 1270 and 𝑓& 980

• The mass and width of 𝑓& 500 are 
different from other measurements



Summary
• An exciting period of finding new hadrons, among which 

most of them are candidates of exotic hadrons
• Exotic heavy hadrons:
– Unique feature of exotic hadron candidates
– Thorough studies on the properties of the 𝑇6 ̅6(4020): spin-

parity, pole position and relative branching fractions
– advances in studying 𝑇6 ̅6(4430) in a new channel and in 

scenario of hadronic molecule or triangle diagram
– 𝑇6 ̅9

7/55 observed 𝐷94 2460 5 → 𝐷95𝜋5𝜋3

– …
• More results based on higher statistics data can be expected 

regarding to the ongoing 3xℒ upgraded BEPCII-U and LHC 
RUN3. 
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Backup



Samples Summary ( 𝒔 = 𝟒. 𝟑𝟗𝟓 GeV)
𝐷∗'𝐷∗"𝜋! 𝜋!𝜋"𝐽/𝜓 𝜋!𝜋"ℎ(
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