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Many young researchers particitpated in and 
benefitted from CRC110 (since Jan 2020) 

7 Ph D students:  

• Zi-Yang Lin, Yan-ke Chen, Liang-Zhen Weng 

• Yao Ma, Xin-Zheng Weng, Lu Meng, Bin Yang 

10 Postdocs:  

• Yao Ma, Hui-Min Yang, Zhun-Zhang Wang 

• Guang-Juan Wang, Bo Wang, Rui Chen, Kan Chen,  Bo-Lin 
Huang, Qi Wu, Jian-Bo Cheng 

2 Visitors:  

• Chengrong Deng, Zhi-Hui Wang 
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Outline of B2 project 

• Goal: study the hadron spectroscopy and structure 
with lattice QCD, EFT and various models 

• 2020-2023 tasks/milestones: Pc, Tcc…   

• Hadronic molecules (Zou) 

• Exotics from Lattice QCD (Chen) 

• Tcc/T4c/Pcs (Zhu) 

 



 My group and external collaborators  
(Xiang Liu, Hua-Xing Chen, Wei Chen, Jia-Jun Wu, Zhi Yang…) 

• Loosely bound Tcc 

• Pcc/Hcc 

• X3872/Zc/Zcs/Pcs 

• Compact Tcc/T4c 

• Ds0(2317), Bs0 

• Glueball and hybrid meson 

• Light meson spectrum 

• Various hadron scattering 



Theoretical tools 

• Chiral perturbation theory 

• Chiral effective field theory 

• Pionless effective field theory 

• QCD sum rules 

• Quark model (Gaussian expansion vs Resonance 
group method) 

• Complex scaling method (bound state, resonance 
and virtual state) 
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   Publication list  for B2 – 3rd term 
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 Chiral perturbation theory 

 
1) B.L.Huang, Z.Y.Lin, K.Chen and S.L.Zhu,Phase shifts of the light pseudoscalar 

meson and heavy meson scattering in heavy meson chiral perturbation theory, Eur. 

Phys. J. C 83, 76 (2023) 

2) B.L.Huang, Z.Y.Lin and S.L.Zhu, Light pseudoscalar meson and heavy meson 

scattering lengths to O(p4) in heavy meson chiral perturbation theory, Phys. Rev. D 

105, 036016 (2022) 

3) B.L.Huang, J.B.Cheng and S.L.Zhu, Peripheral nucleon-nucleon scattering at next-to-

next-to-leading order in SU(3) heavy baryon chiral perturbation theory, Phys. Rev. D 

104, 116030 (2021) 

4) B.Yang, B.Wang, L.Meng and S.L.Zhu,Isospin violating decay $D^*_s \to D_s \pi^0$ 

in chiral perturbation theory, Phys. Rev. D 101, 054019 (2020) 
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 Chiral effective field theory for hadronic molecules (Bo Wang’s talk) 

1) L. Meng, B. Wang, G. J. Wang and S. L. Zhu, Chiral perturbation theory for heavy 

hadrons and chiral effective field theory for heavy hadronic molecules, Phys. Rept. 1019, 

1 (2023) 

2) B.Wang and S.L.Zhu,How to understand the X(2900)?, Eur. Phys. J. C 82,  419 (2022)  

3) B. Wang, L. Meng and S. L. Zhu, Decoding the nature of Zcs(3985) and establishing 

the spectrum of charged heavy quarkoniumlike states in chiral effective field theory, Phys. 

Rev. D 103, L021501 (2021) 

4) K.Chen, B.Wang and S.L.Zhu,Exploration of the doubly charmed molecular 

pentaquarks, Phys. Rev. D 103,116017 (2021)  

5) B. Wang, L. Meng and S. L. Zhu, Deciphering the charged heavy quarkoniumlike 

states in chiral effective field theory, Phys. Rev. D 102, 114019 (2020) 

6) B. Wang, L. Meng and S. L. Zhu, Spectrum of the strange hidden charm molecular 

pentaquarks in chiral effective field theory, Phys. Rev. D 101, no.3, 034018 (2020) 

7) L. Meng, B. Wang and S. L. Zhu, $\Sigma_cN$ interaction in chiral effective field 

theory, Phys. Rev. C 101, 064002 (2020) 

8) B.Wang, L.Meng and S.L.Zhu,$D^{(\ast)}N$ interaction and the structure of 

$\Sigma_c(2800)$ and $\Lambda_c(2940)$ in chiral effective field theory,Phys. Rev. D 

101, 094035 (2020) 

9) K.Chen, B.L.Huang, B.Wang and S.L.Zhu, $\Sigma_c\Sigma_c$ interactions in chiral 

effective field theory,arXiv:2204.13316 
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 Pionless EFT for hadronic molecules (Kan Chen’s talk) 
1) K. Chen, Z. Y. Lin and S. L. Zhu, Comparison between the $P_\psi^N$ and $P_{\psi 

s}^{\Lambda}$ systems, Phys. Rev. D 106, 116017 (2022) 

2) L. Meng, B. Wang and S. L. Zhu, Double thresholds distort the line shapes of the Pcs 

(4338) resonance, Phys. Rev. D 107, 014005 (2023) 

3) K. Chen, B. Wang and S. L. Zhu, Heavy flavor molecular states with strangeness, 

Phys. Rev. D 105, 096004 (2022) 

4) K. Chen, R. Chen, L. Meng, B. Wang and S. L. Zhu, Systematics of the heavy flavor 

hadronic molecules, Eur. Phys. J. C 82, 581 (2022) 

5) L. Meng, G. J. Wang, B. Wang and S. L. Zhu, Revisit the isospin violating decays of 

X(3872), Phys. Rev. D 104, 094003 (2021) 

6) L. Meng, G. J. Wang, B. Wang and S. L. Zhu, Probing the long-range structure of the 

Tcc+ with the strong and electromagnetic decays, Phys. Rev. D 104, 051502 (2021) 

7) L. Meng, B. Wang, G. J. Wang and S. L. Zhu, Implications of the Zcs(3985) and 

Zcs(4000) as two different states, Sci. Bull. 66, 2065 (2021) 

8) L. Meng, B. Wang and S. L. Zhu, Predicting the Ds(*)Ds(*) bound states as the partners 

of X(3872), Sci. Bull. 66, 1288 (2021) 

9) L. Meng, B. Wang and S. L. Zhu, Zcs(3985)- as the U-spin partner of Zc(3900)- and 

implication of other states in the SU(3)_F symmetry and heavy quark symmetry, Phys. Rev. 

D 102, 111502 (2020) 
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 QCD sum rules for glueballs and hybrid states (Hua-Xing Chen or Wei 

Chen’s talk) 

1) N. Su, W. H. Tan, H. X. Chen, W. Chen and S. L. Zhu, Light double-gluon hybrid 

states with the exotic quantum numbers JPC=1-+ and 3-+, Phys. Rev. D 107, 114005 (2023) 

2) N. Su, H. X. Chen, W. Chen and S. L. Zhu, Light double-gluon hybrid states from 

QCD sum rules, Phys. Rev. D 107, 034010 (2023) 

3) H. X. Chen, N. Su and S. L. Zhu, QCD Axial Anomaly Enhances the ηη' Decay of the 

Hybrid Candidate η1(1855), Chin. Phys. Lett. 39, 051201 (2022) 

4) H. X. Chen, W. Chen and S. L. Zhu, New hadron configuration: The double-gluon 

hybrid state, Phys. Rev. D 105, L051501 (2022) 

5) H. X. Chen, W. Chen and S. L. Zhu, Two- and three-gluon glueballs of C=+, Phys. 

Rev. D 104, 094050 (2021) 

6) H. X. Chen, W. Chen and S. L. Zhu, Toward the existence of the odderon as a three-

gluon bound state, Phys. Rev. D 103, L091503 (2021) 

7) H. X. Chen, W. Chen, X. Liu and S. L. Zhu, Strong decays of fully-charm tetraquarks 

into di-charmonia, Sci. Bull. 65, 1994 (2020) 
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 Complex scaling method for resonances (Zi-Yang Lin’s talk) 

 

1) J. B. Cheng, D. x. Zheng, Z. Y. Lin and S. L. Zhu, Double-charm and hidden-charm 

hexaquark states under the complex scaling method, Phys. Rev. D 107, 054018 (2023) 

2) J. B. Cheng, Z. Y. Lin and S. L. Zhu, Double-charm tetraquark under the complex 

scaling method, Phys. Rev. D 106, 016012 (2022) 

3) Z.Y.Lin, J.B.Cheng, B.L.Huang and S.L.Zhu, $P_c$ states and their open-charm 

decays with the complex scaling method,arXiv:2305.19073 

4) J.B.Cheng, B.L.Huang, Z.Y.Lin and S.L.Zhu, $Z_{cs}$, $Z_c$ and $Z_b$ states 

under the complex scaling method,arXiv:2305.15787 

5) Z.Y.Lin, J.B.Cheng and S.L.Zhu, $T_{cc}^+$ and $X(3872)$ with the complex 

scaling method and $DD(\bar{D})\pi$ three-body effect,arXiv:2205.14628 
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 Quark model  (Yan-Ke Chen’s and Yao Ma’s talks) 

1) G. J. Wang, Z.Yang, J.J.Wu, M.Oka and S.L.Zhu, New insight into the exotic states 

strongly coupled with the D\bar{D}^* from the T^+_{cc}, arXiv:2306.12406 

2) Y.Ma, L.Meng, Y.K.Chen and S.L.Zhu, Ground state baryons in the flux-tube three-body 

confinement model using diffusion MonteCarlo,Phys. Rev. D 107, 054035 (2023)  

3) Z. Yang, G. J. Wang, J. J. Wu, M. Oka and S. L. Zhu, The investigations of the P-wave Bs 

states combining quark model and lattice QCD in the coupled channel framework, JHEP 01, 

058 (2023) 

4) C. R. Deng and S. L. Zhu, Decoding the double heavy tetraquark state $T^+_{cc}$, Sci. 

Bull. 67, 1522 (2022) 

5) C. Deng and S. L. Zhu, Tcc+ and its partners, Phys. Rev. D 105, 054015 (2022) 

6) Z. Yang, G. J. Wang, J. J. Wu, M. Oka and S. L. Zhu, Novel Coupled Channel Framework 

Connecting the Quark Model and Lattice QCD for the Near-threshold Ds States, Phys. Rev. 

Lett. 128, 11 (2022) 

7) G. J. Wang, L. Meng, M. Oka and S. L. Zhu, Higher fully charmed tetraquarks: Radial 

excitations and P-wave states, Phys. Rev. D 104, 036016 (2021) 

8) X. Z. Weng, X. L. Chen, W. Z. Deng and S. L. Zhu, Systematics of fully heavy tetraquarks, 

Phys. Rev. D 103, 034001 (2021) 

9) G. J. Wang, L. Y. Xiao, R. Chen, X. H. Liu, X. Liu and S. L. Zhu, Probing hidden-charm 

decay properties of $P_c$ states in a molecular scenario, Phys. Rev. D 102, 036012 (2020) 

….. 



Observation of Tcc
+ by LHCb,  Nature Physics Letters  
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We predicted a very shallow DD* molecule, confirmed by LHCb in July 2021  



Tcc vs X(3872) 

• Tcc and X(3872) share the same one-pion-exchange 
potential. Their long-range dynamics is similar and 
strongly correlated to each other  

• If X(3872) contains a large portion of molecular 
component or X(3872) is a loosely bound molecular 
state, the existence of X(3872) implies the existence of 
Tcc 

• There should also exist partner states Tccs/Tbb… 

• The difference is that X(3872) contains a short-
distance ccbar core 



• LHCb first reported Tcc width to be (410±163) keV 

• Within the molecular framework, we employed the couple-
channel effective field theory and calculated the decay 
widths of Tcc  

• In the isospin symmetry limit, we obtained its total decay 
width to be (46.7 +2.7 

-2.9 )keV 

• One month later, the LHCb collaboration adopted the 
unitarized Breit-Wigner distribution and extracted the total 
width to be (47.8±1.9) keV, which further supports the 
molecular picture 

Highlight 1 



• We predicted Pcs around 4457MeV with ChEFT 

• Later, LHCb reported evidence of Pcs(4459) in 2020, Pcs(4338) in 2022 

 

Highlight 2  



17 

Highlight 3 



18 

Highlight 4 



Summary 


