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Exotic states observed in B decays
•Productions are very important to explore the nature of exotic states, complementary 
to their masses and decays.

•B decays are a good place for the production of exotic states.
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… …
•Question: Does exist general theoretical method to study decays of B into tetraquarks, 
which can help us get more information about tetraquarks? 
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Theoretical methods for hadronic weak decays

• However, tetraquarks are usually heavy. Final states in B decays are not energetic 
enough. No factorization ansatz works. 


• Topological diagrammatic approach is helpful to study decays of B into tetraquark. 

• QCD-factorization methods are most popular: QCDF, PQCD, SCET. 


• They works for energetic final states. First-principle and very predictive. 


• Successful for predictions on CPV of B decays.

factorization



No Feynman rules, cannot directly 
calculated, but extracted from data

Have Feynman rules, can be 
directly calculated

Topological diagrams
•Decaying amplitudes are classified according to  
the weak flavour flows

•All the strong interaction effects are included. 
Non-perturbative contributions are all considered.
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[Chau,’86; Chau,Cheng,’87]

Topological diagrams Feynman diagrams



Tree diagrams are determined by data 
of branching fractions

Understand the dynamics at 1GeV

Relate the penguins to the trees, 
with the known dynamics at 1GeV

Tree

Penguin
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Successful prediction on charm CPV

Cheng, Chiang,’10



ΔACP = ACP(D0 → K+K−) − ACP(D0 → π+π−)

Saur, FSY, Sci.Bull.2020

CC: topological approach + QCDF

LLY: factorization-assisted topology (FAT)

Th: the only predictions of O(10-3)

Exp: LHCb, PRL122, 211803 (2019)
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Topological diagrammatic 
approach successfully 

predicted the charm CPV !!!

H.Y.Cheng, C.W.Chiang, 2012

H.n.Li, C.D.Lu, F.S.Yu, 2012

Successful prediction on charm CPV



• What decaying channel to search for double-charm 
baryons is an important problem before 2017. 


• Predictions are required for largest branching fraction. 
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FSY, Sci.China.PMA, 2020

Successful prediction on  discovery channelΞcc

• Topological diagrammatic approach may help.

• Less data can be used to estimate the order 
of magnitude of the branching fractions



9

SCET: |C/T|~|C’/T|~|E/T|~O(𝛬QCD/mQ) 

• Hierarchy of topological diagrams in heavy quark expansion

charm decay: |C/T|~|C’/T|~|E/T|~O(𝛬QCD/mc)~1

Leibovich, Ligeti, Stewart, Wise, 2004

• BESIII measurements on  decays are very helpfulΛ+
c

Λ+
c →

Data support hierarchy relations

Relations between topological diagrams

BESIII, 2016



Talk at LHCb in 2016.12
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Successful prediction on  discovery channelΞcc

[FSY, Jiang, Li, Lu, Wang, Zhao, ’17]

LHCb, 2017.07
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Topological diagrams of decays of B into tetraquarks

[Qin, Qiu, FSY, ’23]

• No explicit values of decay amplitudes are given. But provide relations between 
decay channels. 


• Processes with identical topological diagrams share analogous branching fractions. 
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Topological diagrams of decays of B into tetraquarks

[Zhou, Wei, Qin, Li, FSY, Lu, ’15]

factorization

• Processes with identical topological diagrams share analogous branching fractions, 
regardless of what spins and flavor SU(3) representations of the final states. 

T3

[Chen, Han, Lu, Wang, FSY, ’20]



13

B decays into hidden-charm tetraquarks

[Qin, Qiu, FSY, ’23]
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B decays into hidden-charm tetraquarks

[Qin, Qiu, FSY, ’23]

• Suggest to search for all the 
processes with  diagrams. 


• It is helpful to explore the 
nature of observed  
and .


•  It might be used to 
distinguish whether the 
exotic states are resonances 
or non-resonant kinematic 
effects.

T2

Zcs(4000)
Zc(4200)

B0 → Tcc̄ud̄K− v . s . B− → Tcc̄dūK*0



B decays into open-charm tetraquarks
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B decays into open-charm tetraquarks
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• Suggest to search for all the 
processes with  or  
diagrams. 


• It is helpful to explore the 
nature of observed  
and . 


• It might be used to distinguish 
whether the exotic states are 
resonances or non-resonant 
kinematic effects.

C T3

Ta
cs̄0(2900)

X0,1(2900)



Summary
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Thank you!

• Topological diagrammatic approach has been successfully used in the 

phenomenological analysis in charm CPV and double-charm baryons. 

• Topological diagrammatic approach is applied in the tetraquark production in B 

decays.

• Some relations are obtained for branching fractions between different channels.

• Experimental searches can help to distinguish the nature of exotic states for 

resonances or non-resonant kinematic effects. 


