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one-pion vs two-pion exchange in Tcc channel 

prediction from open-pion exchange + contact (fitted from halqcd)
Collins et al, 2024

D

D*
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ccūd̄



two-pion vs one-pion exchange in Tcc channel 

two-pion exchange: is this dominated by correlated two-pions in isovector-vector channel (rho channe) ?   

Meng,SP,.. 2411.06266
also: CLQCD, 2206.06185

Domingues, Molina,
2409.15141
all lattice data fit with digaram



Tcc at heavier mpi when incorporating left-hand cut: sub-threshold resonance: interpretation ?



UV, IR cut-off in integral equations in various approches 

HALQCD and left-hand cut : 

                    R -> inf renders left-hand cut

                   IR cutoff on V(r) at large r

                  any UV cut off?

regularization in three-particle formalism : cut-offs in integral equations?

  



Publicly available codes for three-hadron formalisms ?



CLQCD

1975 MeV



HadSpec

virtual state: 
is there a limit in qhich it would turn to bound state?
relation to LHCb state at 2900 MeV?

two I=1/2 poles could be consistent, but not claimed, right?



Electromagnetic structure Related: what would form factors of a virtual state tell us?
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DD* scattering and  Zc

Sadl et al, 
2406.09842
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cs̄c̄u CLQCD



CLQCD

(-  -)
(+ -)

DD* scattering and  ZcSadl et al
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(J/ K, ⌘cK
⇤, DsD̄

⇤)
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(J/ ⇡, DD̄⇤)poles on III and IV likely 
related to the same state two states?
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DsD̄
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CLQCD

My experience: nontrivial to avoid 
- unphysical poles
- predicted finite volume levels that are not observed in the simulation

D D , 2++, hadspec



Charmonium(like) resonances and bound states 
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Lat : m

χc2(1P)

Exp

χc0(1P)

χc2(3930)

X(3860)

X(3915)/
χc0(3930)

ψ(3770)

ψ(2S)

X(3842)

1- - 1- - 3- -3- -

predicted in models [Oset et al,  
0612179 PRD, Hildago Duque et al 
1305.4487, Baru et al 1605.09649 PLB] 

seen in dispersive analysis of exp. 
data [Deineka, Danilkin et al 2111.15033]

S.P. , Collins,  Padmanath, Mohler, Piemonte

2011.02541 JHEP, 1905.03506 PRD, 2111.02934
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D̄D JP=0+  state
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D̄sDs JP=0+  state 

likely related to X(3915) / 𝜒𝑐0 (3930) 
[BaBar,  LHCb 2009.00026]; explaining why 
it has narrow width to DD. Predicted          
by Lebed, Polosa  1602.08421 

+ expected conventional charmonia
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m⇡'280 MeV
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I=0



CLQCD
Pc pentaquarks
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D–D mixing

can lattice QCD help in determing the phase delta between wrong-sign and right-sign decay ?





....


