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Prologue:

Pc(4312), Pc(4440), Pc(4457)
and

PΛψs(4338)
[T.B. & E.Swanson, 1908.03528 (PRD)]

[T.B. & E.Swanson, 2112.11527 (EPJA)]

[T.B. & E.Swanson, 2207.00511 (PRD)]

[T.B. & E.Swanson, 2208.05106 (PLB)]



Λb → J/ψ p K−: states decaying to J/ψp (uudcc̄)

Note there are two states near the ΣcD̄
∗ threshold



Model

The �blob� is non-perturbative FSIs constrained by HQS

= +

[Related work: Du, Baru, Guo, Hanhart, Meiÿner, Oller, Wang

1910.11846 (PRL), 2102.07159 (JHEP)]



Case 1: Pc(4457) as a ΣcD̄
∗ cusp



Case 2: Pc(4312), �Pc(4380)� and Pc(4440) bind



Case 4: Pc(4457) as a Λc(2595)D̄ triangle singularity



Case 5: Pc(4457) as a 1/2+ Λc(2595)D̄ resonance



B− → J/ψΛp̄ LHCb : PΛψs(4338)

ΞcD̄ molecule? Karliner/Rosner, Wang/Liu, Ortega et al.
But note it is not bound.



Similar (but simpler) model gives a decent �t

The peak at Λ+
c D

−
s threshold is a cusp

The PΛψs(4338) peak at ΞcD̄ threshold is a triangle singularity



X (2900) in B decays

[T.B. & Swanson 2008.12838 (PLB)]

[T.B. & E.Swanson, 2009.05352 (PRD)]



LHCb: X (2900) states in B+ → D+X ,X → D−K+



Experimental properties

Two X (2900) states in B+ → D+X ,X → D−K+

Their minimal �avour content is uds̄c̄

X0(2900) 2.866± 0.007± 0.002 GeV 0+

X1(2900) 2.904± 0.005± 0.001 GeV 1−

D̄∗K∗ 2.902 GeV 0+, 1+, 2+ (in S-wave)
D̄1(2420)K 2.917 GeV 1− (in S-wave)



Tetraquark

Tetraquark interpretations:

I [Karliner & Rosner, 2008.05993]

I [He, Wang & Zhu, 2008.07145]

I [Zhang, 2008.07295]

But

I No evidence for bound uds̄c̄ in lattice [Hudspith et al

2006.14294], quark model [Zouzou et al 1986], QCD sum rules
[Agaev et al 1907.04017]

I Mass inconsistent with variational quark model [Lu, Chen,
Dong, 2008.07340]

I If X (2900) are orbital/radial excitations, where are ground
states?

I 1− state awkward (P-wave)



Molecule

Many models for 0+ X0(2900):

I isoscalar D̄∗K∗ with vector hidden gauge [Molina et al

1005.0355, 2008.11171]

I isoscalar D̄∗K∗ with e�ective Lagrangian [Liu et al 2008.07389]

I isovector D̄∗K∗ with e�ective Lagrangian [He and Chen

2008.07782]

I isoscalar D̄∗K∗ with heavy quark symmetry [Hu et al

2008.06894]

I isoscalar D̄∗K∗ with molecular and diquark d.o.f. [Chen et al

2008.07516, Xue et al 2008.09516]

The 1− X1(2900) is more di�cult:

I virtual state from D̄1(2420)K [He and Chen 2008.07782]



Triangle with FSIs [T.B. & Swanson 2008.12838]



Triangle with FSIs [T.B. & Swanson 2008.12838]



Triangle with FSIs [T.B. & Swanson 2008.12838]



Triangle with FSIs [T.B. & Swanson 2008.12838]























































Conclusions

I Pc states in Λb → J/ψp K− are
well-described by a model with
colour-favoured production and
heavy-quark symmetry

I PΛψs(4338) in B− → J/ψΛp̄ is
described by a similar model, where it
is due to the triangle singularity.




