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B+ → D+D−K+

uds̄c̄

LHCb Discovery

manifestly exotic channel



Decay Model



EW vertex

ξ ∼ ( 2
1 + w )

2

strong (3P0) vertex ∼
p
β

exp(−
p2

12β2
)

FL(x) =
xL

1 + x2
, x = p/β

Decay Model



Decay Model



Results

thresholds:

(strong case)



thresholds:

resonances:

Results



Pc(4457)
Pc(4440)
Pc(4312)

T.J. Burns and E.S. Swanson; writing now



Λ0
b → J/ψpK−

LHCb Discovery
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Decay Model
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Decay Model



SD S*D L'D

1/2- 3/2- 1/2- 3/2- 1/2- 3/2- 5/2- 1/2+

Ca Ca Ca-4/3Cb Ca+2/3Cb Ca-5/3Cb Ca-2/3Cb Ca+Cb Cb sign

Case 1 4312 4380 4440 4457 (x) x + Canonical

Case 2 4312 4380 4457 4440 x x - Canonical

Case 3 4312 4380 4440 x 4457 - TB/ES +

Case 4 4312 4380 4440 (x) x 4457 +

SD* S*D*

Decay Model



Results

case 4 (others do not do well)



Results

JLab non-observation



Results

JLab non-observation

JLab bound is evaded by 
the production triangle!



X(4150;2-)
X(4630,1-)
X(4500,0+)
X(4700,0+)

X(4140;1+)
X(4274,1+)
X(4685,1+)

Zcs(4000;1+)
Zcs(4220,1+)

T.J. Burns and E.S. Swanson; in progress



LHCb Discovery
B+ → J/ψϕK+

new

old



Zcs(4216,1+)Zcs(4003,1+)

Zcs Thresholds



D̄D*s + D̄*Ds D̄*D*s

1+ psi-K S-waves: 
  

DDs* 3981 
D*Ds 3978 
D*Ds* 4122 
D0Ds1 4759 
D1Ds0 4738 
D1Ds1 4880 
D1Ds1’ 4956 
D1Ds2 4990 
D2Ds1 4920 
D2Ds1’ 4996 
D2Ds2 5030

Zcs Thresholds

Zcs(4216,1+)Zcs(4003,1+)



X(4150,2−)
X(4630,1−)

X(4500,0+)
X(4700,0+)

X(4140,1+)
X(4274,1+) X(4685,1+)

X Thresholds

?



X(4150,2−)
X(4630,1−)

X(4500,0+)
X(4700,0+)

X(4140,1+)
X(4274,1+) X(4685,1+)

D̄*s D*s (0+) D̄s0Ds0(0+)
D̄sDs1 + D̄*s Ds0(1−)

D̄sD*s (1+) D̄*s D*s (1+)
D̄sDs2(2−)

X Thresholds



Conclusions & Observations



 “Triangles” do a good job of ‘explaining’ the X1, although a 
weakly bound  resonance explanation is slightly 
preferred. 

 “Triangles” explain ‘kinks’ at ,  and the 4457 peak 
( ); weakly bound  resonances are required for the 
4312 ( ), 4380 ( ), & 4440 ( ) . Triangle-FSI 
cooperation evades JLab bounds.

 “Triangles” and weakly bound states appear to have little to 
do with the  and  states.

D̄*K* − D̄1K

ΛcD Λ′ cD*
Λ′ cD ΣcD

ΣcD Σ*c D Σ*c D*

J/ψ − ϕ J/ψ − K

Conclusions and Observations



~thank you~



0+:  
DsDs 3936 
Ds*Ds* 4224 
Ds0Ds0 4634 
Ds1Ds1 4918 
Ds1Ds1’ 4994 
Ds1’Ds1’ 5070 
Ds2Ds2 5138

1-:  
DsDs1 4427 
DsDs1’ 4503 
Ds*Ds0 4429 
Ds*Ds1 4571 
Ds*Ds1’ 4647 
Ds*Ds2 4681 

1+: 
DsDs* 4080 
Ds*Ds* 4424 
Ds1Ds1 4918 
Ds1Ds1’ 4994 
Ds1’Ds1’ 5070 
Ds1Ds2 5028 
Ds1’Ds2 5104 
Ds2Ds2 5138 

2-: 
DsDs2  4537 
Ds1Ds* 4571 
Ds1’Ds* 4647 
Ds*Ds2 4681

J/ψ − ϕ S-waves




