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Heavy Quark Exotics�



 no shortage of anomalies & multiquark candidates

 definite shortage of hybrid candidates!

 naive analysis can create states

 many "states" can appear to due to production (near) singularities, 
cusps, interferences

 much work remains to be done!
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tl;dl



3

Rumsfeld hadronic matrix

understood

expected unexpected

seen

not seen ？
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The QCD Panoply
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“Vi har nu en model, 
der på smukke ste vis 
forklarer data og for 
første gang 
indeholder alle de 
begrænsninger, data 
giver,” sagde 
fysikeren Tim Burns 
fra Swansea 
University ved 
offentliggørelsen. 

Multi-quark States
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Gluonic Excitations

HadSpec, 1204.5425
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Comments on "Fitting"
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These days are over. 
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Present reality.
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Vector Bottomonium
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quasi two-body, beta=1, fit+68% and 90% CL regions
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μ Δ
R

μ Δ

N. Hüsken, R.E. Mitchell, 
E.S. Swanson, 2204.11915

Coupled channel K-matrix
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grey=ghost poles with sizable 
residues

pole positions (+ 1000 bootstrap datasets)
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"masses" 
[BW params, poles, quark model eigenvalues, LGT plateaus]
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Charmonia
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The R(3900) [prev. G(3900)]
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BESIII, 2402.03829  

e+e− → DD̄
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Nils Hüsken, Richard F. Lebed, Ryan E. Mitchell, Eric S. Swanson, Ya-Qian Wang.   2404.03896 

Analyse coupled channels with K-matrix 

Feature is explained by channel 
threshold & interference

e+e− → D0D̄0 e+e− → D+D−

e+e− → D*D̄ e+e− → D*D̄* e+e− → hadrons

https://inspirehep.net/authors/1000869
https://inspirehep.net/authors/1021321
https://inspirehep.net/authors/986996
https://inspirehep.net/authors/1325245
https://arxiv.org/abs/2404.03896
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Canonical Charmonia
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χc0(3930) & χc2(3930)
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ψ(4320) & ψ(4360)





The situation is even worse: we rely on R for much information! This is not reliable! 

h/t: Nils Hüsken
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Tetraquarks
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X(2900)



X0

X1

B+ → D+D−K+

uds̄c̄manifestly exotic channel
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LHCb, arXiv:2009.00026. 
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thresholds:

resonances:

a resonance interpretation is possible, 
but has weak evidence

T.J. Burns and E.S. Swanson, 2008.12838, 2009.05352. 

Production matters!
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Zcs(4000), Zcs(4220), X(4140), X(4150), X(4274)

X(4500), X(4630), X(4685), X(4700)



B+ → J/ψϕK+

31
LHCb, 2103.01803



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
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Tcs̄0(2908)
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B0 → D̄0D+
s π− B+ → D−D+

s π+

BESIII, PRL131, 041902 (2023) 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B
Ds

π

D

tree order process exists

B Ds

π

D

Ds

K
D

masses don't align
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Tψψ(6200), Tψψ(6600), Tψψ(6900), Tψψ(7200)
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ATLAS, 2209.12173LHCb, 2006.16957
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Pentaquarks
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PΛ
ψs(4338)
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Is a  bound state plausible?

Heavy quark symmetry implies  partners 

ΞcD

ΞcD*

Possible partner state is the , but the binding energy is 
~19 MeV, not ~0. 

The  is 1-3 MeV above threshold.

Pcs(4459)

PΛ
ψs
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dominant mechanism

the tree-level diagrams for the J/ψ Λ p ̄ final state are color-suppressed; hence it is natural 
to assume that the color-favored triangle diagram is a dominant contribution. 

Production
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dominant mechanism

but this can be comparable if the Landau 
conditions are ~ satisfied

the tree-level diagrams for the J/ψ Λ p ̄ final state are color-suppressed; hence it is natural 
to assume that the color-favored triangle diagram is a dominant contribution. 

Production
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T1

T2
bg

g2 ≪ g1 ✓

T.J. Burns and E.S. Swanson, 2208.05015

ΛcDs Ξ0
cD̄0Ξ+

c D̄−
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Pc(4312), (Pc(4380)), Pc(4440), Pc(4457)



Λ0
b → J/ψpK−
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A Look at the Data (LHCb cos weighted)

ΣD
Σ*D

ΣD*
Σ*D*
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A Look at the Data (LHCb cos weighted)

ΛD Λ′￼DΛD* Λ′￼D*
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A Production/ Rescattering Model for Pentaquarks

bound/resonance states
threshold cusps
triangle singularities
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Model Fit

T.J. Burns and E.S. Swanson, 2112.11527, 2207.00511

• 4312 ( , 1/2-)  
• 4380 ( , 3/2-)
• 4440 ( , 3/2-)
• 4457(1/2-  threshold cusp / 

1/2+ triangle)
• 4508 ( , 5/2-)

ΣcD

Σ*c D

ΣcD*

ΣcD*

Σ*c D*
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Non Sighting i

JPAC, PRD108, 5, (2023)
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Belle arXiv:2403.04340v2 

No evidence for Pc(4312), Pc(4440), Pc(4457) in  or  decaysΥ(1S) Υ(2S)

Non Sighting ii
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Pcc̄(4337)
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B → J/ψpp̄

LHCb, PRL128, 062001 (2022)
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Conclusions



 no shortage of anomalies & multiquark candidates

 definite shortage of hybrid candidates!

 naive analysis can create states

 many "states" can appear to due to production (near) singularities, 
cusps, interferences

 much work remains to be done!
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tl;dl
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