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3Outline

• Exotic light meson spectroscopy  
in exclusive diffraction reactions: 
 
 
 
 
 
 
 

 
 

• Exotic heavy meson spectroscopy 
in three, four particle decays: CD

UC
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6Resonances as poles

Re E Im
 E

Poles in the complex energy plane:  
Real part ~ mass 
Imaginary part ~ width 

    Residue ~ coupling

Poles or resonances are the 
universal building blocks of reactions
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7Two-body unitarity

satisfies causality  
(regular outside the real axis)

define function on sheet II  
on the lower half plane
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Experiments: 
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Resonances  
properties amplitude  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Matching Theory and Experiments
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quark models, 
lattice QCD, 
light-front  

quantization…

Theory: 
Quantum  

Chromodynamics

Ordinary matter Exotic matter

Interpretation

Dudek PRD84

implementation of  
S-matrix constraints 
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On-going analysis: Systematic studies and exploration of the complex plane

arg(1�+)� arg(2++)
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12Outline

• Exotic light meson spectroscopy
in exclusive diffraction reactions:
 
 
 

 
 

CD

UC

• Exotic heavy meson spectroscopy 
in three, four particle decays: 

B± ! K±⇡+⇡�J/ 

e+e� ! ⇡+⇡�J/ 

⇡�p ! ⇡�⌘(
0)p

�p ! ⇡0⌘(
0)p
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Guo et al Rev. Mod. Phys. 90 (2018)
Esposito et al Phys. Rep. 668 (2017)reviews on the theory side:
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Belle PRL91 (2003)
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Experiments: 
Belle, Babar,  
BESIII, LHCb

X(3872)  
properties, 

interpretation

X(3872)

quark models
Theory: 
Quantum  

Chromodynamics
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Törnqvist Z. Phys. C 61 (1994)

DD̄⇤

molecule?

very close to DD̄⇤ threshold

narrow structure around 3872 MeV



three body  
unitarity 
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Briceno, Hansen and Sharpe PRD95 (2017)
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Pilloni et al (JPAC) PLB 772 (2017)
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Pilloni et al (JPAC) PLB 772 (2017)

Z(3900)@BESIII
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http://www.indiana.edu/~jpac/Interactive webpage:

http://www.indiana.edu/~jpac/index.html


Interactive webpage: http://www.indiana.edu/~jpac/

http://www.indiana.edu/~jpac/index.html
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Backup Slides



Z(3900)
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Liu, BESIII & Belle Collaboration, arXiv:1311.0762v1

BESIII

Belle

• Discovered by 
Belle & BESIII 2013 

• Seen in decay
Y (4260) ! J/ ⇡⇡

Close to threshold D̄D⇤
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Special case: Szczepaniak arXiv:1501.01691 
Real case: JPAC, in preparation 
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Special case: Szczepaniak arXiv:1501.01691 
Real case: JPAC, in preparation 

µ = 0

m = m⇤
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Special case: Szczepaniak arXiv:1501.01691 
Real case: JPAC, in preparation 
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Special case: Szczepaniak arXiv:1501.01691 
Real case: JPAC, in preparation 

RHC (unitarity cut)

Im(s)

Re(s)

LHC  
(crossed channel cuts)

kin. effect

too big
�2

too small�2

Analytic structure of C(s) S-wave

(M �m)2 > �2 > M2/2�m2

µ = 0

m = m⇤
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LHC produced by exchanges

This function has indeed LHC’s

between the four branching points: s = �1, 0, s±(�
2)

fL(s)

F (s) = FL(s) + t(s)
1

⇡

Z 1

s0

⇢(s0)FL(s0)

s0 � s
ds0F_L integrated over RHC:
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RHC (unitarity cut)

Im(s)

Re(s)
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(crossed channel cuts)

LHC produced by exchanges

This function has indeed LHC’s

between the four branching points: s = �1, 0, s±(�
2)

fL(s)

�2 big

F (s) = FL(s) + t(s)
1

⇡

Z 1

s0

⇢(s0)FL(s0)

s0 � s
ds0F_L integrated over RHC:
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RHC (unitarity cut)

Im(s)

Re(s)

LHC  
(crossed channel cuts)

LHC produced by exchanges

This function has indeed LHC’s

between the four branching points: s = �1, 0, s±(�
2)

fL(s)

�2 small

F (s) = FL(s) + t(s)
1

⇡

Z 1

s0

⇢(s0)FL(s0)

s0 � s
ds0F_L integrated over RHC:



• Find 2 solutions          as a function of 

Triangle Branch Points
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st = (m1 +m2)
2 Pinching Region

C(s) ⇠ log

t�(s)� �2

t+(s)� �2

s+,� �

s�(�)

s+(�)
� decreases

sc sb
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m
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m
M ! M + i✏
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Movement of Branch Points
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Movement of Branch Points
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JPC

JPC allowedqq̄

qq̄ not allowed Hybrid

Ordinary

Hybrid Mesons

Quantum numbers filter ordinary mesons

Easier identification of hybrid mesons with exotic quantum numbers

Glueballs have ‘ordinary mesons’ quantum numbers



28



29

Re E Im
 E

Poles in the complex energy plane:  
Real part ~ mass 
Imaginary part ~ width 

    Residue ~ coupling

E
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P
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Resonances as poles

Poles or resonances are the 
universal building blocks of reactions
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Re E Im
 E

sheet I

sheet II

Re E Im
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Poles in the complex energy plane:  
Real part ~ mass 
Imaginary part ~ width 

    Residue ~ coupling
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Resonances as poles

Poles or resonances are the 
universal building blocks of reactions
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Hybrid Mesons
Evidence for hybrid mesons from numerical simulations

Dudek, PRD 84 (2011) 
Dudek et al, PRL 103 (2009)

lightest hybrid 
couples to

⌘⇡

⌘0⇡

3⇡


