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 Understanding the dynamics of physical states and formation 
of resonances and bound states

 Understanding the role of gluons and confinement:  exotic 
hadrons and gluonic excitations

Hadron Spectroscopy and QCD:   Exploring the nature of matter



short distance nature: 
quarks and gluons

long distance behavior: 
decays, scattering

Experiments Theories
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Establishing connections between experimental observables and 
theoretical predictions at heart of matter

Hadron Spectroscopy and QCD:   Exploring the nature of matter



One of Challenges: few-body dynamics and strongly coupled systems

Exotic hadrons often emerge through few-body dynamics

QCD is a strongly coupled system
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Forced	to	deal	with	few-body	dynamics	
and	coupled	systems

Additional		challenges:	

Few-body in Lattice QCD

Euclidean	space	computation	->	no	easy	access	to	
scattering	amplitudes

Computation	in	a	finite	box	with	periodic	boundary	
condition	->	finite	volume	effects

Mission



LQCD: multiple energy levels

16
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The connection of Bloch wave vector Q to total momen-
tum of system P is given by Q = P

2�
for two-particle

system and Q = P
3�

for three-particle system, where
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q
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s
(s is the invariant mass of two- or three-

particle system). The generalized expansion coe�cients
of Green’s function matrix elements for an deformed box
now reads
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where P�

Q = {q 2 R3
|q = 2⇡

L
�
�1n + Q, for n 2 Z

3
}.

With the definition of generalized g
(Q)
jmj

(k) in Eq.(B16),

one can prove that the matrix elements M(Q)
JM,J 0M 0 given

in Eq.(B6) is equivalent to the definition of coe�cient
functions M

d
lm,l0m0 in Eq.(89) in [8], they di↵er only by

adoption of di↵erent regularization scheme of divergence.
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Recent development of Variational 
approach to particles interaction in 

finite volume
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QM in 1D: particle propagating through a periodic potential

Secular	equations:	a	numerical	framework
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non-compact kernel
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Variational approach is a general framework to 
few-body problem in finite volume

Solving finite volume homogeneous equation directly 
might be more practical for lattice data fitting

Short Summary of variational approach P.Guo, M.Doering and A.Szczepaniak,  
PRD98(2018)094502 

P.Guo, arXiv:1908.08081[hep-lat]

Mapping out both infinite volume dynamics and 
allowed energy levels are not easy
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Lattice toy model check

Dynamics of Heavy-light three-body system:
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Introduction Mass of the proton Finite temperature QCD transition Summary

Lattice Lagrangian: gauge fields
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Z. Fodor Ab initio calculations in lattice QCD
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Lattice toy model check

Three	parameters	in	the	model:	mass	of	light	boson,	
coupling	strengths:	U0	and	V0

Lattice model simulation:
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Lattice toy model check

One	light	particle	spectra	->	mass	of	light	boson	+	U0 
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Lattice toy model check

One	light	particle	Dynamics	on	lattice	with	finite	lattice	spacing	(a=1):

As lattice spacing a ->0
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Lattice toy model check

	Two	light	particle	Dynamics	on	lattice	with	finite	lattice	spacing	(a=1):
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Lattice toy model check

Two	light	particles	Dynamics	on	lattice	with	finite	lattice	spacing	(a=1):
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Quantization	condition	of	three-body	interaction:
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Summary and outlook

Diagnosis	of	sanity	level:
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Summary and outlook

More sanity check: Extension to include coupled channels 
and resonances

Diagnosis	of	sanity	level:


