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For more detailed reviews, please refer to:

• “Hadron spectroscopy” 

Sasa Prelovsek, 

plenary talk given in the Lattice 2014 conference

https://indico.bnl.gov/contributionListDisplay.py?confId=736

• “Hadron Spectroscopy”

Sasa Prelovsek, arXiv:1411.0405 (hep-lat)
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I. Introduction

1. The lattice formulation of QCD---Lattice QCD

Dominated in the present era



2. The methods for the hadron spectroscoapy in lattice QCD

• Two-point functions --- Observables  



Comparison of the hadron spectra

Euclidean spacetime lattice Minkowski continuum spacetime

One particle states

Multiple particle states 

with discrete relative spatial 

Momentum (scattering 

States in a finite volume

All the energies are 

Discretized. 

Stable particles

Bound states of hadrons

Resonances

Continuum scattering states

Luescher’s Relation:

Resonances

Bound states 



3. Present status 

Taken from S. Prelovsek’s talk

• Experimental hadron spectroscopy --- most are resonances



Brambilla et al., arXiv:1404.2723

• Experimental hadron spectroscopy --- XYZ particles





II. Single-particle Treatment of 

the Hadron Spectrum from Lattice QCD 

• Just quark bilinear (for mesons) operators 

• All the hadrons are taken as stable states

• QCD ground states are reproduced very well

• This treatment is going to the history for the 

near-threshold hadrons and those above the 

threshold.



1. Light hadron spectrum

Expemerimental spectrum is well reproduced by (lattice) QCD

Single-particle treatment, all systematic uncertainties are under

control..



• Latest charmonium spectrum from lattice QCD

• Single-particle threatment

• Spectrum compatible with the 𝒏 𝟐𝑺+𝟏𝑳𝑱 multiplet assignment in QM

Liu et al. [HSC], JHEP 07 (2012)126, arXiv:1204.5425

2. Charmonium spectrum



Dudek et al. [Hadron Spectrum Coll.]

PRD88(2013)094505,arXiv:1309.2608

3. Isocalar meson spectrum 

4. Baryon spectrum

Bulava et al. [Hadron Spectrum Coll.]

PRD82(2010)014507, arXiv:1004.5072

Lin, CJP49(2011), arXiv:1106.1608 (a review article)

• Similar to charmonium

• In addition,



III.  Bound State and Resonance Study 

• Near and above threshold mesons

• Possible multi-quark states

• More operators (including multi-hadron operators)

• Hadron-hadron scattering

• Bound state identification and Resonance parameters



1. X(3872)



X(3872)

Lattice 1

Lattice 2

Exp.

DeTar&Lee. Lattice 2014

Exp. : A. Tomaradze et al.,  

arXiv:1501.01658 (hep-ex)

Prelovsek&Leskovec, PRL111(2013)192001

Evidence for X(3872)



2. Ds*(2317) and Ds*(2460) 

• Ds*(2317) and Ds*(2460) are slightly below

the DK and D*K thresholds, respectively.

• QM predicts the masses of 0+ and 1+ Ds

mesons are higher than these thresholds.

• They might be shallow bound states of DK

and D*K in the s-wave. 

• A large and negative scattering length a0

can be an indication of a shallow bound state.
Mohler et al. PRL’13, 1308.3175

Lang et al. arXiv: 1403.8103



Taken from S. Prelovsek’s talk







3. Hadron resonances

Breit-Wigner ansatz





Couple-channel treatment is used for the first time to 

the study of hadron-hadron scattering 



IV. Conclusions

Last several years witness a rapid progress in the lattice QCD study

on the hadron spectroscopy

• The lowest-lying hadron spectrum is well reproduced with 

rigorously controlled systematic uncertainties.

---testifying QCD?

• Quite a few hadron resonances are investigated through the 

hadron-hadron scattering study.

• Shed light on the nature of the near-threshold states such as

X(3872), Ds*(2317), Ds(2460)

• There are still many challenges:

scalar mesons

glueballs and hybrids

XYZ particles above thresholds



Thanks!



II.  Glueballs on the lattice

I). Glueball mass spectrum

• Quenched LQCD predicts glueball spectrum
Lowest-lying glueballs have masses in the range 1~3GeV

Y. Chen et al,      Phys. Rev. D 73, 014516 (2006) 



• Latest results of glueball masses from 2+1 flavor
dynamical lattice QCD study, which confirm the prediction
of the quenched lattice QCD.
[E.Gregory et al, JHEP 10 (2012) 170, 
arXiv:1208.1858(hep-lat)]

Open circles are full-QCD results, and the filled squares 
are from quenched lattice QCD studies



Linearly combine the correlation functions with different r 
we can eliminate the conventional vector charmonium and 
get a relatively clean signal of the exotic vector meson.


