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Study ρ meson on Lattice QCD
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Motivation

Resonance
(Mass , Width, Pole position, Coupling)

Experimental 

Observable

QCD theory

Confinement

Asymptotic 

freedom

Perturbative

Non-perturbative

?

Partial Wave Analysis

With various Model:

Such as Breit-Wigner Form,

Flatte Form, Coupled Channel

Form, and so on
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Motivation: Spectrum & Scattering 

• Spectrum:  Table of the energy of the physical states, can reflect the 

inner structure information. 

• Scattering:  The line shapes of Cross section or T-matrix show the 

properties of the states and interaction.

• These observables can constrain the models.

Powerful Parameters, Powerful Model
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Motivation: Scattering 

• 𝑇−1 𝐸 ~ 𝐸 −𝑚𝑖 − Σ E

= 𝐸 −𝑚𝑖 − Re Σ E − iIm Σ E

• 𝑇−1 𝐸 ~ 𝐸 −𝑚𝑖 − Re Σ E + 𝑖Γ(𝐸)/2

• 𝑚𝑝ℎ𝑦𝑠= 𝑚𝑖 + Re Σ E

= 𝑚0 + 𝑎𝑚𝜋
2 +⋯+ Re Σ E
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The dimension of 𝒎𝝅

Lattice Spectrum !!!
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Motivation: π mass dependence 
• The ρ is the best one!

• The largest lattice 

data of ρ.

• The lowest state can 

decay through 

strong interaction.

• We almost clearly 

understand ρ.



Motivation: π mass dependence 
• The ρ is the best one!

• The largest lattice 

data of ρ.

• The lowest state can 

decay through 

strong interaction.

• We almost clearly 

understand ρ.

However
Lattice spacing effect, 

Fermion action effect…

We need a systematic Lattice 

data group to study ρ ! 



Lattice QCD introduction
1. QCD theory: on a box in the Euclid four space

2. a -> UV cutoff, Nsa -> Infrared truncation

3. Lattice QCD -> a model of statistical physics.

Φ: field quantity, S[ϕ]: Action, O[ϕ]:physical quantity

4. Monte Carlo method

5. Three steps for Lattice QCD to real world 

a，Configuration

b，Measurement

c，Transformation
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ρ meson spectra on LQCD -- Configuration

CLQCD, PRD109 

(2024) 5, 054507

Spacing (fm)

135

220

300

0.052 0.077 0.105

24

32

32

48

48

32

48

48

64

𝜋 mass (MeV)



ρ meson spectra on LQCD -- Operator



ρ meson spectra on LQCD -- correlation function

Computed based on wick 

contraction and quark 

propagator calculated 

based on the configuration.

To parameterize the 

correlation function !

Energy level in the 

finite volume

Kiratidis, et al., PRD 91, 094509 (2015)

• Solve the generalized eigenvalue problem(GEVP)



ρ meson spectra on LQCD -- Spectra

Configuration: F48P30

There are 8 different spectra 

with different total 

momentum and irreps, 

including following 

irreducible representations.:

𝑝2 = 0 :   𝑇1
−, 

𝑝2 = 1 :   𝐴1 and 𝐸2, 

𝑝2 = 2 :   𝐴1, 𝐵1 and 𝐵2, 

𝑝2 = 3 :   𝐴1,

𝑝2 = 4 : 𝐴1. 



ρ meson spectra on LQCD -- Spectra



ρ meson spectra on LQCD -- Spectra

𝑚𝜋 ~ 300 MeV ~ 220 MeV ~ 135 MeV ~ 300 MeV ~ 220 MeV ~ 300 MeV

a ~ 0.105 fm a ~ 0.077 fm

a ~ 0.052 fm



ρ meson spectra on LQCD -- Phase shift of ππ 

𝑬𝒄𝒎 = 𝑬𝟎𝟎𝟏
𝟐 − 𝟒𝝅𝟐/𝑳𝟐 = 𝟎. 𝟑𝟒/𝒂 𝟐 − 𝟒𝝅𝟐/(𝟒𝟖𝒂)𝟐= 𝟕𝟕𝟏 𝐌𝐞𝐕



ρ meson spectra on LQCD -- Phase shift of ππ 



ρ meson spectra on LQCD -- Phase shift of ππ 



ρ meson spectra on LQCD -- M & Γ of ρ meson 

Spacing (fm)

135

220

300

0.052 0.077 0.105

828/49 794/48 748/42

754/110 722/75

716/153



ρ meson spectra on LQCD -- M & Γ of ρ meson 



ρ meson spectra on LQCD -- Phase shift of ππ 

HEFT



Introduction of HEFT

HEFT

Lattice 

Spectrum

Resonance
(Mass , Width, Pole position, Coupling)

T matrix

(Phase Shifts, 

inelasticity)

0 IH H H 

2 2 2 2

0 1 2

1,

( ) ( )i i i

i n

H B m B k m k m k k     


 


     
  

, ,

1,

,

,

ˆ ˆ

ˆ ( ) ( )

ˆ ( ) ( )

I

i i i i

i n

H g v

g k g B B g k

v k v k

   


   
 

 

 





 

   







|Bi>         bare state， bare mass mi 

|(k)>    non-interaction channels

J. M. M. Hall etc. PRD 87(2013), 094510

J.-j. Wu etc. PRC90 (2014), 055206

Y. Li etc. PRD 101(2020), 114501

PRD 103(2021), 094518
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Introduction of HEFT



ρ meson spectra on LQCD -- Phase shift of ππ 

HEFT

Lattice 

Spectrum

Resonance
(Mass , Width, Pole position, Coupling)

T matrix

(Phase Shifts, 

inelasticity)

• Three free parameters, 𝑚𝜌
𝐵,𝑔𝜌𝜋𝜋,Λ𝜌𝜋𝜋

• Here we take 𝑔𝜌𝜋𝜋,Λ𝜌𝜋𝜋 as constant for 

different 𝑚𝜋 and 𝑎.

• But 𝑚𝜌
𝐵 is pion mass dependence.  



ρ meson spectra on LQCD -- Phase shift of ππ 

• Three free parameters, 𝑚𝜌
𝐵,𝑔𝜌𝜋𝜋,Λ𝜌𝜋𝜋

• Here we take 𝑔𝜌𝜋𝜋,Λ𝜌𝜋𝜋 as constant for 

different 𝑚𝜋 and 𝑎.

• But 𝑚𝜌
𝐵 is pion mass dependence.  

MeV



Summary 24

We using CLQCD configuration measure the 

rho meson mass and width at the physical pion 

mass and continuum limit with the highest 

precision up to now!



Thanks for attention!


