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The Problem

• Apart from the nucleon, hadrons of most phenomenological interest are
resonances

• Resonance states cannot
be identified with a single
energy eigenstate of the lattice
Hamiltonian

• The method of choice is to
compute mass and width from
the volume dependence of the
energy levels

Lüscher, Wiese ∆ → Nπ



This Talk

ρ(770) → ππ

∆(1232) → Nπ
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Benchmark Calculation

– Nf = 2 clover fermions

– Physical quark masses

– Extension of formalism to arbitrary total momenta ~P (representations of H(4))



Challenges

σ(440) → ππ

κ(800) → Kπ

f0(965) → ππ

→ KK̄

a0(999) → πη

→ KK̄
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Tetraquarks ?

’t Hooft et al.



Baryon Resonances

N(1440) → Nπ Roper

∆π

Nη

N
∗
(1535) → Nπ

Nη

...
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Shortcut

– Compute energy levels on the lattice

– Match with energy levels computed

from HBChPT in finite volume

Meißner et al.

Extension of Lüscher formalism
to multichannel resonances in
progress



Action

S = SG + SF

SG = β
X

x,µ<ν

“

1 − 1

3
Re TrUµν(x)

”

SF =
X

x

n

ψ̄(x)ψ(x) − κ ψ̄(x)U
†
µ(x− µ̂)[1 + γµ]ψ(x− µ̂)

− κ ψ̄(x)Uµ(x)[1 − γµ]ψ(x+ µ̂) − 1

2
κ cSW g ψ̄(x)σµνFµν(x)ψ(x)

o

Clover Fermions

Nf = 2



Landscape



Scale
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r=r0

= 1.65 r0 = 0.47(1) fm



Rho

Interpolating fields

ρi = q̄γiq|0〉 →
r

2

3
|3S1〉 +
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1

3
|3D1〉

ρ
0
i = q̄γ0γiq|0〉 →

r

1

3
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3
|3D1〉 Glozman, Lang & Limmer

Green function

 

ρ †
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ρ0†
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↓

G
P
m(x, k) → k2

4π
M

P
mm′(k) j1(kx)Y1m′(θ, φ) ~P =

2π

L
~n , ~n ∈ Z
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Phase

det
h

e
2iδ11(M − i) − (M + i)

i

= 0



~P/|~P | ~Γ = ~γ, γ0~γ cot δ11
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Hypothetical Energy Levels

Effective range formula

k3

E
cot δ11(k) =

24π

g2
ρππ

“

k
2
ρ − k

2
”

E = 2
q

k2 +m2
π , kρ =

1

2

q

m2
ρ − 4m2

π

Γρ =
g2
ρππ

6π

k3
ρ

m2
ρ

Γρ = 146 MeV ⇒ gρππ = 5.9

Free energy levels

E = 2
q

k2 +m2
π , k =

2π|~n|
L

, ~n ∈ N
3

E

mπ

= 2

s

1 +
(2π~n)2

(mπL)2



~P = 0 – physical mπ,mρ and Γρ

- - - free case

| {z }

Useful region
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Delta

Very preliminary



Summary

• Simulations at the physical pion mass with Wilson-

type fermions progressing

• Improvement of algorithms

• Increase ofcomputing power

• QPACE

• Benchmark calculation of ρ resonance parameters

successful

Precision of the calculation largely question of

statistics

Ideal volume : mπL = 2−4

≈ 3 − 6 fm

• Calculation of ∆ resonance parameters will follow

shortly

Lowest energy level E sufficient

• To go beyond elastic ρ and ∆ resonances, Lüscher formalism needs to be extended to

multi-channel case


