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ρ

• Resonane in the L = 1, I = 1, ππ sattering hannel

• Mρ = 775.5 MeV

• Γρ = 150 MeV
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Sattering in �nite volume
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Lüsher's method

In �nite volume, ππ states have disrete energy levels E

L

.

Lüsher's method

Energy levels in

�nite volume

←→ Sattering phase-shift

in in�nite volume
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=⇒ strong oupling between ρ and exited 2π states at low mπ
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Exited states extration

• Compute on the lattie the matrix of orrelators

C

ij

(t) = 〈O
i

(t) Ō
j

(0)〉

with {O
i

} a set of independent appropriate interpolators.

• Solve the generalized eigenvalue problem

C (t)ψ = λ(t, t
0

) C (t
0

)ψ

• Then λ(n)(t, t
0

) ∼ e

−E

n

(t−t

0

)
at large t determines the

energies
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Phase shift
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In pratie
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Lattie QCD setup

Lattie ations

• Gauge ation: tree-level O

(

a

2

)

-improved Symanzik ation

• Fermion ation: tree-level O (a)-improved Wilson fermions,

N

f

= 2+ 1, 2 steps of HEX gauge links smearing

Gauge on�gurations

5 independent gauge ensembles from the BMW-:

• mπ from 135 MeV to 300 MeV

• 3 volumes from (3.7 fm)3 to (5.6 fm)3

• 2 lattie spaings (0.12 fm and 0.08 fm)

• mπL & 4
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Interpolating operators

Work in the enter-of-mass frame.

2 to 5 independent operators with ρ quantum numbers:

• Oρ = ū γ
i

u − d̄ γ
i

d

• Oππ(~p): bak-to-bak π with up to 4 lattie momenta

Inversions and ontrations

• stohasti soures

• generalized propagators

→ high pu ost (between 2M and 10M ore-h per ensemble on

BG/Q)
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Results
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Plateaus
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Parametrization of the ρ resonane

Breit-Wigner resonane

Assume narrow resonane dominating ππ sattering. Then

sin

2 δ ≃
Γ2ρ

4(E −M

2

ρ)
2 + Γ2ρ

E�etive interation Lagrangian

Provides a onvenient parametrization of the resonane

L
int

= gρππ ǫ
ab

ρaµ π
b∂µπ

=⇒ sin

2 δ (gρππ, Mρ)
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Resonane on the lattie
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gρππ and Mρ

0
2

0,2
2

0,283
2

0,346
2

0,4
2

0,447
2

0,49
2

mπ
2
 (GeV

2
)

0

1

2

3

4

5

6

7

8

9

10

gρππ

0.14
2

this work
exp.

ρππ  coupling from lattice QCD
gρππ(lattice)=5.6±0.5

0
2

0,2
2

0,283
2

0,346
2

0,4
2

0,447
2

0,49
2

mπ
2
 (GeV

2
)

500

600

700

800

900

1000

1100

1200

1300

Mρ

(MeV)

0.14
2

Mρ from lattice QCD

Thibaut METIVET Lattie study of ππ sattering 17 / 21



Introdution Sattering in �nite volume In pratie Results Conlusion

gρππ and Mρ

0
2

0,2
2

0,283
2

0,346
2

0,4
2

0,447
2

0,49
2

mπ
2
 (GeV

2
)

0

1

2

3

4

5

6

7

8

9

10

gρππ

0.14
2

S. Aoki et al., Phys.Rev.D84 (2011) 094505
X. Feng et al., Phys.Rev. D83 (2011) 094505
C. Pelissier et al., Phys.Rev. D87 (2013) 014503
J. Dudek et al., Phys.Rev. D87 (2013) 3, 034505
C.B. Lang et al., Phys.Rev. D84 (2011) 054503
this work
exp.

ρππ  coupling from lattice QCD
gρππ(lattice)=5.6±0.5

0
2

0,2
2

0,283
2

0,346
2

0,4
2

0,447
2

0,49
2

mπ
2
(GeV

2
)

600

800

1000

1200

Mρ

(MeV)

0.14
2

Mρ from lattice QCD

Thibaut METIVET Lattie study of ππ sattering 18 / 21



Introdution Sattering in �nite volume In pratie Results Conlusion

Conlusion
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Conlusion

Results

• �rst lattie omputation of the ρ resonane parameters at the

physial π mass

• good agreement with experiment

• on�rmation of the very weak dependene of gρππ on the

pion mass

Current investigations

• ontinuum extrapolation

• analysis of the pion mass dependene of Mρ

• systemati error analysis

• improve statistis ? (omputationally expensive)
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Appendix

Gauge ensembles

β L

3

xT a[fm℄ mπ[MeV℄ # onfs

3.31 48

3

x48 0.12 135 483

3.31 32

3

x48 0.12 210 225

3.31 32

3

x48 0.12 300 451

3.61 48

3

x48 0.08 220 200

3.61 48

3

x48 0.08 255 210
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Appendix

Plateaus
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