
Setup MC Pion

Plots

Rome II group
ETM Collaboration

Florence – Feb. 2007

Florence - Feb.07 ToV Plots



Setup MC Pion

Simulations: setup

β target a [fm] L3 · T κcrit aµ Ntraj target mPS [MeV]

4.05 ∼ 0.075 323 · 64 0.15701 0.0030 5000 ∼ 270
0.0060 5000 ∼ 380
0.0080 3600 ∼ 430
0.0120 2400 ∼ 530

3.9 ∼ 0.09 243 · 48 0.160856 0.0040 10000 ∼ 300
0.0064 5000 ∼ 380
0.0085 5000 ∼ 440
0.0100 5000 ∼ 480
0.0150 5000 ∼ 580

323 · 64 0.0040 5000 ∼ 300
3.8 ∼ 0.11 203 · 48 0.164099 0.0060 3900 ∼ 290

0.0090 3600 ∼ 390
0.0120 5000 ∼ 450
0.0150 3300 ∼ 510

Florence - Feb.07 ToV Plots



Setup MC Pion Plaquette mPCAC

Monte Carlo histories of plaquette
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Setup MC Pion Plaquette mPCAC

Monte Carlo history of mPCAC β = 3.9
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Setup MC Pion Plaquette mPCAC

amPCAC vs. aµ β = 3.9
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Setup MC Pion Plaquette mPCAC

amPCAC vs. aµ β = 4.05
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Setup MC Pion Plaquette mPCAC

amPCAC vs. aµ β = 3.8
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Setup MC Pion χPT fit χPT Plots

Pion: decay constant and χPT fits

Pseudo-scalar decay constant:

fPS =
2µ

m2
PS

|〈0|P1(0)|π〉|

fit to continuum Nf = 2 χPT at NLO

[Gasser, Leutwyler, 1987; Colangelo et al., 2005]

m2
PS(L) = 2B0µ

»
1 +

1

2
ξg̃1(λ)

–2 h
1 + ξ log(2B0µ/Λ2

3)
i

,

fPS(L) = F [1 − 2ξg̃1(λ)]
h

1 − 2ξ log(2B0µ/Λ2
4)

i
where ξ = 2B0µ/(4πF)2 , λ =

p
2B0µL2 , g̃1(λ) is a known function

fit parameters: B0, F , Λ3 and Λ4

extract low-energy constants: l̄3,4 ≡ log(Λ2
3,4/m2

π)
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Setup MC Pion χPT fit χPT Plots

Pion sector: afPS vs. aµ β = 3.9
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Setup MC Pion χPT fit χPT Plots

Pion sector: m2
PS/µ vs. µ β = 3.9
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Setup MC Pion χPT fit χPT Plots

Pion: results from χPT fits β = 3.9

m2
PS(L) = 2B0µ

»
1 +

1

2
ξg̃1(λ)

–2 h
1 + ξ log(2B0µ/Λ2

3)
i

fPS(L) = F [1 − 2ξg̃1(λ)]
h

1 − 2ξ log(2B0µ/Λ2
4)

i
where ξ = 2B0µ/(4πF)2 , λ =

p
2B0µL2

L = 24 L = 32 (for aµ = 0.0040)

2aB0 = 4.99(6) 2aB0 = 4.66(10)

aF = 0.0534(6) aF = 0.0758(17)

log(a2Λ2
3) = −1.93(10) log(a2Λ2

3) = −2.09(12)

log(a2Λ2
4) = −1.06(4)

χ
2
/dof = 3.5/4 ∼ 0.9 χ

2
/dof ∼ 1.2

The “physical point” aµπ is determined by requiring
mPS/fPS = 139.6/130.7 = 1.068  we get: aµπ = 0.00078(2)

Taking fπ = 130.7 MeV, we obtain a = 0.087(1) fm

Using r0/a = 5.22(2) we get: r0 = 0.454(7) fm

We determine : l̄3,4 ≡ log(Λ2
3,4/m2

π)
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Setup MC Pion χPT fit χPT Plots

Pion: low-energy constants β = 3.9

Determinations of l̄3,4 ≡ log(Λ2
3,4/m2

π)

l̄3 = 3.65± 0.12 (with L = 24)

l̄3 = 3.49± 0.12 (with L = 32)

l̄4 = 4.52± 0.06

Other estimates [Leutwyler, hep-ph/0612112]

l̄3 :

� l̄3 = 2.9± 2.4 from the mass spectrum of the pseudoscalar octet

� l̄3 = 0.8± 2.3 from MILC

� l̄3 = 3.0± 0.6 from lattice CERN group
l̄4 :

• l̄4 = 4.3± 0.9 from fK /fπ

• l̄4 = 4.4± 0.2 from the radius of the scalar pion form factor

• l̄4 = 4.0± 0.6 from MILC
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Setup MC Pion χPT fit χPT Plots

Pion sector: m2
PS/µ vs. µ β = 4.05
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Setup MC Pion χPT fit χPT Plots

Pion sector: m2
PS/µ vs. µ β = 3.9
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Setup MC Pion χPT fit χPT Plots

Pion sector: m2
PS/µ vs. µ with L = 32 β = 3.9
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Setup MC Pion χPT fit χPT Plots

Pion sector: m2
PS/µ vs. µ β = 3.8
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Setup MC Pion χPT fit χPT Plots

Pion sector: r0m2
PS/µ vs. r0µ
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Setup MC Pion χPT fit χPT Plots

Pion sector: r0fPS vs. r0µ
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Setup MC Pion χPT fit χPT Plots

Comparison β = 3.9 aµ = 0.0040

0.132

0.133

0.134

0.135

0.136

0.137

0.138

0.064

0.065

0.066

0.067

0.068

0.00116

0.00118

0.00120

0.00122

0.00124

am
PS

a f
PS

a
3
m

PS

2 
 f

PS

raw (L=24)

with FSE (L=24)
raw extended (L=24)

raw (L=32)  Carsten
raw (L=32)  Petros

Florence - Feb.07 ToV Plots



Setup MC Pion χPT fit χPT Plots

Monte Carlo histories of plaquette
β = 3.9 aµ = 0.0040 BG/L and apeNEXT
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Setup MC Pion χPT fit χPT Plots

Monte Carlo histories of plaquette

β = 3.9 aµ = 0.0040 BG/L and apeNEXT
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Setup MC Pion χPT fit χPT Plots

Monte Carlo histories of plaquette
β = 3.9 aµ = 0.0040 BG/L and apeNEXT
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Setup MC Pion χPT fit χPT Plots

Monte Carlo histories of plaquette
β = 3.9 aµ = 0.0040 BG/L and apeNEXT

-0.4

-0.2

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  200  400  600  800  1000

C(
t co

r)/
C(

0)

tcor

BGL: last 1500 meas
APENEXT: first 1500 meas

Autocorrelation function: 1500 traj.
τ B

int = 18(10)

τA
int = 8(3)

Florence - Feb.07 ToV Plots



Setup MC Pion χPT fit χPT Plots

Monte Carlo histories of plaquette
β = 3.9 aµ = 0.0040 BG/L and apeNEXT
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