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Simulations

• 4 flavour twisted mass fermion action: mass 
degenerate light doublet, mass split heavy 
doublet: Nf=2+(1+1)

• Iwasaki gauge action

• PHMC algorithm

• Runs without stout, some tests of stout
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〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)
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∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd
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(11)

Q(χ)
l ≡ ∂xy(
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χl, χ̄l (13)
(14)
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Light doublet as in Nf = 2:
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Twisted basis:

• Nf=2+1+1 twisted mass Wilson fermions: 
arXiv:hep-lat/0606011v1 (Chiarappa et al.)
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amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π
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(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π
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⇔ κ = κc (27)

aµσ, aµδ (28)




ψ̄(d)γ5ψ(s)

ψ̄(d)γ5ψ(c)

ψ̄(d)ψ(s)

ψ̄(d)ψ(c)



 =
1
2





clch slsh −islch +iclsh

slsh clch +iclsh −islch

−islch +iclsh clch slsh

+iclsh −islch slsh clch









ZP χ̄(d)γ5χ(s)

ZP χ̄(d)γ5χ(c)

ZSχ̄(d)χ(s)

ZSχ̄(d)χ(c)



 (29)

cl = cos(ωl/2) sl = sin(ωl/2) ch = cos(ωh/2) sh = sin(ωh/2) (30)
amπ afπ amK (31)
(r0mPS)2 r0fPS (32)

Nf = 2, β = 3.9 Nf = 2 + 1 + 1, β = 1.9 (33)
ρ = 0.15 α = 0.15 (34)

Nxy ≡ −
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµγµ (35)

Rxy ≡ −
r

2

±4∑

µ=±1

∂x,y+µ̂Uyµ (36)

m̃0l = 1/κl ∼ (37)
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arXiv:hep-lat/0311008v2 (Frezzotti, Rossi) 

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

(17)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

(17)

1

amPCAC → 0 κl → κl,cr ω̄l → 0 (19)
aµl (20)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (21)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (22)

ωl =
π

2
(23)

2

amPCAC → 0 κl → κl,cr ω̄l → 0 (19)
aµl (20)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (21)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (22)

ωl =
π

2
(23)

2

amPCAC → 0 κl → κl,cr ω̄l → 0 (19)
aµl (20)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (21)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (22)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(23)

(24)

2

Introduction   -   Theory   -   Tuning   -   Nf=2 vs Nf=2+1+1   -   Stout tests   -   Conclusions

July 12, 2008

Abstract

1

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (1)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (2)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (3)

χl, χ̄l (4)

ψl ≡
1√
2
(1 + iγ5τ3)χl ψ̄l ≡ χ̄l

1√
2
(1 + iγ5τ3) (5)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (6)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (7)

κh = κl (8)

Sl = χ̄lQ
(χ)
l χl (9)

χl =
( χu

χd

)
(10)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (11)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (12)

µκl =
1

2κl
(13)

Sh = χ̄hQ(χ)
h χh (14)

χh =
( χc

χs

)
(15)

amPCAC 1/2κ (16)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (17)

1

July 12, 2008

Abstract

1

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (1)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (2)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (3)

χl, χ̄l (4)

ψl ≡
1√
2
(1 + iγ5τ3)χl ψ̄l ≡ χ̄l

1√
2
(1 + iγ5τ3) (5)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (6)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (7)

κh = κl (8)

Sl = χ̄lQ
(χ)
l χl (9)

χl =
( χu

χd

)
(10)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (11)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (12)

µκl =
1

2κl
(13)

Sh = χ̄hQ(χ)
h χh (14)

χh =
( χc

χs

)
(15)

amPCAC 1/2κ (16)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (17)

1

amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

aµσ, aµδ (28)




ψ̄(d)γ5ψ(s)

ψ̄(d)γ5ψ(c)

ψ̄(d)ψ(s)

ψ̄(d)ψ(c)



 =
1
2





clch slsh −islch +iclsh

slsh clch +iclsh −islch

−islch +iclsh clch slsh

+iclsh −islch slsh clch









ZP χ̄(d)γ5χ(s)

ZP χ̄(d)γ5χ(c)

ZSχ̄(d)χ(s)

ZSχ̄(d)χ(c)



 (29)

cl = cos(ωl/2) sl = sin(ωl/2) ch = cos(ωh/2) sh = sin(ωh/2) (30)
amπ afπ amK (31)
(r0mPS)2 r0fPS (32)

Nf = 2, β = 3.9 Nf = 2 + 1 + 1, β = 1.9 (33)
ρ = 0.15 α = 0.15 (34)

Nxy ≡ −
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµγµ (35)

Rxy ≡ −
r

2

±4∑

µ=±1

∂x,y+µ̂Uyµ (36)

m̃0l = 1/κl ∼ (37)

2

July 12, 2008

Abstract

1

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (1)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (2)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (3)

χl, χ̄l (4)

ψl ≡
1√
2
(1 + iγ5τ3)χl ψ̄l ≡ χ̄l

1√
2
(1 + iγ5τ3) (5)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (6)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (7)

κh = κl (8)

Sl = χ̄lQ
(χ)
l χl (9)

χl =
( χu

χd

)
(10)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (11)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (12)

µκl =
1

2κl
(13)

Sh = χ̄hQ(χ)
h χh (14)

χh =
( χc

χs

)
(15)

amPCAC 1/2κ (16)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (17)

1



Tuning

6/13

• Automatic O(a) improvement at (or near) 
maximal twist

amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

(28)

2

amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

(28)

2

• 4 different values of mπ ~ 315-600 MeV

amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

aµσ, aµδ (28)

2

(done)Tune heavy doublet: 
mK ~ 500 MeV, mc ~ 10ms

Introduction   -   Theory   -   Tuning   -   Nf=2 vs Nf=2+1+1   -   Stout tests   -   Conclusions



Tuning status

7/13

3.061 3.062 3.063 3.064

−8

−6

−4

−2

0

2

4
x 10−3

1/(2κ)

a 
m

pc
ac

V=243x48,β=1.9,µσ=0.15,µδ=0.19

µ=0.004
µ=0.006
µ=0.008
µ=0.01

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

Ju
ly

9,
20

08

A
b
st

ra
ct

1

am
P

C
A

C
χ

l
≡

〈 ∂
∗ µ
A

+ l,
x
µ
P
− l,
y

〉

2
〈 P

+ l,
x
P
− l,
y

〉
(1

)

m
P

C
A

C
χ

h
≡

m
P

C
A

C
χ

c
+

m
P

C
A

C
χ

s
=

0
(2

)

S
l
≡

∑ x
,y

χ̄
l,

x
Q

(χ
)

l,
x
y
χ

l,
y

(3
)

Q
(χ

)
l,

x
y
≡

∂ x
y
(µ

k
l
+

iγ
5
τ 3

aµ
l)
−

1 2

±
4

∑ µ
=
±

1

∂ x
,y

+
µ̂
U

y
µ
[r

+
γ µ

]
(4

)

χ
l,

χ̄
l

(5
)

ψ
l,

x
≡

1 √
2(1

+
iγ

5
τ 3

)χ
l,

x
ψ̄

l,
x
≡

χ̄
l,

x
1 √
2(1

+
iγ

5
τ 3

)
(6

)

Q
(χ

)
l

=
µ

κ
l
+

iγ
5
τ 3

aµ
l
+

N
+

R
(7

)

Q
(χ

)
h

=
µ

κ
h

+
iγ

5
τ 1

aµ
σ

+
τ 3

aµ
δ
+

N
+

R
(8

)
κ

h
=

κ
l

(9
)

S
l
=

χ̄
lQ

(χ
)

l
χ

l
(1

0)

χ
l
=

(
χ

u

χ
d

)
(1

1)

Q
(χ

)
l
≡

∂ x
y
(

1 2κ
l
+

iγ
5
τ 3

aµ
l)
−

1 2

±
4

∑ µ
=
±

1

∂ x
,y

+
µ̂
U

y
µ
[r

+
γ µ

]
(1

2)

χ
l,

χ̄
l

µ
l
=

0.
00

4
µ

l
=

0.
00

6
µ

l
=

0.
00

8
µ

l
=

0.
01

(1
3)

µ
κ

l
=

1 2κ
l

(1
4)

S
h

=
χ̄

h
Q

(χ
)

h
χ

h
(1

5)

χ
h

=
(

χ
c

χ
s

)
(1

6)

am
P

C
A

C
1/

2κ
(1

7)
V

=
24

3
×

48
,β

=
1.

9,
aµ

σ
=

0.
15

,a
µ

δ
=

0.
19

(1
8)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

Introduction   -   Theory   -   Tuning   -   Nf=2 vs Nf=2+1+1   -   Stout tests   -   Conclusions



Current runs

8

aμl 0.004 0.006 0.008 0.01

traj (τ=1) ~5000 ~200 ~850 ~950

ampcac (e-5) -29(40) 61(56) 28(28) -12(54)

κc 0.16327 0.16323 0.16326 0.163255

/13

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

Introduction   -   Theory   -   Tuning   -   Nf=2 vs Nf=2+1+1   -   Stout tests   -   Conclusions



PRELIMINARY

mπ

9

0 0.004 0.006 0.008 0.01
0

0.05

0.1

0.15

0.2

 

 

amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

aµσ, aµδ (28)




ψ̄(d)γ5ψ(s)

ψ̄(d)γ5ψ(c)

ψ̄(d)ψ(s)

ψ̄(d)ψ(c)



 =
1
2





clch slsh −islch +iclsh

slsh clch +iclsh −islch

−islch +iclsh clch slsh

+iclsh −islch slsh clch









ZP χ̄(d)γ5χ(s)

ZP χ̄(d)γ5χ(c)

ZSχ̄(d)χ(s)

ZSχ̄(d)χ(c)



 (29)

cl = cos(ωl/2) sl = sin(ωl/2) ch = cos(ωh/2) sh = sin(ωh/2) (30)

2

am
P

C
A

C
→

0
κ

l
→

κ
l,

cr
ω̄

l
→

0
(1

8)
aµ

l
(1

9)

ψ
h
≡

1 √
2(1

+
iγ

5
τ 1

)χ
h

ψ̄
h
≡

χ̄
h

1 √
2(1

+
iγ

5
τ 1

)(
20

)

ψ
p
h

y
s

l
=

e
i 2
ω̄

l
γ
5
τ 3

ψ
l

ψ
p
h

y
s

l
=

e
i 2
ω

l
γ
5
τ 3

χ
l
(2

1)

ω
l
=

π 2
ψ

p
h

y
s

h
=

e
i 2
ω

h
γ
5
τ 1

χ
h

ω
h

=
π 2

(2
2)

am
P

C
A

C
χ

l
≡

〈 ∂
∗ µ
A

+ l,
x
µ
P
− l,
y

〉

2
〈 P

+ l,
x
P
− l,
y

〉
(2

3)

τ ±
=

τ 1
±

iτ
2

(2
4)

A
a l,

x
µ
≡

χ̄
l,

x
1 2τ a

γ µ
γ 5

χ
l,

x
(2

5)

P
a l,
x

=
χ̄

x
1 2τ a

γ 5
χ

l,
x

(2
6)

am
P

C
A

C
=

0
⇔

ω
l
=

π 2
⇔

κ
=

κ
c
(2

7)

aµ
σ
,a

µ
δ
(2

8)
   

ψ̄
(d

) γ
5
ψ

(s
)

ψ̄
(d

) γ
5
ψ

(c
)

ψ̄
(d

) ψ
(s

)

ψ̄
(d

) ψ
(c

)

   
=

1 2

   

c l
c h

s l
s h

−
is

lc
h

+
ic

ls
h

s l
s h

c l
c h

+
ic

ls
h
−

is
lc

h

−
is

lc
h

+
ic

ls
h

c l
c h

s l
s h

+
ic

ls
h
−

is
lc

h
s l

s h
c l

c h

   

   

Z
P

χ̄
(d

) γ
5
χ

(s
)

Z
P

χ̄
(d

) γ
5
χ

(c
)

Z
S
χ̄

(d
) χ

(s
)

Z
S
χ̄

(d
) χ

(c
)

   
(2

9)

c l
=

co
s(

ω
l/

2)
s l

=
si

n(
ω

l/
2)

c h
=

co
s(

ω
h
/2

)
s h

=
si

n(
ω

h
/2

)(
30

)
am

π
af

π
af

K
(3

1)

2

Tuning status

7/13

3.061 3.062 3.063 3.064

−8

−6

−4

−2

0

2

4
x 10−3

1/(2κ)

a 
m

pc
ac

V=243x48,β=1.9,µσ=0.15,µδ=0.19

µ=0.004
µ=0.006
µ=0.008
µ=0.01

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

Ju
ly

9,
20

08

A
b
st

ra
ct

1

am
P

C
A

C
χ

l
≡

〈 ∂
∗ µ
A

+ l,
x
µ
P
− l,
y

〉

2
〈 P

+ l,
x
P
− l,
y

〉
(1

)

m
P

C
A

C
χ

h
≡

m
P

C
A

C
χ

c
+

m
P

C
A

C
χ

s
=

0
(2

)

S
l
≡

∑ x
,y

χ̄
l,

x
Q

(χ
)

l,
x
y
χ

l,
y

(3
)

Q
(χ

)
l,

x
y
≡

∂ x
y
(µ

k
l
+

iγ
5
τ 3

aµ
l)
−

1 2

±
4

∑ µ
=
±

1

∂ x
,y

+
µ̂
U

y
µ
[r

+
γ µ

]
(4

)

χ
l,

χ̄
l

(5
)

ψ
l,

x
≡

1 √
2(1

+
iγ

5
τ 3

)χ
l,

x
ψ̄

l,
x
≡

χ̄
l,

x
1 √
2(1

+
iγ

5
τ 3

)
(6

)

Q
(χ

)
l

=
µ

κ
l
+

iγ
5
τ 3

aµ
l
+

N
+

R
(7

)

Q
(χ

)
h

=
µ

κ
h

+
iγ

5
τ 1

aµ
σ

+
τ 3

aµ
δ
+

N
+

R
(8

)
κ

h
=

κ
l

(9
)

S
l
=

χ̄
lQ

(χ
)

l
χ

l
(1

0)

χ
l
=

(
χ

u

χ
d

)
(1

1)

Q
(χ

)
l
≡

∂ x
y
(

1 2κ
l
+

iγ
5
τ 3

aµ
l)
−

1 2

±
4

∑ µ
=
±

1

∂ x
,y

+
µ̂
U

y
µ
[r

+
γ µ

]
(1

2)

χ
l,

χ̄
l

µ
l
=

0.
00

4
µ

l
=

0.
00

6
µ

l
=

0.
00

8
µ

l
=

0.
01

(1
3)

µ
κ

l
=

1 2κ
l

(1
4)

S
h

=
χ̄

h
Q

(χ
)

h
χ

h
(1

5)

χ
h

=
(

χ
c

χ
s

)
(1

6)

am
P

C
A

C
1/

2κ
(1

7)
V

=
24

3
×

48
,β

=
1.

9,
aµ

σ
=

0.
15

,a
µ

δ
=

0.
19

(1
8)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

/13

Introduction   -   Theory   -   Tuning   -   Nf=2 vs Nf=2+1+1   -   Stout tests   -   Conclusions



Nf=2 vs Nf=2+1+1

10/13

0.2 0.4 0.6 0.8 1 1.2 1.4
0.25

0.3

0.35

0.4

0.45

 

 

N
f
=2, !=3.9

N
f
=2+1+1, !=1.9

PRELIMINARY

amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

aµσ, aµδ (28)




ψ̄(d)γ5ψ(s)

ψ̄(d)γ5ψ(c)

ψ̄(d)ψ(s)

ψ̄(d)ψ(c)



 =
1
2





clch slsh −islch +iclsh

slsh clch +iclsh −islch

−islch +iclsh clch slsh

+iclsh −islch slsh clch









ZP χ̄(d)γ5χ(s)

ZP χ̄(d)γ5χ(c)

ZSχ̄(d)χ(s)

ZSχ̄(d)χ(c)



 (29)

cl = cos(ωl/2) sl = sin(ωl/2) ch = cos(ωh/2) sh = sin(ωh/2) (30)
amπ afπ afK (31)

(r0mPS)2 r0fPS (32)

2

am
P

C
A

C
→

0
κ

l
→

κ
l,

cr
ω̄

l
→

0
(1

8)
aµ

l
(1

9)

ψ
h
≡

1 √
2(1

+
iγ

5
τ 1

)χ
h

ψ̄
h
≡

χ̄
h

1 √
2(1

+
iγ

5
τ 1

)(
20

)

ψ
p
h

y
s

l
=

e
i 2
ω̄

l
γ
5
τ 3

ψ
l

ψ
p
h

y
s

l
=

e
i 2
ω

l
γ
5
τ 3

χ
l
(2

1)

ω
l
=

π 2
ψ

p
h

y
s

h
=

e
i 2
ω

h
γ
5
τ 1

χ
h

ω
h

=
π 2

(2
2)

am
P

C
A

C
χ

l
≡

〈 ∂
∗ µ
A

+ l,
x
µ
P
− l,
y

〉

2
〈 P

+ l,
x
P
− l,
y

〉
(2

3)

τ ±
=

τ 1
±

iτ
2

(2
4)

A
a l,

x
µ
≡

χ̄
l,

x
1 2τ a

γ µ
γ 5

χ
l,

x
(2

5)

P
a l,
x

=
χ̄

x
1 2τ a

γ 5
χ

l,
x

(2
6)

am
P

C
A

C
=

0
⇔

ω
l
=

π 2
⇔

κ
=

κ
c
(2

7)

aµ
σ
,a

µ
δ
(2

8)
   

ψ̄
(d

) γ
5
ψ

(s
)

ψ̄
(d

) γ
5
ψ

(c
)

ψ̄
(d

) ψ
(s

)

ψ̄
(d

) ψ
(c

)

   
=

1 2

   

c l
c h

s l
s h

−
is

lc
h

+
ic

ls
h

s l
s h

c l
c h

+
ic

ls
h
−

is
lc

h

−
is

lc
h

+
ic

ls
h

c l
c h

s l
s h

+
ic

ls
h
−

is
lc

h
s l

s h
c l

c h

   

   

Z
P

χ̄
(d

) γ
5
χ

(s
)

Z
P

χ̄
(d

) γ
5
χ

(c
)

Z
S
χ̄

(d
) χ

(s
)

Z
S
χ̄

(d
) χ

(c
)

   
(2

9)

c l
=

co
s(

ω
l/

2)
s l

=
si

n(
ω

l/
2)

c h
=

co
s(

ω
h
/2

)
s h

=
si

n(
ω

h
/2

)(
30

)
am

π
af

π
af

K
(3

1)
(r

0
m

P
S
)2

r 0
f P

S
(3

2)

2

Tuning status

7/13

3.061 3.062 3.063 3.064

−8

−6

−4

−2

0

2

4
x 10−3

1/(2κ)

a 
m

pc
ac

V=243x48,β=1.9,µσ=0.15,µδ=0.19

µ=0.004
µ=0.006
µ=0.008
µ=0.01

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

Ju
ly

9,
20

08

A
b
st

ra
ct

1

am
P

C
A

C
χ

l
≡

〈 ∂
∗ µ
A

+ l,
x
µ
P
− l,
y

〉

2
〈 P

+ l,
x
P
− l,
y

〉
(1

)

m
P

C
A

C
χ

h
≡

m
P

C
A

C
χ

c
+

m
P

C
A

C
χ

s
=

0
(2

)

S
l
≡

∑ x
,y

χ̄
l,

x
Q

(χ
)

l,
x
y
χ

l,
y

(3
)

Q
(χ

)
l,

x
y
≡

∂ x
y
(µ

k
l
+

iγ
5
τ 3

aµ
l)
−

1 2

±
4

∑ µ
=
±

1

∂ x
,y

+
µ̂
U

y
µ
[r

+
γ µ

]
(4

)

χ
l,

χ̄
l

(5
)

ψ
l,

x
≡

1 √
2(1

+
iγ

5
τ 3

)χ
l,

x
ψ̄

l,
x
≡

χ̄
l,

x
1 √
2(1

+
iγ

5
τ 3

)
(6

)

Q
(χ

)
l

=
µ

κ
l
+

iγ
5
τ 3

aµ
l
+

N
+

R
(7

)

Q
(χ

)
h

=
µ

κ
h

+
iγ

5
τ 1

aµ
σ

+
τ 3

aµ
δ
+

N
+

R
(8

)
κ

h
=

κ
l

(9
)

S
l
=

χ̄
lQ

(χ
)

l
χ

l
(1

0)

χ
l
=

(
χ

u

χ
d

)
(1

1)

Q
(χ

)
l
≡

∂ x
y
(

1 2κ
l
+

iγ
5
τ 3

aµ
l)
−

1 2

±
4

∑ µ
=
±

1

∂ x
,y

+
µ̂
U

y
µ
[r

+
γ µ

]
(1

2)

χ
l,

χ̄
l

µ
l
=

0.
00

4
µ

l
=

0.
00

6
µ

l
=

0.
00

8
µ

l
=

0.
01

(1
3)

µ
κ

l
=

1 2κ
l

(1
4)

S
h

=
χ̄

h
Q

(χ
)

h
χ

h
(1

5)

χ
h

=
(

χ
c

χ
s

)
(1

6)

am
P

C
A

C
1/

2κ
(1

7)
V

=
24

3
×

48
,β

=
1.

9,
aµ

σ
=

0.
15

,a
µ

δ
=

0.
19

(1
8)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

Tuning status

7/13

3.061 3.062 3.063 3.064

−8

−6

−4

−2

0

2

4
x 10−3

1/(2κ)

a 
m

pc
ac

V=243x48,β=1.9,µσ=0.15,µδ=0.19

µ=0.004
µ=0.006
µ=0.008
µ=0.01

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

Ju
ly

9,
20

08

A
b
st

ra
ct

1

am
P

C
A

C
χ

l
≡

〈 ∂
∗ µ
A

+ l,
x
µ
P
− l,
y

〉

2
〈 P

+ l,
x
P
− l,
y

〉
(1

)

m
P

C
A

C
χ

h
≡

m
P

C
A

C
χ

c
+

m
P

C
A

C
χ

s
=

0
(2

)

S
l
≡

∑ x
,y

χ̄
l,

x
Q

(χ
)

l,
x
y
χ

l,
y

(3
)

Q
(χ

)
l,

x
y
≡

∂ x
y
(µ

k
l
+

iγ
5
τ 3

aµ
l)
−

1 2

±
4

∑ µ
=
±

1

∂ x
,y

+
µ̂
U

y
µ
[r

+
γ µ

]
(4

)

χ
l,

χ̄
l

(5
)

ψ
l,

x
≡

1 √
2(1

+
iγ

5
τ 3

)χ
l,

x
ψ̄

l,
x
≡

χ̄
l,

x
1 √
2(1

+
iγ

5
τ 3

)
(6

)

Q
(χ

)
l

=
µ

κ
l
+

iγ
5
τ 3

aµ
l
+

N
+

R
(7

)

Q
(χ

)
h

=
µ

κ
h

+
iγ

5
τ 1

aµ
σ

+
τ 3

aµ
δ
+

N
+

R
(8

)
κ

h
=

κ
l

(9
)

S
l
=

χ̄
lQ

(χ
)

l
χ

l
(1

0)

χ
l
=

(
χ

u

χ
d

)
(1

1)

Q
(χ

)
l
≡

∂ x
y
(

1 2κ
l
+

iγ
5
τ 3

aµ
l)
−

1 2

±
4

∑ µ
=
±

1

∂ x
,y

+
µ̂
U

y
µ
[r

+
γ µ

]
(1

2)

χ
l,

χ̄
l

µ
l
=

0.
00

4
µ

l
=

0.
00

6
µ

l
=

0.
00

8
µ

l
=

0.
01

(1
3)

µ
κ

l
=

1 2κ
l

(1
4)

S
h

=
χ̄

h
Q

(χ
)

h
χ

h
(1

5)

χ
h

=
(

χ
c

χ
s

)
(1

6)

am
P

C
A

C
1/

2κ
(1

7)
V

=
24

3
×

48
,β

=
1.

9,
aµ

σ
=

0.
15

,a
µ

δ
=

0.
19

(1
8)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

July 9, 2008

Abstract

1

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (1)

mPCAC
χh ≡ mPCAC

χc + mPCAC
χs = 0 (2)

Sl ≡
∑

x,y

χ̄l,xQ(χ)
l,xyχl,y (3)

Q(χ)
l,xy ≡ ∂xy(µkl + iγ5τ3aµl)−

1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (4)

χl, χ̄l (5)

ψl,x ≡
1√
2
(1 + iγ5τ3)χl,x ψ̄l,x ≡ χ̄l,x

1√
2
(1 + iγ5τ3) (6)

Q(χ)
l = µκl + iγ5τ3aµl + N + R (7)

Q(χ)
h = µκh + iγ5τ1aµσ + τ3aµδ + N + R (8)

κh = κl (9)

Sl = χ̄lQ
(χ)
l χl (10)

χl =
( χu

χd

)
(11)

Q(χ)
l ≡ ∂xy(

1
2κl

+ iγ5τ3aµl)−
1
2

±4∑

µ=±1

∂x,y+µ̂Uyµ[r + γµ] (12)

χl, χ̄l µl = 0.004 µl = 0.006 µl = 0.008 µl = 0.01 (13)

µκl =
1

2κl
(14)

Sh = χ̄hQ(χ)
h χh (15)

χh =
( χc

χs

)
(16)

amPCAC 1/2κ (17)
V = 243 × 48, β = 1.9, aµσ = 0.15, aµδ = 0.19 (18)

1

amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

aµσ, aµδ (28)




ψ̄(d)γ5ψ(s)

ψ̄(d)γ5ψ(c)

ψ̄(d)ψ(s)

ψ̄(d)ψ(c)



 =
1
2





clch slsh −islch +iclsh

slsh clch +iclsh −islch

−islch +iclsh clch slsh

+iclsh −islch slsh clch









ZP χ̄(d)γ5χ(s)

ZP χ̄(d)γ5χ(c)

ZSχ̄(d)χ(s)

ZSχ̄(d)χ(c)



 (29)

cl = cos(ωl/2) sl = sin(ωl/2) ch = cos(ωh/2) sh = sin(ωh/2) (30)
amπ afπ afK (31)

(r0mPS)2 r0fPS (32)
Nf = 2, β = 3.9 Nf = 2 + 1 + 1, β = 1.9 (33)

(34)

2

amPCAC → 0 κl → κl,cr ω̄l → 0 (18)
aµl (19)

ψh ≡
1√
2
(1 + iγ5τ1)χh ψ̄h ≡ χ̄h

1√
2
(1 + iγ5τ1) (20)

ψphys
l = e

i
2 ω̄lγ5τ3ψl ψphys

l = e
i
2 ωlγ5τ3χl (21)

ωl =
π

2
ψphys

h = e
i
2 ωhγ5τ1χh ωh =

π

2
(22)

amPCAC
χl ≡

〈
∂∗µA+

l,xµP−
l,y

〉

2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

aµσ, aµδ (28)




ψ̄(d)γ5ψ(s)

ψ̄(d)γ5ψ(c)

ψ̄(d)ψ(s)

ψ̄(d)ψ(c)



 =
1
2





clch slsh −islch +iclsh

slsh clch +iclsh −islch

−islch +iclsh clch slsh

+iclsh −islch slsh clch









ZP χ̄(d)γ5χ(s)

ZP χ̄(d)γ5χ(c)

ZSχ̄(d)χ(s)

ZSχ̄(d)χ(c)



 (29)

cl = cos(ωl/2) sl = sin(ωl/2) ch = cos(ωh/2) sh = sin(ωh/2) (30)
amπ afπ afK (31)

(r0mPS)2 r0fPS (32)
Nf = 2, β = 3.9 Nf = 2 + 1 + 1, β = 1.9 (33)

(34)

2

Introduction   -   Theory   -   Tuning   -   Nf=2 vs Nf=2+1+1   -   Stout tests   -   Conclusions



Stout tests
• Caveat: ongoing (statistics, algorithmic)

• V=243x48, β=1.9, aμl =0.004, one level of 
stout, ρ=0.15

• Retune κ, aµσ, aµδ

11/13

traj κ aµσ aµδ mpcac

no stout ~5000 0.16327 0.15 0.19 -29(40)e-5

stout ~2500 0.14552 0.17 0.185 -16(31)e-5
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Stout results

12/13

amπ afπ ZP/ZS

no stout 0.1447(7) 0.0656(4) 0.6539(16)
stout 0.1237(9) 0.0534(25) 0.752(9)

amN amΔ++ aΔ+

no stout 0.552(13) 0.722(21) 0.721(30)
stout 0.519(21) 0.676(35) 0.676(38)
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Conclusions

• Tuning is completed for all 4 aμl values for 
the lattices at V=243x48 at β=1.9

• Stout smearing looks promising, 
investigations ongoing

• Next: continue production runs, new lattice 
spacing, larger volume

13/13
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2
〈
P+

l,xP−
l,y

〉 (23)

τ± = τ1 ± iτ2 (24)

Aa
l,xµ ≡ χ̄l,x

1
2
τaγµγ5χl,x (25)

P a
l,x = χ̄ x

1
2
τaγ5χl,x (26)

amPCAC = 0⇔ ωl =
π

2
⇔ κ = κc (27)

aµσ, aµδ (28)




ψ̄(d)γ5ψ(s)

ψ̄(d)γ5ψ(c)

ψ̄(d)ψ(s)

ψ̄(d)ψ(c)



 =
1
2





clch slsh −islch +iclsh

slsh clch +iclsh −islch

−islch +iclsh clch slsh

+iclsh −islch slsh clch









ZP χ̄(d)γ5χ(s)

ZP χ̄(d)γ5χ(c)

ZSχ̄(d)χ(s)

ZSχ̄(d)χ(c)



 (29)

cl = cos(ωl/2) sl = sin(ωl/2) ch = cos(ωh/2) sh = sin(ωh/2) (30)

2

For masses: Determine the twist angles and ratio of 
renormalization factors by requiring that the physical basis 
correlation matrix is diagonal



Rough estimates

• no stout, mu=0.004, mpi ≈ 315 MeV, mK ≈  
500 MeV, mD ≈ 2000 MeV
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