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Introduction

Staggered Wilson term construction
(Golterman, Smit, 1984; Adams, 2010; C.H. 2010; deForcrand et.al. 2010,2012; Durr 2012)

Aµ1...µ2n = inηµ1 . . . ηµ2n Γµ1...µ2n (Cµ1 . . .Cµ2n )sym

{Dst, ε} = 0 and D†st = −Dst

Mass term: [A, ε] = 0, A† = A

Û DAε = εD†A
Û λi = λ∗i∗ , real determinant

Cµ :=
1
2

(
Vµ + V †µ

)
(Vµ)xy := Uµ(x)δx+µ̂,y
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Γµ1...µ2n = εµ1...µ2n (−1)
∑

i xµi

Γµ1...µ2n ∼ (γµ1 . . . γµ2n ⊗ ξµ1 . . . ξµ2n )

ηµ = (−1)
∑
ν<µ xν ∼ (γµ ⊗ 1)

ε = (−1)
∑
µ xµ ∼ (γ5 ⊗ ξ5)

{Cµ, ε} = 0
Aµ1...µ2n ∼ (1⊗ ξµ1 . . . ξµ2n ) + O(a)
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Staggered domain wall construction

Staggered DW fermions

Domain wall operator (Kaplan 1992; Shamir 1993; Furman, Shamir 1994)

Ψ̄DDWΨ =
Ns∑

s=1

Ψ̄s
(
D+

W Ψs − P−Ψs+1 − P+Ψs+1
)

with P± = 1
2(1± γ5), D±W = DW (−M0)± 1

Boundary conditions with mass term:
P+ (Ψ0 + mΨNs ) = 0 P− (ΨNs+1 + mΨ1) = 0

Boriçi’s modification (Boriçi, 1999)

P±Ψs∓1 → −D−W P±Ψs∓1

Optimal DWF (Chiu, 2002)

D±W → D±W (s) = ωsDW (−M0)± 1
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Re(λ)
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Staggered versions (Adams, 2011)

DW → DA

γ5 → ε ∼ (γ5 ⊗ ξ5)
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Numerical study Setup

Numerical setup

Schwinger model (QED2)
Wilson gauge action
Unsmeared and
3-APE (α = 0.5)
β Nx × Nt #conf

0.8 8× 8 1000
1.8 12× 12 1000
3.2 16× 16 1000

5 20× 20 1000
7.2 24× 24 1000
9.8 28× 28 1000

12.8 32× 32 1000

Observables:
Normality violation ∆N = ||[D,D†]||
GW violation ∆GW = ||γ5D − Dγ̂5||
Residual mass meff = |λmin|
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Numerical study Kernel operators
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Numerical study Bulk operators
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Numerical study Effective operators
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Numerical study Effective operators

0 0.5 1 1.5 2
Re(λ)

-1

-0.5

0

0.5

1

Im
(λ

)

3.04×10-3 1.72×10-1 5.11×10-1

6.87×10-4 1.42×10-1 3.30×10-1

1.12×10-3 7.89×10-2 1.12×10-1

meff ∆N ∆GW

std
Bor
opt

Wilson kernel

0 0.5 1 1.5 2
Re(λ)

-1

-0.5

0

0.5

1

Im
(λ

)

3.71×10-3 1.51×10-1 4.67×10-1

7.69×10-4 8.73×10-2 8.59×10-2

2.90×10-4 1.17×10-2 1.39×10-2

meff ∆N ∆GW

std
Bor
opt

Staggered Wilson kernel

Christian Hoelbling (Wuppertal) Staggered Domain Wall Fermions Jul. 25th, 2016 8 / 14



Numerical study Effective operators
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Numerical study Effective operators
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Numerical study Effective operators
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Numerical study Continuum limit

Continuum behaviour
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Numerical study Continuum limit

Smeared continuum behaviour
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Numerical study Continuum limit

Why the good chiral properties?
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Numerical study QCD outlook

QCD, 64 × 8, β = 6, APE smeared
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Numerical study Summary

Could staggered DWF be useful?

3 Construction is straightforward
3 Good chiral symmetry properties
3 Easily parallelizable

7 Counterterms for Nf = 1
(Sharpe 2012)

7 Staggered spin structure

Û Bulk/chiral properties of Nf = 2 QCD?
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