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Fermionic discretizations
Staggered fermions: 

• Rooting procedure

• Absence of the (full) chiral symmetry

• Heavier pions for different taste structure 

3[RBC/UKQCD, 2018]
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Alternative: overlap fermions 

• Very expensive

• Restrict to window observable                       
(less noisy, smaller artifacts):

             G(t) → G(t)W(t; t1, t2)

[S. Borsanyi et al., 2010]
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Setup for the crosscheck with chiral fermions
• Mixed action: staggered sea (4-stout smearing), overlap valence:

• 2 steps of HEX smearing [S. Capitani et al., 2006]

• Local current : needs renormalizationjμ = ψ̄(x)γμψ(x)

• Isospin symmetric point, connected light quark contibution

• Parameter (quark mass) matching: 

• : root-mean-square pion massmπ,ov = mRMS
π,stagg

• : (pseudo) Goldstone pion massmπ,ov = mGB
π,stagg

•  : mπ,ov mov = 0.002, 0.005, 0.010, 0.020

• Fit : captures partial quenching effectsm2
π,ov = AmB

ov+Cm2
ov

• Lattice size  fm (  fm for standard staggered runs)L ∼ 3 L ∼ 6
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a [fm] L x T #conf
0.1315 24 x 48 716

0.1116 28 x 56 887

0.0952 32 x 64 1110

0.0787 40 x 80 923

0.0640 48 x 96 577
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Renormalization factor ZV
Determined from pion electric charge

ζ(t) =
⟨P(T/2)V4(t)P̄(0)⟩

⟨P(T/2)P̄(0)⟩
P(t) = ∑⃗

x

(ψ̄2γ5ψ1)( ⃗x , t) Vμ(t) = ∑⃗
x

(ψ̄1γμψ1)( ⃗x , t)

Conserved current:        

ζ(t) =
1
2

, t < T/2, ζ(t) = −
1
2

, t > T/2

: from matching  at some physical ZV ζ(t) t

We use: ZV = [ζ(T/4) − ζ(3T/4)]−1

5

, 28^3x56a = 0.1116 fm
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Low mode averaging












  is calculated exactly without stochastic sources

C(t, t̄) ≡ Cconn(t, t̄) = −
1

3L3 ∑
⃗x , ⃗x̄ ,μ=1,2,3

Re tr [Jμ, ⃗x ,tM−1Jμ, ⃗x̄ ,t̄M
−1]

Mvi = λivi

M−1 = M−1
e + M−1

r M−1
e = ∑

i

1
λi

viv†
i M−1

r = M−1 (1 − ∑
i

viv†
i )

C = Cee + Cre + Crr

Cee
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Eigenvectors of the overlap operator
• Need: low modes of Dov(mov = 0) =

1
2 (1 + γ5sgn γ5Dw(−mw))

•  is straightforwardDov(mov ≠ 0) = (1 − μ/2) Dov + μ, μ = mov/mw

• Eigenpairs ,  of  of definite chirality    since λ2 v D†
ovDov = H2

ov, Hov = γ5Dov ±1 [H2
ov, γ5] = 0

• : degenerate pairs of opposite chiralityλ2 ≠ 0, 1

• : only for one chirality:   Guess sign of topological charge λ2 = 0 sign Q ⟹ sign Q
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[R. Edwards, U. Heller, R. Narayanan, 2000]
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Guess sign of topological charge sign Q

• Fast procedure, large correlation with 
 sign Q |ov

• Topological charge from GF:
Vμ(x, τ) = − g2

0 [∂x,μSG(V(τ))] Vμ(x, τ)
Vμ(x,0) = Uμ(x)

• : Wilson, Symanzik, Iwasaki, DBW2SG

• Best option: Iwasaki at GF time t = t0/2

8

t0/2 t0 2t0

WIL 0.75 0.66 0.62

SYM 0.71 0.62 0.62

IWA 0.80 0.71 0.76

DBW2 0.60 0.60 0.60

, 40^3x80, 48 configsa = 0.0787 fm

[C. Alexandrou et al., 2020]
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• Topological charge  from GF with Iwasaki gauge action QGF

• Determine low eigenpairs of an overlap operator  of chirality H2
ov sign QGF

• If they contain zero modes, determine eigenpairs of  Dov

• Otherwise, determine and use eigenpairs of operator  of chirality H2
ov −sign QGF

• 512 eigenvectors of   H2
ov ⟹

 eigenvectors of 1024 − nzero Dov

• 64 sources for rest-eigen and rest-rest part

Error comparison for  fma = 0.1315
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Staggered and Overlap (RMS): 

[BMW, 2020] + new statistics


Overlap (GB): new, blinded by 

a factor  αblind

Preliminary results



Conclusions
• Intermediate window  from 

overlap valence quarks on 4 stout 
ensembles


• RMS pion mass matching: results 
agree with staggered fermions


• GB pion mass matching: LMA, finer 
lattices in the next runs

alight
μ,win
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