Introduction

The tree-level Karsten-Wilczek action is given by [1, 2]:
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where Siy is the naive fermion action

Sy = > >‘ ) wz U(z)(x + ) — Ul (z — p)p(x — p)] +m Yy (x)p(a

and U, (x) are the links in diretion y at lattice site . ( is called the Karsten-Wilczek
parameter, with 4¢> > 1. The so-called Karsten-Wilczek term is similar to a Wilson

term, except it is only applied in three of the directions and has a 7 matrix in front.
Features: .
. X X

e D is not Hermitian while DTD and 75D are Hermitian ‘ _________ X
e DI = —D (if p, is imaginary) = A

® Dy; = —D _ L
Doublers: p = (0,0,0,0) and p = (7/a,0,0,0). W X
Renormalization

The Karsten-Wilczek action breaks standard lattice symmetries:
e Space and time directions are discretized differently — anisotropy
e [ime reversal and charge conjugation symmetry are broken, but not their product.

The renormalization of the Karsten-Wilczek action requires the inclusion of two new
fermionic counterterms (of dimensions 3 and 4) and one gluonic counterterm (of
dimension 4). These are:
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where Pjy(x) are the temporal plaquettes at lattice site x.
The counterterms are known in one-loop lattice perturbation theory [3, 4].

The unimproved Karsten-Wilczek action introduces O(a) errors. These are
— odd in the power of ( (but ( = 41 are both valid choices)

— odd in time reversal

— odd in charge conjugation

Non-perturbative tuning of the couterterms

We work with isotropic and anisotropic staggered dynamical configuraitons [6].
The pseudoscalar propagator in the 7y channel exhibits a beat [4]

C'(n) ~ Acosh(M(n — N¢/2)) cos(wen — ¢)

if the dimension-3 counterterm c is mistuned. Tuning condition: w,. = 0.
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Tree level improvement

We improve the 3D Nabla operator (3-hop term):
19 1
VAR — % [8 sin ak; — ﬂsin Sak]} U(k) =i |k,

We improve the 3D Laplacian (3-hop term):

3
“r2u - Lty
) )

+0-k+O(k)] U

X 9 1 3
AspV = |=(1 — cos ak;) — =(1 — cos 3ak;)| ¥ = [0k + k" + O(k")
8 8 8
16 12 10 8 6
3 T T T I T T T T
pﬁ{zllcont. Karsten-Wilczek ' (-5.2 % off) —#— ) Error on the thermodynamic
Karsten-Wilczek ¥ (-0.4 % off) —H— _
Karsten-Wilczek Improved (0.0 % off) —@— | pressure IS Strongly red uced

25 1 One link staggered: (-7.6 % off) —@—
Naik staggered —4A—

1.5

Fitted range: N=8,10,1
0.5

0 0.005 0.01 0.015 0.02 0.025 0.03

Taste breakring

There are four channels in the pseudoscalar propagator [5].

e [here is a pseudo-Goldstone propagator, similar to staggered fermions.

e [he 7 channel is related to the C or T symmetry beraking.
It follows an apparent O(a’) scaling, and is reduced by improvement.

e No O(a) error in the vacuum
polarization up to one loop.

e No logarithmic divergence in
the self energy up to one loop.

e Noise reduction in C-even
I quantities (e.g. fr)

e [wo heavier tastes are staggered-like, a result of a temporal UV gluon exchange.
The corresponding masses are reduced through anisotropy (here &g = 2).
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We show the mass squared relative to the pseudo-Goldstone mass Ms.

Left: Isotropic unimproved vs Isotropic tree level improved

Right: Anisotropic tree level improved vs Isotropic tree level improved
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Continuum extrapolation of f;

fr is calculated from the amplitude of the
point-source 7y; propagator.

Continuum scaling is compared [6]:

1) staggered
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3) tree-level improved Krasten-Wilczek

KW = 168 30(85) MeV

fSt = 168 46(24) MeV
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