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1. Introduction

One of the central ingredients to extract continuum physics from lattice QCD simulations is
the continuum extrapolation of renormalised quantities in the lattice spacing a \, 0. Reaching the
continuum limit with sufficient control over the associated systematic errors requires knowledge
about the asymptotic lattice spacing dependence of the quantity of interest.

Due to working in an asymptotically free theory, we do know that the asymptotically leading
lattice spacing dependence is of the form a"min[2bg?(1/ a)]f", where 4872bhy = 11N — 2N; with N
colours as well as Nf flavours, and g(1/a) is the running coupling at renormalisation scale u = 1/a
corresponding to the relevant scale of lattice artifacts. A priori there are no bounds on the values
allowed for I'; and they may become severely negative thus worsening the approach to the continuum
limit. That this is not purely an academical concern, can be seen in the seminal work by Balog,
Niedermayer and Weisz [1, 2] in the O(3) non-linear sigma model, where they found min; [ =-3.

To check for any such issues in lattice QCD one needs to derive these powers for the lattice dis-
cretisation of choice in terms of a Symanzik Effective Field Theory (SymEFT) [3-6] analysis. Here
the lattice artifacts of the renormalised theory are treated as a perturbation around the continuum
limit, i.e., we can formally write the SymEFT in terms of the effective Lagrangian

L = Locp +a LV + a2 +0(d%), (1)

where .Z(4) is a linear combination of operators of mass-dimension (4 + d) that comply with the
symmetry constraints of the lattice action. Eventually one finds as many I'; at a given power in the
lattice spacing as there are linearly-independent operators in the minimal basis. The Lagrangian of
the continuum theory, here Quantum Chromodynamics (QCD), reads

Zocp = —%gz tr(FyuyFuy) + ¥ {y Dy + M}, )
0

where F,;,, = [D,, D, ] is the field-strength tensor and D, = d,,+ A, is the covariant derivative with

algebra-valued gauge field A, € su(N). The continuum quark-flavours ¥ are here assumed to be

4-fold mass-degenerate, i.e., M = diag(my, ..., mn,,) ® laxs With Ngs < 11N /8. This particular

choice is due to discussing lattice QCD with unrooted Staggered quarks as initially proposed by

Kogut and Susskind [7], which by construction yield (multiples of) four mass-degenerate flavours

in the continuum limit, i.e., Ny = 4 Ngets-

The Staggered lattice fermion action reads in the one-component representation (1CR)

Nu (x)
2

Sicr =a* )" ¥ =V, + Vb x (), mu(x) = (<1)Zven ™/, 3)

where y are the quark fields in the 1CR and we introduced the covariant forward and backward
lattice derivatives

aV,x(x) = U, px(x+af) = x(x),  aVyux(x) = x(x) Ut (x —ap, p)x(x —ap), 4

with gauge links U(x, u) € SU(N).
To work out the connection to the continuum notion of quark flavours, we need to identify
the four fastes contained within the 1CR, which will become the flavours of the continuum theory.
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Identifying those tastes is typically referred to as a taste representation (TR). The most commonly
used TR are momentum-space tastes, which use the 16 corners of the Fourier-space hypercube to
construct tastes. Unfortunately, the resulting TR suffers from non-local interactions [8—10], which
violates one of the central assumptions made when constructing a local effective Lagrangian as we
want to do in section 3. Instead we choose a TR that is strictly local by joining the 16 corners of a
spacetime hypercube, see e.g. [8, 11],

- 1 1
B(y) =5 P R +adTIU(n O @) =5 Y TG Ox(y+af). ye2aZ, (5)
£e{o.1}? £e{0,1y!

where we choose (u increasing towards the right-hand side)

3
TUI(,8) = | |US (5 + aXyeu &9 )7, (©6)
=0

The resulting matrix ®(y) has one colour index and two Dirac indices (i, ), where the latter
are identified as spin i and taste f. There is quite some freedom in choosing a gauge-covariant
T[U](y, &) beyond the requirement TT" o 1 in order to keep the measure unchanged. Different
choices must yield equivalent TRs as they are related by a substitution in the path-integral if they
keep the measure invariant.

2. Symmetries of local tastes

Expressing the lattice action in terms of the strictly local tastes becomes a highly non-trivial
expression in the interacting theory and we omit it entirely. The symmetries in this TR can
nonetheless be inferred from their 1CR counterparts by use of eq. (5). This is needed in order to
understand what remains of the continuum symmetries and make the connection to the continuum
flavours present in the SymEFT. The symmetries found for local tastes are

* SU(N) gauge symmetry,
* U(1)p flavour symmetry,

* Remnant of chiral symmetry. Analogously to conventional chiral symmetry we may introduce
the shorthands

- - 1- 1+
@qu)ﬂ, @Rzﬂq),
2 2
- -1+ 1-
¢L=¢V+®TS, ¢L=7+®75q>, (7a)

where 7, = 7’; acts in taste-space. The massless lattice action written in this form is then
invariant under

dr — (i)ReiﬂR75®TS_i<ﬁR dr — eiﬂR75®75+i<PR(DR

D — O TLYsOTTigL Oy — YO ULR,¢LR € R. (7b)



SymEFT for local tastes of staggered lattice QCD Nikolai Husung

* Modified charge conjugation

o(y) - -0 (y)Co (CH, @(y) > Cc'ec’d(y),
Uu(x) - U (x), CyC'=—y]. (7¢)

o Modified Euclidean reflections [11] in /i direction

D(y) = D(y = 2y,04) Y5V ® 75 {1 +a*...},
D(y) = yuys ® s {1+a...} Oy —2y,4),

Ul(x=2x,0) ifpu=v
U, () — | U = 2l) =y (7d)
U, (x —2x,/) else
o Modified discrete rotations [11, 12] of 90° in any p-o-plane, i.e., p < 0T,
_ 1.
P(y) = Z@R V) (A +YpY0) ® (1p ~ 7o),
1 _
O(y) = 3 (L= %70 @ (5, = T)O(RY).
U;(R_lx —ap) v=o
Uy(x) > {Us(R 'x) v=p
U, (R 'x) else
(R0 =x0, (R0 =%, (R™'X)uzp.o = Xus (7e)

with rotation matrix R acting on vectors in Euclidean spacetime.

o Shift-symmetry by a single lattice spacing in direction £ combined with a discrete flavour
rotation and field redefinition

D(y) > D(y)1®T, {1 + 2a13(f‘)$;3 +a’.. } ,

O(y) > 1@ 7, {1+2aP1V, +a* . o), (7f)

where ﬁ,, involves a fi-dependent fat link spanning a distance of 2a and we introduced the
projectors
L £y,y5 ® 1,75

p (1)
P =
= 2

(72)

Filled () or open (o) symbols highlight symmetries that are in their canonical form as one would
expect in a continuum theory and those that require field-redefinitions respectively. The latter
symmetries are only written out explicitly up to O(a?) terms. In the free theory, only Shift-symmetry
requires a field-redefinition which further simplifies to being just a forward lattice derivative.
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3. Symanzik Effective Field Theory

Before we can impose these symmetries we need to work out how to deal with the field-
redefinitions present in some of the symmetry transformations on the lattice. As it turns out, such
a field-redefinition gives rise to operators vanishing by the fermion EOMs in the SymEFT that
are violating the symmetry in its canonical form without the field-redefinition. These particular
operators start to appear at the order in the lattice spacing at which the field-redefinition arise, e.g.,
for Shift-symmetry we find at O(a)

1- [«
Ogi = E‘P {DD,,)/,,% ® Ty +7YyYs ® T,,Dvlﬁ} P,
1- (<
Ogy = 5% {m% ®7 - 75® mz)z} ¥, ®)

where we introduce the sloppy shorthands for the fermion EOMs

P =¥(y,D, - M) 20, BY=(y,D,+m¥" 20, ©)

By induction one can work out that those field-redefinitions should be curable (perturbatively) in
the SymEFT, thus restoring the canonical form of the symmetry transformations to all orders in the
lattice spacing.

Common lore allows us to make use of the continuum EOMs! to work out the minimal on-
shell operator basis [13]. However, “making use of the EOMs” eventually amounts to an overall
field-redefinition (or more naturally a change of matching condition) that can and will have an
impact on the matching coefficients of the SymEFT action at subleading order in the lattice spacing,
here O(a?), as well as the matching coefficients of local composite fields at the current order, here
already O(a). For more details on this, see [14-16].

Since the symmetries only permit EOM-vanishing operators in the SymEFT at O(a), the
leading-order minimal on-shell basis consists of mass-dimension 6 operators that contribute at
O(a?). Taking all the symmetries into account leaves us with the minimal on-shell basis

1 1
01" = < tu([Dy, Fup] [Dy, Frpl), 037 = p 0 ([Dys Fuy] [Dys Fuv]),
0 u

8o
0352) = Z \i’y,, ® lDfl‘I’, Of) = g(z)(‘i’y,u ® 1‘P)2,

T
0% = g2 (Wy,ys ® 1¥)%, Og” = g3 (Py, @ 1T*W)?,
0 = g2(Py,uys ® 1T¥)?, o = i@My#V ® 1F,, ¥,
0P = ¥mly, 0y = (M) ¥MY,
01(? = g(z)(‘i’l ® Tﬂ‘I’)2, ()S) = g(z)(‘i‘l ® TﬂTs‘P)z,

10f course this also includes the gluon EOM

[Dy, Fyul = Tg3 ¥y, T9%.
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01(? = g2 (P1® 7,T¥)?,
02 = g3 (Pys ® 7,'¥)%,
01(3) = gé(‘i‘ys ® T,,T“‘P)Z,
07 = g2 (Py, ® 159)>,
02(? = gé(‘i’yﬂ ® T5T“‘P)2,
037 = g (¥y,y ® 7,¥)%,
02(? = g%(‘i’yw ® 7,T¥)?,
0 = g2 (Py, ® 1, ¥)%,
05 = g2 (Py, ® Ty, TO¥),
03 = 85 > (Pyur ® T, ¥)%,
u

5 _
03(3) = gé E (Pyuy ®TMT“‘P)2,
)

2 _
03(5) = g(% Z(Tyﬂ ® Tpvl}‘)z,
Im

5 _
03(7) = gé E Py, ® T,NT“‘P)Z,
M

Ol(i) = g(z)(‘i’l ® TMT5T“‘I‘)2,
0 = g2 (Pys ® Tu15¥)?,
01(? = g%(‘i‘ys ® T,,T5T“‘P)2,
0 = g2 (Py,uys ® 5P,
0 = g2(Pyuys ® wsT¥)?,
05} = g2 (Pyyur ® 1,75P)%,
02(? = g(z)(‘i‘yw ® 7,7sT"¥)?,
0 = g2(Pyuys ® 1, ¥)°,
0% = g2(Pyuys ® 1, TP,

2 -
03(2) = g(z) Z(IPV/JV ® T”T5‘P)2,
u

03(5) = g(z) Z(‘i’yﬂv ® T,,TsT“‘P)Z,
)i

5 -
0356) = g(Z) Z(TY/JYS ® T,uv‘P)za
u

03(? = g% Z(‘i’yﬂ)@ ® T,,VTa‘P)Z.
u

(10)

The operators O, < are compatible with chiral symmetry or its spurion counterpart in the massive
theory and thus sufficient for a chirally-symmetric fermion action like Ginsparg-Wilson quarks [17],
while the other operators in the basis account for the flavour-changing interactions allowed for
Staggered quarks at O(a?).

Allowing for multiple sets of tastes (Nss > 1) requires the replacement v — diag(t,...,7)
since any shift on the lattice has to be done for all tastes simultaneously while the four tastes in each
set are connected via Shift-symmetry, remnant chiral, modified Euclidean reflections, and modified
rotations as listed in equations (7). In the case of full mass-degeneracy (in the continuum limit)
we may still rotate among the nth flavour of each set, i.e., there is an SU(Nieis)* flavour symmetry
remaining from the full SU(N¢) flavour symmetry of continuum QCD.

4. 1-loop anomalous dimensions

2

Eventually we are looking for the powers [2b0g>(1/ a)]ﬁ' multiplying the pure a~ corrections.

Those powers can be inferred from the 1-loop anomalous dimension matrix of the full set of
operators

dOj;WS
du

1 = -2 (W[rd +0@)] O - (11)

Through an appropriate change of operator basis O — B we can bring the 1-loop anomalous
dimension matrix into Jordan normal form. The on-diagonal entries

. (7(?)1'1'
Vi = 2bq

12)
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Nf‘f’i

0 | -0.273,0.014, 0273 0.424, 0.560, 0.597, 0.634, 0.636, 0.727, 0.939, 0.955, 0.970,

12 | -2.614, -1.667, —1.040, -0.614, —0.333, 0.731, 0.778, 0.836, 0.889, 1.333, 1.424, 1.444,

Table 1: List of unique asymptotically leading powers 9; found at O(a?) rounded to the third decimal without
taking suppression due to Vanishing matching coefficients or any subleading corrections into account. The

inate from operators only compatible with the reduced Staggered symmetries as detailed in equations (7),
and the bold numbers highlight an explicit contribution of the form a®[2bog*(1/a)]? log(2bog>(1/a))
originating from the extended operator basis of Staggered quarks. Powers with various markings originate
from all the corresponding sets of operators.

then yield the desired powers in the running coupling

A,

I'i=79i+n; (13)

up to potential suppression from vanishing matching coefficients n; € N U {0}. If the 1-loop
anomalous dimension matrix is non-diagonalisable any off-diagonal entries remaining will give
rise to additional log(g(u)) factors. Here this is only relevant for Ny = 0. For more details on these
logarithms have a look at the discussion in [18].

The 1-loop anomalous dimension matrix can be obtained from the 1-loop renormalisation of the
operator basis, where we work in background field gauge [19—-22] and within the MS renormalisation
scheme [23-25]. The full setup is identical to our earlier work on Wilson and GW quarks [18].
Here we only give the powers ¥;, see table 1, without taking matching into account as this will
depend on the particular choice of action. Notice that 4-quark operators violating chiral symmetry
are expected to be absent at tree-level as they cannot be generated from mixing with any of the
chirally-symmetric operators. For the full mixing matrix for our initial basis see the actual paper
explaining everything in more detail [26].

5. Conclusion

Contrary to other works on Staggered quarks we have chosen a strictly-local TR to establish
the connection to SymEFT. While this complicates the discussion of the symmetries significantly
it puts the SymEFT treatment on more solid grounds as one requires a local effective Lagrangian.
Also in this setup one is able to show absence of O(a) terms in the on-shell minimal basis, settling
the question repeatedly asked in the past whether there are such terms, see e.g. [8, 9, 27-29].
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The operator basis found here is larger than the (different) ones found in either [27, 30] but
agrees with the one indicated in [31]. The derivation of the basis has been done in two independent
manners, where the second time an automation was devised, without any change for the minimal
basis. The renormalisation of the minimal basis further strengthens the expectation that this is
indeed the minimal basis because no redundancies in the available counterterms were observed. Of
course, this only guarantees absence of overcompleteness rather than completeness of the basis.

For this basis we have calculated the powers 7; relevant for the asymptotically leading correc-
tions to classical a2-scaling for spectral quantities of unrooted Staggered quarks. Those corrections
then lead to the asymptotic form a*[2bog>(1/ a)]f" , where I'; > 9; accounts for potential suppres-
sion at the level of the matching coefficients, see eq. (13). Lattice artifacts involving local fields such
as, e.g., matrix elements and correlators get additional contributions due to the discretisation of the
local fields but the corrections computed here will still contribute. In general the severely enlarged
operator basis compared to Wilson and GW quarks makes the situation even more complicated due
to the various terms contributing.

Contrary to the O(3) non-linear sigma model we find min; [ = —0.273,-0.301 for N; = 0, 4
respectively which is good news. Meanwhile the powers for Ny = 8, 12 start to become troublingly
negative with min; I; > —0.913, —2.614 respectively. Here one has to remember that the chiral-
symmetry breaking 4-quark operators, which are responsible for those powers, are expected to be
suppressed at tree-level. Thus shifting those powers by (at least) +1. Furthermore, Ny = 12 is
expected to be (near-)conformal for N = 3 making continuum extrapolations challenging.

Acknowledgments

I am indebted to Gregorio Herdoiza for very helpful suggestions and discussions on the project
as well as comments on the manuscript. I also thank Stefan Sint, Oliver Bar, Maarten Golterman,
and Agostino Patella for discussions regarding the correct choice of symmetry constraints on the
operator basis of the SymEFT action.

The author acknowledges funding by the STFC consolidated grant ST/T000775/1 as well as
support of the projects PID2021-127526NB-100, funded by MCIN/AEI/10.13039/501100011033
and by FEDER EU, IFT Centro de Excelencia Severo Ochoa No CEX2020-001007-S, funded by
MCIN/AEI/10.13039/501100011033, H2020-MSCAITN-2018-813942 (EuroPLEx), under grant
agreement No. 813942, and the EU Horizon 2020 research and innovation programme, STRONG-
2020 project, under grant agreement No. §24093.

References

[1] J. Balog, F. Niedermayer and P. Weisz, Logarithmic corrections to O( a? ) lattice artifacts,
Phys. Lett. B 676 (2009) 188 [0901.4033].

[2] J. Balog, F. Niedermayer and P. Weisz, The Puzzle of apparent linear lattice artifacts in the
2d non-linear sigma-model and Symanzik’s solution, Nucl. Phys. B 824 (2010) 563
[0905.1730].

[3] K. Symanzik, Cutoff dependence in lattice qﬁj theory, NATO Sci. Ser. B 59 (1980) 313.


https://doi.org/10.1016/j.physletb.2009.04.082
https://arxiv.org/abs/0901.4033
https://doi.org/10.1016/j.nuclphysb.2009.09.007
https://arxiv.org/abs/0905.1730
https://doi.org/10.1007/978-1-4684-7571-5_18

SymEFT for local tastes of staggered lattice QCD Nikolai Husung

[4]

(5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

K. Symanzik, Some Topics in Quantum Field Theory, in Mathematical Problems in
Theoretical Physics. Proceedings, 6th International Conference on Mathematical Physics,
West Berlin, Germany, August 11-20, 1981, pp. 47-58, 1981.

K. Symanzik, Continuum Limit and Improved Action in Lattice Theories. 1. Principles and
¢* Theory, Nucl. Phys. B226 (1983) 187.

K. Symanzik, Continuum Limit and Improved Action in Lattice Theories. 2. O(N) Nonlinear
Sigma Model in Perturbation Theory, Nucl. Phys. B226 (1983) 205.

J. B. Kogut and L. Susskind, Hamiltonian Formulation of Wilson’s Lattice Gauge Theories,
Phys. Rev. D 11 (1975) 395.

H. Kluberg-Stern, A. Morel, O. Napoly and B. Petersson, Flavors of Lagrangian Susskind
Fermions, Nucl. Phys. B 220 (1983) 447.

D. Daniel and T. D. Kieu, On the Flavor Interpretations of Staggered Fermions, Phys. Lett. B
175 (1986) 73.

T. Jolicoeur, A. Morel and B. Petersson, Continuum Symmetries of Lattice Models With
Staggered Fermions, Nucl. Phys. B 274 (1986) 225.

D. Verstegen, Symmetry Properties of Fermionic Bilinears, Nucl. Phys. B 249 (1985) 685.

P. Mitra and P. Weisz, On Bare and Induced Masses of Susskind Fermions, Phys. Lett. B 126
(1983) 355.

M. Liischer, S. Sint, R. Sommer and P. Weisz, Chiral symmetry and O(a) improvement in
lattice QCD, Nucl. Phys. B478 (1996) 365 [hep-1at/9605038].

S. Capitani, M. Gockeler, R. Horsley, P. E. L. Rakow and G. Schierholz, On-shell and
off-shell improvement for Ginsparg-Wilson fermions, Nucl. Phys. B Proc. Suppl. 83 (2000)
893 [hep-1at/9909167].

S. Capitani, M. Gockeler, R. Horsley, H. Perlt, P. E. L. Rakow, G. Schierholz et al.,
Renormalization and off-shell improvement in lattice perturbation theory, Nucl. Phys. B 593
(2001) 183 [hep-1at/0007004].

N. Husung, Lattice artifacts of local fermion bilinears up to O(a?), 2409.00776.

P. H. Ginsparg and K. G. Wilson, A Remnant of Chiral Symmetry on the Lattice, Phys. Rev.
D25 (1982) 2649.

N. Husung, Logarithmic corrections to O(a) and O( a?) effects in lattice QCD with Wilson or
Ginsparg—Wilson quarks, Eur. Phys. J. C 83 (2023) 142 [2206.03536].

B. S. DeWitt, Quantum Theory of Gravity. 2. The Manifestly Covariant Theory, Phys. Rev.
162 (1967) 1195.


https://doi.org/10.1016/0550-3213(83)90468-6
https://doi.org/10.1016/0550-3213(83)90469-8
https://doi.org/10.1103/PhysRevD.11.395
https://doi.org/10.1016/0550-3213(83)90501-1
https://doi.org/10.1016/0370-2693(86)90334-5
https://doi.org/10.1016/0370-2693(86)90334-5
https://doi.org/10.1016/0550-3213(86)90625-5
https://doi.org/10.1016/0550-3213(85)90029-X
https://doi.org/10.1016/0370-2693(83)90180-6
https://doi.org/10.1016/0370-2693(83)90180-6
https://doi.org/10.1016/0550-3213(96)00378-1
https://arxiv.org/abs/hep-lat/9605038
https://doi.org/10.1016/S0920-5632(00)91837-1
https://doi.org/10.1016/S0920-5632(00)91837-1
https://arxiv.org/abs/hep-lat/9909167
https://doi.org/10.1016/S0550-3213(00)00590-3
https://doi.org/10.1016/S0550-3213(00)00590-3
https://arxiv.org/abs/hep-lat/0007004
https://arxiv.org/abs/2409.00776
https://doi.org/10.1103/PhysRevD.25.2649
https://doi.org/10.1103/PhysRevD.25.2649
https://doi.org/10.1140/epjc/s10052-023-11258-8
https://arxiv.org/abs/2206.03536
https://doi.org/10.1103/PhysRev.162.1195
https://doi.org/10.1103/PhysRev.162.1195

SymEFT for local tastes of staggered lattice QCD Nikolai Husung

[20] G. ’t Hooft, The Background Field Method in Gauge Field Theories, in Functional and
Probabilistic Methods in Quantum Field Theory. 1. Proceedings, 12th Winter School of
Theoretical Physics, Karpacz, Feb 17-March 2, 1975, pp. 345-369, 1975.

[21] L. F. Abbott, The Background Field Method Beyond One Loop, Nucl. Phys. B185 (1981) 189.
[22] L. F. Abbott, Introduction to the Background Field Method, Acta Phys. Polon. B13 (1982) 33.

[23] G. ’t Hooft and M. J. G. Veltman, Regularization and Renormalization of Gauge Fields,
Nucl. Phys. B44 (1972) 1809.

[24] G. ’t Hooft, Dimensional regularization and the renormalization group, Nucl. Phys. B61
(1973) 455.

[25] W. A. Bardeen, A. J. Buras, D. W. Duke and T. Muta, Deep Inelastic Scattering Beyond the
Leading Order in Asymptotically Free Gauge Theories, Phys. Rev. D18 (1978) 3998.

[26] N. Husung, Logarithmic corrections to O(a?) effects in lattice QCD with unrooted Staggered
quarks, 2501.17036.

[27] Y.-b. Luo, Improvement of the staggered fermion operators, Phys. Rev. D 55 (1997) 353
[hep-1at/9604025].

[28] P. Pérez Rubio, Running of the renormalised strong coupling constant with 4 flavours of
staggered quarks, Ph.D. thesis, Universidad Auténoma de Madrid. Departamento de Fisica
Tedrica, June, 2010.

[29] G. P. Lepage, On the Absence of O(a) Errors in Staggered-Quark Discretizations,
1111.2955.

[30] W.-J. Lee and S. R. Sharpe, Partial flavor symmetry restoration for chiral staggered
fermions, Phys. Rev. D 60 (1999) 114503 [hep-1at/9905023].

[31] HPQCD, UKQCD collaboration, Highly improved staggered quarks on the lattice, with
applications to charm physics, Phys. Rev. D 75 (2007) 054502 [hep-1at/0610092].

10


https://doi.org/10.1016/0550-3213(81)90371-0
https://doi.org/10.1016/0550-3213(72)90279-9
https://doi.org/10.1016/0550-3213(73)90376-3
https://doi.org/10.1016/0550-3213(73)90376-3
https://doi.org/10.1103/PhysRevD.18.3998
https://arxiv.org/abs/2501.17036
https://doi.org/10.1103/PhysRevD.55.353
https://arxiv.org/abs/hep-lat/9604025
http://hdl.handle.net/10486/5325
https://arxiv.org/abs/1111.2955
https://doi.org/10.1103/PhysRevD.60.114503
https://arxiv.org/abs/hep-lat/9905023
https://doi.org/10.1103/PhysRevD.75.054502
https://arxiv.org/abs/hep-lat/0610092

	Introduction
	Symmetries of local tastes
	Symanzik Effective Field Theory
	1-loop anomalous dimensions
	Conclusion

