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llntroduction
Improvement of LQCD with Wilson fermions

Reliable extraction of physical estimates of hadronic matrix elements of
electro-weak currents from simulations with Wilson discretization of
fermions requires appropriate renormalization constants and improvement
coefficients.

<

Lattice artefacts can be accounted for using Symanzik's expansion
Sqcp (3(5)) = Scontinuum + aS1 + a°So + ...

For the operators we use
AR (x) = i (x) 1759 (x) + acad™ P (x)

and
ARR(x) = Za(1 + abamy + a3bam) Al (x)

= Za and by, BA can be extracted non-perturbatively from
(AR (x)(AR(0)) correlators in position space.
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.ntroduction

CLS ensembles

The CLS initiative is currently generating ensembles with N =2 + 1
flavours of non-perturbatively improved Wilson Fermions and the
tree-level Liischer-Weisz gauge action at 5 = 3.4,3.46,3.55, 3.7, 3.85.
This corresponds to lattice spacings of a € [0.039,0.086] fm.

Improvement coefficients

| \

@ csw — Bulava, Schaefer, '13

ca — Bulava, Della Morte, Heitger, Wittemeier '15
br — Bali, P.K. '17

br, Za — this talk

The mass dependence of physical observables can be parameterized in
terms of the average quark mass
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.minder

We define connected Euclidean current-current correlation functions in a
continuum renormalization scheme R, e.g., R = MS, at a scale p:

G R (x, me, mg; p) = <Q ’ TJUk)(X)jUk)(O)‘ Q>R

.
Renormalization constants

We impose the following renormalization condition at = 1/xg

Gjree (XOa my = 07 ms = 0)7

. X _ _
Elﬂ;no Gl (x, mg =0, ms = 0)| k) latt

X2:X
The renormalized operator in the X-scheme is
P, = 1/30) = Z (= 1/30) P09 (),

Gfrie (X07 Oa 0)
ZX -1 _ JUK) latt .
i (1n=1/%) \/ G0 (x0,0,0)

y
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.eminder

Improvement coefficients

The continuum Green function GR can be related to the corresponding
Green function G obtained in the lattice scheme at a lattice spacing
a = a(g?) as follows:

GRio (x, mg, mg; 1) =
= Gfgk)(x,0,0;,Lt) X [ +0 (m x%, m(np)x* )]
= (ZJR)z(g'z, ap) X (1 -+ 2bjamj + 6bjam) X

GJ(jk),l(n, amj, am, g2)

Therefore
G ju (n amj(k), (”);g2)
G jr) (n am,(_s) aﬁ(”);g2)

=1+2bja (mg_f) - m}f))

+6bja (ﬁ(”) — ﬁ(”)> + 0 (2, x%)

4
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~ Improved strategy

Cancellation of lattice artefacts in the ratios
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.1proved strategy

The renormalization constant Z;(3, au = 1/n) can be factorized into:
@ a renormalization constant evaluated at the fine lattice spacing
Z,(B, aft = 1/no)
@ a ratio describing the running of Z; from B to B at fixed 1/n

Hence, ) 1
2,1 =1/ = 2,0, m) 25700

where
Z)(B, 1) = Z,(B, 31 = 1/no)R(3u’ = 1/n, 30 = 1/no),

and R(w/, ) is a perturbative factor describing the running of Z; from
the scale fi to p/ = 1/(an).
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Improved implementation of the renormalization condition
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Comparison with Schrodinger Functional scheme
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-e—loop lattice artefacts
Numerical Stochastic Perturbation Theory

We implemented the tree-level Liischer-Weisz gauge action and clover
fermions in NSPT. We generated 24*, 324, 48* and 64* ensembles of 20
configurations at € = 0.005,0.01,0.015. We measured the corresponding
current-current correlation functions and can estimate 1-loop cutoff
effects with < 1% precision.
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-roved estimators

Truncated Solver method

We factorize the estimated propagator into two parts with Ny > N,

et (X—¥) = Dy (x =) }

y

where D,,‘tl(x — y) is the propagator obtained after n; solver iterations.
ensemble truncated | exact | reduction
H101 323 x 96 6.4s 209 s %x3.3
H200 323 x 96 6.3s 179 s x2.8
H400 323 x 96 6.3s 18.7 s x3.0
N300 483 x 128 17.2's 55.8 s %x3.2
J500 64> x 192 47.1 s 1379 s x2.9

4

32 or 64 measurements per conf. = 10 times smaller stat. uncertainties!J
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-nent coefficients
ba coefficients: statistical errors only!
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-ent coefficients
by coefficients: statistical errors only!
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-ment coefficients
Running: PRELIMINARY!
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o although by = O(gf) in perturbation theory
o very large at the coarse § = 3.4

@ need to be taken into account

.
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lConcIusions

Renormalization constants

@ position space correlators can be useful in estimating renormalization
constants and improvement coefficients

o lattice artefacts in the renormalization constants can be controlled
o NSPT estimation of cut-off effects at order g&

@ democratic points may not be the best after all

v

Improvement coefficients

@ enough statistical precision for b coefficients

@ OPE expansion with Wilson coefficients at at least one loop

o NSPT estimation of cut-off effects at order g¢

v

Near future

@ more complicated operators: bilinears with derivatives needed for the
estimation of moments of distribution amplitudes

@ extension to singlet operators

<
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-Iides: chiral extrapolation
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-slides: chiral extrapolation
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-slides: chiral extrapolation
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