A specific lattice artefact in non-perturbative
renormalization of operators

V. Maillart

Institute of theoretical physics, University of Berne, Switzerland

ECT*, Trento, 2009

V. Maillart A specific lattice artefact in non-perturbative renormalization of of



Q Motivation for non-perturbative renormalization

9 Introduction to the Regularization Independant (RI) scheme

e A specific lattice artefact

V. Maillart A specific lattice artefact in non-per tive renormalization of of



Motivation for non-perturbative renormalization
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Martinelli et al., 1995; Gockeler et al., 1999
Franco and Lubicz, 1998; Chetyrkin and Retey, 2000
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Introduction to the Regularization Independant (RI) scheme

General idea

- bare _ Aa
2 = Ofree ‘ w2 = Ofree‘ u2
Oren = ZRIOa

Ofaree ‘uZ
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Introduction to the Regularization Independant (RI) scheme

Example: Renormalization of the propagator
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Introduction to the Regularization Independant (RI) scheme

The RI scheme

Fix the gauge to Landau gauge: tr (Zx,p(up(x) + Ug(x))
Or = Yy
1 o —
Gr(p.U) = e "X ¥u0r(U)y

= %Ze_ip(x‘y)S(U)XZFS(U)Zy
Ar(p) = (S(p,U)) H(Gr(p,U))(S(p,U)) "
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Introduction to the Regularization Independant (RI) scheme

The RI scheme

Zqu Alﬁom(p)‘pzzuz = (Ar(p))free ‘pzzuz
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Introduction to the Regularization Independant (RI) scheme

The RI scheme

Zqu Alﬁom(p)‘pzzuz = (Ar(p))free ‘pzzuz

Ar(P)ree = (S(P,Uo)) *(Gr(p,Uo))(S(p, Uo)) ™
= S_1Gfrees_1

free free
_1 -1
= Sfree Streel Stree Sfree =T

ZrZqgtr (/\r(p)l'_1> o2 = tr(T)
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A specific lattice artefact

The origin of the artefact

Mayxa = agl+i ayuy +asys + ...
1 —i
ap = Ztr(M), a, = Ttr(yul\/l) o
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A specific lattice artefact

The origin of the artefact

Mayxa = agl+i ayuy +asys + ...
1 —i
ap = Ztr(M), a, = Ttr(yul\/l) o

Massless case

Dc_olnt(p) = Scont(P) = 'y“p“f(pz)

Siat(P) = (Siat(P, U)) = bo(P)I +ib.(p)7y
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A specific lattice artefact

The origin of the unit matrix part

Dys +D = aDysD 2k
15Sxy(U) + Sxy(U)ys = ans dxy2k
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A specific lattice artefact

The origin of the unit matrix part

Dys +D = aDysD 2k
15Sxy(U) + Sxy(U)ys = ans dxy2k

Averaging over the configurations U and using

Sxy = (bo)xy +ivu(bu)xy
(bo)yy = awdyxy, bo(p)=ax
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A specific lattice artefact

The origin of the unit matrix part

Dys +D = aDysD 2k
15Sxy(U) + Sxy(U)ys = ans dxy2k

Averaging over the configurations U and using

Sxy = (bo)xy +ivu(bu)xy
(bo)yy = awdyxy, bo(p)=ax

Off-shell propagators and Green'’s functions need O(a)
corrections!
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A specific lattice artefact

Demonstration of the effect on the propagator S(p)
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A specific lattice artefact

Demonstration of the effect on the propagator S(p)
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Proposed solution

S(p) = S(p)~bol = S(p) ~ 310 (S(P)1
S(p) = ibu(P)

bu(P) = 1ro(S)
§XY(U) = Sy (U) = (bo)xyIl =i (bu(U))xy s
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A specific lattice artefact

Proposed solution

Gr(p.U) = o D e Pr YIS, (U)IS,(U)
Ap) = S(P)"HGr(p,U))S(p)"

(2rZq) (1) tr (Ar(P)I 1) gy = tr(1)
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A specific lattice artefact

Example: ZsZ,
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Summary and Conclusion

Summary

@ The O(a) effects need to be subtracted from off-shell
guantities.

@ The technique we suggest is simple and applicable to all
kinds of Diracoperators.

@ However, it does not remove all O(a) effects from
non-Ginsparg-Wilson fermions.
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