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In this work we compute the 1-loop 2-point perturbative b@reen’s functions of the fermion
propagator and of local and extended fermion bilinear apesaon the lattice.The calculation

is carried out up toﬁ(af), wherea, is the lattice spacing. We employ the Symanzik improved
gauge actions and Stout Link Clover (SLINC) fermions. Ouwutes have been obtained for
various choices of values for the Symanzik coefficieqtsThe clover coefficientsy, the gauge
parameten, the SLINC parametew, the Symanzik coefficients, the fermion masses; and
the number of colordl are kept as free parameters. The Wilson parameterset to 1.
Knowledge of these Green’s functions allows us to determmenermalization functions for the

quark field and each of the fermion bilinear operators.
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1. Introduction

e In this work we compute the one-loop 2-point bare Green'sfions (amputated, 1PI) of:
> The fermion self-energyixyy: ¥;,(q,a ,m)
> Local fermion bilinear operator& = QAT : ZE(q,a, ,m)
> Extended bilinear operator8 = A Fﬁpw: Z%Dp(q,a“m)

whereq is the external momentun is the flavor matrix,” = 1, Y6, Yus ¥6 Yus Y6 Ouv and D =

% (3—5 . We have already performed this calculation up to two Ioapﬁ(aﬁ), using the
wilson gluon action and the clover fermion action [1].
e The gluon and fermion actions are, in standard notationésgeRef[2]):

rect

2
9 plaq

chair paral

+C2 H ReTr(1—Uchar) +C3 )y ReTr(l—Upara,)]
S = Z{%(‘”Jﬂ"km) J(X)W(X)+%%Csw;}47(x)0uvlfuv(x)w(x)

~ o 3| P000L00 () Wt ) 2 w000 () 00 }

where g,y = (i/2)[Vu, W]. The SLINC action employs stout linkd, (x) = €% XU, (x) for the
non-clover part of the fermion action, where:

W 1
Qu(x) =% [Vu U () = Uu(x) V] (%) - 31" {VuUi(x) - Uu(X)VJ(X)}] :
V,i(x) denotes the sum over all staples associated with the link.

2. Feynman Diagrams

A total of 7 one-loop Feynman diagrams contribute to the gmesalculation. In the figures
that follow, a wavy (solid) line represents a gluon (fernji@ield and a cross denotes the operator
insertion.

e Feynman diagrams contributing to the fermion self energy: & ﬁ

e Feynman diagram contributing to local fermion bilinears: @

e Feynman diagrams contributing to extended fermion biligea

s U A T

The evaluation and algebraic manipulation of Feynman diagt leading to a code for nu-
merical loop integration, is performed automatically gswur software for Lattice Perturbation
Theory, written in Mathematica.
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3. Computation

e The most laborious aspect of the procedure is the extraofitime dependence @ g, a m. This

is a delicate task even at one-loop level, since we are stetan ﬁ(af) improvement; for this
purpose, we cast algebraic expressions (typically inmgivhousands of summands) into terms
which can be naively Taylor expanded an to the required order, plus a smaller set of terms
containing superficial divergences. The latter can be etatuvia analytical continuation @ > 4

or evenD > 6 dimensions, and splitting each expression into a UV-fipa& (which can thus be
calculated in the continuum), and a part which is polynonmal . A list of the divergent integrals
appearing in this calculation can be found in Ref.[3].

e Dealing with “strong” IR divergent terms

. _ +1 d4p 1 )
A typical example: l(a q) :/ 2 7 , heeded up t@'(a’).
o Pp+aq

We can express the integrand in the following forhip, q) = [f(p, q) — f1(p, q)] + f1(p, ),
where:

1 1 |_ (ptag? p*
P ((pra, 2)”  (PZ(pta a)?

f1(p,q) = Plota gz | 12
By construction, the quantity (p,q) — f1(p,q) does not contain IR divergences, up to the
desired order=> We can evaluate it by a naive Taylor expansiominthe expansion coefficients
will be (a,_, m, g)-independent lattice integrals, which are evaluated mioaky. For the expression
f1(p,q) we split the integration region into a hypersphere of ragiwend the hypercube minus the

hypersphere:
+1T +1T
L= L ()
- Ipl<u - [pl<u

Outside the hypersphere no IR divergences existAs before, a naive Taylor expansionan
is performed; the expansion coefficients ag (n, g)-independent lattice integrals. The integration
within the hypersphere, since it contains only continuurpregsions, can be performed in closed
form, and leads to nontrivial dependenceapnm andq. The result will beu-independent.

4. Propagator Results

e Below, we present our results for the fermion self energy;cuﬁ(af). For the sake of simplicity,
we only give results for the Tree-level Symanzik actiop£€ 5/3,c; = —1/12 andc, = ¢z = 0):

2_
55 (g8, m) =id+m+g? NTl E ( —0.128054905(3) + 1.44228767854) w

— 5.3370851541) w? + <0.0378314933_'L) —0.1181068661) w + 0.014763358(1) w2> csw>

1 o m  m ot
T e ["’9 <1+_m2> (4@ B "q—ﬂ)
P

+log (a2(m? +¢?)) (4m+i¢—am—iaq)+i?(l—a)
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0.0201865681) m-+ 0.0183391645@) ma -+ 0.02606254067) igf + 0.015172877€3) ig a
— |0.03894661881) m+ 0.483061918(7) iq] W

+ [0.19004000045) m+ 1.7141660930@8) igﬂ w?

— Cow (o.02802387855) m-+ 0.0063814140) ig

— [0.072491348963) m -+ 0.0147974428¢4) iq} w)

+ Ay <0.0003964546€2) m— 0.00393317033) iq) 0 (a,ad)

e U(a, af) propagator resultsa(= 1, csyw = 1, w = 0.1):
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5. Fermion Bilinear Results

¢ In what follows, we present the bare Green'’s functions uﬁ([af), for the Tree-level Symanzik
action, in the case of the scalar (S), pseudoscalar (Pwé¢) and axial-vector (A) fermion bi-
linear operators. The results for the tensor (T) operatue mot been presented in this proceeding,
but are available from the authors upon request. For thesdtsewe have set all fermion masses
to zero, but we also have computed the corresponding expnssior generic masses # m; for
each flavor.

2 N2-1 a
T (@a.m) =1+ s [Iog (a2?) (5 —2) +318773382) — 2.89600461) @

+ 6.150204311) w — 30.0099133805) w? + (4.425353344) —11.447375282) w) Csw
— 0.0626055794) 2,y

+ida, <Iog (af q2) <Z - % a) — 1.79817978%2) + 1967879641 — 7.338240695) w
3
+ 26.0459179297) w? + (Z log (af q2) —1.881768497%- 4.22337522(7) oo) Csw

— 0.575029973) c§W>

+ qfal <I0g (af q2) <% . ga> +0.040566522 1.136796962 + - <— + —a)
— 5.724210094) w + 13.6842517614) w?

+ <§1 log (af q2> — 1.92638916+ 2.648781073) w> Cow-+ 0.0982309687) c§W>]

2

N 16m?

55 (g8, m) = 5+ 50 [Iog (af q2) (% - 2) 1 7.2510461983)

— 2.89600461) a — 24.317082081) w + 54.243289966) > + 1.4935275169) 3y

4
> Gy
+ ?a? < - % log (af q2) — 0.065851587- 0.41905285%r -+ (LCIW (% + E)

— 3.252960644) w + 14.6265673305) w? — 0.1377812088) C§W>]



Fermion propagator, local and extended fermion bilinears: ﬁ(af) Green's functions A. Skouroupathis

N2 —

z\L/ (q’aL’m):y“+ngW
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Results regarding all extended bilinear operators will besented in a following extensive
paper.
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