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ABSTRACT

We have computed at first order in perturbation theory the general expressions to
establish the relation between lattice one site extended fermion operators (used in re-
cent Montecarlo simulations) and the corresponding operators in the continuum,

Recent Montecarlo simulations studied the correlation functions of spatially exten

(11 2)

ded fermion operators in lattice QCD : extended operators are expected to bemo-

re appropriate than local operators in investigating the properties of P-wave mesoms(:[)
and they could be used to compute on the lattice the matrix elements relevant for deep
inelastic scattering, In this paper, extending previous calculati‘.ons(3’ 4, 5), we com-
pute at first order in the coupling constant the relations between certain extended ope
rators on the lattice and the corresponding operators in the continuum, The extended
operators we consider here are defined by splitting the quark fields by one lattice di-

stance:
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where and Ué(x) are the quark and gluon fields respectively, Fi is one of the

Y1,2
16 dirac matrices, a is the lattice spacing and Dé is the covariant derivative,

At first order in perturbation theory these operators depend on the regularization
procedure; sandwiching them between arbitrary external quark states of momentum p
and p' we can write:
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Oi 'g (p, p') is the bare matrix element of the operator, Oi 5 S, L TT(p, p') is obtain

ed by computing the diagramsshown in Figg, 1 and 2 for the vertex function and the

quark self energy(S) in some continuum renormalization scheme (MS in our case)and
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only the first diagram is present in the continuum and local operator,
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FIG. 2 - Order O(ay) diagrams for the quark self energy;
only the first diagram exists in the continuum,
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on the lattice. In the limit a —» 0 the general form for the quantities 4 5
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Iis eeenens 1'8 are independent of the external momenta,

Because O, , have not a definite spin there not multiplicatively renormalized.

i,9
m, = - 1/4 if 1”1 =1 or S 1/2 for Yy or 7M7'5;
'ni = 1/12 if 1’1 =1 or )’5; ’r)J{ =-1/8 for ¥y or 7“7’5;
0, = - 1/24 if Pi =1 or 7, 0 =- 1/12 for ¥, or 71’11?’5

All the repeated indices but 6 are summed. The linear divergent term (proportio
nal to r/a) is independent on the external momenta and it can be eliminated by sub-
tracting to the matrix element of Oi_ s its zero momentum matrix element in analogy

s

with what is usually done for the linear divergent term of the quark self energy:

Oi,d (p: p') % 01,6 (p’ p') = Oi,d (0) O) . (4)

However it is precisely this term that renders the vector current, defined on the latti

ce as
V(0 = T[B60 (e r) U, 0Bl + Bl (1P U wx)] =
[z 2 [ 2 ‘
+ ] (5)
= Oyﬂ,“(X) -2ro &,

conserved. Ineq, (5) ris the usual Wilson parameter which defines the fermionic ac-
tion on the lattice(a)(x).

The explicit expressions for Ij.... I5 and Ij.... I}

g are very complicated and are

too tedious to present(o).

- -|.
(x) As a test of our computation for O; o (¥) we computed separately Oy w(x) and the

linear divergent piece in O‘;,M(x) summed them and checked that they cancel for
any value of r,

(o) Available on request.
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We report in Table I'and II their numerical values at six different values of r
ranging from 1 (Wilson fermions) and 0 (naive fermions)., Using egs. (3a) and (3b)
and the tables it is very easy to extract the 'O(as:) corrections to any one site ex-

tended operator,

values of r. In I5 the terms coming from the quark self energy correc
tions, which has been computed elseth«:—:re(3
merical precision on the integrals is ~5%,

are not included. The nu

I I2 13 14 15 r
-0.13 -0, 84 0 0 6.9 0
-0.18 -0, 25 -0, 033 0. 74 6. 6 0.2
-0, 078 0, 038 0. 16 0. 85 6.0 0.4

0, 058 0, 091 0. 32 0. 70 5.5 0.6

0.18 0. 088 0. 43 0. 55 5.0 0.8

0. 28 0, 074 0. 49 0. 43 4,7 1.0

from the quark self energy are not included in I} and Ij = I, The largest

part of corrections is given by the second and third diagrams in Fig, 1,

' 1 1 l 1 ' 1
S| Iy I L 15 Iz Ig ’
-0,19 1,0 0 0 9,0 -0, 32 0 0
-0, 13 0. 73 0.14 -0, 41 9.8 - 0,37 - 0. 021 0, 2
-0, 039 0. 44 0.28 -0, 56 10. 8 - 0,31 -0,072 0. 4
0, 028 0,28 0, 36 - 0,52 11,4 -0,18 -0.11 0.6
0. 0786 0.19 0. 39 -0, 44 11, 7 - 0, 042 -0, 14 0.8
0,11 0,14 | 0,42 - 0,36 12, 0 0, 092 -0,16 1.0
The extended operators coupled to @, ¢, 4, Al and B mesons are(l):
T(x) = 3 00 u(x); Alx) = 6. 0 (x);
’ 1 7’5,“’ ’ i ijk Yj’ ko'
0,(x) = bijko}'j,ki‘x) ; B,(x) = 75,1(X); (6)
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L. 2
the expression for m(x) in eq. (6) can be used to have a rough idea of the O(a”) cor-
rections in Montecarlo simulations:

BARE BARE + 0(a?). (7)

@ (x )ext m(x )local -

For example from eqs. (3a), (3b) and (6) and the tables one finds for r=1:

MS _ Og ‘ . LATT
L (x> = ]: 1+ oy CF(1611+412_ 4l-T,+1g- 4) <n(x)>]

From which, using the results of ref, (3) it follows at r=1:
Lm L (x) :l MS 1 + 0, O5g2—1 [m < ﬂ(x))] LATT

and

v—

<e,0>™ = [1- 0.09g| <o(x)> LATT

1

<o( x)> |_1 -0.03g J 6(x)>LATT ;
(8)

<A-(X)>MS - l—] + 0, 00 .. gZ_‘ < Ali'(x)>LATT;

(B, (x)> - [1+ 0. 00.. ¢7]< B ( > LATT

mq is the quark mass: <...> stands for any matrix element, The correction to A1
and B mesons turn out to be numerically equal for any fixed r: for r=1 it is com-
pletely negligible,

Given the pion and rho propagators G one predicts at r=1:

0, r

™~ !
(Go)p ocAL 2 (Go)r,0cAL
(G,)

>1-022g ; G ; '1-“-1-0.18g2 s (9)
TEXTENDED QUEXTENDED

E END —
XTENDED 0., .(x)~ wl(x) }']. "ll)z(x) when a -» 0, For this current ag

7., 1

where 0'(x)
1 i

well as for the axial current we agree within our numerical accuracy with the results
of ref. (5).
This computation allows us to compare the energy momentum tensor on the lattice

and in the continuum :
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g
0 ") = W), D, + 7, D, )V, - trace terms . (10)

By Tty o M 2
The matrix elements of this operator on the lattice can be used to calculate the
fraction of longitudinal momentum carried by a quark inside the parent hadron, One
finds :

<oMFsMS L . 02g%) <O HSTATT (11)

In this case the correction is very small,
We computed the general formulae to relate at order ag one site extended opera
tors on the lattice to the corresponding operators in the continuum and found as was

already observed in ref, (5) that these corrections for r=1 are larger for operators

which are local on the lattice as expected,
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