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Abstract
A calculation is outlined and results presented for the electric
form factor, measured at two values of the momentum, of the pseudo-

Goldstone meson within the staggered formulation of lattice fermioms.
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As numerical simulations of quantum chromodynamics (QCD) on the
lattice improve it is necessary to devise calculations which provide more
detailed tests of the theory. One important area for study is hadron
internal structure.l!™3 Electromagnetic properties can provide clean and
experimentally accessible information for this purpose. In this letter
we discuss the lattice calculation of the vector current—hadron vertex
function and present our first results for the pseudoscalar meson
electric form factor.

The staggered scheme for putting fermions on the lattice is
used.">5 The fermion action in terms of single component fermion
fields ¥, X and gauge field matrices U, takes the form (supressing

color indices)

w | l
5¢ = 3 m. oy (X) [ X(RIU (%) x(xtay) - ﬁim:éw?vx?:

tma & X(x)x(x), 1)

x
where a 1s the lattice spacing and a, is the unit vector in the

p-direction (p=l,...4). The quantity ncaxvlﬁlwvnu. Ey= MU Xy Local

wy
phase transformation of the fermion field, x(x) + mHsAuvaxv.
.mﬁxv wAMAxvmlwsAxv yields a vector current
§ Sp(x)
Jux) = - T ho(x) ° (2a)
= -1 XU, Dx(xtay) + Kt UKD, (2b)

where >anxvlsﬁx+w=v|en%v. This is conserved in the sense that the

ensemble average < MU ﬁu=Au+m:v - uzaxvu > = 0.

The interpretation of the fermion degress of freedom in (1) is

usually given in terms of flavored quark fields defined on hypercubes in
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Quark propagators were calculated using the conjugate-gradient
algorithm.12 Anti-periodic boundary conditions were used on fermion
fields in the spatial directions. However the fermion coupling was put
equal to zero across the time boundary of the lattice. This is similar,
but not identical, to the boundary condition used by Bernard et al.l3
The advantage of this choice is that we see simple exponential fall off
of the correlation function over a large time interval. When calculating
the form factor the problem of non-vacuum contamination can be corrected
by taking a geometric mean of correlation functions calculated for
appropriate momenta.

The three-point function was calculated as the derivative of a
two-point function with the charge operator acting as a source.l%»15
This means that in the two-point function one of the quark propagators is

calculated nmot with the action Sy of Eq. 1 but with

mmav = 8p -a M mwm.woﬁm.nxv. (8)
X .

The derivative with respect to & (at &=0) gilves the three point function.

This derivative is obtained numerically by calculating two-point

functions at o=0 and a=0.05. A check of this procedure at ¢=0, where the

three and two-point functions are related,? indicates that our derivative

is good to within a few percent.

Propagators, with and without the source, were calculated for three
different spatial starting points in each of the thirty-two gauge field
configurations. All calculations were done for the quark mass parameter
ma=0.025. The data summed over all nonmwmcnmn»wnm are shown in Fig. 1
for the two-point function G(0;t;) and the three-point function

>Ao.mmnu,nxv. The three-point function was calculated at two values of

momentum, for ¢=w/10, the lowest nonzero value on our lattice and for

g=n/5. The charge operator is located at ty=4. This actually means it
involves lattice points at time steps four and five. From the two-point
function we infer that the pseudoscalar meson mass Ma=0.44%0.01. As
expected from (5) the three-point function falls with the same slope as
G(0;t,).

The form factor is extracted from a combination of two- and three-

point functions at large time separations:

A0, 3t,,ty) A, d5t,,ty) ) /2 E.+4
ditz,ty) AE,4 zstx) R ¢ q ) Q) - )
6(05t,) G(§;ty) 2/EgH

This not only simplifies the calculation but also corrects for nonvacuum
contamination in the Z factors of (5) and (7). The results for F,

plotted as a function of minkowskian four-momentum transfer squared

Q? = §2 - Amplzvu. are shown in Fig. 2. These results were obtained by
averaging (9) over time steps t, equals five to nine. The errors are
statistical only and were calculated by combining the uncertainties of
the two- and three-point functions including the covariances between
these quantities.l® The solid 1line in Fig. 2 is a monopole form factorl?
(14Q2a2/32)~1 with 32«1.05. The conversion to physical units depends on
the calculation of the lattice spacing. Using the value a = 0.16 fm
obtained by Gutbrod and Montvay,!8 we infer an rms charge radius from the
monopole form factor of about 0.38 fm. The older value a = 0.23 fm based
on the evalution of the Creutz ratiol® would give 0.55 fm.

The results presented here are, in a sense, preliminary. A number
of important systematic effects remain to be studied. This includes the
extrapolation in quark mass to physical values and the approach to the
continuum. As far as finite lattice size effects are concerned, none

were found in the detailed study of the meson spectrum in SU(2) color by
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Figure Captions

Plot of the two—-point function G(0;t,) and the three-point function

A(0,q,ty,t,) (for ¢ = /10 and q = n/5) as a function of tze The

solid lines are single exponential fits.

Plot of the electric form factor F versus the minkowskian

four-momentum transfer squared (in lattice units).

a monopole form factor (1+Q2a2/2)~1 yith A2=1.05.

The solid line is
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