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Nonperturbative Determination of Quark Masses in Quenched Lattice QCD
with the Kogut-Susskind Fermion Action

S. Aoki,' M. Fukugita, S. Hashimoto,® K-L. Ishikawa,* N. Ishizuka,'* Y. Iwasaki,'® K, Kanaya,'# T. Kaneda,'
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(JLQCD Collaboration)
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(Received 26 Januvary 1999)

We reporn results of quark masses in quenched latice QCD with the Kogui-Susskind fermion action,
employing the regularization independent scheme of Martinelli er al. to nonperturbatively evaluate the
renormalization factor relating the bare quark mass on the lattice m that in the continuum, Calculations
are carried out at 8 = 6.4, 6.2, and 6.4, from which we find mgy 11 Gc‘v"} = 4 33(29) MeV for the
average up and down quark maoss and, with the ¢ meson mass as input, m M2 Gev) = 129(12) MeV
for the strange mass in the continuum limit. These values are about 20% larger than those obtained
with the one-loop perturbative renormalization factor, [S0031-8007(99)09226-1]
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FIG. 2. M(p) in the chiral limit.
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Figure 1. Solid symbols denote N(1") states:
ground (o) and lst-excited (+). Empty symbaols
denote N(} ™) states: lowest () and 2nd lowest

. The experimental points (+) are taken from
PDG [1].
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Figure 2. Similar to Fig. 1, but for A(3*) states.
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Figure 3. Similar to Fig. 1, but for £(§*) states.
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Electromagnetic structure of the nucleons

Predictions of the GBE CQM
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Covariant nucleon electromagnetic form factors

For comparison:

Nonrelativistic impulse approximation (NRIA):
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k; and k} related by nonrelativistic kinematics:
nonrelativistic current, and no Wigner rota-
tions

Intermediate step (PFSA-NRC):
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k; and k; related by boost (as in PFSA); non-
relativistic current, and no Wigner rotations
(as in NRIA)
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Electromagnetic structure of the nucleons

P@diction;s of the GBE CQM
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Electromagnetic structure of the nucleons

Predictions of the GBE 'CQ_M
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Electric radii and magnetic moments of the nucleons
Predictions of the GBE QM

PFSA NRIA Conf. Experimental
r2 [fm?] 0.82 0.10 0.76  0.774(27), 0.780(25)
| r2 [fm?] -0.13 -0.01 -0.01 -0.113(7)
| pp [n.m.] 2.70 2.74 2.65 2.792847337(29)
pn [nm]  -170 -1.82 -1.73 -1.91304270(5)
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Weak nucleon form factors

Axial current of spin 1/2 particle:
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Weak nucleon form factors
Predictions of th_e GBE CQM

2 3
Q° [(GeVic))

Axial coupling and radius :

T A [fm]

GBE PFSA
GBE NRIA
GBE RC/no boosts.

0.53
0.32
0.33

Experimental 1.2670(30)

0.635(23)




| Weak nucleon form factors
Predictions of the GBE CQ_M _
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