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The method of differential regularization is applied to calculate explicitly the oneloop effective potential of a bosonized Nambu-Jona-Lasinio model consisting of scalar
and pseudoscalar fields. The regularization-scheme independent relation for the c mass
sum rule is obtained. This method can be readily applied to extended NJL models with
gauge fields.

PACS. ll.lO.Gh - Renormalization.
PACS. 11.15.Bt - General properties of perturbation theory.
PACS. 12.50.Lr - Models for symmetry breaking.

I. INTRODUCTION
A major goal of low-energy hadron physics consists in obtaining effective Lagrangians,
which incorporate certain features of quantum chromodynamics that are relevant for describing the properties of hadrons at low and intermediate energies. Among many models,
the Nambu-Jona-Lasinio (NJL) model [l] seems to be the simplest pure quark theory,
which yields dynamical symmetry breaking and hence a non-vanishing value for the quark
condensate. But to make the perturbation series non-divergent, we need to introduce an
ultra-violet cut-off as a regularization. Many regularization methods have been employed
[2] and it was found that the one-loop effective potentials in various methods can vary substantially with respect to the change of the renormalization scale. In particular, one should
know that not all regularization methods are suitable to NJL models. Moreover, higherloop corrections are also needed to reduce the sensitivity of the renormalization scheme
dependence of perturbative results.
In this paper, we shall use a space-time regularization method known as differential
regularization (DR) [3] t o calculate the one-loop effective potential of a simple NJL model.
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IV. DISCUSSION

.

In this paper, we have calculated explicitly the effective potential at the one-loop
order in DR, and thus provided a systematic spacetime approach, which can be readily
applied to more useful extended NJL models [4,5] in which gauge fields also play a role.
We should note that in Ref. [a], several regularization schemes were used to obtain
one-loop effective potentials, which were shown to differ substantially with respect to renormalization scales. This shows that the regularization methods are not all directly applicable
to chiral models like the NJL models, and the use of those methods should be used with
care. It should be mentioned that higher-loop corrections are generally needed to reduce
the sensitivity of renormalization scheme dependence of physical quantities. Therefore, it
is of practical importance also to provide a calculational procedure for two- or higher-loop
orders.
Finally, we should mention that in our calculation we have used the same shortdistance cut-off parameter M for regularizing the divergences. This ambiguity can be
avoided if we employ the background-field method with the symmetry of the model being
enforced throughout the calculation, such that only one cut-off parameter may be allowed.
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