
116 Proc. Japan Acad., 51, Ser. A (1985.) [Vol. 61(A),

31. Pluricanonical Maps of Minimal 3.Folds

By Masaki HANAMURA
Department of Mathematics, Faculty of Science,

University of Tokyo.

(Communicated by Kunihiko KODtIRA, M. $. A., April 12, 1985)

Introduction. In this paper we study pluricanonical maps of non-
singular 3-folds of general type over C, provided that they have minimal
models. Details will be published elsewhere.

Our main result is stated as follows.
Theorem. Let X be a minimal 3-fold of general type with index r

and let Kx denote the canonical divisor. Then the n-ple pluricanonical
map li is birational for n=no where

n0=9 if r=l,
n0=8 if r=l and if X is Q-factorial,
n0-13 if r-=2,
n0=4r+4 if 3gr=5,
n0=4r+3 if r6.

For the definition o.f pluricanonical maps, see section 1.
The. problem of the birationality of pluricanonical maps for 3-folds has

been treated by Benveniste and Matsuki [5] for minimal and non-singular
3-folds. Actually they proved that is birational for

When we consider the birationality problem or 3-folds admitting
minimal models, we can assume that the 3-folds are minimal. It is con-
jectured that all 3-folds of general type have minimal models.

The author expresses his hearty thanks to Professor S. Iitaka and
Professor Y. Kawamata or their invaluable advice and warm encourage-
ment.

1. Preliminaries.
Definition 1. Let X be a normal projective variety. A Well divisor

D is said to be Q-Cartier if mD is a Cartier divisor for some positive
integer m. X is said to be Q-factorial if any Well divisor is Q-Cartier.
A Q-Cartier divisor D is defined to be numerically effective or nef if (D. C)
>_0 or any irreducible curve C on X.

Definition 2 (Reid [6]). Let X be a normal projective variety, and

Kx the canonical divisor. We say that X has only canonical singularities,
if Kx is Q-Cartier and or a resolution/" X-+X there is a natural morphism
/*o-o for any s__>l. The minimum integer r such that rKx is Cartier
is called the. index o.t X.

Definition 3 (Reid [6], [7]). Let X be a normal projective variety. X
is said to be minimal or a minimal model if X has only canonical singu-


